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TRANSACTIONS 
OF THE 

New YorK ACADEMY OF SCIENCES. 

REGULAR Bustness MEETING. 

October 5th, 1896. 

The Academy met with Vice-President Ossorn in the chair. 

The minutes of the last meeting were read and approved. 

The following gentlemen were nominated as honorary mem- 

bers of the Academy, and on ballot were duly elected : 

Prof, James J. Thompson, Cavendish Professor of Physics, in 

the University of Cambridge, England. 

Prof. A. O. Hubrecht, of the University of Utrecht, Holland. 

Prof. Felix Klein, Professor of Mathematics in the University 

of Gettingen, Germany. 

Prof. Henri Moissan, of the University of Paris, France. 

The following resolution was then presented from the Coun- 

cil and was adopted : 

Resolved, That the Council of the New York Academy of 
Sciences extend an invitation to Prof. Henri Moissan to deliver 
a lecture before the New York Academy of Sciences and the 
other societies of the city upon a date, which will be agreeable 
to him; and that the arrangements for the lecture and for the 
co-operation of the authorities of the other societies be re- 
ferred to a committee consisting of the President of the Acad- 
emy, Prof. Thomas Egleston, Prof. Chas. A. Doremus and Mr. 
George F. Kunz. 

On motion it was voted that the chair appoint a committee 

to prepare a suitable form of notification for the honorary and 

TRANSACTIONS N. Y. ACAD, Scr., Vol. XVI., Sig. 1, December 15, 1896. 
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corresponding members. The chair appointed Prof. J. K. Rees 

and Mr. Chas. F. Cox. Mr. R. E. Dodge presented the nomina.- 

tion of Prof. John F. Woodhull, of the Teacher’s College, for 

resident membership. 

The Section of Astronomy and Physics then organized. 

The minutes of the last Section meeting, held May 4th were 

read and approved, There being no official business to come 

before the Section, and no set papers for the evening, the follow- 

ing reports were made: 

Prof. J. K. Rees stated that the work of the Columbia Col- 
lege observatory upon the variation of latitude had been con- 

tinued during the past summer in such a manner that forty 

pairs of stars were observed every two weeks. It is a part of 

the general programme to continue these observations for the 

next two or three years, until the observatories contemplated 

by the National Geodetic Association should be established. It 

is all the more important that this work should continue at 

Columbia, inasmuch as it is the only place in this country where 

such observations are being made. Prof. Rees also referred to 

the work of Dr. Davis, of the Astronomical department at Co- 

lumbia, who is about to undertake the reduction of the Peazzi 

catalogue, devoting himself especially to the reduction of decli- 

nations. 

Prof. R. S. Woodward made some remarks upon the impor- 

tance of continuing the variation of latitude work, and referred 

to it as the burning question of astronomy. 

Dr. Martin inquired with reference to some newspaper reports 

of the photographing of waves by condensation, and inquired if 

that were scientifically possible and correct. Prof. Hallock 

explained that it was undoubtedly possible, inasmuch as sound 

waves have heretofore been rendered visible and photographed. 

Dr. H. Jacoby reported on the proceedings of the meeting 

held at Paris to consider the Astro-photographic star charts. 

He stated that the 36,000 plates to be used in the catalogue of 

stars down to the 11th magnitude, have nearly all been made, 
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and that the work of measuring these plates is well under way. 

The Potsdam measurements are practically ready for publica- 

tion. The Paris and Greenwich reports will be ready in from 

five to seven years. The limit of accuracy in all of this work is 

about 0.2 sec. of arc. The catalogue is expected to contain 

about 2,000,000 stars. The subject of the reproduction of the 

chart was left unsettled. 

Prof. Wm. Hallock reported some observations made by Prof. 

Woodward and himself upon the singing sands on the shore of 

Cape Cod. 

Mr. G. F. Kunz called attention to a very important paper by 

Aristides Brezina upon the collection of meteorites in the Vienna 

Museum. 

Fourteen members and guests were present. 

J. F. Kemp, 

Recording Secretary. 

Wm. HALiock, 

Secretary of Section. 

THE USE OF THE HAIR HYGROMETER*. 

By C. C. TRowBRIDGE. 

For some time past there has been an increasing demand for 
a direct reading hygrometer, so constructed that it would indi- 
cate the relative humidity of the air with reasonable accuracy. 
Among those hygrometers which have been considered as pos- 

sibly suitable for this purpose is the Saussure’s or hair hy- 
grometer. Although formerly this hygrometer was looked upon 
merely as a hygroscope, and was supposed to give only the ap- 
proximate hygrometric state of the air, now it has reached a 
higher place among hygrometrical apparatus by virtue of certain 
improvements in its construction. 

I have recently tested a form of hygrometer based on the 
Saussure principle, with a view of observing its action when 
subjected to different changes in the degree of saturation of the 
air. 

* Read by title, May 1, 1896. Revised from issue in ‘*‘Science”’ July 17, 1896. 
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The hygrometer which was tested is shown in the accompany- 
ing cut, Figs. I. and II.; the essential parts of the instrument 
are designated by letters, and the parts so indicated are ex- 
plained in the following paragraphs : 
A and A’ are two thin brass supports, respectively 23.7 centi- 

meters and 22 centimeters long and 2 centimeters broad. 
B, small rivets which connect the supports A and A’, but leave 

an air space which separates the latter by .7 of a centimeter. 
C, six fine hairs about 18 centimeters long, placed parallel, 

and laid close together, so as to hang like one large hair in the 
air space between A and A’. 

D, an adjusting screw, from which the six hairs, C, are sus- 
pended. 

KE, a short lever, to which the lower ends of the hairs, C, are 
fastened (a small weight is attached to this lever in such a way 
that the hairs are kept at a slight tension). 

F, an indicator, 4.7 centimeters long, fastened to the lever, E, 
which shows changes in the length of the hairs, C; by the use 
of this indicator the actual change in the length of the hairs is 
multiplied a convenient number of times. 

G, a scale of percentages of relative humidities, from 0 to 100 
per cent. 
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H, a thermometer fastened to the support A’, which is usedin 
dew-point determinations. 

It was important that the scale of percentages, G, Fig. II., 
should be carefully tested and either verified or the corrections 
obtained throughout; therefore observations were made with all 
possible different percentages of saturation of the surrounding 
air. 

The readings of the hair hygrometers in each case were com- 
pared with the relative humidity obtained from observations 
made with wet and dry bulb thermometers, and the percentage 
of saturation deduced from the Smithsonian hygrometrical tables 
of Guyot. This was done as a relative comparison, since the 
wet and dry bulb thermometers, or Auguste’s psychrometer, is 
the means almost entirely used at the U.S. Weather Bureau 
stations for obtaining the relative humidity of the air. 

Of course, in the present investigation, the determinations 
made with the wet and dry bulb thermometers were themselves 
subject to some error ; yet this method is so generally accepted, 
and is the means which is so often used for obtaining the rela- 
tive humidity, that it seemed fair to compare the readings of the 
hair hygrometer with those calculated from observations made 
with wet and dry bulb thermometers. 

The results of the comparisons which were obtained indicated 
that for the middle section of the scale of the instrument under 
consideration, say from 20 to 85 per cent., only a difference of 
from 1 to 3 per cent. could be observed. 

But for the extremities of the scale, from 0 to about 20 per 
cent. and from about 85 to 100 per cent., the reading indicating 
the relative humidity seemed unreliable, and especially so at low 
humidities, differing in some cases as much as 10 per cent. from 
the calculated degree of saturation. 

Thus, in cases of either very low or very high humidity, when 
two or more hair hygrometers were placed in the same atmos- 
phere, their readings were very apt to indicate different relative 
humidities, and also when the same hair hygromete1 was placed 
at different times in an atmosphere of a constant hygrometric 
state (of either very low or very high relative humidity) it gave 
different percentages. 

These variations of course presented a difficulty in drawing a 
correction curve for the extremities of the scale on the hair 
hygrometer. 

Prof. Rood called my attention to an article in the Beiblatter 
zu den Annalen der Physik und Chemie, Vol. XIX., No. 1], 
page 875: “ Theorie des Haarhygrometers, by B. Sresnevsky,” 
in which it is stated that the change in the length of the hairs 
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for degrees of saturation of the air ceases to be regular when the 
relative humidity becomes as low as 7.8 per cent. This is in 
agreement with the statements just made. 

In the tests which were carried on, it was also invariably found 
that if the degree of saturation of the air was altered, some time 
had to elapse before the hairs became adjusted to the new con- 
ditions surrounding them, and therefore ample time was always 
given for the hairs to become adjusted when the hygrometric 
state of the air was changed. Thus, when the hair hygrometers 
were placed in an entirely new atmosphere differing 15 per cent. 
or more in relative humidity, 5 to 25 minutes elapsed before the 
hairs responded perfectly to the change and gave approximately 
correct readings. It was further observed that the length of 
this time depended on whether the change was to a higher or to 
a lower percentage of humidity, and also in what part of the 
scale the change occurred, 

For example: A change from 

15 to 90 per cent. required about 10 minutes 
66 oc 30 to 90 uc 10 w 

15 to 30 sf oe as Be Ae 
90 to 15 a ue BG XD) te 
90 to 30 "3 ue 10 to 15 ce 
SOetOmle a we about 20 ef 

which indicated that it takes longer for the hairs to dry out than 
for them to take up the moisture, and that the change is slower 
at the lower parts of the scale than elsewhere. 

A knowledge of the relative humidity of the air is important, 
not only in various branches of science and arts, but also in the 
treatment of the sick, particularly in cases of certain pulmonary 
disorders. 

It is very probable that a perfectly accurate direct reading 
hygrometer is difficult, to obtain, but this fact effects but little 
the value of the hair hygrometer, for great exactness is seldom 
required, a knowledge of the relative humidity of the air to 
within two or three per cent. being, in most cases, all that is 
necessary. 

The precaution of allowing considerable time to elapse for the 
hairs of hair hygrometers to become adjusted to a changed at- 
mosphere, before taking a reading, is only really necessary where 
a possibility exists that a decided change in the relative humidity 
has suddenly occurred. 

The table which is given below has been constructed from re- 
sults obtained by comparing the readings of relative humidity 
shown by the hair hygrometer with those calculated from ob- 
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servations made with wet and dry bulb thermometers, and it is 
meant to exhibit the amount of error to be expected when the 
former is compared with the latter in different parts of the scale. 

Sections of Scale of Probable Limit Error Ordinarily to 
Percentage. of Error. be Expected. 

a E | 3 

O— — 10 per cent. 10 per cent. From 0 to +- 6 per cent 
10—- 20 ‘“ 6 oS ee Oleeater 4 oy 
20—- 30 ‘“ 4 es == 10) = 
30—- 40 ‘“ 3 oy ==) ch 
40—-50 ‘“ 2 < a= Il a 
50—- 60 ‘ 3 ce a= 2 ‘ 
60—- 70 ‘ 3 Me ae o 
70—- 80 “ 4 < State se 
80—- 90 ‘ 4 sp +3 of 
90—-100 ‘ ei 0 From 0 to — 5 ¢ 

C. C. TROWBRIDGE. 
CoLUMBIA UNIVERSITY. 

STATED MEETING. 

October 12th, 1896. 

There. being no regular business the Biological Section at 

once organized, Prof. F. 8. Lex in the chair. 

Thirty-eight persons were present. The minutes of the last 

meeting were read and approved. 

Dr. Bashford Dean and Mr. G. N. Calkins presented prelimi- 

nary reports upon the results obtained at the Columbia Uni- 

versity Zodlogical Laboratory at Port Townsend, Washington. 

The expedition spent about six weeks in exploring and collect- 

ing, and brought home large collections from exceptionally 

avorable collecting grounds. Dr. Dean spent some time at 

Monterey, Cal., and secured specimens of eggs and embryos of 

Chimera and Bdellostoma. 

Dr. J. L. Wortman made a preliminary report upon the 

American Museum Expedition to the Puerco and Wasatch beds. 
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He reported finding a formation that was a connecting link be- 

tween the close of the Cretaceous and the beginning of the Ter- 

tiary. He gave an interesting account of the massive ruins of 

the so-called cliff dwellers in the region visited. In the Big 

Horn Basin the expedition had remarkable success as well as in 

the Wind River basin. 

Prof. Osborn stated that with the collections made this sum- 

mer the American Museum could now announce that their 

Eocene collection was complete, containing all mammals now 

known in the Eocene; that their collections from the Wasatch 

beds were the finest in existence and that from the Wind River 

basin were complete. The Bridger was represented by all but 

two or three types, and fine collections had been made in the 

Uintah. 

Mr. W. J. Hornaday made a report of his recent tour of inspec- 

tion of foreign zodlogical gardens, performed under the auspices 

of the New York Zodlogical Society. He visited fifteen gar- 

dens in England and on the continent, studying the features of 

excellence in each. ; 

The report was discussed by Messrs. Osborn, Britton and Dean. 

At the request of the chairman Prof. Bristol gave a brief ac- 

count of the progress at the Marine Biological Laboratory at 

Wood’s Hall, Mass., during the past summer. 

Prof. Osborn offered the following resolution on the death of 

Prof. G. Brown Goode, after paying a tribute to his memory: 

Resolved, That the members of the Biological Section of the 
New York Academy of Sciences desire to express their deep 
sense of loss in the death of Prof. G. Brown Goode, of the U. 
S. National Museum. In common with all naturalists in this 
country, we have admired his intelligent and highly successful 
administration of the National Museum, as well as his prompt 
and ready response to the requests and needs of similar institu- 
tions throughout the country. 

In face of the arduous and exacting duties of his directorship 
he has held a leading position among American zodlogists, and 
we are indebted to him for a series of invaluable investigations, 
especially upon the fishes. 
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Those of us who had the good fortune to know Prof. Goode 
personally, recall his singular charm of character, his genial in- 
terest in the work of others and his true, scientific spirit. We 
have lost one of our ablest fellow-workers and one of the truest 
and best of men. 

The resolution was adopted unanimously by a rising vote. 

The Academy then adjourned. 
CHARLES L. Briston, 

Secretary of Section. 

STaTeD MEETING. 

October 19th, 1896. 

The Academy met and was called to order by the Secretary. 

In the absence of the President and Vice-President, on mo- 

tion Dr. N. L. Britton was nominated and elected Chairman. 

The Section of Geology and Mineralogy at once organized. 

The minutes of the last meeting of the Section of Mineralogy 

and Geology were read and approved. 

The first paper of the evening was the following : 

GEOLOGICAL NOTES. 

LONG ISLAND AND BLOCK ISLAND. 

[Illustrated by maps, charts and specimens. | 

By Arraur HOLick. 

In my previous investigations on Staten Island, Long Island, 
Martha’s Vineyard and Nantucket, I became convinced that a 
unity of conditions prevailed throughout, and that by careful 
and systematic work a sufficient number of facts would eventu- 
ally be accumulated to prove this beyond any reasonable doubt. 
Accordingly, year by year, one locality after another was visited, 
observations were carefully recorded and a large amount of ma- 
terial was collected. ‘lhe facts, and the conclusions deduced 
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from them, were embodied in a series of papers, most of which 
have been presented before the Academy.* 

Block Island remained as the one important locality not vis- 
ited, and that was done during the past summer. It was also 
found advisable to confirm, if possible, certain observations 
rather hurriedly made on the extreme eastern end of Long Island, 
so that region was also included in the trip. During this trip I 
was fortunate in having as my companion Professor Lester F. 
Ward, of the United States Geological Survey. 

Lone ISLAND. 

Wading River was the first locality visited, where the north- 
ern branch of the moraine, along the shore of the Sound, was 
traversed for a distance of about two miles west and one mile 
east of the river outlet, in order to close a gap in my previous 
examination of the moraine. No new facts were observed, the 
results being merely cumulative. The moraine is composed of 
water-worn material, with but little till and comparatively few 
large or angular boulders, although in a field about a quarter of 
a mile from the shore and about the same distance west of the 
river we found the largest erratic which I have seen on the Is- 
land. The presence of clay is indicated at the base of the bluff 
in several places by springs on the beach, but none was to be 
seen. Only a few small fragments of what was apparently hard- 
ened cretaceous material were found; all, however, destitute of 
organic remains. In general it may be said that the facts ob- 
served were in accordance with previous experience.t The 
southern branch of the moraine was then examined, beginning 
at the end of Montauk Point and thence westward along the 
south shore for a distance of some two miles. Here the moraine 

*1. “The Paleontology of the Cretaceous Formation on Staten Island.’ TRANs. 
N. Y. AcaD SCI., xi. (1892) 96-103. 

2. ‘‘Additions to the Paleeobotany of the Cretaceous Formation on Staten Island.’” 
TRANS. N. Y. ACAD. SCI., xii. (1892), 28-39. 

3. ‘Plant Distribution as a Factor in the Interpretation of Geological Phenomena, 
with Special Reference to Long Island and Vicinity.” Trans. N. Y. ACAD. SCI., xii. 
(1893), 189-202. 

4. ‘Preliminary Contribution to Our Knowledge of the Cretaceous Formation on 
Long Island and Eastward.” Trans. N. Y. ACAD. SCI., xii. (1893), 222-237. 

5. “Observations on the Geology and Botany of Martha’s Vineyard.’’ Trans. N. Y- 
ACAD. SCI., xiii. (1893), 8-22. 

6. “Additions to the Palzeobotany of the Cretaceous Formation on Long Island.” 
Bull. Torrey Bot. Club, xxi. (1894), 49-65. 

7. “Some Further Notes on the Geology of the North Shore of Long Island.” 
TRANS. N.Y. ACAD. SCI., xiii. (1894), 122-129. 

8. “Dislocations in Certain Portions of the Atlantic Coastal Plain Strata and Their 
Probable Causes.”” Trans. N. Y. ACAD. SCI., xiv. (1894), 8-20. 
Gis y egeseeicat Notes. Long Island and Nantucket.’ TRANs. N. Y. ACAD. SCI., Xv. 

95), 3-10. 

10. “‘Martha’s Vineyard Cretaceous Plants.’ Bull. Geol. Soc. Am., vii. (1895), 12-14. 
tl. c. No. 7, pp. 126, 127. 
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is composed of a core of more or less contorted greenish sandy 
clay at the base, with water assorted material and abundant 
boulder tillontop. Theage ofthis clay could not be determined, 
as no fossils were found in place, but from its lithologic charac- 
ters I am inclined to consider it as Tertiary, or possibly as 
Cretaceous clay marl. 

Our special object of search was for the characteristic concre- 
tions and fragments of Cretaceous material which have yielded 
fossils further westward and of which I had found indications 
on a former occasion.* They were discovered in plenty and 
amongst them were a few containing fragmentary plant remains 
and others with molluscs. The former were too indefinite for 
accurate determination, but the latter were submitted to Pro- 
fessor R. P. Whitfield, who kindly examined them and identified 
the following : 

Turritella Lippincotti Whitf. 
Dosinia Gabbi Whitf. 
Ainona Hufaulensis Cony. 
Veniella inflata (Conr.). 
Veleda lintea Conr. (7) 
Corbula sp.? (Species undescribed.) 
Byssoarca sp.? (Species not determined.) 

In addition to which were a number of imperfect specimens, 
representing about six other species. 

The first on the list is probably the Turritella previously 
found by me on Montauk Point, which at that time was only 
determined generically.f These are al] fossils representing the 
Lower Greensand Marl of the Cretaceous formation, and when 
considered in connection with the fossil plant T’ricalycites papy- 
raceus Newb., found at the same locality, show that both the 
marl and the Amboy clays were formerly represented in the vi- 
cinity. 

NOTE. 

My attention has recently been called to two articles by the 
late Elias Lewis, Jr., on the geology of Long Island which had 
escaped my notice at the time of writing previous articles on 
the subject, viz.: 

I. “ Bowlder-like masses of clay in the Long Island Drift.” 
Pop. Sct. Month., I1., (1873) 634,in which mention is made of 
detached bowlder-like masses of clay embedded in the Drift, at 
Harbor Hill near Brooklyn, which are attributed to transporta- 
tion by ice and deposition in a frozen state; and 
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II. “ Ups and Downs of the Long Island Coast.” Ibid, X. 
(1877), 434-446, in which many interesting instances of subsi- 
dence are given. 

It would seem therefore that Mr. Lewis is to be credited with 
the first notice of the transportation of clays en masse in the mo- 
raine of this vicinity, which we have since come to recognize as 
such an important feature in local glacial phenomena. 

The second article would also have been of assistance to me 
had I been aware of its existence. I am glad of this opportu- 
nity for recognition of the above, tardy though it is. 

Brock ISLAND. 

Block Island, distant about fourteen miles from Montauk Point 
and nine from the Rhode Island shore, constitutes the town of New 
Shoreham, R. I. It is shaped something like a ham, or “ pear 
shaped,” as one writer describes it, being about six miles long 
in a north and south direction, by three and a-half miles broad 
at the southern extremity and tapering irregularly northward, 
so that its northern part averages only about a mile in width. 
Great Salt Pond, separated from the ocean on the east and west 
sides by low, narrow beaches, almost divides it into two parts. 
The northern one is comparatively low, with the exception of 
Clay Head and vicinity, where an altitude of 125 ft. is reached. 
The southern portion is hilly, with numerous ponds and swamp 
holes, the greatest elevation being 211 ft., at Beacon Hill. The 
entire area is about eleven square miles. According to early ac- 
counts it was first discovered by Verrazano, the French navi- 
gator, in 1524, who reported in regard to it to Francis I., King 
of France, giving it the name of “ Claudia,” in honor of the 
king’s mother. In 1614 the Dutch explorer and trader, Adrian 
Block (or Blok, as it is sometimes spelled), landed there and gave 
it his name. ‘ Adrian’s Eyland” is also used to designate it 
on the old Dutch maps. The Narragansett Indians, by a tribe 
of whom it was inhabited when first discovered by the whites, 
called it “‘ Manisses.” In 1672 it was incorporated by the Rhode 
Island Assembly as “the Town of New Shoreham, otherwise 
Block Island.” These and many other interesting facts in re- 
gard to its early history and former natural features may be 
found incorporated in the work written by the Rev. 8. T. Liv- 
ermore.* 

Geologically it has been almost ignored. The earlier investi- 
gators dismissed it with scant descriptions, while the more re- 

*« A History of Block Island from Its Discovery in 1514, to the present Time, 1876. ’ 
Hartford, Conn., 1877. 
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cent ones concerned themselves almost entirely with accounts 
of the most obvious features—those concerned with the phe- 
nomena of surface geology. Since the development of our 
knowledge regarding the extension of the Tertiary and Creta- 
ceous formations eastward the island has received but little at- 
tention ; so it afforded almost a new field for investigation. 

The only attempt at an official survey of the State was made 
in 1839,* and this is now of but little value, except as a matter 
of history, as the following extracts will show: 

P.13. “ Block island is the nearest approach to the Tertiary 
formation in Rhode Island, but fossils are wanting, as they gen- 
erally are throughout the formation in the State.” 

P. 40. ‘No secondary [Mesozoic] rock formations are recog- 
nized in Rhode Island.” 

P.114. “ The Tertiary clay of the island, like other similar 
deposits in the State, is destitute of any remains of marine 
shells.” 
An exhaustive review of this work. was given by Professor 

Benjamin Silliman, Jr., in 1841,+ but it contains no criticisms of 
value concerning the geology of Block Island. He merely says: 

P. 188. ‘ Block Island, twenty-five miles from Newport and 
fifteen from Point Judith, is a very small territory, with Tertiary 
surface of granitic origin, and presents but little that is interest- 
ing in geology beyond numerous peat bogs, bog iron ore, clays, 
sand and bowlders.” 

As early as 1824 Mr. Steuben Taylor mentions ‘‘ Ferruginous 
sand in great abundance at Block Island,”{ and several other 
authorities have noted, from time to time, minerals recognized 
there in the bowlders. 

In 1879 Mr. Warren Upham published the results of his work 
on “ Terminal Moraines of the North American Ice Sheet,’§ in 
which he describes the Drift on Block Island and mentions : 

P. 92. “At one point only,about a quarter of a mile northeast 
from Black Rock, are red, white and yellowish clays exposed. 
* * * These were probably derived from older beds.” In dis- 
cussing the highest part of Clay Head he says: 

P. 92. “ This part * * * seemsto be wholly of glacial origin ; 
but earlier beds, among which are some of white clay, with red 
clay in small amount, form the base of the bank a third of a mile 
to the south.” 

* “Report on the Geological and Agricultural Survey of the State of Rhode Island, 
made under a Resolve of Legislature in the year 1839.” Chas. T. Jackson, M D., 
Providence, 1840. 

tAm. Journ. Sci., XL. (1841), 182-194. 

t Am. Journ. Sci., VII. (1824), 254. 

32Am. Journ. Sci. X VIII. (1879), 81-92; 192-209. 
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In 1889 Mr. Theo. D. Rand published a few brief ‘‘ Notes on 
the Drift on Block Island,’’* in which he gives a general descrip- 
tion of the topography and surface features and says: 

P. 409. “Saw nothing whatever organic in any of the expo- 
sures.” 

In the Providence Journal of September 17,1884, under “Block 
Island: The strata found in digging wells,” it is said that ‘‘ The 
strata found are composed of sand, clay, pebbles, cobble stones 
and peat, but no ledge. A remarkably white, fine sand is men- 
tioned in two instances.’’> 

In 1895 Dr. F. J. H. Merrill published ‘ Notes on the Geol- 
ogy of Block Island,”} in which two sections are given, one at 
Clay Head and the other about a quarter of a mile east of South- 
east Lighthouse. He concludes that the white clays and sands 
may be of Cretaceous age and were folded and contorted by 
glacial action, after which the morainal material was deposited 
upon their surface. Finally he says: 

P19. “ The lignitic clay is evidently composed of transported 
material from some Cretaceous or Tertiary bed to the north- 
ward.” 
He also notes the white clay at Clay Head and says: 
Pp. 17,18. ‘This deposit, in character and position, is en- 

tirely analagous to that at Glen Cove, L. I.” 
The last article to appear is by Prof. O. C. Marsh, on ‘‘ The 

Geology of Block Island,”’§ in which no new facts are added, 
but certain conclusions are reached which are decidedly at vari- 
ance with those generally accepted by all who have studied the 
geology of the region, viz. : 

P. 298. “Since the above was in print I have visited Long 
Island and Martha’s Vineyard, to ascertain if the Block Island 
clays are represented there, as they should be if my conclusions 
are correct. On Martha’s Vineyard I found that the great series 
of variegated clays forming Gay Head, and generally regarded 
as Tertiary, are certainly Mesozoic, and all apparently Juras- 
sic.|| They have the same general features as the Block Island 
clays, but are more highly colored and have been more dis- 
turbed.” 

The foregoing, and a few other incidental references, mostly 
in the discussion of glaciation in eastern North America, are all 

* Proc. Phil. Acad. Nat. Sci. (1889), 408, 409. 
+ Quoted on pp. 53,54, Providence Franklin Society. Report on the Geology 

of Rhode Island. Three plates. Providence, 1887. 
ie this pamphlet is also a complete bibliography of everything relating to the 

geology and mineralogy of Rhode Island; list of minerals, fossils, ete. | 
{ TRANS. N. Y. ACAD. Scr., xv. (1895), 16-19, illust. 
2 Am. Journ, Sci., ii. (Oct., 1896), 295-298 ; (Nov. 1896) 375-377. 
| The italics are mine.—A. H. 
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that I have been able to find in relation to the Island’s geology. 
The grand development of glacial phenomena seemed to act as 
a damper upon more minute investigation and apparently served 
to discourage the study of details. 

I take it for granted, from what others have written, that there 
is no question on the part of observers in regard to the Island 
being an isolated portion of the southern terminal moraine, 
which extends westward from Montauk Point and eastward 
through Martha’s Vineyard and Nantucket. In general we may 
say that it closely resembles Montauk Point, only on a much 
grander scale. This is notably the case around the eastern, 
southern and western shores, from Old Harbor Point to Grace 
Point, where the ocean has eaten into the hills, leaving bold 
bluffs, in places more than a hundred feet high, with fine sections 
exposed for study. To a lesser extent this is also true of Clay 
Head near the northern end. 

Two days were spent in examining the shore line. Half a day 
from Old Harbor Point to Southeast Lighthouse; half a day 
from the latter to Black Rock Point; half a day from thence to 
Grace Point and the remainder of the time at Clay Head. 

The sections exposed between Old Harbor Point and Grace 
Point are practically alike and probably represent the prevail- 
ing structure and composition of the hills throughout the 
southern portion of the Island. There is a core or base of dark 
sandy clay, much contorted but with a prevailing dip towards 
the northwest, with gravel and bowlder till resting upon the 
eroded and crumpled surface. These clays are probably of 
the same age as those at Montauk Point, although no 
paleontologic evidence was discovered. Confirmatory evidence 
in other directions was however obtained. 

Just east of Black Rock Point our attention was attracted by 
an irregular mass of clay forming part of the heterogeneous ma- 
terial above the dark sandy clay at the base. It was variegated 
in color, containing streaks of red, yellow, white and black, and 
was much finer and more plastic than that below.* We at once 
agreed that it must be Cretaceous, if lithologic similarity 
amounted to anything, and further, that it had been carried for- 
ward en masse in the drift, as is so commonly the case on Long 
Island and Staten Island. This indicated the presence of a Cre- 
taceous clay outcrop northward, where it would normally be- 
long if the sandy clay in place in the bluffs represented either 
the Tertiary or the Cretaceous clay marl horizon. 
We hardly expected that this theoretical outcrop would be 

found on the Island, but upon reaching the bluff at Grace Point 

* This is probably the outcrop mentioned by Upham, previously cited. 
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we became convinced that the plastic clay and fine white sand 
exposed there on the shore and in the adjacent bluff must repre- 
sent an outcrop of the same material, and if so that it would 
probably be found on the opposite side of the Island at Clay 
Head. 
When Clay Head was subsequently examined we found, at 

Ball’s Point, well-defined strata of red and white plastic clay and 
fine white sand, dipping towards the northwest and forming a 
nucleus to the bluff at that place.* On top and to the north of 
it rested the drift material, while the base was masked by a talus 
which had fallen from above. Stratigraphically, structurally 
and lithologically, therefore, evidences of the unity of conditions 
on Block Island, Long Island, Martha’s Vineyard and Nantucket 
were found. 

Such evidences, however, although very gratifying, were not 
conclusive, and another line of investigation was pursued, in the 
systematic examination of the drift material. If Block Island 
is merely an isolated portion of the southern terminal moraine, 
it ought to yield the characteristic concretions and masses of 
hardened Cretaceous clay and marl which are so common under 
similar conditions in other localities. We accordingly searched 
diligently for these and found them in great abundance. By 
persistent use of our hammers we also succeeded in finding a 
large number which contained organic remains, both plants and 
molluses, and the identifications of the latter leave no doubt of 
their Cretaceous origin. The plants, unfortunately, are too frag- 
mentary for accurate determination, but the molluses are in 
many instances well preserved, and I am indebted to Professor 
Whitfield for the following identifications : 

Gyrodes crenata (Conr.). 
Cithara Mullicaensis Whitf. 
Dosinia Gabbi Whitf. 
Cyprimeria eacavata (Mort.). 
Crassatella subplana Conr. 
fadula reticulata (Lyell & Forbes). 
Hemicardium Hillanum Sow. 
Plicatula urticosa Morton. 
Camptonectes parvus Whitf. (?) 
Veleda lintea Conr. (?) 
Ostrea sp.? (Species not determined.) 

Besides numerous fragmentary remains of many other species. 
Inasmuch as the material was abundant, even at the northern 

extremity of the Island, we must conclude that the outcrops 
from which it was derived were originally yet further to the 

* Also noted by Upham and Merrill, as previously cited. 
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north. This naturally raises the question whether the clays at 
Grace Point and Ball’s Point are in their original position, or 
whether (which I consider more likely) they have been shoved 
southward a greater or less distance, as we know has been the 
case on Staten Island and Long Island, and probably on Mar- 
tha’s Vineyard and Nantucket. 

The absence of marl strata, from which the molluscs were de- 
rived, yet requires a satisfactory explanation. The same prob- 
lem also awaits solution on Staten Island and Long Island. 
Normally, of course, these strata should outcrop between those 
of the Tertiary and Cretaceous clays, and yet there does not 
seem to be any record of their presence either at the surface or 
in any well-borings. It has seemed to me probable that being 
less plastic than the clays the marl was more easily eroded, and 
consequently was broken up and dissipated instead of yielding 
in masses. 

Block Island has thus been brought into line geologically 
with Long Island, Martha’s Vineyard and Nantucket, as was 
theoretically expected. They all had their origin in one series 
of cause and effect, and must be studied and regarded as a whole 
in order to appreciate the full significance of the facts which are 
now in our possession. 

They manifestly represent remnants of the former coastal 
plain, which consisted of Cretaceous and Tertiary sands, gravels, 
clays and marls. The glacier of the Ice Age squeezed upward 
and pushed forward these incoherent strata into a series of con- 
torted folds along its line of furthest advancement, depositing 
on top the detritus of the moraine. The ridge so formed was 
at first continuous, but with the gradual sinking of the coast, 
and the action of the ocean, the less elevated portions have suc- 
numbed, and only the highest parts, now represented by these 
islands, remain above water. All the facts point to this con- 
clusion, and even the most superficial observation shows that 
the phenomena of submergence and erosion are in active oper- 
ation at the present time. Should they continue in the future 
it requires but little prevision to appreciate that Block Island 
and the islands to the eastward will continue to shrink in size, 
disappear, and eventually form merely parts of the shoals which 
now connect and surround them. Montauk Point will continue 
to recede, and, by the submergence of the low narrow strip of 
land in the vicinity of Canoe Place, a new island will be formed 
from what remains of the Point. 

These facts and conclusions, which appear obvious enough 
now, have only been established by years of careful work, but 

TRANSACTIONS N. Y. ACAD. Scr., Vol. XVI., Sig. 2, January 22, 1397. 
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now that the broad facts are proven or indicated the geologist 
may devote his time more to details, and thus much confirmatory 
evidence may be expected in the future. 

Maps, CHARTS AND SPECIMENS EXHIBITED. - 

1. Rhode Island. Block Island Sheet. U.S. Geol. Survey. 
2 Chart of Long Island and eastward, showing submarine 

contours, prepared from the U. S. Coast Survey maps of the 
region. 

3. Geological Map of New Jersey. Geol. Survey, N. J., 1881. 
4. Specimens of plants and molluses in hardened clay and 

marl, from Montauk Point and Block Island. 

The following paper was then read with illustrations by 

means of the lantern and maps. 

THE GLACIAL OR POST-GLACIAL DIVERSION OF 

THE BRONX RIVER FROM ITS OLD CHANNEL. 

By J. F. Kemp. 

As one of the Scientific Directors of the recently organized 
New York Botanical Garden, the writer has had frequent occa- 
sion to visit Bronx Park in the last two years. In one of the 
earliest of these visits the anomalous relations of the Bronx 
River to what is its natural line of drainage were noted, and in 
subsequent ones attempts have been made, not it must be ad- 
mitted, with altogether satisfactory results, to explain the pres- 
ent channel. The facts are briefly as follows : 

The Bronx River takes its rise a few miles above White 
Plains and flows southward for thirty miles into the western ex- 
tremity of Long Island Sound. For much the greater part of 
its course, it occupies a valley, excavated in a belt of crystal 
line dolomite that is almost continuous to the salt water. The 
valley is similar to the usual type of valley in Westchester 
county, and doubtless owes its depressed character to the easy 
erosion of the dolomite. The depression is used by the Har- 
lem Railroad from a point just below Morrisani, northward 
until it crosses into the drainage basin of the Croton River. The 
Bronx, however, at a point, a half a mile or so below Williams 
Bridge, and just above Bedford Park Station, and in the upper 
portion of the area assigned to the Botanical Garden, abruptly 
leaves its old valley and breaks across the enclosing ridge of 
gneiss, in a gorge 75 feet deep. For nearly a mile it occupies 
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this gorge and then reaching more open country, with a rocky 
fall at Bronxdale and another at West Farms, it makes its way 
to the sound. 

Just below Williams Bridge it flows against the west side of 
the valley, and immediately alongside of the railroad. It then 
leaves this and passes diagonally to the south, being diverted 
in part by a broad and flat terrace of coarse, rounded, cobble 
stones, up to one foot or more in diameter and with compara- 
tively little sand intermingled, The cobbles have been exposed 
for a thickness of at least 20 feet, by the excavations, for the 
new Bronx River sewer. The river passes along the foot of 
the ridge on the east side and divides the gravel terrace in two, 
so as to leave a small remnant on the eastern gneisses. It then 
runs against a westerly spur of the ridge and cuts through it, in 
a pronounced gorge, diagonally across the foliation of the rock, 
which is a hard micaceous gneiss. 

From the entrance to the gorge a swampy depression extends 
westward to the railroad and has all the characteristics of an 
abandoned channel. The railroad has crossed it by an embank- 
ment and culvert. Just east of the culvert there is gneiss but a 
few feet below the soil, and at this point the old stream evidently 
surmounted a reef. The depression continues southward just 
west of the track, as far as Morrisania; it is then crossed by the 
track, which traversing a low divide into the next limestone 
valley to the west, follows this to Mott Haven, and then passes 
over the river to Manhattan Island. The depression runs south 
from Morrisania and enters the East River opposite Randalls 
Island. In all its extent there is no natural barrier, although 
many streets have been filled in across it. At its highest point 
near Bedford Park Station, it is not more than ten or twelve feet 
above the present surface of the Bronx river at the gorge, prob- 
ably less. The river is about 5 feet deep at this point. All 
these relations are shown on the accompanying map, which is 
reproduced from the Harlem sheet of the United States Geolog- 
ical Survey. The excess of streets and railways on the original 
map mask the contours which can only be traced on it with difti- 
culty. Accordingly everything but the contours, the river 
and one or two railway lines have been omitted in redrawing, 
and for the same reason no attempt has been made to put in the 
geology. The authorities of the Botanical Garden have a map 
of its area on a very large scale and with 5-ft. contours. The 
writer has used this also in the preparation of the paper, al- 
though all the material points are well illustrated on the smaller 
scale. 
By observing the map it will be seen that both the river and 
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the old channel are below the sixty feet contour just south of 
Williams Bridge. The terrace of cobblestones is well shown at 
this point by the projecting 60 ft. contour, just under the 
number 60. The location of the upper part of the old channel 
where the little tributary brook comes into the Bronx is also 
shown, and the present almost unrecognizable divide may be 
identified between it and the brook that flows south into the 
East River along the old channel. This latter brook is now 
practically extinguished by streetimprovements. It cuts the 40 
ft. contour about a mile and a half south of Williams Bridge 
and the 20 ft. one, three miles south of the same point. The 
Bronx, however, passing into the gorge, crosses the 40 ft. con- 
tour a quarter of a mile from the entrance and the 20 ft. one at 
West Farms. The new route to salt water is shorter than the 
old by some two miles, being three as against five, and therefore 
the fall of 50 ft. is the more accentuated under present condi- 
tions. 

The gorge is somewhat open at its upper end, but it soon 
closes in and has steep and jagged walls. Some 65 to 75 ft. 
from the bridge at its entrance, and on the weat bank, is one of 
the two potholes, which were described by Dr. N. L. Britton in 
the Transactions of the New York Academy Vol. I. p. 181, 1881. 
It is broken down on the outer side, as is usual with potholes 
below which the creating stream has cut. The inner half re- 
mains, however, and is about 12 ft. deep. The bottom or bowl 
is quite perfect and shows that the hole must have been five or 
six feet in diameter. The bottom is by aneroid, about 25 ft. 
about the river surface. The walls are still smooth and scarcely 
decayed at all. A few paces up the hillside to the southeast is 
another, that is even more impressive. This is only about 5 or 
6 ft. deep, but much more of it remains than of the lower one. 
It is 6 ft. 2 in. in diameter, and contains a large rounded 
bowlder, 4’ x 3’ x 2’, 6’... A tree a foot in diameter sprouts out 
from beneath the bowlder. This pothole is 30 ft. above the 
lower one and therefore over 50 ft. above the river. Back of it, 
the hill rises at its summit some 20 ft. higher. About a half 
mile east of south from these potholes is another smaller but 
very perfect one, on the eastern edge of a rocky ledge and on 
the 100 ft. contour. It isa foot or less in diameter and about 
2 ft. deep. All three of these potholes are shown on the map 
by round dots. The last named one indicates that rapid and 
extensive currents must have flowed for a time even over the 
high ground. 

The fresh condition of these potholes seems to indicate that 
the lapse of time since they were formed has not been geolog- 
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ically great. It does not appear that they can be as old as the 
Tertiary, but rather that they were formed in Glacial times, or in 
the times immediately following it. Additional ones at West 
Farms are recorded in Dr. Britton’s paper above referred to. 

That the Bronx has been diverted, therefore, from a southwest- 
erly course and from a natural drainage valley which is parallel 
with the strike of the country rock, and that it has cut across a 
ridge about 50-60 feet above its old channel and has assumed a 
course nearly due south, at an angle of about 40 degrees to the 
foliation of the gneiss, and that all this has happened in rather 
recent geological times, there is no doubt. But when a divert- 
ing cause is sought, it is not easy to find. A gravel bar ora 
morainal deposit in the old channel somewhere between Bedford 
Park Station and tide water was first thought of as the most 
probable cause. But exploration along the line of the old de- 
pression failed to show one. It is true that the brook shown 
on the map headed just above Fordham and flowed in the de- 
pression before street and railway improvements masked it, but, 
even if it had eroded in large part a supposed gravel barrier, 
some stumps of the latter should remain. Observation of the 
valley failed to reveal such and the topographical maps do not 
suggest them. 
A second hypothesis assumed that the present gorge was an 

old depression from an earlier drainage period, which perhaps a 
temporary stoppage of the old channel by the ice sheet had 
caused the river to clear of possible gravel, etc. But the pres- 
ence of the potholes militates against this view and indicates a 
rapid stream flowing over rocky ledges, and heavily charged 
with grit. 

A third hypothesis, and one that appears to be the most reason- 
able, is that during the presence of the ice-sheet, a sub-glacial, 
or perhaps in part a supra-glacial stream down the upper valley 
of the Bronx found its way out over this ridge and began to cut 
it down; being prevented issuing by the old channel because of 
the presence of the ice. The objections to this are the brevity 
of the time allowed by these conditions for excavating a gorge 
60-70 feet deep. The hilltops about the gorge are glaciated, as, 
indeed, is the surface of the country very generally in this 
vicinity. <A lobe of entirely stagnant ice in the old channel as a 
diverting cause is regarded as an almost too temporary affair. 
The terrace of cobble stones is assuredly connected with the 
great floods of the ice period in some way and with very copious 
and swift waters, as their size indicates. 

Finally, it may be suggested as a fourth hypothesis, that the 
present channel has always been the drainage line of the Bronx 



1896. | NEW YORK ACADEMY OF SCIENCES. 23 

to which it has consistently adhered, while the westerly depres- 
sion has been caused by the small stream now occupying it ; and 
that the brook has excavated this valley at a little slower rate 
than the Bronx has its present one. But when one sees the size 
of the west depression and the insignificance of the present 
stream it is clearly impossible that such could have been the case. 

It will at once occur to all who are familiar with the problems 
involved in the river drainage of the State of Connecticut* 
that both the Housatonic and the Connecticut rivers have left 
what appear to be their natural channels and have turned east- 
ward through ridges of gneiss, but the diversion of the Bronx, 
with its 50 or 60 feet of gorge and its potholes, is not a phe- 
nomenon of the same magnitude with that of the Connecticut, 
the bottom of whose gorge lies four hundred feet below the old 
Cretaceous peneplain. The earlier valley of the Bronx doubtless 
represents its Tertiary erosion in the Cretaceous peneplain of 
Westchester County, while the gorge is of Glacial and Post- 
glacial development. 

The portion of the geological history of the Bronx, therefore, 
that is discussed in this paper; is so recent, that it has not been 
felt to be necessary or appropriate to review the general produc- 
tion of the Cretaceous peneplain, whose stumps now form our 
singularly even hilltops and horizon line, but in the paper cited 
below its development will be found fully set forth.f The re- 
cent geologic history of the neighboring coast has a more direct 
bearing. As regards Long Island Sound, Professor Danat has 
supplied some very important points in the record. It is alto- 
gether probable that Long Island Sound was a river valley dur- 
ing a part at least of the Glacial Period, certainly before the ice 
covered it and built up the Long Island moraines. <A_ well 
marked channel is still shown by soundings along the north 
shore of Long Island, and it is necessary to assume an eleva- 
tion of 100 ft. above its present position in order to account for 
these conditions. Other channels are also indicated, now, of 
course, drowned out by the Sound and choked up as regards 
some of their old outlets by drift. 
A few months after the publication of Professor Dana’s S paper, 

Dr. F. J. H. Merrill § recorded and interpreted evidence that in- 

*See in this connection W. M. Davis, Topographic Development of the Triassic 
Formation of the Connecticut Valley, Amer. Jour. Sci., June, 1889, 423. H. B. Kiim- 
mel, Some Rivers of Connecticut, Journal of Geology, Vol. I., 371, 1893. 

+W. M. Davis. The Geological Dates of Origin of Certain’ Topographic Forms on 
the Atlantic Slope of the United States. Bulletin Geological Society of America, I1. 
545, 1891. 

tJ..D. Dana. Long Island Sound in the Quaternary Era, with Observations on the 
Submarine Hudson River Channel. Amer. Jour. Sci., December, 1890, p. 425. See 
also John Bryson, Amer. Geol., November, 1896, p. 329. 

2F. J. H. Merrill. Post- glacial History of the Hudson River Valley. Amer. Jour. 
Ser., June, 1891, p. 460. 
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dicates for the neighboring Hudson Valley ups and downs, that 
of course the Bronx must have shared. Dr. Merrill states that 
after the retreat of the continental glacier from this section, the 
land stood for a long time at a minimum depression of 80 ft. be- 
low its present level. A gradual elevation followed to a point 
about 180 ft. above its present position. During this elevation 
erosion must have been especially active. Depression followed 
of about 100 ft. bringing the level down to its present position. 
The same sinking is still slowly progressing. All these changes 
must have affected the Bronx, although they do not modify the 
main contention set forth above regarding the diversion. 

Attention may be drawn to the rocking stone near the southern 
ee of Bronx Park, and at the spot shown on the map. It 

a fine specimen of its kind. It is about 10 ft. wide by 8 ft. 
shi by 7-8 ft. high and may be rocked so that its North pole 
swings through about 3 inches of are. 

The third paper of the evening was by D. H. Newland en- 

titled ‘‘ The Eclogites of Bavaria.” 

NOTES ON THE ECLOGITE OF THE BAVARIAN 

FICHTELGEBIRGE. 

By Davip Hate NEw.anp, A. B. 

The occurrence of eclogite in the Bavarian Fichtelgebirge has 
long been known and is described in the early works on Geol- 
ogy and Mineralogy. Hatiy determined the mineral constit- 
uents of the rock with more or less accuracy and gave it the 
name itnow bears. But no detailed account of the geological re- 
lations was published until v. Gumbel’s “* Geognostische Beschrei- 
bung des Baierischen Fichtelgebirges ” appeared in 1878. In 
this report, the author classifies the rocks as being part of the 
Minchberg gneiss-group, but does not enter into any discussion 
of their origin. It was with the hope that something more defi- 
nite in this respect might be learned, that the writer spent 
some time, during the summer of 1895, in investigating the 
geology of the region.* While the results have not been such 
as to warrant any decided statement, yet a few observations 
were made which may be of sufficient interest to deserve notice. 

The eclogite exposures form a series of hills and ridges ex- 
tending nearly north and south from the city of Hof to the vil- 
lage of Markt Schorgast, a distance of about fifteen miles. They 

*The subject was suggested to the writer. Ww while } a student at Heidelberg, by Prof. 

tosenbusch, to whom acknowledgment is made for assistance kindly offered. 
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comprise a part of the central gneissic core of the mountain 
range which is surrounded on either side by Siluro-Cambrian 
strata and intrusions of various igneous rocks. The region has 
undergone great orographic disturbances, as is instanced in 
the overthrust by which the gneiss has been made to overlie 
the later sedimentary rocks and in the general folding and 
crumpling which is to be seen everywhere. Long continued 
weathering and erosion have, however, removed all sharp out- 
lines of the topography,and when any notable elevations occur, 
they are to be accounted for by the greater resistance which the 
rock has offered to these influences, as is seen in the eclogite 
hills. The latter form a well marked topographic feature of this 
part of the mountain range, extending along the easterly edge of 
the gneiss near the contact of the latter with granites and dio- 
rites, and then curving off to the west where they are in contact 
with sediments and basic eruptives. The lack of good exposures 
necessarily renders the relations which these rocks bear to one 
another difficult to ascertain. Where contacts of eclogite and 
gniess were found they proved in most cases to be faulted ones 
and could not be used to draw any conclusions as to interbedding 
or intrusion. V. Gumbel states that the former occur as lense- 
shaped inclusions in the latter and cites instances which seem to 
favor such a view. Riess * also adopts this conclusion and ar- 
gues for a non-eruptive origin by saying that the eclogite stands 
in close geological and mineralogical relations to hornblende- 
gniess to which such an explanation could not be applied. 

But under the general term of hornblende-gneiss he includes 
two different types of rocks—a basic and an acidic. The latter 
is geologically independent of the eclogite and forms a great por- 
tion of the banded rocks of the region. The former is composed 
of hornblende, garnet, a basic feldspar, and other less important 
minerals. It always accompanies eclogite and grades into it, so 
that no sharp lines can be drawn between them. Wherever con- 
tacts of the two different types were found, they were always 
sharp and well defined, with no signs of transition. Exposures 
illustrating this occur at Stammbach, Fattigau and near 
Wustuben. 

In general it may be said that the eclogite possesses a certain 
‘degree of sameness over the whole area, but there is too much 
mineralogical variation to place any definite limits on the term. 

The most characteristic mineral and one which always forms 
a large percentage of the total mass is garnet. Its pale red to 
dark red color in contrast with the bright green of the pyroxene 
renders it easily distinguishable, even when the individuals are 

Min. u. Pet. Mitth. 1878, p. 240. 
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very minute. It builds idiomorphic crystals bounded by the do- 
decahedron, is usually traversed by innumerable cracks, and often 
shows a very perfect cleavage parallel to the the crystal boundary. 
In size the individuals vary from the smallest microscopic specks 
to an inch or more in diameter. Inclusion of quartz, pyroxene 
and hornblende are common, the former sometimes assuming a 
regular order parallel to the planes of the dodecahedron. Be- 
sides these, the garnet is often sprinkled with exceedingly fine 
acicular crystals of yellowish color and a high refraction which 
greatly exceeds that of the inclosing minerals. They are termi- 
nated by alow pyramid and show bright polarization colors. 
These. characteristics together with straight extinction would 
indicate that the mineral is rutile though Riess thought it to be 
zircon. Determinations of the index of refraction on the garnet 
from Silberbach (1), and Fallser Hohe (2), gave the following 
values : 

No. 1. No. 2. 
Li. light, 1.7568 1.7647 
Na. light, 1.7610 1.7700 
TI. light, 1.7650 1.7747 
Spec. grav., 3.758 

The figures under No. 1 agree with the chemical composition 
as determined by V. Gerichten, who found: SiO, 43.16, Al,O; 
23.07, FeO 14.60, MnO 0.91, CaO 13. 84, MgO 6.05, total, 101. 63 
—-an isomorphic mixture of almandine, orossularite and pyrope. 
The relatively high percentage of SiO, is ‘due to quartz inclusions. 
In No. 2 the almandine molecule probably predominates, giving 
higher refraction and greater differences than No, 1. 

The pyroxene possesses a green color ranging from light to 
dark shades, and has no distinguishable pleochroism. It has been 
called omphacite, and has been considered a special type of the 
augite group. The individuals are usually without idiomorphic 
boundaries, occurring as small irregular grains, which sometimes 
are extended along the c-axis but never attain a length of more 
thanafew millimeters. Extinction angles in the prism zone range 
from 0° to 40°. It is seldom that any clearly defined cleavage 
lines can be seen in a slide, but by pulverizing a specimen of the 
rock from Silberbach, pieces of omphacite were found, which 
gave on the goniometer 87° and 93° for the prism-angle. In- 
clusions are very common, and consist of garnet, hornblende, 
cyanite, quartz and rutile. 

According to the analyses that have been made, the pyroxene 
is unusually high in alumina, that found near Eppenreuth yield- 
ing 9.69 per cent., and the others above 8.5 per cent. But it is 
doubtful whether these values are to be relied upon as being 



1896. | NEW YORK ACADEMY OF SCIENCES. 27 

strictly correct, as the presence of cyanite inclusions and the 
frequent intergrowths of this mineral render it almost impossi- 
ble to procure pure material. The analyses also can be reduced 
to terms of the molecules with favorable results by assuming 
that all the alumina, except the small amount necessary to bind 
the soda, to be present in the molecule Al,SiO;. 

In order to test the matter, a further analysis of omphacite 
was made by Dr. Locke, at the Mineralogical Institute of Heid- 
elberg which yielded about 1 per cent. less alumina. Though 
several analyses should be made before the question can be con- 
sidered settled, yet this result would tend to show that some, 
and perhaps not an inconsiderable part of the Al,O, arises from 
impurities. 
A constituent, which often accompanies the omphacite and 

many times replaces it, is hornblende. The most common variety 
has in thin section a light green to dark green color, and is 
strongly pleochroic with various shades of green. The ab- 
sorption is ¢ >ly>q. A dark variety has been identified by 
Breithaupt and Sandberger as being Karinthin which is said to 
contain about 12 per cent. Al,O,. Its optical properties, how- 
ever, agree with the common hornblende and as no analyses of 
this occurence have been made, there may be no ground for any 
such distinction. 

In a few places, and especially near Eppenreuth, fibrous actin- 
olite is the principle hornblendic mineral. 

The amount of hornblende present varies with that of pyrox- 
ene, they mutually replacing each other. Both hornblende-free 
and omphacite- free eclogites occur, 

Cyanite is an important constituent in some of the rocks but 
entirely wanting in others. It seems to stand in close relation 
with the pyroxene, generally accompanying this mineral, and 
sometimes is present in quantities sufficient to give a bluish 
tint to the green ground-mass. It is as a rule idiomorphic and 
forms rather stout crystals with twining on the macro-pinacoid., 
Goniometric measurement on isolated individuals showed the 
presence of a, M, c and x. 

Zoisite, characterized by its low interference colors and high 
relief, is found in some of the hornblende eclogites and may 
attain considerable importance in them. Fine crystals are 
found on the Weissenstein near Stammbach where they occur in 
pegmatite veins which cut through the eclogite. 

Rutile is constant in its association and appears as irregular 
grains or as minute inclusions in the other minerals. In the 
latter case it is well crystallized. It is often surrounded by a 
light colored rim of titanomorphite varying from the most delicate 
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border to an almost complete replacement of the rutile. The 
mass of titanite, which results from this alteration, is not made 
up of a single crystal as is the case when it occurs as an original 
constituent, but is composed of minute grains closely compacted 
together, 

Riess and Zirkel mention olivine as being present in some of 
the rocks, but the writer was unable to identify it in any of the 
slides, although they represented the different localities where 
it was said to occur and special attention was directed upon 
finding it. 

It would seem, however, that Riess has confused it with 
titanite. In his description of its properties, he says: “In all 
the above hornblende-garnet rocks olivine is present in large 
quantities. The olivine occurs as dirty white grains. The ap- 
pearance of these grains in the form of opaque particles crowded 
together, or of a zircon crystal lying in the middle of the 
grain is frequent. The chromatic polarization of the olivine 
is weak.” While the optical properties of the two minerals are 
quite distinct, the forms which the titanite or titanomorphite 
assumes, often bear a rude resemblance to those of olivine, and 
this fact may have lead to the mistake in identifying them. 

(Quartz was found in some of the slides and was absent from 
others. While often an original constituent, in some cases its 
presence is due to later infiltration. 

Feldspar is seldom if ever found in the omphacite rocks, but 
accompanies hornblende and may then occur in considerable 
quantities. It is a plagioclase whose extinction angles indicate 
andesine. 

Other less common minerals are muscovite, pyrite, pyrrhotite, 
magnetite, apatite, calcite and zircon. 

Macroscopically the eclogite has generally a massive appear- 
ance. Though occasionally a well-defined parallel arrangement 
of the different minerals can be detected, it never assumes the 
schistosity of the surrounding gneisses. 
A peculiar structure which many of the slides exhibit arises 

from the intergrowing of pyroxene, hornblende and_ feldspar 
giving an effect not unlike that to be seen in the granophyric in- 
tergrowth of quartz and feldspar in the acidic eruptive rocks. 
Oftentimes their more or less irregular arrangement of the grains 
gives way to a radial arrangement about some pyroxene or gar- 
net crystal. The latter is then generally surrounded by a dense, 
grayish colored rim, not unlike kelyphite in its appearance, 
which under high powers resolves itself into an aggregate of 
feldspar, hornblende and omphacite. 

The chemical composition of the eclogite is somewhat vari- 
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able; the amount of silica varying considerably as we would ex- 
pect from the irregular appearance of quartz. 

ANALYSES. 

i 2 3 4 is 

SiO, 57.10 55.00 48.81 58.82 47.60 

Al,O; 11.66 13.54 16.25 10.17 15.29 
Fe,O, 2.84 2.74 6.00 5.05 7.09 
FeO 3.22 3.37 7.48 Tia 1k 6.87 

MnO 0.31 0.20 0.43 0.12 
CuO 13.80 12.09 + ir ba 10.27 8.41 

MgO 6.37 10.21 712 4.00 6.48 
K,O 0.81 0.50 0.46 0.68 1.40 

Na,O D9] 2.10 2.64 2.55 3.62 
H,O 0.54 0.32 0.12 2.14 
co, 1.47 0.16 

98.86 100.07 99.03 100.13 99.18 

1. Eclogite from Eppenreuth ; by v. Gerichten ; garnet, omphacite, disthene 
and quartz. 

2. Eclogite from Silberbach ; by v. Gerichten ; garnet, omphacite, disthene 
and quartz. 

3. Eclogite from Markt Schorgast ; by v. Gerichten ; garnet, omphacite 
and hornblende. 

4. Quartz diabase from Przibram, Bohemia, by Dietrich. 
5. Diabase from Fichtelberg, in the Fichtelgebirge, by Loretz. 

Nos. 1 and 2 are poor in iron for such basic rocks, but other- 
wise agree quite closely with diabase (4). No. 3 contains little 
quartz and is richer in iron than the others, the latter being 
contained in the garnet. This analysis compares quite closely 
with diabase (5). In all these CaO>MgO> Na,O+ K,O. 

It is evident that as far as chemical composition is concerned 
the eclogite is identical with certain types of eruptive rocks. 
Closer comparison of the two is, unfortunately, impossible, ow- 
ing to the lack of all transition stages and the great mineralog- 
ical differences, which cannot be fully accounted for in the 
present state of our knowledge concerning the subject of meta- 
morphism. 

The Academy then adjourned. J. F. Kemp, 

Secretary. 

STATED MEETING. 

October 26th, 1896. 

The Academy met with Pror. F. H. Gippines in the chair. 

There were 30 members present. 
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The Subsection of Psychology and Anthropology immediately 

organized. 

The first paper of the evening was by Prof. J. McKean Cat- 

tell, entitled ‘‘ Physical and Mental Measurements of Students 

of Columbia University.” The paper was discussed by several 

members. 

The second paper of the evening was by Dr. Franz Boas, 

entitled ‘‘The Limitations of the Comparative Method in An- 

thropology.” It was discussed by Prof. F. A. Putnam and 

others. 

The Academy then adjourned. 

Livincston FARRAND, 

Secretary of Section. 

REGULAR BusINEss MEETING. 

November 2d, 1896. 

The Academy met with Vice-President Woopwarp in the 

chair. Twenty-five members were present. 

The minutes of the last business meeting were read and ap- 

proved. 

The secretary presented from the council the following names 

for resident membership, all of whom were elected. 

Prof. John F. Woodhull, of the Teachers’ College. 

Prof. Richmond Mayo-Smith, of Columbia University. 

Mr. A. Chester Beatty of the School of Mines, Columbia 

University. 

Miss Constance Gibbons was nominated by Professor Hallock 

and referred to the council. 

The section of Physics and Astronomy then organized. 

The first paper of the evening was by Dr. P. C. McIlhiney, en- 

titled “A Preliminary Note on the Color of X-ray Fluores- 
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cence.” It appears from an elaborate series of observations that 

when fluorescent screens are made of calcium tungstate of differ- 

ent sized crystals, the color of the fluorescent light depends 

upon the size of the crystals, the large crystals being more yel- 

lowish, and the smaller ones more bluish in appearance. It was 

also observed that though the luminosity of the screens made of 

the smaller crystals was very much less than that of those made 

of larger crystals, still the actinic effect of the fine screen was 

quite as great as that of the first. This last observation would 

rather indicate that the fine screen sends out a large proportion 

of ultra-violet rays. 

The paper was discussed by Drs. Piffard, Hallock and Wood- 

ward. 

The second paper of the evening was by C. C. Trowbridge. 

It described ‘A New Research Fluoroscope,” which consists es- 

sentially of a fluoroscope so constructed that between the eye 

and the screen a bar or plate may be introduced, enabling the 

observer to decide very sharply whether a fluorescence of the 

screen is really taking place or whether the apparent effect is 

subjective. 

The apparatus is mounted on a stand,and is supplied with va_ 

rious appliances which will render it very useful for accurate 

observations. He proposes the name of ‘ X-ray Detector” for 

the instrument. 

The third paper of the evening was by F. 8S. Muckey and Wm. 

Hallock, and was entitled “‘ Some Peculiar Observations in the 

Acoustics of Articulation.” 

After a brief explanation of the fundamental principles of ar- 

ticulation, a number of photographic records of the analyses of 

vowels were shown, illustrating the great variety in the results 

obtained by the analysis of what is intended to be the same 

vowel spoken by different people. 

By request, Professor Hallock exhibited upon a screen a series 

of old photographs of sound waves, showing ordinary propaga- 

tion, reflection and refraction. 
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Mr. H. Jacoby showed a micrometer ocular for measurements 

upon star photographs, its peculiarity being a double set of cross 

hairs at right angles to each other, so that both the co-ordinates 

of the star can be measured at the same time. 

The Section then adjourned. 
J. F. Kemp, 

Recording Secretary. 

Wm. HALLock, 

Secretary of Section. 

MEETING OF THE BIOLOGICAL SECTION. 

November 9th, 1896. 

The Chairman, Professor Curtis in the chair. Seventy-eight 

persons present. 

Members of the Columbia University expedition to Puget 

Sound made reports on the summer’s work as follows: 

After a brief introduction by Professor Osborn the papers 

were read in the following order: Mr. N. R. Harrington, * On 

the Organization of the Expedition and the work of the Port 

Townsend Laboratory,” also “On the Echinoderms, Annelids 

and Arthropods of the Collection.” 

B. B. Griffin, ‘ On the Platodes, Gephyreans, Nemerteans and 

Mollusks.” 

G. N. Calkins, ‘‘ On the Protozoans and Ceelenterates. 

Bashford Dean, “ On the Vertebrates.” 

The papers were illustrated by lantern slides and by a num- 

ber of the more interesting specimens. 

The section then adjourned, C. L. Briston, 

Secretary. 

These reports cannot as yet be presented for publication, but 

an outline of the work of the summer’s exposition should, never- 
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theless, be given. Accordingly the following abstract has been 
prepared, based upon the above accounts by the members of the 
party. 

THE COLUMBIA UNIVERSITY ZOOLOGICAL EXPE- 

DITION OF 1896. WITH A BRIEF ACCOUNT OF 

THE WORK OF COLLECTING IN PUGET 

SOUND AND ON THE PACIFIC 

COAST. 

The project of the Department of Zodlogy of Columbia Uni- 
versity, to send an expedition to the waters of Puget Sound, 
had its origin in a visit to that region by Professor Edmund 
B. Wilson during the summer of 1895. Dr. Wilson had at that 
time undertaken a reconnaissance of the coast of the Pacific 
States in the interests of the University of California, which had 
then in view the location of a permanent seaside laboratory. 
The report which he brought back of the zoological conditions 
of the Pacific Coast, and of Puget Sound in particular, was in 
every way a favorabie one: the fauna was rich, comparatively 
little studied and especially interesting to the morphologist or 
embryologist, and much valuable material could be secured with 
even the ordinary means of collecting. 

During the early spring of the present year Professor Osborn 
brought the matter of a collecting trip to Puget Sound to the 
attention of certain members of the board of Trustees of Co- 
lumbia and expressed his belief that the project was one which 
was well worthy of being fostered on the part of the University. 
By their aid over one-half the expenses of the expedition was 
subscribed ; the remainder was met by its members. 
By the month of April the organization of the party had been 

arranged: it was to consist of six members, and it was then 
hoped that Professor Wilson would be able to undertake the 
leadership; but his place was finally taken by Dr. Bashford 
Dean. The responsibility of the work of the party came, 
however, to be almost equally divided, Mr. Gary N. Calkins 
undertaking the collection of the Protozoa and Ceelenterata, Mr. 
N. R. Harrington the Echinodermata, Annelida and Crustacea, 
Mr. B. B. Griffin the Platodes, Nemertea, Mollusca and In- 
secta, and Dr. Dean the Protochordata and Chordata. 

TRANSACTIONS N. Y. ACAD. Scr., Vol. XVL., Sig. 3, January 22, 1897. 
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Professor Osborn at that time believed that he would be un- 
able to take any part in the field work of the party, but he 
subsequently visited Puget Sound for a few days. Mr. F. E. 
Lloyd, professor of Zoology in the Pacific University, also joined 
the party as a volunteer investigator, having in mind post- 
graduate work at Columbia during the present winter. He took 
part in the work after the laboratory had been established and 
afterwards continued one branch of his research in the Olympic 
mountains. Mr. James G. Wallace, a student in zodlogy of 
Williams College, also contributed several weeks’ services as a 
volunteer collector. 

During the months of April and May the working plans of the 
party were definitely formed. After a number of conferences a 
particular locality on Puget Sound was determined upon as the 
best region for headquarters. Judge J. G. Swan, who has for many 
years been the correspondent of the Smithsonian Institution in 
this region, had been consulted as to the collecting possibilities of 
various points of the Sound and to his friendly advice the party 
has been greatly indebted. Port Townsend was finally determined 
upon as most favorably situated for zoological purposes. As 
shown on the hydrographic charts its position promised to make 
it a convenient base of supplies in a region of islands and har- 
bors, where, even in the immediate neighborhood, every condi- 
tion of depth and bottom might be found. On the one hand, it 
was expected that the truly Pacific fauna would characterize the 
adjoining straits of Juan de Fuca, and on the other hand, that 
the typical forms of Puget Sound would be distributed in the 
shallow harbors and bays, and especially along the muddy 
margins of extended tidal flats. These anticipations were fully 
confirmed by the subsequent collections. 

On the eighth of June the party began its westward journey, 
via the Canadian Pacific Railroads, Sir William Van Horne, 
the president of the road having very kindly interested himself 
in the purposes of the expedition. A brief stop was made at 
Ottawa where the members of the party were to meet Prof. J 
F. Whiteaves of the Canadian Geological Survey. Thanks to 
his kindness the collections made in neighborhood of Puget 
Sound, in the straits of Juan de Fuca and in the Gulf of Georgia, 
were placed at the disposal of the party and many valuable sug- 
gestions were given as to the ways and means of collecting in 
this region by both Professor Whiteaves and Mr. George Dawson. 
By a fortunate chance Prof. D’Arcy W. Thompson of the Uni- 
versity College, Dundee, was then in Ottawa together with Mr. 
James McCoun of the Canadian Geological Survey, both being 
on their way, as British delegates of the International Seal Com- 
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mission, to join President Jordan and others on the United 
States Fish Commissions’ steamer, Albatross, in the Pacific 
waters. The party had the good fortune to continue its 
westward journey in this company. It was on the evening of 
the sixteenth of June that the party reached its destination. 
Port Townsend proved from the first to be a favorable site for 
the establishment of a laboratory. A tour of the water front re- 
sulted in the renting of a small building at the northern end 
of the town; this had been a carpenter shop and it stood on a 
wharf convenient to the laboratory needs in collecting. It 
proved to be well lighted, easily adapted to the purposes of 
the party. It was speedily put in order, shelves, tables and 
aquarium troughs were arranged, electric lights introduced and 
water butts raised and fastened near the eaves of the building 
to provide a substitute for running water, both fresh and salt. 
While these preparations were going on the freight was un- 
packed and all purchases made in the way of local collecting 
apparatus. Within forty-eight hours after its arrival the party 
was ready to make a first collecting trip. 

For dredging purposes an arrangement had been made with 
the owner of a small steam launch belonging in the neighborhood 
whereby the party could secure its use whenever desirable, and 
in this way obviate the greater expense of maintaining the 
launch during the time when it could not be used. This launch, 
however, proved almost inadequate for the work: for collecting 
in shallow water—i. e., up to ten fathoms—it was certainly 
satisfactory and indeed indispensable: but its lack of a steam 
windlass made it well nigh useless in deep water and its small 
size, twenty-five feet, rendered it hardly fit for use in any other 
than fair weather. 

This equipment completed, the work of the laboratory pro- 
gressed rapidly. Shore collecting began almost immediately, 
the time of the month providing favorable low tides. Andit was 
in this work that the general richness of the fauna was first de- 
termined. It was, indeed, due to the shore collecting that some 
of the best results were later obtained. The material collected 
was brought to the laboratory for examination—some to be im- 
mediately preserved, and some to be placed for further study in 
floating cases in the sluice-way at the side of the laboratory. It 
was the object of the party that its zodlogical reconnaissance 
should be as thorough as possible, and that record should be 
kept as to the station of particularly interesting forms. The 
collecting should moreover spread over as large an area of the 
sound as possible. For this reason the map of the neighbor- 
hood was continually in use and the launch work so arranged 
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that each bay should be examined in turn. In the accom- 
panying map of Puget Sound, Pl. I., in the neighborhood of 
Port Townsend, a dotted line indicates in a general way .the 
locations which were visited and the stations of dredging. Re- 
peated visits to a single locality were only rendered necessary in 
quest of particularly valuabie forms. In all, fifteen dredging 
trips are recorded. Each of these, on account of the convenient 
location of Port Townsend, was but of a day’s duration, except 
in the cases of Hood’s Canal and Sequim Bay, where it was. 
found necessary to spend a night in camp. An early morning 
start was usually made, the launch meeting the party most con- 
veniently within a few feet of the laboratory and taking aboard 
the often bulky apparatus for collecting. In addition to the regu- 
lar work in dredging, an especial opportunity was taken to. 
examine the seaward portion of the straits of Juan de Fuca. 
This region, as the inlet of Puget Sound, promised decided dif- 
erences in fauna from that of the more inland harbors, but it was. 
first believed inaccessible on account of its distance of eighty 
miles from the headquarters of the party. This difficulty, how- 
ever, proved in the end not insurmountable, thanks to the kind- 
ness of Mr. John Libby, Superintendent of the Puget Sound 
Tugboat Company, of Port Townsend. For at his invitation 
four members of the party were taken as guests on tugboats dur- 
ing several trips down the straits, and the greatest courtesy 
was shown them by both officers and men. 

The party was thus given opportunity to land for the purpose 
of shore collecting, at various points along the Indian reserva- 
tion in the vicinity of Neah Bay and on Vancouver’s Island, 
and was even permitted to use the vessels with their steel 
cables and steam windlasses for dredging in deep water. During 
Dr. Dean’s visit to this region in the tugboat J'yee an excursion 
was also made about ten miles out to sea, resulting in the collec- 
tion of a number of strictly pelagic forms. These generous. 
courtesies on the part of Mr. Libby were gratefully accepted, 
and the thanks of the party are especially due also to Captains. 
Sprague, Clinger and Bolong and their associates. 

In the organization of the party the plan had been that each 
member should devote six weeks of his time to field work. But, 
as it proved, the laboratory at Port Townsend remained open 
until the end of the first week in September, Mr. Harring- 
ton and Professor Lloyd being the last to remain. The work of 
Mr. Griffin continued till the end of August. Mr. Calkins, leay- 
ing Port Townsend on the first of August, paid a short visit to. 
Alaska, returning to the laboratory only en route for the East. 
Dr. Dean spent fourteen weeks in his collecting work, but only 
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three of these at the laboratory, on account, as will later be 
noted, of his failure to find in that region the peculiar forms 
which he had hoped to secure for the collections. Professor Os- 
born, in company with Mr. John Muir and Prof. I. C. Russell 
paid a visit to the laboratory early in August, but their stay was 
a brief one on account of their proposed journey to Alaska ; 
they had, however, an opportunity to take part in a dredging 
trip and to examine the material already collected. 

The trip to Alaska was undertaken by Mr. Calkins after spend- 
ing six weeks in field work at Port Townsend. It gave him re- 
peated opportunities for shore and surface collecting at the nu- 
merous stations between Victoria and Sitka, and it proved of 
great interest in the light of a zodlogical reconnaissance. Among 
his gatherings are included some especially interesting Flagel- 
Jates and the curious ice-worm Dendrobena. 

The results of the visits to Alaska of both Professor Osborn 
and Mr. Calkins indicate that this region is very rich in 
material for morphological studies, and lead them to believe 
that a summer’s collecting might there be carried on with great 
profit. 

The especially important work which it was hoped the expedi- 
tion would accomplish on the side of the vertebrata had been 
definitely planned by Dr. Dean in the organization of the party. 
Besides making a general faunal collection of fishes and ascidi- 
ans, there were two definite objects of especial importance to 
the zodlogist or embryologist visiting the Pacific coast. The 
first of these was to obtain material for the developmental study 
of the Chimeroid Hydrolagus, which was known to be abundant 
in Puget Sound. The second, more important, but more diffi- 

cult, was to secure the eggs and young of the Myxinoid Bdello- 
stoma, a form reported abundant in the bays of the Pacific 
States. To a student of the lower vertebrates there could cer- 
tainly be found no subjects more important than these. Chi- 
mera according to Smith Woodward and others, represents in 
its few living types a group which must be given rank as a sub- 
class, and as comparatively little is known of its phylogeny and 
kinships from anatomical and paleontological study, a knowledge 
of its embryology becomes of the utmost value. Of the devel- 
opment of Chimera nothing has been determined from the Atlan- 
tic and Mediterranean forms on account of their relative rareness 
—indeed even the empty egg cases, like specimens of Lepido- 
siren, have been included among the greatest rarities of Kuro- 
pean museums. On the Pacific coast, however; the conditions 
for the study of its embryology seemed certainly far more 
favorable. 
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The chances of obtaining any material for the study of the 
development of a Myxinoid seemed, unfortunately, far less prob- 
able. This form, standing next to Amphioxus at the base of 
the vertebrate series, certainly promises to furnish the most 
important evidence as to the mode of origin of many ver- 
tebrate structures, if not indeed as to the ancestral conditions of 
vertebrates themselves. So desirable seemed a developmental 
knowledge of a Myxinoid, that many European embryologists 
during the past quarter of a century have endeavored to secure 
its younger stages (Myxine) at various points of the North Sea. 
On the Californian coast as many as five investigators have 
at different times tried to obtain its embryos (Bdellostoma). It 
was not until 1894-1895 that the embryo of a Myxinoid was first 
secured ; its discoverer, Prof. E. C. Price, of the Leland Stan- 
ford, Jr. University, then succeeded in obtaining three stages, 
although these proved to be but the later ones. 

When, therefore, Dr. Dean found that the neighborhood of Port 
Townsend was not favorable for the study of either Chimera or 
Bdellostoma, he finally determined to leave the laboratory and 
journey further to the southward. Chimeera is, indeed, not un- 
common in Puget Sound; it is, in fact, very abundant, but 
there were no fishermen who could be depended upon to provide 
it in quantity, and it was desired to secure the eggs while still 
within the fish and to hatch them in floating cases. To obtain 
the eggs already deposited by means of dredging seemed at first 
by no means impossible, for the egg capsules were dredged in 
numbers (as many in fact as eighty i in a single day), but in no 
instance was an embryo to be found, in spite of continued efforts. 
As far as Bdellestoma was concerned, it was soon found ab- 
solutely impossible to attempt to secure this form in Puget 
Sound 

Accordingly, at the end of three weeks’ field work at Port 
Townsend, Dr. Dean left the party and proceeded to the neigh- 
borhood of Monterey, California, and here at Pacific Grove he 
continued his studies for upward of eleven weeks. He had been 
kindly invited by President Jordan, of the Stanford University, 
to occupy a room at the Hopkins Marine Laboratory, and had 
gratefully accepted his invitation. Once at Monterey, he soon 
was able to determine that the conditions were well suited 
to his undertaking. By means of the fishermen of the neigh- 
boring Chinese village he was enabled to take part in daily fish- 
ing trips off the coast, and to secure by means of his own and 
the remaining boats numbers of Chimera, so that in the course 
of his stay he had the opportunity of examining over three 
hundred. Of these fish, thirty of the females proved to be with 
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eggs, and among them were obtained the earliest stages of de- 
velopment. For the later stages the eggs were retained in a 
case sunken in about three fathoms of water immediately off the 
beach of the laboratory, and from these several more stages 
were later taken. Ill fortune, however, overtook some of the 
eggs which had incubated the longest,a storm causing the hatch- 
ing case to be swept away. And still another stroke of ill for- 
tune was the loss, in spite of additional precautions, of a second 
case of eggs, which Dr. Dean had left in charge of the fisherman 
Ah Tack Lee. But still a third one is now stocked with eggs, 
and from it he hopes that many of the later stages will be ob- 
tained. 

As far as the securing of embryos of Bdellostoma was con- 
cerned, the chances seemed for a long time adverse. For up- 
ward of eight weeks of his stay Dr. Dean did not succeed in ob- 
taining even a single embryo. Several times strings of eggs 
had been brought him by the fishermen and he had collected 
them himself, but in every case they proved to be worthless. 
The eggs, it was found, could only be taken by accident in the 
following way: The mature Myxinoid, having taken a hook of 
the trawl line, secretes an enormous quantity of thick and viscid 
slime, and if by chance during this process its writhing body 
comes in contact with a string of eggs these may become en- 
slimed, and thus, together with the fish, be brought to the 
surface. Such an accident, it may readily be understood, is de- 
cidedly uncommon, and the capture of a bunch of eggs means 
the catching of scores or even hundreds of Myxinoids. By good 
fortune, however, the first embryo was at last taken by Ah Tack, 
and thanks to this skilful fisherman the particular spot was lo- 
cated from which this had been taken. Here, it was inferred, 
was possibly a favorable spawning ground where eggs were both 
numerous and contained embryos, and therefore from this spot 
it was very desirable to take as many Bdellostoma as possible. 
An arrangement was accordingly made by which the dozen or 
more fishing boats of the Chinese village were impressed into 
zoological service. This little fleet was then taken to the ground 
and during the remainder of Dr. Dean’s stay its efforts in trawl- 
ing yielded the best results. Over seven hundred eggs were 
taken for inspection and of these no less than one hundred and 
fifty proved to contain embryos, and these when more carefully 
examined yielded at least twenty-two well-marked developmental 
stages. 

The collections of material, chordate and non-chordate, made 
by the western party have been safely received at the laboratory 

of the department of Zodlogy, and have there been assorted and 
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rearranged. A large number of the specimens representing at 
least 100 genera, have already been mounted in museum jars 
and added to the study collection. Many of these have come 
intoimmediate use in courses ofinstruction. Part of the material 
for research has also been apportioned among various investi- 
gators and although their results will not be recorded for many 
months, it is nevertheless known definitely that this material will 
yield results of great interest to zodlogical science. In another 
branch of study the work of identifying and describing species 
in some groups is so great that it cannot well be undertaken 
under the direct supervision of the laboratory. A number of 
specialists in this country and abroad, have volunteered to un- 
dertake various portions of the systematic study in behalf of 
the University, and thus by their generous aid the faunal lists 
of the collection will be published with reasonable promptness. 
The reports will be published in a uniform series as the Con- 
tributions of the Zoological Expedition of 1896 At present the 
actinians of the collections are being examined by Prof. J. Play- 
fair McMurrich of the University of Michigan, the crustaceans 
by Prof, D’Arcy W. Thompson of the University of Dundee, Scot- 
land, the ascidians by Prof. W. E. Ritter of the University of 
California, the echinoderms by H. P. Johnson of the same in- 
stitution, and the teleostean fishes by Dr. Tarleton H. Bean 
of the New York Aquarium. 

As to the character and extent of the summer’s collection but a 
brief account need now be given. 

The Protozoa are represented largely by Flagellata. <A 
splendid series of Noctiluca was secured of great value for the 
study of nuclear division. Of the Sponges about 12 species are 
included. The remarkable mesozoan Dycyema was collected 
abundantly in the giant Octopus and will yield interesting ma- 
terial for cytological study. It is the first time that this form 
has been taken in this continent. 

Of the Cewlenterates there are at least twelve species of Actin- 
ians, several of Scyphomeduse and probably as many as fourteen 
of Leptomeduse. The number of species of Hydroids, nine, is a 
large one for this region of the Pacific. On the embryological 
side the series of Lucernaria is of the greatest interest. 

The Echinoderms are represented in a somewhat numerous 
list, about twenty-five species in all. 

The Platodes and Gephyrea were found to be relatively rare : 
they are represented solely by two Dendroccels and one Phy- 
mosoma respectively. The Nemerteans on the other hand occur 
very abundantly: fully fifteen different species were obtained, 
most of which appear to be undescribed, although some approach 
more or less closely the European forms, rather than those of 



1896.] NEW YORK ACADEMY OF SCIENCES. 41 

the east coast of America. The Enoplan species were the 
more numerous. 

The Annelids embrace about forty species, a rather numerous 
list, and the crustaceans thirty. 

The collection from the region of Port Townsend is particu- 
larly rich in its mollusca: ninety-three species of sixty-nine 
genera are recorded. Among these are included the large 
Cryptochiton stelleri, individuals of which when alive and ex- 
panded were found to measure over 20 cm. Numerous smaller 
species of Morpalia, Katherina, Tonicella occur in vast numbers 
on rocks and piles between tides. Nudibranchs are abundant, 
including many of the more brilliantly colored : among the large 
forms is a Dendronotus of over 25cm. The collection of mol- 
luses includes some interesting cases of color variation (Car- 
dium and Acmea), color series (Littorina) and color harmoni- 
zations. Among the last are various chitons and limpets 
which mimic with great accuracy the rocks and weeds of their 
station. Care was taken to procure a complete series of the 
boring clam, Pholadidea penita, to show the gradual atrophy of 
the foot and concrescence of the margin of the mantle as the 
adult conditions were obtained. Specimens were also collected 
of the related form, Zirphaea crispata,in which the foot re- 
mains functional throughout life. Of this form a series of ma- 
turation and fertilization stages is also included in the 
material. Among other mollusks Lepton was taken quite abun- 
dantly on its host Gebia, whose first pair of abdominal appen- 
dages it causes to atrophy: it is also interesting to note that 
each valve of Lepton develops a median furrow in adaptation to 
the body form of the crustacean. <A similar adaptation was also 
recorded in a Placuanomia which was found attached to a Saxt- 
domus: during growth it had assumed accurately the concentric 
raised lines of the valve of its host. Unquestionably the most 
important portion of the molluscan material—if not, indeed, of 
the entire collection—is the rediscovery of Entoconcha, the re- 
markable parasitic Gasteropod, discovered by Johannes Muller 
in Synapta (1852), noted again by Baur (1864), and later briefly 
recorded by Semper as occuring in Holothuria. The present 
material was obtained by Mr. Harrington in the large Holothuria, 
common in Puget Sound, and although specimens of Hntoconcha 
were not abundant, Mr. Harrington succeeded in collecting a 
very valuable series of typical stages of its embryos and larvee. 

Insects were not found to be abundant. The material in- 
cludes several interesting Coleopters. A Termes is noteworthy. 
Among Myriapods are Julus and Polydesmus. 

The Ascidians are represented in the collection by about fif- 
teen species, largely solitary forms. Two Thaliacex are included 
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Among Chordates there are mainly teleostean fishes, and 
of these there appear to be upward of forty species. The Bdel- 
lostoma material includes many anatomical preparations besides 
the series of adults and embryos. Of Chimera, in addition to 
egg cases, embryos and late larve, skeletons have been pre- 
pared, and a collection illustrating variation in the characters 
in spine, claspers and dental plates. Of sharks, a dozen series 
of preparations were made of crania, branchial arches and fin 
skeletons of large examples for needs in class demonstration. 
A number of elasmobranchian embryos were secured. In the 
avian material a number of dried crania and skeletons have 
been prepared for laboratory use—Cormorants, Pelicans, Gulls 
and Murres—and in the case of the Cormorant a developmental 
series was also obtained, numbering over two hundred speci- 
mens, from embryos of the first day to full grown chicks. 

A reference to the collection would not be complete without 
the mention of the abundant material for neuro-cytological 
study to which Mr. Griffin gave no small share of his time. 
This has already been turned over to Dr. Van Gieson, of the de- 
partment of pathology, of the University, for whom it had been 
collected for research studies in comparative neurology. And 
mention should also be made of the series of deep-water plank- 
ton which Mr. Harrington took great pains to secure. The 
latter material, the first of its kind, it is believed, collected 
in the Pacific, val probably be entrusted to Professor Peck, of 

Williams College, tor volumetric determination, and from his 

results it is hoped that some interesting facts will be developed 
relating to the zonal distribution of minute pelagic forms. The 
gatherings were made in some cases from as great a depth as 
112 fathoms. 

An account of the Summer’s work of the party would not be 
complete without its acknowledgment of many courtesies on 
the part of the officials of the Canadian Pacifie Railroad. On 
the scientific side the party is greatly indebted to the gener- 
ous counsel of several members of the Young Naturalist’s So- 
ciety in Seattle, who for a number of years have been zealous 
collectors in that region: its thanks are especially due to Messrs. 
Edmund L. Meany and Trevor Kineaid,and finally toa number 
of residents of Port ‘Townsend, among whom should be men- 
tioned Mr. O. EK. Shafer, Mr. George Starrett and Lieut. Hether- 
ington, of the Geodetic Survey. 

BaAsHrorp DEAN, 
NatHaANn R. HARRINGTON, 
Gary N. CALKINS, 
Brapney B. GRIFFIN. 
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STATED MEETING. 

November 16th, 1896. 

The Academy was called to order by the Secretary, in the 

absence of the President. 

On nomination, Prof. Albert H. Chester was made chairman 

for the evening. 

The reading of the Minutes of the previous meeting were dis- 

pensed with. 

The Secretary presented the nomination of Mr. F. N. War- 

burg, of No. 18 East 72d Street, for resident membership. It 

was referred in due order to the Council. 

The Secretary read by title “ Coleopterological Notes, VII.,” 

by Captain Thomas Casey, which was referred to the Council. 

The reading of papers was then begun. 

The first was by E. O. Hovey,‘ On a deep Well-boring at Key 

West, Fla.” Dr. Hovey described the section of this well, 

which has penetrated to a depth of about two thousand feet, 

through limestone in large part. The full paper will appear in 

the “ Bulletin of the Museum of Comparative Zodlogy.” 

The second paper was by Prof. A. J. Moses, entitled “ Exhi- 

bition of recent accessions of Mineralogical Instruments.” The 

paper appears in full below. 

The third paper was by A. Chester Beatty, on “‘ The Minerals 

of the Elkhorn Mine, Montana.” The paper was illustrated by 

many beautiful specimens of calamine and native silver. 

The fourth paper was by G. F. Kunz, entitled ““A new Meteor- 

ite from Guatemala: Mineralological Notes, with exhibition of 

Specimens.” The paper appears in full below. 

The fifth paper was by Prof. A. H. Chester, entitled “‘ Mineral- 

ological Notes, with exhibitions of Specimens.” Prof. Chester 

exhibited a remarkable series of rutile from the historic locality 

at Graves Mountain, Georgia. He also commented on the recent 

discovery of chalcodite at a new locality in New Jersey. 
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The sixth paper was by Mr. Frederick Braun, “‘ On some new 

Minerals from New York City, with exhibition of specimens.” 

Mr. Braun described a new discovery of chondorite, spinel and 

little balls of graphite, with some undetermined and excessively 

hard inclusion from the ledges in the western part of Fordham. 

He also mentioned a new occurrence of Wollastonite from the 

city. The paper was discussed by Dr. J. J. Friederich, who 

stated that he had discovered a “similar association of these min- 

erals at the shaft of the new aqueduct in Morris Heights, and 

by Prof. J. F. Kemp, who remarked on the interest attached to 

this association of minerals because of the difference of opinion 

prevailing among geologists as to whether they indicated contact 

metamorphism or merely regional metamorphism. 

The last paper of the evening was by Prof. J. F. Kemp, en- 

titled ‘ Exhibition of interesting minerals collected during the 

summer.” The speaker exhibited covellite, goslarite, enargite, 

chaleocite and tetrahedrite from Butte Montana, which were ex- 

ceptionally fine crystals. Remarkably large prisms of andalu- 

site from the Black Hills were also shown and zircons and 

allanite from Mineville, Essex county, New York. 

A collection of chaleodite from a quarry near Reading, Penn- 

sylvania, was exhibited by Mr. Roebling of Trenton, New Jer- 

sey in connection with the paper by Professor Chester. 

The Secretary read by title the two following papers which 

were referred to the Publication Committee. Bashford Dean 

“Note on the Ventral Armoring of Dinichthys,” “On a new 

Species of Edestus, #. Leconteit, Dean.” Both appear in full 

below. 

The Academy then adjourned to inspect the minerals. 

J. F. Kemp. 

Secretary. 



1896. ] . NEW YORK ACADEMY OF SCIENCES. 45 

SOME NEW APPLIANCES AND METHODS FOR THE 

STUDY OF CRYSTALS. 

By. Atrrep J. Mosgs, Pu. D. 

The appliances herein described illustrate well the recent de- 
velopment of exact methods in the microscopic study of small 
detached crystals, and crystals in thin sections. This develop- 
ment has been of such a nature that it may now almost be said 
that a good microscope, a good goniometer and their attach- 
ments, suffice for all determinations of optical properties and 
geometric form. 

The appliances herein described are : 
I. The Fuess microscope model No. VI. 

II. The Klein universal rotation apparatus for crystals. 
III. The Klein universal rotation apparatus for thin sections. 
IV. The von Federow mica wedge. 
V. The Traube arrangement for darkening the field of a 

goniometer. 
VI. The Fuess goniometer adapted for the measurement of 

angles between optic axes. 

I. THe No. VI. Furss Microscope. 

This latest microscope for crystallographic and petrographic 
work shown in Fig. 1 was described in 1895,* and is in size and 
build simply model No. 1} with certain important improvements. 
The essentials{ of any petrographical microscope: polarizer, ana- 
lyzer, condenser, rotating stage, objective and eye piece may be 
variously modified and supplemented and the Fuess No. 1 in- 
strument with its many adjustments has hitherto held a rarely 
disputed preéminent position. 

The principal improvement in the new No. VI. model is a de- 
vice for simultaneous rotation of polarizer and analyzer, the ob- 
ject remaining at rest, necessarily the directions of greatest and 
least elasticity in the crystal under examination, undergo just the 
same relative change with respect to the vibration directions of 
the nicols that they would if the stage were revolved and the 
nicols were at rest and this is accomplished without it being 
necessary that the eye should follow the changes in the relative 
position of the parts of the field. There is also a marked gain 
in the fact that no centering is required. 

* Neues Jahrbuch f. Mineralogie Beilage Bd. X. 180 by C. Leiss. 
Ibid: Beil Bd. VIZ. 55°1891 R. Fuess. 
For description see School of Mines Quarterly V. 17, p. 43 by L. Mel, Luquer. 
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To accomplish the simultaneous rotation the tube nicol WN is 
thrown out and a cap nicol A, is used as an analyzer which can 
be thrown in and out just as with the tube analyzer N and can 
be clamped in any desired position by the small screw d. The 
cap nicol A,, and the polarizer A are made to rotate, always re- - 
taining the same relative position, by the cogwheels 7,, 7, and 
r, Z respectively, these being connected by the rods S and S, of 
which the latter slides in the former with any raising or lower- 
ing of the tube. The upper toothed wheel Z, carries a graduated 
circle which can be read to five minutes by a vernier. 

During ordinary manipulation with the tube analyzer, N, the 
toothed wheel combination is clamped by the screw, B, the 
vernier of Z, being at 0°. The field of sight is then as large as 
with the No. 1 model, but when the cap analyzer is used the 
field is somewhat smaller, though just as distinct. 

The exact adjustment of the polarizer and cap analyzer is 
best made by use of a stauroscopic ocular, both have microm- 
eter screws, 4d and 4, for fine adjustment. 

The tube analyzer can be turned 90° and the rotation read 
upon a quadrant not shown in the drawing. 

The Bertrand lens, /, which is used with the No. 2 ocular can 
be separately focussed and has beneath it an irisblende by clos- 
ing which very small sections can be separated from disturbing 
surroundings and the axial image made sharper. 

Il. THe UnNiIversat Rotation APPARATUS OF PROF. KLEIN.* 

This apparatus, shown in Fig. 2, must be used with a micro- 
scope possessing an adjustable stage and a stand which permits 
a horizontal position of the microscope. Itis especially adapted 
to the large No. VI. Fuess Microscope just described. A special 
condensing lens and objective are furnished with the apparatus. 

With the microscope in horizontal position, the plate, G, is 
strongly clamped to the adjustable stage, which has previously 
been turned so that one of the adjustments is horizontal, the 
other vertical. The carrier, 7',attached at right angles to G, sup- 
ports the apparatus, with the axis, P, in vertical position. P is 
clamped to the disk, K, by V, and carries below a centering de- 
vice consisting of two quadrant ares, L and Z,, which are at 
right angles and have their common centre just beyond the crys- 
tal carrier, /. The arcs are moved and clamped by the screws, 
Wand &, and by verniers can be read to five minutes. The crys- 
tal is attached by wax kneaded with soot, and new wax is used 
each time. 

*C. Klein, Sitzungsber. der Acad. der Wissenschaften. Berlin, 1895, p. 91. ‘Der 
Universaldrehapparat,”’ etc. 
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Two little cubical vessels with the two opposite sides made of 
glass are furnished and a suitable stand. 

The principal uses of the instrument are : 
1. Determination of the extinction angles of all faces of a 

zone with respect to some given direction. 
2. Orientation of the optical principal sections and finding the 

axial plane. 
3. Measurement of the apparent angle between the optic axes 

or direct measurement of the true angle. 
4. Determination of pleochroism. 

1 Determination of the extinction angles of all faces of a 

zone. 

The microscope is tipped into horizontal position, the nicols 
set with their vibration directions horizontal and vertical and 
the apparatus is clamped to the stage as described. The crystat 
is then fastened to the carrier by wax and adjusted by the arcs 
L, L, until the zone axis is vertical. Any face of the zone is 
then brought normal to the axis, most simply by first setting it 
parallel to the axis by sighting through the microscope and 
then rotating through 90°. 

The little glass vessel, filled with liquid of approximately the 
mean index of refraction of the crystal, (see p. 50) is adjusted 
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from below with its glass sides normal to the axis of the micro- 
scope and the stage of the microscope is rotated to the position 
of extinction. A second plane is then brought normal to the 
axis, the extinction again determined and so on. 

2. Orientation of the Optical Principal Sections and Finding 
the Plane of the Optic Axes. 

In biaxial crystals light transmitted in any direction parallel 
to an optical principal section, that is toa plane through any 
two of the axes of elasticity, is resolved into two components 
vibrating at right angles to the direction of transmission one in 
the plane, the other at right angles thereto. 

If therefore the principal planes of the nicols are horizontal 
and vertical and the crystal is manipulated until a principal sec- 
tion is horizontal, the light will be extinguished and will remain 
so through an entire revolution of the crystal by the horizontal 
circle K. 

Conversely, darkness throughout such a revolution proves 
that a principal section is horizontal. 

In the orthorhombic system the axes of elasticity coincide 
with the crystallographic axes and the principal sections with 
the planes of symmetry, and therefore are easily oriented. 

In the monoclinic system the crystal axis, b, is always an axis 
of elasticity, the plane of symmetry is always a principal section 
and the two other axes of elasticity lie somewhere in that plane 

at right angles to each other. 
The other two principal sections are determined by adjusting 

the apparatus as previously described and mounting the crystal 

with the plane of symmetry vertical and the ortho axis } from 
left to right. In this position the line of sight is in the plane 
of symmetry, that is, in a principal section, there will, therefore, 
be complete extinction throughout a revolution around the 

ortho axis b by the arc L,. ax 

But the other principal sections are planes through b and some 
line in the plane of symmetry, hence at some angle of rotation 
of Z, one of these planes wil) become horizontal and then revolu- 
tion by K will also give darkness throughout; ninety degrees 
from this the other plane will be found. 

One of the three planes, usually the one normal to the plane 
of symmetry, will contain the optic axes, and these will be recog- 
nized by the brightening of the field due to inner conical refrac- 
tion. 

TRANSACTIONS N. Y. ACAD. Scr., Vol. XVI., Sig. 4, January 25, 1897. 
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3. Measurement of the apparent or of the true angle between 

the optic axes. 

In measurements of the angles between optic axes, in general 
the section must be normal to either the acute or the obtuse 
bisectrix and an oblique section introduces an error. When the 
section is surrounded by a liquid which has an index of refrac- 
tion exactly equal to that of the mean index of the substance 
under examination, there is no bending of the ray on entrance 
or emergence, the determination of the angle is independent of 
the section and all planes of the zone normal to the axial plane 
act like one plane, that is an entire uncut crystal can be used. 

With a liquid approximately that of the mean index the error 
introduced is slight. 

For measurement of the apparent angle the axial plane is 
found as just described, in a liquid of approximately the mean 
index of the erystal, and the approximate position of the axes 
noted in parallel light during revolution of A. The converger is 
then introduced and placed in horizontal position, the polarizer is 
then set in the diagonal position, the Bertrand lens inserted 
with a suitable ocular and a cap analyzer. The branches of the 
hyperbola are brought into tangency and the four positions 
of the emerging axes are read, then the true angles are caleu- 
lated by the formulas 

UE HO SU ge 
B p 

in which 2 H, and 2 H, are the apparent angles, n the index of 
refraction of the liquid, 3 the mean index of the mineral and 
2V,+2 V, must equal 180°. 

sin V, = 

Direct Determination of the True Angle. 

If n=8 then sin V,—sin H, and sin V,=—sin H, and the 
angle is obtained at once. To practically obtain this, use a 
liquid with 7 a little above ? and add diluent drop by drop 
until the boundaries of the crystal fade. Then for the accurate 
determination some coarse powder of the substance is placed on 
an object glass, a drop of the liquid added, a cover glass pressed 
on and the extinction directions determined in a selected grain. 
With the condenser lowered and the analyzer out, the two direc- 
tions of extinction are successively made to coincide with the vi- 
bration direction of the polarizer and the microscope is focussed 
sharply on the dark boundary between the liquid and the grain. 
The objective is then raised and the dark boundary line appears 
to move towards the substance with the higher index of refrac- 
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tion. If the liquid is of the mean refractive index of the crystal 
the border will for one position move towards the liquid and for 
the other towards the grain. 

A final proof of the correctness of the preparation is that if 
n=$ 2-H, | 2 H, =180°, but if on measurement 2 H, +2 HM) > 

180°, then a= 1 and too much diluent has been added or if 

2 H, +2, < 180° then - > 1 and more diluent should be added. 

4. Determination of Pleochroism. 

If the plane of the optic axes is made horizontal and the line 
of sight besects the axial angle, then either a or e is normal to 
the line of sight and horizontal, the other can be made so by a 
rotation of K through 90° and § is normal to the line of sight 
and vertical. 

Therefore, with analyzer out and polarizer vibration vertical 
record color for vibrations in direction §. Then with polarizer 
vibration horizontal record color for vibrations in direction a 
or ¢ and by rotation of K through 90° that for vibrations 
parallel to the remaining axis of elasticity. 

II]. Kiern’s APPARATUS FOR THE ORIENTATION OF THIN 

SECTIONS.* 

The determination of the position of axial plane and of the 
character of the double refraction in the crystals of a rock sec- 
tion require either the finding of properly oriented crystal sec- 
tions or some device by which the orientation may be readily 
altered so that the light shall pass through the crystal in the 
desired direction. 

The different types of ‘“‘ Universal Table ” of von Federowy} ef- 
fect this reorientation, yet even to the later improved types the 
great objection exists that the sections must be mounted on small 
round object glasses of high index of refraction, n —1.523. 
This means that the innumerable sections mounted on square or 
rectangular slides of common glass can not be studied with this 
apparatus. The cost of the special glasses is also considerable. 

The new apparatus of Professor Klein substitutes for the glass 
of high refractive index a hemispherical vessel filled with some 
liquid of high refractive index, usually glycerine, n — 1.46, 
or some oil, or if necessary the still more strongly refracting 
liquids. The section mounted on ordinary glass slides is sup- 

*C. Klein, Sitzungsber. Berlin. Akad., 1895, 1151. 
+ E. y. Federow, Zeit. fur Krystallographie, etc., v.25, p. 351. 
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ported in the liquid, and there given motions of rotation both 
in its own plane and around a horizontal axis until the desired 
orientation is obtained. The cover glass is always removed 
from the section to prevent total reflection. 

The figure shows the apparatus in vertical section. The metal 
plate G is clamped securely to the stage of the microscope, and 
to it is screwed the metal vessel B, which is somewhat more than 

Wiis 

a half sphere. The light enters through the glass plate a. The 
hollow cone 0 is firmly attached to B, and supports the system 
of axes and plates which constitute the carrier for the section. 

The carrier is circular, and consists of a narrow metal rim, 
T,, and a large circular disk of glass, S. 7’, is firmly attached 
to the horizontal axis ce, and its rotation around this axis is. 
measured by the graduated circle 7’ and the vernier n. A rota- 
tion of the carrier in its own plane is also produced by the knob, 
k, which turns the fine toothed wheel z in contact with the teeth 
in the rim _7,. 

1° The determination of the position of the axial plane. 

Adjust the apparatus carefully so that the centre of rotation 
of the carrier is the axis of the microscope, bring the crystal 
section into the field, then with the carrier horizontal and the 
nicols crossed, revolve the carrier in its own plane until the field 
is dark when the plane of the optic axes must be parallel to the 
principal section of one of the nicols. Revolve the carrier about 
its horizontal axis (for 7T0°—75° on each side), first with one ex- 
tinction direction parallel this axis, then with the other until the 
brightening of the field shows the emergence of an optic axis 
and hence the plane of the optic axes; or, revolve the. entire 
apparatus so that the crystal is in a diagonal position with 
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reference to the plane of the nicols (7. e., extinction directions 
at 45° to nicols) and the horizontal axis is diagonally placed. 
Revolve the carrier about the horizontal axis, and the polariza- 
tion colors will fade to approximate darkness at the emergence 
of an optic axis and again ascend on further revolution. 

2° Character of double refraction in sections approximately 
normal § the middle axis of elasticity 1. e., approxi- 

mately parallel to the axial plane. 

The method of v. Federow * may be used. With the carrier 
horizontal find the extinction corresponding to say @, and read 

Fic. 4. 

itontherim 7’,, then with ¢ parallel to the horizonal axis revolve 
the carrier around this axis until nearly vertical, then turn the 
carrier in its own plane until the brightening of the field shows 
the emergence of an optic axis. The angle between this posi- 
tion and that at first reading is the angle between @ and the op- 
tic axis, if this is less than 45° @ is the acute bisectrix and the 
crystal is negative, if the angle is greater than 45° ¢ is the acute 
bisectrix and the crystal is positive. 

3° Character of double refraction in sections approximately 
normal either to the axes of greatest or least elasticity @ or ¢. 

In sections approximately normal to @, with the carrier hori- 
zontal, the nicols crossed and ¢ at 45° to the vibration direction 
of the nicols, insert a gypsum red of the first order with its axis 

* Zeit. f. Kryst. 1895 v. 24 p. 604, 
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¢ parallel to ¢ of plate. Then there will be a phase difference and 
resultant color due to the sum of the phase differences of crys- 

Gap: 

tal and gypsum. If now there is a rotation around 6, the phase 
difference will change, because ¢ will vary from ¢ to @, and at 
some point, which will be the point of emergence of an optic 
axis, the phase difference of the crystal will be zero, that is, ¢ = b, 
and the color will be the red of the gypsum. With further rota- 
tion ¢ will be greater than 6, and the red color will be lowered. 

With a rotation around ¢ there is no such change, for through- 
out the elasticity in the direction 6 is the greater. 

In sections approximately normal to ¢,in corresponding posi- 
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tion, the rotation around b produces a similar change from 
ascending to descending, with a turning point or emergence o 
axis where the color is the red of first order, 7. e., a—b. With 

rotation around @ there is no such result. 
It may therefore be concluded from the behavior of the section 

normal to a. first by the reversal of the relation of phase differ- 
ences during rotation around one of the extinction directions 
that this direction is‘b and the other ¢ and similarly with the 
section normal to ¢ it may be proved that the axis of rotation 
is b and the other a. Second by rotation as far as the turning 
point where the red of first order is re-established the angle be- 
tween an optic axis and the plate normal may be measured from 
which the character results from the rule that when the acute 
bisectrix is ¢ the sign is positive. 

IV. THe von FepERow Mica WEDGE.* 

This is a simp!e inexpensive apparatus which can be used with 
even greater ease than the quartz wedge either to determine the 
character of the double refraction or to measure its strength. 

The wedge consists of fifteen superposed quarter undulation 
mica plates, each about two mm. shorter than the one beneath it 
ard with their axes of elasticity parallel. The series is mounted 
on a strip of glass and covered with a cover glass. 

The wave length of a middle color may be taken as 560 4 / 
(millionths of a millimeter) hence each quarter undulation mica 
plate may be considered to possess a phase difference of 140 
#u. If then between the polarizer and analyzer we insert the 
mica wedge so that its axis of least elasticity is at right angles 
to that of the mineral under examination, we subtract from the 
phase difference of the mineral an amount equal to n times 
140“ in which n represents the numbers of superposed mica 
plates in the field. When the mineral appears dark the value evi- 
dently corresponds closely to the phase difference of the mineral. 

From the expression A = eX. in which 4 is the phase differ- 
ence, X the double refraction, and e the thickness in millionths 
of millimeters, the thickness can be deduced when the double re- 
fraction is known or vice versa. Ifa mineral of known double 
refraction can be found in the section near the mineral under 
investigation} the double refraction of the latter can be deduced 
by measuring the phase difference of the known mineral whence 

*E. von Federow Zeit. f. Kryst, etc., v. 25, 1895, p. 349. : 
+It is not safe to use minerals near the edge of the section as the thicknesses are apt 

to be unequal. 
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¢ results and this substituted in the above formula yields X. 
The colors produced between crossed nicols are : 

No. of Micas No. of Micas 
interposed. Color produced. Order. interposed. Color produced. Order. 

1 gray first 9 indigo third 
2 bright st 10. ~emerald green 
3 orange yellow ‘“ 11 citron yellow a 
4 orange red 2 12 orange ks 
5 violet blue second 13 violet fourth 
6 green . 14 grass green . 
7 greenish vellow ‘“ 15. greenish yellow “~ 
8 orange e 

V. Trauspe’s DEVICE FOR SHUTTING OUT EXTRANEOUS LIGHT 

DurRING THE MEASUREMENT OF ORYSTALS.* 

The apparatus shown in Figs. 7 and 8 is attached to the col- 
limator tube easily yet firmly by the hemi cylinder a which clips 
the tube just below its centre so that the ring c¢ fits snugly like 
a cap over the end of the collimator. A conical tube d connects 
c¢ with the small black cylinder e which surrounds the crystal 
on the side except at the window /, but is open above and below. 

Fic. 7. Fie. 8. 

The light from the lamp passes through the collimator and its 
prolongation the conical tube d to the crystal and is reflected to 
the observation telescope. The cylinder e shuts out much of the 
extraneous light giving a darker field in which the luminous 
signal is by contrast brighter. Still more light can be shut out 
by laying a card over the top of e or better by the cap g fig. 8, 
which may be turned to diminish the window / to a mere slit. 

*Eine einfache Verdunklungsvorrichtung fiir das Goniometer mit horizontalem 
Theilkreis. Neues Jahrbuch fiir Mineralogie, ete. 1894. Bd. IT. 
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VI. Tue Furss GoNIOMETER AS AN AXTAL ANGLE APPARATUS. 

By the addition of a double convex lense and two nicols 
prisms the No. 2 Fuess Goniometer can be converted into an 
exceedingly convenient apparatus for the measurement of the 
angle between the optic axes. 

One nicol replaces the signal tube in the collimator, the other 
replaces the eye piece in the observation telescope, both are ad- 
justable and the one in the collimator is graduated for accurate 
adjustment. 

The tube containing the condensing lens fits over the objec- 
tive end of the collimator like a cap and is held firmly in place 
by three clamp screws. The observation telescope is converted 
into a weak microscope by dropping the extra lens ordinarily 
used to bring a crystal into focus. 

The crystal section is carefully mounted with the plane of the 
previously determined optic axes horizontal. By inserting a 
signal tube the observation telescope is set opposite the colli- 
mator. The signal tube is removed, the two nicols and condens- 
ing lens adjusted as described the nicols being crossed 45° to 
the plane of rotation of the goniometer and rotation of the care- 
fully centred crystal brings the two branches of the hyperbola 
successively into contact with the vertical cross hair. 

NOTE ON THE VENTRAL ARMORING OF 

DINICHTHYS. 

By Basurorp DEAN, 

Department of Zoology, Columbia University. 

In a recent paper * by the present writer a partial description 
was given of the vertebral column, fin supports and ventral armor- 
ing of Dinichthys gouldii(?). This account had been based upona 
unique specimen which had been discovered by Dr. William 
Clark in the Cleveland shale + of Rocky River, near Berea, 
Ohio, and had been courteously loaned the writer for examina- 
tion. It has since that time, thanks to the generosity of Dr. 

*Trans. N. Y. Acad. Sciences. May 11, 1896. _ i 
+ Dr. Clark notes that the reader might have inferred from the passage, op. cit., p. 

158, that the concretion had been collected in Berea sandstone. ‘This unique speci- 
men was discovered in the vicinity of Berea, * * * in a shaly concretion, somewhat 
coarser in texture—sandstone-like and lighter in color than those commonly found 
in the Cleveland shales.’’ Dr. Clark notesin a recent letter ‘‘ the concretions in which 
the fish are found differ materially from each other: they @re never the same in the 
Cuyahoga valley asin the Rocky river region, in the latter we find them as in the one 
you had (the one in question), or in ‘cone and cone.’ ”’ 
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Clark, been acquired by the paleontological museum of Columbia 
University. 

The notes which were then published upon the relations of 
the abdominal plates have now, however, to be reconsidered in 
the light of the discovery of a plastron of a Dinichthyid 
(Dinichthys minor?) in which the elements are retained in 
their relative positions. This specimen had been briefly de- 
seribed during the past summer at the Buffalo meeting of the 
Geologists,* by Mr. C. R. Eastman, of the Museum of Com- 
parative Zoology at Harvard. The fossil has not as yet been 
seen by the present writer, but, thanks to the notes and a 
drawing which Mr. EKastman has kindly furnished, there seemed 
to be little reasonable doubt that a definite knowledge of the rela- 

tions of the elements of the plastron of Dinichthys had at length 
been determined. To the account of the ventral plates given 
by Prof. A. A. Wright (Am. Geologist, Nov., 1894), the present 
writer had in his paper added a spatulate or ensiform ele- 
ment, Pl. I, VM, which, he believed, corresponded to the two. 
ventromedian plates (viz., antero-ventro-median and _ postero- 
ventro-median) of Coccosteus, as shown, for example, in Tra- 
quair’s restoration.f But in the newly discovered fossil the 
ventro-median plates were distinctly separate, very much as in 
Coccosteus, and the writer could not help feeling at once con- 
vinced that the ensiform element he had described was in reality 
double, the two separate plates having been preserved in their 
normal condition of overlap, but the anterior one having become 
so badly weathered that in view of later evidence vit could 
not be believed to have been fused with the hinder plate. 

Mr. Eastman, in a review of the writer’s paper,} had indeed 
suggested this very reasonable correction, regarding the evi- 
dence of Dr. Clark’s fossil, as *‘ not entirely decisive.” although 
willing to admit that the median ventral plates in Dinichthys 
might readily have become fused ‘as a device for strengthening 
an otherwise fragile plastron.” Such a device, we might conclude,. 
would be therefore a strictly adaptive one, and one which could 
only from the evidence of Mr. Eastman’s fossil reasonably be 
looked upon as occurring in particular species of Dinichthys. But 
certainly such a variation in an element of the plastron would be 
very much opposed to our deep-rooted ideas as to the degree to 
which (among adult fishes important dermal bones may fuse with- 
in the limits of a single genus. In other words, these ideas could 
lead us to expect that the median ventral plates of Dinichthys 
would either be sepanave or fused in all Spee In view of the 

*Cf. Am. Geoldnee Vol. XVIII., Oct., 1896, p. 222. 
+ Ann. Mag. Nat. Hist. [6], Vol. Wis (1890), pp. 125-136. 
} Am. Geologist, Noy. 1896, p. 317. 
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later discovery it seemed likely, therefore, that a renewed study 
of Dr. Clark’s fossil would demonstrate a trace of separateness 
in the elements of the ensiform plate. The result of such an ex- 
amination, however, proved to be an unexpected one, for the 
fossil indicates that the ventro-median plate, although weathered, 
was in all probability a single element. 

Evidently, therefore, if we accept the thesis that the median 
ventral plates of Dinichthys must be separate or fused in all 
members of this genus, the present difficulty is by no means les- 
sened. Anda more critical examination should be first made as 
to whether both fossils are unquestionably of Dinichthys. From 
the region in which both were obtained there have been taken at 
least half a dozen other genera of little known Coccosteids ; 
might not the present specimens have belonged among them? 
This question occurred recently to the present writer, and it has 
led him to review the material of Dinichthys in the museum at 
Columbia. There he recalled having seen somewhere in the col- 
lections an ensiform plate similar to the one he had figured, and 
he remembered that this had been shown in one of Prof. New- 
berry’s early charts.* This has been found, and is figured as 
Plate III. in the present paper. 

There can be no doubt, he believes, that this fossil belonged 
to Dinichthys. It was received from Mr. J. Terrell among 
his specimens of D. terrelli. It may be made to articulate 
with the ventral plates of this species, corresponding to them 
in size, thickness, texture, and it agrees with them in the mar- 
gin of overlap of its edges. And to no other known Coccosteid 
could it well belong. This being the case we must conclude 
that in this species of Dinichthys the ventro-median plates 
were fused. 
Now the specimen of Prof. Clark agrees in this character with 

the fossil of D. terrelli, and even if the ventromedian element had 
been discovered alone it would be referred to the genus Dinich- 
thys. Furthermore the remaining plates are so similar in shape, 
thickness and texture to those of D. gouldi that they might rea- 
sonably be regarded as having belonged to this known species. 

On the other band it cannot be doubted that other Coccosteids 
of the Cleveland shale possessed separated ventro-median ele- 
ments. InGlyptaspisand Holonema these have been described by 
Prof. Newberry (Mon. xvi., U.S. Geol. Survey, Pls. xiii and xvii), 
and this condition doubtless occurred in all the more generalized 
Arthrodira, and in those especially which like Zrachosteus, 

Te Chart vie accompanying Vol. II, Paleontology of Ohio. The figure shows the 
plate in visceral aspect, but lacking the hinder end. 

+ According to Mr. Eastman the evidence of the material recently described by Prof. 
yon Koenen is inconclusive in regard to the ventromedian plate. 
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Diplognathusand Mylostoma preserved either well marked dermal 
tubercles or conical mandibular teeth or both. But unfortunately 
a definite knowledge of the dermal plates of our American Cocco- 
steids is still to be sought. And we might, therefore conclude 
that the plastron of Mr. Eastman, if it cannot be definitely 
identified, might well have belonged to some Arthrodiran other 
than Dinichthys. It would certainly be more natural to assume 
that this was the case than to believe that the ventro-median 
plates could be both fused and separate within the limits of a 
single genus. 

The ventro-median plate of D. terrelli deserves, in closing, a 
brief description. As shown in PI. III., it will be seen to corre- 
spond closely in outline to that of D. gouldi, Pl. II., VM., the 
figure at the right in Pl. III. showing the corresponding aspect, 
the ventral (ectal) one. It is, however, evident that the plate is 
relatively a heavier one in the larger species, and that its ante- 
rior and posterior elements correspond more nearly in size. From 
the present fossil the plate is evidently a single one, its anterior 
and posterior elements having fused in the narrow part. This 
condition can be satisfactory made out, especially on the visceral 
side of the plate where the nutritive canals can be clearly fol-— 
lowed, and no trace can be detected even of a sutural joint. 

A comparison of the ventral aspect of the plate in the two 
species shows that in D. terrelli the marginal ,overlap in the 
hinder region was considerably wider and deeper, the median 
portion, which was exposed at the surface, rising somewhat ab- 
ruptly. This portion shows less prominently the divergence of 
the vascular canals of the smaller species. And the margin of 
the overlap is smoother, 7. e., lacking the longitudinal strive of 
D. gouldii. At the anterior end of the plate the beveling of the 
rounded margin is also apparent. 

From the conditions in D. terrelli it appears that the ventro- 
median element was overlapped on its ventral face by all mar- 
gining plates, and the shape of the bevel of its rounded anterior 
margin suggests closely the condition in Coccosteus, where the 
inferior laterals (Traquair) take their support. 

The plate’s visceral aspect is interesting on account of the 
transverse ridge which marks the anterior enlargement of both 
its component elements. The one in front is the better shown, 
and from its median point a slight sagittal ridge passes back- 
ward: this character, but fainter, can also be traced in the 
hinder element of the plate. The writer notes that these char- 
acters occur as well in other Coccosteids of the Cleveland shale 
in which the ventro-median plates are separate. 

As far, finally, as the fusion of the elements of the ventro- 
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median plate in Coccosteids is concerned there seems to the 
present writer no reason why this divergence should not have 
taken place in specialized members of this family. And that 
Dinichthys was eminently a highly specialized Coccosteid can- 
not be doubted. 

LABORATORY OF ZOOLOGY, Nov. 27, 1896. 

ON A NEW SPECIES OF EDESTUS, #. LECONTEI, 

FROM NEVADA. 

By Basurorp DEAN. 

Department of Zodlogy, Columbia University. 

Dr. John C. Merriam of the University of California brought 
to the attention of the present writer during a recent visit to 
Berkeley a unique and undescribed species of Edestus. This 
had been collected, together with several other fossils, in the min- 
ing region within a mile of Eureka, Nevada. The note as to its 
exact locality had unfortunately been lost, but from the well de- 
scribed stratigraphy * of this region Dr. Merriam had known 
that the fossil as either Devonian or Carboniferous, believing 
it, however, Carboniferous since all the species of Edestus 
hitherto described are known to be of this age. In any event 
the discovery of Edestus in Nevada extends notably the range 
of this genus, since in this country it has hitherto occurred only 
within the limits of the Mississippi coal field, in Arkansas, Indi- 
ana and Illinois. It is now seen to have occurred west of the 
Rocky Mountains, and in this direction it next appears in the 
Carboniferous of Australia. 

The present specimen differs in a somewhat marked way from 
kindred species. And it proves of especial interest as affording 
a number of morphological notes concerning this, posssibly the 
most puzzling fossil of our North American fishes. Through 
the courtesy of Dr. Merriam the writer is now permitted to fig- 
ure and describe it. The new species has been named in honor 
of Professor Joseph LeConte of the University of California, in 
recognition of the long services of this distinguished geologist. 

* Geology of the Eureka District. Arnold Hayes’ monograph. Mon. Geol. Surv. 
xx. Also Paleontology. C.D. Walcott. Jbid. viii. 
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EDESTUS LECONTEI, N. S. 

Type in the Paleontological Cabinet of the University of 
California. 

The fossil is shown in about its natural size in the accompany- 
ing figure, Pl. IV, Fig.1. Its matrix, a carboniferous shale, re- 

sembles closely that of Hdestus heinrichsvi or of LH. minor—light 
gray in color, hard and brittle. The spine is not preserved as per- 
fectly as in specimens of other species which the writer has ex- 
amined. Its surface bears evidence of having been somewhat 
weathered prior to fossilization ; the enamel of the large marginal 
denticles appears altered, and it is only at favorable points that 
the segmented nature of the spine may be determined. The fol- 
lowing characters may be described: The base (shaft) of the 
spine is broad at one end and tapers gradually toward the other. 
The former may therefore be regarded as the proximal end. 
The distal termination has not been preserved, but judging from 
contours this region of the spine may well have measured half an 
inch longer. Where the tip has been broken offabruptly the spine 
is triangular in section, Pl. IV, Fig. I. A, and appears to have been 
relatively stout—for the proximal end was notably flattened and 
might be represented in transverse section by a long ellipse. 
Along the dorsal (convex) rim of the spine are arranged seven- 
teen large denticles; those of the proximal region are tall and 
acutely pointed; those of the distal end wide and short. The 
latter bear evidence of having had rounded ends, although in 
these portions they have not been perfectly preserved. Between 
these two extreme types appear transitional forms causing the 
line of denticles to present a graded series. Each of these ele- 
ments is flattened in the plane of the sides of the shaft of the 
spine, precisely as in #. davisit, and presents a cutting edge on 
anterior and posterior rims. Along these cutting edges of the 
large or primary denticles a row of small secondary denticles 
has not been definitely determined in the present specimen, ow- 
ing possibly to imperfect preservation. It should, however, be 
noted that at several points on the fore most primary denticles 
a peculiarly roughened margin might perhaps be interpreted as 
a series of minute secondary denticles. The segmented char- 
acter of the shaft in #. leconteti is by no means clearly marked. 
In the proximal region the basal segments may be determined, 
but, as shown in the present figure, they are certainly incon- 
spicuous. Traces of them disappear entirely in the hinder re- 
gion of the shaft. 

The relation of E. lecontei, to other species of Edestus. 

The structural characters of Hdestus lecontei differ notably 
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from those of other species. The number of its primary mar- 
ginal denticles is greater. In this respect, however, an accu- 
rate comparison cannot be made, since all of the specimens of 
which have been described in other species of Edestus are pos- 
sibly imperfect—7. e., lacking in proximal or terminal elements. 
Of those described, the spine of #. davisii, as figured by Mr. 
Henry Woodward, is probably the most perfect, having fourteen 
primary marginal denticles. The greatest number possessed by 
the other species, HL. minor, E. heinrichsii, and E. giganteus 
does not, as far as the writer is aware, exceed seven. In the 
ease of H. vorax, no greater number than four appears to be 
known, judging from the figure of Prof. Newberry * which was 
doubtless taken from the best specimen in the collection of Dr. 
Leidy. In the latter case it must, however, be noted that the 
spine bears every evidence of having been not widely unlike that 
of E. heinrichsii. Further differences of H#. lecuntet include: 
the tapering character of the spine, the antero-posterior differ- 
ences in the primary denticles, the possible absence of sec- 
ondary denticles, and finally the obliteration of the segmental 
elements of the spine-base. In all of these regards this spine is 
widely unlike all other members of its genus. 

An interesting comparison of the characters of five species of 
Edestus may be made by reference to the accompanying figures, 
Pl. V, Figs. 2-6. For in these the spines have been reduced to the 
same size, represented in relatively the same aspect, and ar- 
ranged with a view of suggesting the lines of their relationship. 
The writer has thus placed the form, £. heinrichsiz, at the top,as 
presenting the simplest type of Edestus, and has ranked the re- 
maining forms in the following order: E. giganteus, E. minor, 
E. davisii, E. lecontei, the last.as the most highly specialized.+ 

A review of the structural features of these forms has been at- 
tempted in the table on the following page. 

The morphological relations of the spines of Edestus. 

In the foregoing pages the writer has assumed that Hdestus 
is to be regarded as an elasmobranchian spine. As far as the 
above comparison is concerned, however, this determination need 
not be strictly adhered to, for from the morphology of verte- 
brate dermal structures the arrangement of the forms represented 

* J. S. Newberry. ‘On the Structure and Relations of Hdestus, with a Description of 
a Gigantic New Species.’’ Annals N. Y. Acad. of Sci. Vol. IV, No. 4, 1888. Pp. 10, pls. 3. 

+. vorax has appeared too fragmentary to be admitted in this comparison: its 
structures would probably place it between the types HZ. giganteus and H. minor. 
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the most specialized. But there can certainly be but little 
doubt that Hdestus is an elasmobranchian fossil. The character 
of the primary denticles, their shape, denticulated edges together 
with their bank-like arrangement are almost conclusive evidence, 
even if unsupported by similar histological conditions in enamel, 
dentive and nutritive canals. 

If, in any event, the five species in the adjoining figure are 
compared, as, for example, in the above table, a number of very 
suggestive conditions are readily determined. These might be 
arranged in somewhat the following order: (1) The primary 
denticles, small in size in EL. heinrichsit, tend to become larger, 
and are relatively largest in the terminal member of the series, 
EF. lecontet. They seem also to become more numerous. And 
(II) in the same order the secondary (marginal) denticles tend to 
become smaller and more numerous. (III) The shaft of the 
spine becomes reduced, and at the same time narrows at one 
end. (IV) In a general way the segmented elements of the 
shaft tend to shorten their dorsal (7. e., on the side nearest the 
row of denticles) margin and increase their ventral margin. In 
this regard, #. davisii appears more highly differentiated than 
EF. lecontei. A satisfactory comparison of the inclined direction 
of the primary denticles cannot well be made: it would seem at 
first that the decurving of the shaft was accompanied with the 
inclining of the denticles in a single direction, but unfortunately 
this comparison does not hold good; for where the shaft is 
greatly decurved, as in Figs. 5 and 6, the inclination of the den- 
ticles is in two directions, those in the middle of the spine re- 
main erect, while those at the ends incline in opposite directions 
from an angle of 90° to the longitudinal axis of the shaft. 

Tn interpreting these conditions generally, one must, I believe, 
be lead first to the conclusion that the forms in this series are 
genetically related to each other, more or less nearly, and that 
one of the two forms £. heinrichsii or E. lecontei must be re- 
garded as representing the ancestral type, or vice versa. That 
the form represented by EH. heinrichsii is to be placed at the 
base of the series, next becomes evident when we consider in 
evidence the following facts: (1) that it presents in its elements 
the most perfect serial homology, (2) that its denticles are 
smaller, 7. e., more nearly like those of the neighboring integu- 
ment, from which they took their ultimate origin, (3) that the 
secondary denticles resemble closely the primary ones. 

The establishment of this series of forms in Edestus seems to 
the writer of far greater interest than first appears. For by 
this means an important aid is secured both in interpreting the 

TRANSACTIONS N. Y. ACAD. SCI., Vol. XVI., Sig. 5, February 22. 1897. 
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relations of this puzzling fossil and in throwing light upon a 
primitive mode of spine formation within the phylum of fishes. 

In the first regard to return to the puzzling question * as to 
what portion of a fish Edestus represented. Accepting as a 
logical necessity that the fossil is elasmobranchian, the choice 
of its location cannot be a wide one: it must have belonged 
either in the mouth region or on the body surface, in the latter 
case evidently as a spine. As to its belonging in the mouth 
region the segmented nature of its base has ever precluded the 
view that it was in any way connected with meckelian or palato- 
quadrate structures. And as an intermandibular element its 
position is even less plausible. For in the first place such a 
view would require £. lecontet to be the generalized rather than 
the most specialized of the different types. And one would 
have to assume that this intermandibular, which in the only 
teleostome in which it occurs is in its basis a dermal structure, 
has not merely been paralleled by the far different jaw conditions 
of an elasmobranch, but has been paralleled in a cartilaginous 
tissue. Moreover, even granting the possibility of this, the com- 
parison with an intermandibular element could not yet be made, 
for in Edestus the shaft is segmented, and in Onychodus its basal 
portion is unquestionably a single piece. 

If Edestus must now be excluded from the structures of the 
mouth region, it would accordingly fall within the broad class of 
spines. And this is the alternative which at the present day is 
very generally accepted. But what manner of spine could it 
have been? On account of the segmented character of its shaft 
Henry Woodward has compared it to the pectoral spines of the 
Teleost Pelecopterus. Newberry on the other hand, reviewing 
its characters in an extended memoir, decides with the clearest 
and most convincing arguments that the spine was a median one, 
that it was deeply implanted in the integument and that no fin 
structures could have existed behind it; it was therefore com- 
parable to the spine séries of the sting rays, and its position ac- 
cordingly might reasonably have been in the hinder trunk region. 
But even this conclusion does not seem to the present writer 
altogether a final one. For in Trygon the spine series is ap- 
parently compound, while in Edestus, the spine, although seg- 
mented, is nevertheless a single one. There is, in other words, 

no common spine shaft in the sting ray from which the denticles 
take their origin. To make this comparison tenable it must, 
therefore, be assumed that the individual element of the spine 
series of Z7’rygon represents a segment of Edestus. Of course 

* Cf. especially the views of Hitchcock, im Agassiz, Henry Woodward and Newberry, 
Newberry, op. cit. 
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Dr. Newberry never intended to establish definite homologies 
between these two spines, far less suggest for a moment that 
there was genetic relationship between them, for the phylogeny 
of the widely divergent types of rays is too perfectly known to 
admit of the possibility of their tail spines being a primitive char- 
acter—any more in fact than the lateral tail spine of Acanthurus. 
His suggestion was merely that the spine of Edestus might be 
located ‘in the position of the second dorsal fin on the back or 
tail of a plagiostome fish (op. cit. p. 9.).” 

But the series of forms above described gives us now a some- 
what more definite groundwork for a study of the relationships 
of Edestus. As a flattened spine (H. heinrichsiz) it bears evi- 
dence of having been so imbedded in the integument that a 
straight row of enlarged shagreen denticles alone protruded 
above the surface. Each denticle with its underlying basal seg- 
ment would thus be interpreted, as the present writer has already 
suggested,* as a metameral element, each denticle with its sec- 
ondary cusps representing the sum of the shagreen papille oc- 
curring in a particular region (median dorsal’) of a metamere, 
its gouge-like underlying portion the fusion of the bases of these 
denticles. From these conditions the spine has advanced in its 
path of specialization, becoming more decurved until finally it 
assumes a hook-shaped outline. Its hinder end tends at the 
same time to become differentiated, and in the narrow end of the 
shaft in HL. lecontei no trace of segmentation can be determined. 

From its distinctly metameral character, as shown in the sim- 
pler types, Edestus is certainly to be given a very primitive 
rank among ichthyodorulites wherever its position may have 
been. That a large portion of its basal elements was inserted 
in the integument seems exceedingly probable for all forms, and 
in this event the curved spines must have been placed either 
upon the summit ofa fleshy, rounded ridge, or within a trench 
‘as an erectile spine—the latter doubtless less probably. It is at 
this point worthy of note that the narrow end of the shaft of 
E. lecontei bears no trace of segmentation. Can this be interpre- 
ted as evidence that the hinder end projected above the body 
surface? In any event does the present evidence gainsay the 
thesis of Newberry that the spine is bilaterally symmetrical and 
must, therefore, have found its place in the median line of the 
body? As far as the writer is aware, all evidence is in favor of 
this view; no specimen can be pointed to as showing definitely 
traces of asymmetry. But, on the other hand, it cannot be 
doubted that this bilateral condition might have attained in 
spines which were not strictly in the median line. In view of 

#Rishes Living and Fossil, pp. 28-30. 
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the peculiar terminal of the new species of Edestus, one cannot 
at present help feeling that its position may have been some- 
where on the head region, perhaps above or behind the eye in 
some early type of Cestraciont. For it is certainly more natural 
to place Edestus within a group of known spines than to at- 
tempt to create for it a station by itself. In the former case 
the evolution of the remarkable head spines would receive a. 
plausible, if not probable, solution. Beginning with the simplest. 
type of Edestus, situated, doubtless, far back, within the met- 
ameral conditions of the anterior muscles of the trunk, the spine 
has increased in curvature, at the same time tending to occur 
further and further forward.* A degree of asymmetry may 
next have appeared, and the peculiar forms of Listracanthus 
and Hrismacanthus may have culminated the series. At all 
events this is a suggestion which appears to be offered by the 
present comparison of the forms of Edestus. 

The further conclusion afforded by the present comparison 
bears upon the problem of the origin of spines in primitive 
gnathostomes. Or, to be more accurate, upon one mode of 
spine origin, for everyone would be inclined to admit that there 
may have been several. In the present case the evidence may 
be accepted as conclusive that a spine-like organ had its origin. 
as a metameral structure whose basal portion lay within the in- 
tegument, and traversed longitudinally a number (seven at least): 
of body segments. And that from this condition arose a more. 
or less typical spine shaft, thick at one end and pointed at the 
other, with indications that its decurved character was accom- 

panied by a firmer insertion of the proximal end, and the 
eversion of the pointed tip. In this event it is but reason- 
able to assume that the principal difficulty in accounting for 
the origin of a spine has been overcome, for we have in Edestus. 
the actual stages in which a horizontal structure belonging pe- 
culiarly to the body wall has become so decurved that its proxi- 
mal end is certainly well nigh vertical. And when once a struc- 
ture has been evolved which is evidently spine-like, one must 
admit that the straightening and lengthening of its shaft—pro- 
cesses accompanied by the fusion of the segmental elements and 
the shortening of the basal line of insertion within the integu- 
ment—and its perfected dermal encasement and ornamentation 
become relatively at all events matters of secondary importance. 
In other words, the present writer is led to believe on the evi- 
dence of the spine series in Edestus that the origin of many of 
the dorsal and head spines of the early gnathostomes, the Ces- 

*This tendency is well known among fishes, e. g., Pleuracanthus, Chimaeroids: 
and many teleosts, Lophius, Trachypterus, Bregmaceros, Patecus, flat fishes. 
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tracionts and Trachyacanthids (Jaekel) in particular, may be 
traced to segmental structures in which the elements of the 
shagreen denticle have taken the principal formative part.* 

STATED MEETING. 

November 23rd, 1896. 

The Academy was called to order by Professor F. H. Gip- 

DINGS, chairman of the Sub-section of Philology which immedi- 

ately organized. Twenty-eight persons present. 

Professor J. F. Kemp acted as secretary in the unavoidable 

absence of Professor Jackson. 

The minutes of the last meeting, May 25, 1896, were read and 

approved. 

A communication from Professor Jackson explaining his un- 

avoidable absence was also read. 

The first paper of the evening was by Professor H. A. Todd, 

entitled “ The Epithet ‘ Magnus’ as applied to Albert the Great ”’ 

(Albertus Magnus). 

The second paper of the evening was by Professor Calvin 

Thomas, and was entitled ‘“ Considerations on the Origin of 

Poetry.” 

The third paper of the evening was by Professor L. A. Me- 

Louth,and was entitled “‘ A review of Eugene Wolff’s Geschichte 

der deutschen Literatur der Gegenwart.” 

The fourth paper was by Professor Gillett of New York Uni- 

versity, and was entitled “Remarks on the Summer School 

under the auspices of the Alliances Francaises.” 

Professor Price presented the name of Dr. E. G. Sihler, Pro- 

fessor of Latin in New York University, as resident member. 

The Academy then adjourned. 
J. F. Kemp, 

Acting Secretary of Section. 

* A second, although kindred, method of spine formation has been referred to in 
this connection (Fishes, Living and Fossil, p. 28). The concrescence of the fin sup- 
ports in the anterior margin of the fin with a stout sheathing of shagreen denticles, 
may reasonably have produced the spines of Acanthodians (cf. Anat. Anz. vol. xi., 
PP. 673-679, 1896). 
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STATED MEETING. 

November 30, 1896. 

The Academy was called to order by President J. J. STEVEN- 

son. Forty members present. 

Mr. Henry Hames was nominated as resident member by 

Professor Hallock and was referred in the usual course to the 

Council. 

The regular public lecture announced for the evening then 

followed, and was delivered by Professor William Hallock. It 

was entitled ‘‘ Science and Voice Production.” The lecture was 

illustrated with apparatus and the lantern. At its conclusion a 

vote of thanks was passed to the speaker. 

The Academy then adjourned. 
J. F. Kemp, 

Recording Secretary. 

REGULAR Business MEETING. 

December 7th, 1896. 

The Academy met and was called to order by Vice-President 

Woopwarp. Forty persons present. 

The minutes of the last meeting were read and approved. 

The Secretary presented from the Council the following four 

names who were recommended as resident members: Miss Con- 

stance Gibbons, 1 West 81st street, New York City; Mr. 

Henry Hames, 15 Wall street; New York City ; Professor E. G. 

Sihler, New York University, New York City, and Mr. F. N. 

Warburg, 18 East 72d street, New York City. On motion they 

were all elected. 

The Secretary presented the nomination of Professor Fred- 

eric Taber Cooper, of New York University. It was referred 

in due course to the Council. 
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The Section of Astronomy and Physics then organized. 

The minutes of the last meeting were read and, after certain 

corrections as to the record of the paper of H. Jacoby upon an 

ocular micrometer, were approved. 

The first paper of the evening was by Professor J. K. Rees 

upon the November Meteoric Shower. Professor Rees gave a 

very interesting review of the work of Newton, Evans and 

others, upon the probable orbit and period of the great showers 

of meteors which were seen in 1833 and 1866, and which are 

soon due again. Attention was also called to the work of 

Leverrier, and Oppholtzer in finally settling the period of this 

swarm at about 333 years. At the request of Professor Stone, 

observations were made at all the large observatories, on the 

nights of last month, to see if by chance an unusual number of 

meteors should be observed, thus indicating that the swarm had 

so scattered out that some of the advanced guard would appear 

even three years ahead of the general mass. The number ob- 

served by Professor Rees was no greater than the normal and 

the results were rather negative. 

The paper was discussed by Professors Kemp, Martin, Wood- 

ward, and others. 

The second paper was by H. C. Parker, upon a Universal 

Method of Measuring the Electric Current. Mr. Parker showed 

how it is possible and convenient to measure currents varying 

from a fraction of a microampere to a megalampere, 7, e., from, 

say a hundred millionth of an ampere, to a million amperes, by 

simply using a voltmeter, or a delicate galvanometer, in connec- 

tion with a series of shunts. He exhibited a series of such shunts 

ranging from 0.1 ohm to 0.00005 ohm, which had been determined 

upon the double bridge with an error not to exceed 0.1 per cent. 

The paper was discussed by Professors Van Nardroff and 

Hallock. 

W. Hallock then exhibited some mechanical devices by means 

of which it is possible to illustrate the interference of two 

beams of light with any desired phase difference; and another 
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to show how a beam of plane polarized light is resolved into two 

at right angles to each other on entering a doubly-refracting 

medium. 

Mr. H. A. Humason described a large meteor that he had ob- 

served, while in Central Park on the afternoon of Friday, De- 

cember 4th, at 4:20 p. m. It was first observed when at an 

altitude of 50 degrees; it passed in a direction a little south of 

east 5 or 10 degrees, and disappeared at an altitude of 15 de- 

grees. In appearance it resembled an incandescent drop of 

water; its angular magnitude was estimated at 10’ to 15’. 

Attention was called to certain reports of other meteors ob- 

served on the same afternoon at the same time in places from 

New Jersey to Connecticut; the time and direction of these 

varied so much that one was forced to conclude that there 

were several different meteors that fell about the same time, all 

of which were large enough to be seen in spite of the daylight, a 

very unusual experience. 

Similar observations in former years were reported by Pro- 

fessor Martin and others. 

On motion the Academy then adjourned. 

J. F. Kemp, 

Secretary. 

Wm. HALwock, 

Secretary of Section. 

STATED MEETING. 

December 14th, 1896. 

The Academy met with Prof. J. G. Curtis, Chairman of the 

Biological Section, in the Chair. There being no regular busi- 

ness, the Biological Section at once organized. 

Dr. Arnold Graf made a preliminary report on “ Some New 

Fixing Fluids.” 
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Mr. J. H. McGregor read a paper entitled “An Embryo of 

Cryptobranchus.” 

The embryo described is about 16 mm. long, and is the first 

to be recorded of this species. 

Prominent among its external features are the excessive amount 

of yolk, the marked ventral flexure in the cervical region and 

the very early and almost simultaneous appearanee of the two 

pairs of limbs. The dorsal surface is pigmented, the pigment 

cells being arranged in transverse bands, one band over each 

metamere of the body. Lateral line sense-organs can be distin- 

guished. Among the most striking internal characters may be 

mentioned the dorso-ventral flattening of the notochord, and the 

late appearance of entoderm and alimentary organs generally, 

due doubtless to the great mass of yolk. The auditory vesicle 

has an endolymphatic duct ending blindly immediately under 

the skin on the top of the head. Along the sides of the body 

a system of organs occurs which are probably homologous with 

the embryonic sense-organs described by Beard in the sharks. 

Dr. J. L. Wortman spoke of the Ganodonta, a new and primi- 

tive suborder of the Edentata from the Eocene of North Amer- 

ica. One section or family of the suborder, viz: the Stylin- 

odontidx, is composed of Hemiganus, Psittacotherium, Ecto- 

ganus and Stylinodon, and forms a closely connected and con- 

secutive phylum reaching from the base of the Puerco to the 

Bridger formation and leading directly to the Gravigrada or 

ground sloths. A second family, viz: the Conoryctidx, com- 

posed of Conoryctes and Onychodectes, may be regarded as an- 

cestral to the Armadillos. The character and origin of the 

Edentate fauna of South America was discussed at length and 

the conclusion reached that its original home was in North 

America. It was further held that there was a migration to the 

southward before the close of the Eocene, and that there must 

have then been an earlv land connection between the two con- 

tinents. 
G. L. Brisro1, 

Secretary. 
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STatTep MEETING. 

December 21st, 1896. 

The Academy met with President STeEvENsoNn in the Chair. 

Ten persons present. 

The minutes of the previous meeting were read and approved. 

The first paper of the evening was by F. C, Nicholas, on the 

Geology of Eastern Colombia, South America. The paper was 

discussed by Professor Martin, the President and the Secretary. 

It appears on a later page of this volume. 

The academy then adjourned. 
J. F. Kemp, 

Secretary. 

REGULAR Business MEETING. 

January 4th, 1897. 

The Academy met with President STEVENSON in the chair. Ten 

persons present. 

The minutes of the last meeting were read and approved. 

The Secretary presented from the Council the following nomi- 

nations, which had been approved by the Council, and were rec- 

ommended for election: Professor Frederic Taber Cooper, of 

New York University, Rev. Haslett McKim, of 33 West 20th 

Street, New York City, and Mr. James B. Cook, of Memphis, 

Tennessee, all of whom were elected. 

The Secretary then presented the following nominations for 

resident membership: Mr. Samuel Keyser, 14 East 36th Street, 

New York City,and Mr. Lawrence Irwell, of Buffalo, New York. 

Mr. F. C. Nicholas was nominated as corresponding member. 

There being no further business, the Section of Astronomy 

and Physics immediately organized with R. 8. Woopwarp in 

the chair. In the absence of the regular secretary of the sec- 

tion the reading of minutes was omitted. 



1897. | NEW YORK ACADEMY OF SCIENCES. 15 

Professor Jacoby was prevented from presenting the paper 

that had been announced because his photographs had failed to 

arrive. In his place Professor Rees threw upon the screen with 

the lantern some photographs of pairs of smaller planets, which 

had been taken by Professor Wilson, of Minnesota. 

Considerable discussion ensued, after which the section ad- 

journed. 
J. F. Kemp, « 

Secretary. 

STatTeD MEETING. 

January 11th, 1897. 

The meeting was called to order by Professor Bristol. Twenty- 

five persons present. 

Dr. G. S. Huntington read a paper entitled ‘ A Contribution 

to the Myology of Lemur bruneus.” 

The paper deals with some of the ventral trunk muscles and 

the appendicular muscles of the forelimb and pectoral girdle. A 

comparison of the structure of these muscles with the corre- 

sponding parts in other members of the suborder shows L. bru- 

neus to possess marked primitive characters in the arrangement 

of the pectoral girdle muscles and the muscles of the proximal 

segment of the anterior limb. This is especially evident in the 

lateral recession of the pectorales, the compound character of 

the ectopectoral insertion, the junctions of a Pectoralis abdomi- 

nalis with the typical entopectoral insertion, and the presence 

of an axillary muscular arch, derived from the tendons of the 

Latissimus dorsi and connected with the deep plane of insertion 

of the ectopectoral tendon, 

The presence of a third or inferior portion of the coraco- 

brachialis is noted in addition to the upper and middle portion 

usually present in the Lemuroidia. 

The ventral trunk muscles present a distinct carnivore type 

in. their arrangement, instanced by the high thoracic extension 
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of the Rectus abdominalis, the occurrence of a well developed 

supra costalis, the union of Levator scapule and Serratus mag- 

nus, the thoracic extension of the scalenus group, interlocking 

both with the Serratus and Obliquus externus. 

The aponeurosis of the Obliquus externus presents a well de- 

veloped divisian of the internal pillar of the external abdominal 

ring, dovetailing with the one from the opposite side and form- 

ing the triangular ligament of the same. 

Mr. H. E. Crampton, Jr., reported some of his “ Observations 

upon Fertilization in Gasteropods.” 

The observations were made upon the eggs of a species of 

Doris, collected last summer on the Pacific Coast by Mr. Cal- 

kins, and upon a species of Bulla, which deposited eggs at 

Wood’s Holl during the months of August and September. The 
results may best be summarized by stating that a complete con- 

firmation was obtained of the accounts of fertilization given by 

Wilson and Matthews, Boveria; Hill, for sea-urchins ; Meade, on 

Chetopterus, Kostanecki and Wiejyewski, upon Physa, etc. The 

sperm nucleus is preceded by the divided centrosome, an aster, 

however, not being found till the union of the germ-nuclei. The 

first polar spindle lies at each pole a double centrosome, the 

second maturation spindle but one. These are of great size, 

however, and the one remaining in the egg finally disintegrates, 

the centrosomes of the first cleavage spindle being derived from 

the sperm. The germ-nuclei do not fuse, but lie very close to 

one another, in contact. 

Mr. N. R. Harrington gave an account of the life history of 

Entoconcha,a mollusc parasitic in a Holothurian. His paper 

was illustrated by photographs. 

The following paper was read by title: N.R. Harrington and 

B. B. Griffin, ‘‘ Notes on the Distribution, Habits and Habitat 

of some Puget Sound Invertebrates.” The paper appears on a 

later page. 

C. L. BristTon, 

Secretary. 
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ADAPTATION OF THE SHELL OF PLACUANOMIA 

TO THAT OF SAXIDOMUS, WITH REMARKS 

ON SHELL ADAPTATION IN GENERAL. 

By Branpney B. Grirrtn, B. Sc. 

During one of the dredging trips made in the summer of 1896 
near Port Townsend, Washington, there came into my posses- 
sion a left valve of a species of Saaidomus, one of the common 
clams of the Pacific Coast. Upon this valve near its anterior 
margin was attached a shell of Placuanomia. The latter exhibits 
an interesting though not uncommon phenomenon; ordinarily 
smooth and marked only by indistinct lines of growth or low 
radial folds, it has here assumed lines and folds that coincide 
exactly with the concentric markings of the Saxidomus. We 
have here evidently a case analogous to one recently described 
by Arnold Graf,* wherein a Crepidula had assumed the 
radial folds of a Pecten upon which it was attached. As the 
same principles are here concerned the case well merits a de- 
tailed description. I have added a rough sketch to aid in 
elucidating the main features. Many of the intermediate con- 
centric lines have been omitted to avoid confusing the drawing, 
and for a like reason those indicated have not been continued 
the whole length of the shell. 

The Saridomus in question is marked by frequent sharp raised 
concentric lines, distributed at irregular intervals. They occur 
sparsely inthe umbonal region, but become more frequent as the 
margin is reached, where they are quite fine, regular and closely 
set. The line a and several between aand 6 not indicated on the 
drawing are represented on the Placuanomia by faint folds, but as 
the margin is approached the impressed lines become sharper and 
more distinct until / is reached. From / to the margin the at- 
tached shell is corroded and the surface pattern confused, but 
with careful scrutiny indications are seen of numerous fine lines 
which correspond with the more marginal ones of the Saxidomus, 
The completeness of the correspondence is quite remarkable. Not 
only the sharper and more distinct lines are copied, but even 
the more minute concentric striz are impressed ; and, moreover, 
whenever a line is double or triple, however near the component 
lines may be to each other, this double or triple condition is ac- 
curately copied on the Placuanomia. In all cases the distance 
between the components is greatly exaggerated in the drawing. 

” *Adaptation of the shell of Crepidula fornicata to the shell of Pecten Jacobeus. 
Trans. New York Academy of Science, April 3, 1896. 
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The adaptation involves the whole surface with the exception 
of a small area (between the lines hand 1), near the umbo, which 
is subdivided by two prominent growth lines into three portions. 

Fie. 1. Left valve of Saxidomus squalidus ? with shell of Placuanomia 
macroschisma attached near anterior margin. The broken lines, a-/, etc., in- 
dicate concentric striz of the Saxidomus, the corresponding full lines those 
assumed by the Placuanomia, and the small striated area between the lines h 
and /, the umbonal region of the latter. 

The two outer subdivisions have respectively two sets of fine 
longitudinal lines that are not quite continuous with each other 
nor with those of the rest of the shell. These I believe to be mark- 
ings assumed from a surface of attachment during earlier periods 
in the life of the shell; their discontinuity at the lines of growth 
evidently indicates that the Placuanomia must have twice shifted 
its position. This probably took place from a position lower down 
on the Saxidomus where the lines are finer, or possibly from an- 
other shell. The possibility at first suggested itself that these two 
sets of lines on the two outer umbonal regions might be radial 
markings proper to the shellin its young stages. Such abrupt 
change in surface markings is very common among the fossil - 
Brachiopoda and Cardiide and has been observed by me in cer- 
tain Gastropods. In Placuanomia, however, these are sharp, 
few in number and large, relative to the shell, and are separated 
by intervals that correspond very nearly with the distances be- 
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tween the marginal lines of the Saxidomus. Moreover,all other 
specimens of the Anomiidz examined (which include about 
three dozen individuals) show absolutely no trace of similar 
radial markings on any portion of the shell. These facts lead 
me to believe that the lines in question are really assumed from 
a surface of attachment. The inner umbonal region is quite 
smooth, and represents the youngest period of the shell when 
probably it was quite free. 

From the extent of the adaptation it is evident that the Flacua- 
nomia became very early attached to the Saxidomus. Its extreme 
marginal position would seem to indicate that the attachment 
did not occur until the Saxidomus had very nearly,if not entirely, 
completed its growth. 
Among the Anomioid shells collected by the expedition there 

is one specimen that shows an assumption of low ridges or folds 
instead of sharp lines, but unfortunately the attached surface 
was not preserved. Still other specimens do not show assumed 
lines, although attached to more or less rigid shells. 

The phenomenon here presented by the Crepidula (Graf.) and 
the Anomioid shells is not new; it has been frequently ob- 
served and commented upon by paleontologists in fossil shells, 
and raises interesting questions as to the specific value of sur- 
face configuration in attached forms. Thus Keyes* calls atten- 
tion to the fact that in Platyceras, a Gasteropod found attached 
on the vault of Palzocrinoids, “ the longitudinal folds and plica- 
tions in the shell are in many cases due largely to the surface of 
attachment,” and that even certain nodes on the shell ‘“‘ appear 
to have resulted from the peculiar nodose ornamentation of 
Platycrinus.” He concludes, therefore, that,as the configuration 
of both the surface and the peristome in these attached shells 
(including also the Calyptreide) “ being to a great extent de- 
pendent upon individual environment,” but little specific value 
is to be attached to them. Barrandet figures a “ Discina ? 
miranda” with folds that must have resulted from the surface 
of attachment. Hall} figures with brief comments half a dozen 
species of Crania that attach themselves to various surfaces, 
such as other Brachiopod and Gasteropod shells, crinoid stems, 
etc., and each in case the Crania copies accurately the surface 
configuration. An instance of this is seen in the Geological 
Museum of the School of Mines, which contains a Crania 
scabiosa attached to a Strophomena and minutely copying the 
excessively fine radial stri ations of the latter. 

*‘¢The akaputary Habits of Platyceras,’’ Am. Jour. of Sci., Oct., 1888; and ‘‘On the 
Attachment of Platyceras to Paleocrinoids and its effects in modifyi ing the forms of 
the Shell,” Proc. Am. Ph. Soc., Vol. XXV., No. 128, 1888. 
+Systeme Silurien de Bohéme, Vol. Me pl. 129. 
Peale Ney. Vol. VILE. Brachiopoda, I ce teat Arey Bla 
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Another interesting case is that of the Australian Myochama 
anomioides, which attaches to different shells of varied and di- 
verse surface patterns, as beautifully illustrated by specimens 
in the American Museum of Natural History. The shell is nor- 
mally marked by prominent bifurcating radial ridges. One 
specimen attached to a lamellibranch with prominent concen- 
tric ridges shows these accurately assumed, while others copy 
no less minutely the radial folds of their hosts. Perhaps the 
most interesting example is that presented by a Myochama at- 
tached to a shell with sharp pectinate radial ribs. The former 
is symmetrically situated upon its host with its umbo directed 
downward, as shown in Fig. 2. 

Fic. 2. Shell of a ? Trigonia with attached valve of Myochama®anomioides, 
which has partially assumed the radial folds of its host. The broken lines 
indicate the radial pectinate ridges of the host, the double full lines those 
proper to the Myochama, and the single full lines those assumed by the latter. 

It will be seen that medianly and anteriorly the Myochama 
has completely assumed the radial ridges of the attached sur- 
face, and its own radial folds have become thereby almost en- 
tirely suppressed. These, however, reappear further down, 
where the ridges of its host were less prominent. Such a sup- 
pression does not occur where the assumed ridges are perpen- 
dicular to the radial folds of the Myochama. 
Numerous other cases are reported among fossil lamelli- 

branchs, and is very frequently to be observed in Ostrea. 
The phenomenon then appears to be a very common one 

among attached shell,and is found to be widely distributed. Its 
immediate cause, as explained by Graf, is very obvious. During 
the growth of the shell the mantle edge became pressed into and 
followed all the inequalities of the attached surface, thus pro- 
ducing a mould upon which the lime salts were deposited and 
consolidated. 

Reasoning from the advantage that would accrue to the Crepi- 
dula from always fixing upon an active shell like Pecten, Dr. 
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Graf* concludes that we have here a ridged variety of Crepidula 
which in time may become established as a species. From the 
evidence yielded by the Placuanomia, the fossil shells and the 
Myochama, I would, however, attach less importance to the phe- 
nomenon. A character is here initiated and sustained by a con- 
tinuous extraneous stimulus, and, as shown by the Myochama, 
it vanishes the moment the stimulus falls below a certain inten- 
sity.f Moreover, all the forms studied appear to attach them- 
selves indifferently to surfaces of diverse and varied patterns, 
and consequently the stimulus is too varied and changing for 
any particular pattern to become impressed upon the germ- 
plasm and reappear in the offspring. This could only occur in 
case the habit was acquired of always fixing upon a surface of 
similar pattern.{ 

It is, however, not unlikely, as Mr. Van Ingen suggests, that 
this adaptation may in some cases be of advantage to the shell 
by enabling it to cling more tightly to the attached surface. The 
fact that some individuals readily assume the surface markings, 
while others do not, would seem to indicate that the plasticity 
of the mantle varies. This variability then furnishes a possible 
field for the operation of natural selection. The individuals 
favored, however, would certainly be those with sensitive and 
plastic mantles, readily adaptable to any character of surface. 
On the other hand those shells which tend to reproduce a defi- 

. nite pattern would be at a disadvantage in adapting themselves 
to the different hosts available for attachment. 

Before, even an approximate decision can be reached in 
respect to these theoretical questions a detailed comparative 
study should be made of all the available facts, not forgetting 
the late embryology of these attached shells. Such a careful 
study the phenomenon under consideration seems to well merit. 

In conclusion, I wish to express my obligation to Professor 
Whitfield and Mr. Gratacap for kindly allowing me access to the 
collection of shells in the American Museum of Natural His- 
tory, New York, and permitting’ me to make a drawing of the 
Myochamt. Iam also indebted to my friend, Mr. Van Ingen, 
for suggestions as to literature bearing on this subject. 

% 

ZOOLOGICAL DEPARTMENT, COLUMBIA UNIVERSITY. 

* 7. ¢., Pp. 69. 
+ The Fret that the faintest possible stimulus is sufficient to produce an effect 

upon Placuamonia, while a more powerful one is required in Myochama, may be 

attributed to the fact that the former is relatively a smooth shell, while the latter is 

ridged, since it is readily conceivable that the folds of the attached surface would need 

be of considerable prominence to reverse and suppress the tendency to ridges in the 

Myochama. j : 

{ The susceptibility of the germ-plasm to extraneous influences is here merely 

assumed for argument’s sake. 

TRANSACTIONS N. Y. ACAD. Scr., Vol. XVI., Sig. 6, March 26, 1897. 
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ON SOME POINTS IN THE FORMATION AND DISTRI- 

BUTION OF THE CERVICAL PLEXUS IN 

CYNOMORPHOUS MONKEYS. 

By Gero. S. HuNtTINGTON. 

The following paper contains the first of a series of observa- 
tions on the structure of the Peripheral Nervous System of the 
Simiadz, the purpose of the investigation including a study of 
the formation of the spinal nerve-plexus, and of peripheral spinal 
nerve-anastomoses, in an attempt to determine more accurately 
their morphological significance and phylogenetic value. 

The material on which the following observations have been 
made, comprises a number of individuals of the following species, 
dissected during the past two years in the Laboratory for 
Morphological Research of Columbia University : 

Cercopithecus diana, Macacus rhesus, 
‘i mona, ochreatus, 
es pogonias, Cynocephalus hamadryas, 

Chlorocebus subzeus, is porearius, 
Cercocebus fulginosus, . anubis, 

pe collaris, babouin, 
Macacus sinicus, sf sphinx, 

sf pileatus, Cheeropithecus leucopheeus, 
se nemestrinus, Mormon maimon. 
° cynomolgus. 

The construction of the cervical plexus in these forms, by the 
anterior divisions of the first four cervical nerves, resembles in 
its main features the type usually followed in the human subject. 
A representative type is shown in Plate VII., Fig. I., which 

exhibits the plan of the right cervical plexus of a female Macacus 
rhesus. 

The anterior branch of the First Cervical nerve gives off a 
large communicating twig (Fig. I., 1), which passes forwards 
and enters the sheath of the Hypoglossal nerve, dividing into a 
bundle (Fig. I., 2), the fibres of which course centripetally in 
the Hypoglassal sheath, and a peripherally directed bundle (Fig. 
I., 3), which will be again referred to in discussing the forma- 
tion of the deep cervical ansa and the innervation of the Infra- 
hyoid muscles. 

The centrally directed bundle (2) gives off several small mus- 
cular twigs to the Anterior Recti, but does not exhaust itself 
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completely in supplying these muscular filaments, remaining as 
a slender twig in the sheath of the Hypoglossal and entering the 
anterior candyloid canal with the same. 

The remainder of the First Cervical nerve descends in front of 
the transverse process of the atlas, forming, with the Second 
Cervical nerve, the First, or Atlantal, Cervical ansa. 

Close to the point of union of this descending branch of the 
First with the Second Cervical nerve, the latter gives off a branch 
(Fig. I., 4), which passes backward, applies itself for a short 
distance to a similar branch (Fig. I., 5), derived from the Third 
Cervical nerve, and then joins the Spinal Accessory nerve, the 
majority of its fibres turning upwards and passing centripetally 
within the Accessory sheath. A small twig descends peripherally 
with the communicating branch from the Third Cervical (Fig. 
1,55) 

The remainder of the Second Cervical nerve passes down, as 
Ansa Cervicalis II., and, after giving off a communicating 
branch to the Vagus (Fig. I., 6), and a branch to the Rectus 
capitis anticus major (Fig. I., 7), is continued into the trunk, 
which, with a similar branch from the Third Cervical, forms the 
Ansa cervicalis profunda (Communicans Noni) (Fig. I., 8). 

The Third Cervical nerve, besides contributing the above men- 
tioned communicating branch (Fig. 1.,5) to the Spinal Acces- 
sory, and a branch (Fig. I., 8) to the Infra-hyoid muscular dis- 
tribution, gives off the Great Auricular nerve (Fig. I., 9), which 
includes in part the fibres usually found in the human subject, 
forming the Occipitalis minor. 

The remainder of the nerve gives off the upper branch of the 
Superficial Cervical nerve (Fig. I., 10) and a branch, which, to- 
gether with a contribution from the Fourth Cervical nerve, forms 
the lower division of the Superficial Cervical (Fig. I., 10’). 

It also supplies a number of branches to the deep prevertebral 
muscles and to the Levator anguli scapule (Fig. I., 11, 11, 11). 

The Fourth Cervical nerve gives the above mentioned branch to 
the Superficial Cervical nerve. It also furnishes, near the point 
of exit from the spinal canal, a large branch to the upper por- 
tion of the Scalenus anticus (Fig. I., 12), and a large nerve form- 
ing one of the roots of the Phrenic nerve (Fig. I. P.). 

The remainder of the nerve, after furnishing a communicating 
branch to the Fifth cervical, divides into two main branches. 

The postero-external of these gives off a muscular branch (Fig. 
I., 13) to the deep surface of the Levator clavicule (M. omo- 
cleido-transversarius), and then divides into the Supra-acromial 

nerves (Fig. I., 14, 14, 14). 
The antero-internal division furnishes the Supraclavicular and 

Suprasternal nerves (Fig. I., 15, 15, 15). 
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The above plan, with minor individual variations, is found to 
prevail throughout the series of cynomorphous monkeys exam- 
ined. 

The chief point of difference to be noted, in comparison with 
the usual human arrangement, is the absence of a separate branch 
from the Second and Third Cervical nerves, constituting the 
human Occipitalis minor. The deficiency of this nerve is made 
good to the cutaneous distribution of the lateral occipital and 
mastoid regions by the large size of the Auricularis magnus and 
the extensive distribution of the Occipitalis major. 

The communicating twig from the Second Cervical to the Spinal 
Accessory (Fig. I., 4) may represent the rudiment of the human 
Lesser Occipital nerve. In Man this nerve is regularly derived 
from the loop between the Second and Third Cervical nerves, 
exceptionally entirely from the Second. The Occipitalis minor 
supplies a communicating branch to the Spinal Accessory. Possi- 
bly this communicating branch represents the element contrib- 
uted by the Second Cervical nerve to the Occipitalis minor of the 
human plexus, the remaining cutaneous branches of the nerve 
being derived from the Third Cervical. In the Cynomorpha the 
corresponding branches remain isolated, not uniting to form a 
Lesser Occipital nerve. The branch from the Second Cervical 
nerve (Fig. I., 4), passes directly to the Spinal Accessory as a 
communicating branch, and the usual cutaneous distribution of 
the human Lesser Occipital is derived from the Third Cervical 
through the path of the Auricularis magnus. 

The Occipitalis minor in Man also supplies, in addition to the 
terminal post-auricular distribution, cutaneous filaments to the 
narrow dorsal integumentary zone of the cervical plexus, occu- 
pying the interval between the adjacent margins of the Sterno- 
cleido-mastoid and Trapezius muscles. These tegumentary 
branches are either derived from the main nerve, or froma N. 
occipitalis minor secundus, if such a branch is present. 

In the Cynomorpha the region in question is occupied by the 
Levator claviculee (Omo-cleido-transversarius) or by a Cleido- 
occipital muscle, a link between the Sterno-cleido-mastoid and 
Trapezius. The overlying integument receives numerous branches 
from the Third and Fourth Cervical nerves, for the most part de- 
rived in common with the muscular branches to the Levator 
clavicule and the adjacent deeper divisions of the Trapezius. 

The communication of the Third Cervical nerve with the Spinal 
Accessory in man usually takes place by means of atwig passing 
to one of the Sterno-mastoid branches of the Accessory. By 
means of this communication filaments from the Third Cervical 
nerve pass both peripherally into the Sterno-mastoid branches of ~ 
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the Accessory, and centrally into the main trunk of the Acces- 
sory, the ultimate destination of the latter being unknown. 

The usual communication of the Third Cervical with the Spinal 
Accessory in the Cynomorpha is seen in the plexus of Macacus 
rhesus (Fig. I., 5). 

Another form of the anastamotic connection between the upper 
cervical nerves and the Spinal Accessory is presented by the plex- 
us of Macacus pileatus, Plate VI.,(Fig. II.),also throwing some 
light on the probable derivation of the human Occipitalis minor. 

Here the Third Cervical gives off, in addition to the Auricularis 
magnus (Fig. II.,1), and the two divisions of the Superficial 
Cervical (Fig. II., 3, 3’), 1 communicating branch of considera- 
ble size (Fig. II., 2), which passes in great part into the Sterno- 
mastoid branch of the Accessory (Fig. II., 5), travelling centrally 
within the sheath of the nerve. The remainder of this branch 
applies itself in two filaments to the main trunk of the Acces- 
sory. accompanying it in a peripheral direction, for a short dis- 
tance. It then separates again from the main trunk of the 
Accessory, and, after junction with an additional filament from 
the Third Cervical, forms a trunk (Fig. II., 4), which supplies 
cutaneous filaments to the integument over the interval between 
Sterno-mastoid and Trapezius (Levator clavicule). Consider- 
ing the composition of this anastomosis in comparison with the 
human plexus we find the usual communication, with centrally 
directed fibres, between the Third Cervical nerve and the Sterno- 
mastoid branch of the Spinal Accessory. 

The structure and distribution of branch 4 (Fig. II.), indi- 
cates a rudimentary Occipitalis minor. This supplies a second 
communicating twig to the Accessory—the fibres passing in a 
peripheral direction—and the tegumentary nerves to the dorsal 
zone of the cervical plexus, corresponding to the interval be- 
tween the Sterno-mastoid and Trapezius. 

The superficial distribution of the cervical plexus in the Cyno- 
morpha is exceedingly rich in terminal branches, anastomosing 
freely with each other and frequently forming loops. They are 
placed under cover of the Platysma, and reach the cutaneous 
distribution by perforating this muscle. 

The general arrangement. of these superficial branches is seen 
in Plate VI., Fig. III., representing the superficial dissection of 
the right side of the neck in a specimen of Macacus pileatus. 
The branches may be grouped under the following heads: 

I. AURICULARIS MAGNUS. 

The nerve forms a large trunk, curving around the dorsal 
margin of the Sterno-cleido-mastoid and ascending on the outer 
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surface of the muscle to the auricular region, breaking up into 
a leash of branches as it approaches the terminal distribution. 
These branches follow, in all species examined, a regular arrange- 
ment, the plan of which is indicated in Plate VI., Fig. LV. 

1. The most posterior or dorsal branch (Fig. 1V., 1) supplies 
the integument of the retro-auricular and mastoid regions, ex- 
tending over the occipital attachment of the Trapezius and 
anastomosing with the Occiptalis major. This branch supplies 
the region usually innervated by the human Occipitalis minor. 

2. The second terminal branch (Fig. I1V., 2) is usually the 
largest. It runs in the cranio-auricular groove, giving branches 
to the mastoid region, to the cranial surface of the anterior helix 
margin, and to the cranial surface of the cymba and cavitas 
conche. 

3. The third branch (Fig. IV., 3) supplies the back part of 
the cymba (cavitas inferior conch). 

4. The fourth branch (Fig. 1V., 4) supplies the integument of 
the inferior and anterior surface of the external auditory meatus. 

5 and 6. The fifth and sixth branches (Fig. IV., 5, 6) supply 
the integument over the parotid region in front and below the 
external auditory meatus. 

II. N. CERVICALIS SUPERFICIALIS. 

This is composed of an ascending division, derived from the 
Third Cervical nerve (Plate VI., Fig. I., 10), and a transverse 
division, derived from the Third and Fourth cervical nerves. 
(Higz T., 10%) 

1. The ascending division (Plate VI., Fig. 1V., 7,8, 10) sends 
a twig (Fig. IV.,7) to the integument of the parotid region, in 
front of the external auditory meatus, between it and the can- 
dyle of the lower jaw. 

The continuation of the nerve divides into two branches (Fig. 
IV., 8,10), which pass obliquely upwards to the anterior margin 
of the parotid gland and to the angle of the jaw, meeting the 
infra-maxillary branches of the Facial Nerve and anastomosing 
freely with them at their point of emergence from the gland and 
along the margin of the mandible. One of the branches (Fig. 
1V., 10) continues obliquely across the Masseter muscle to the 
integument overlying the buccal pouch. 

2. The transverse division, derived from the third and fourth 
cervical nerves, emerges from the cover of the Sterno-mastoid at 
a somewhat lower level, usually combined wtth the Supra-sternal 
and internal Supra-clavicular descending branches of the Fourth 
nerve (Fig. III.). Passing underneath the external jugular 
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vein, the nerve sends a large branch (Fig. IV., 12) upward and 
inward, supplying the integument as far as the median line, and 
a smaller division downward and inward, in company with the 
Supra-sternal nerves, supplying the integument over the origin of 
the Sterno-cleido-mastoid, jugulum, and manubrium sterni (Fig. 
BYR 1S): 

III. NN. DESCENDENTES. 

These form three divisions, Supra-sternal, Supra-clavicular and 
Supra-acromial and are derived from the Fourth Cervical nerve 
(Plate VI., Fig. I., 14, 15). 

The general arrangement (Fig. III.) corresponds to the 
human distribution. The nerves are remarkable for the number 
and size of the individual branches, and for the extensive area 
of distribution, the integument of the pectoral region being sup- 
plied by them to below the level of the nipple. 

The Supra-acromial division sends large branches over the 
prominence of the shoulder, extending on the lateral aspect to 
the level of the Deltoid insertion. 

- The supra-clavicular nerves send a constant branch to supply 
the integument over the lateral portion of the Pectoralis major, 
down as far as the level of the great tuberosity, on the lateral 
and anterior aspect of the shoulder. 

Other branches of this division extend to the lower border of 
the Pectoralis major, giving offsets to the integument of the 
axilla and of the antero-internal surface of the arm, as far down 
as the lower extremity of the bicipital groove. 

The greatest interest attaches to the formation of the deep 
cervical loop, the communication with the Hypoglossal and the 
innervation of the muscles connected with the Hyoid bone. 

The general type conforms to the usual arrangement seen in 
the human subject. 

The significance of the Descendens noni of anthropotomy was 
pointed out by Bach in 1834, who first referred the nerve to its 
proper derivation from the cervical plexus. 

Longet and Volkmann came to the same conclusion on physi- 
ological grounds. 

Later Luschka, E. Bischoff and Holl further determined the 
derivation of the Descendens noni from the cervical plexus 
through the communication of the First and Second Cervical 
nerves with the Hypoglossal. 

The arrangement of the human plexus and of the deep cervi- 
eal loop is shown in Plate III., Fig. V., taken from Holl’s rep- 
resentation, which indicates sufficiently the usual disposition and 
derivation of the branches. 
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The examination of the deep cervical loop and hypoglossal 
anastomosis in the Cynomorpha throws important light on the 
character and mode of the communication, and on the question 
of the nerve supply of the individual hyoid muscles. 

Fig. VI. of Plate VII. represents the plan of the right deep 
cervical ansa and of the infra-hyoid muscular distribution in a 
female specimen of Macacus rhesus (Body weight 2,546 grms. 
Brain weight 73 grms.) 

The peripheral communicating branch of the First Cervical 
nerve (Plate II., Fig. I., 3) enters the sheath of the Hypoglossal 
immediately after the exit of the latter nerve from the skull at the 
point where it crosses in front of the Vagus. It leaves the 
Hypoglossal in front of the External Carotid artery, descends 
obliquely on the outer surface of the sheath of the vessel, and is 
joined, near the bifurcation of the Common Carotid, by the com- 
municating branch from the Second and Third Cervical nerves. 

The Second Cervical nerve gives off three short internal 
branches. Two of these (Plate VII., Fig., VI., 1,3) supply the 
anterior prevertebral muscles; the third (Fig. VI., 2) passes 
to the Vagus. 

The remainder of the nerve continues downward in two divi- 
sions; one of these joins an ascending branch from the Third 
cervical to form the communicating loop to the deep cervical 
ansa; the other descends to the main trunk of the Third Cervical 
and is continued peripherally into the Auricularis magnus. 

The point of communication of the branch from the First Cer- 
vical and the branch from the Second and Third Cervical reveals 
the structure of the cervical ansa completely. The nerves are 
merely loosely connected by a thin fascial investing sheath and 
are easily separated from each other. Above or in front of the 
point of communication the ventral limb of the loop is composed 
of two nerve trunks passing in opposite directions. The as- 
cending trunk, derived from the Second Cervical nerve, passes 
upward to the point where the loop is connected with the Hypo- 
glossal, enters the sheath of the latter nerve, and continues in 
a peripheral direction, giving one branch to the Thyro-hyoid 
muscle, the remainder passing with the Hypoglossal nerve to the 
tongue proper, to supply the Genio-hyoid muscle. 

The descending trunk of the ventral limb of the loop consists 
of the entire contribution of the First Cervical nerve, reaching 
its distribution by travelling in the sheath of the Hypoglossal. 
Leaving this sheath at the intersection with the Carotid vessels 
the nerve descends in the ventral limb of the loop to the “ point 
of communication.” Here the nerve crosses the ascending 
branch derived from the Second Cervical nerve, being only 
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loosely attached to it by connective tissue. The precarotid 
communication is triangular in shape, the nerves composing the 
triangle being easily separated from each other and not enter- 
ing into any true anastomosis at this point. The ventrally 
placed base of the triangle is formed by the descending trunk from 
the First Cervical, the upper (anterior) side by the ascending 
branch from the Second Cervical, the lower (posterior) side by 
the entire branch from the the Third Cervical, which at the in- 
ferior (posterior) angle joins the trunk derived from the First 
Cervical. The combined nerves proceed downwards overlying 
the sheath of the Carotid vessels, and from the common trunk 
branches are derived which pass to the Sterno-hyoid, Sterno- 
thyroid and both divisions of the Omo-hyoid, the nerve to the 
Sterno-thyroid being remarkably long and continuing on the 
deep surface of the muscle nearly to the sternal attachment. 

Fig. VII., of Plate VII., represents the plan of the deep cer- 
vical ansa on the right side in a specimen of Macacus rhesus 8, 
850.5 grm. bodyweight. 

The same general arrangement is here repeated, with the 
trifling difference in the terminal distribution of the descending 
trunk, which affords separate branches from the ventral border 
to the Sterno-hyoid, Sterno-thyroid and the anterior belly of the 
Omo-hyoid, the inferior continuation of the nerve then dividing 
into an anterior branch for the lower portion of the Sterno- 
thyroid, and a posterior division for the posterior part of the 
Omo-hyoid. 

Fig. VIII., of Plate VII., shows the plan of the ansa in Ma- 
cacus sinicus, and, excepting a high origin of the nerve to the 
Sterno-hyoid, presents the same arrangement as the preceding 
forms. 

In the remainder of the series examined the conditions were 
identical, differing only in the degree of ease with which the 
course of the nerves engaged in the triangular precarotid inter- 
lacement could be demonstrated, and in some minor details re- 
garding the point of derivation of the terminal muscular branches. 

While in man the interlacing of the nerves in the hypoglossal 
and deep cervical loops is close and intimate, preventing the 
complete separation of the individual nerve trunks, the com- 
plete agreement as regards structure throughout the series of 
Cynomorpha examined affords strong reasons for believing that 
the ground-plan of the anastomosis is formed on the type pre- 
sented by them, and that we will be obliged to modify the scheme 
of the human loop, as indicated in Holl’s sketch (Fig. V.), ac- 
cordingly. 

Expressed in terms of muscular equivalents the resolution of 
the ansa would yield the following results : 
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M. Genio-hyoideus = CII. 

M. Thyro-hyoideus — CII. 

M. Sterno-thyroideus = CI. (Fig. VIII.). 

M. Sterno-hyoideus = CI. + CIII. 

M. Omo-hyoideus = CI.+ CIII. 
The anatomical divisions of the loop would be: 

I. Ventral limb (CI. Descending trunk), (CII. Ascending 

trunk.) 

II. Dorsal limb (CII. and CIII.). 

III. Triangular precarotid interlacement. 

IV. Terminal descending trunk (CI. and CIII.). 

In considering the significance of the above detailed associa- 
tion of the upper three cervical] nerves with each other, and of 
the First and Second with the Hypoglossal, the following facts 
suggest themselves : 

The morphology of the Infra-hyoid group of muscles in Man 
reveals only exceptionally the more intimate connection with 
the tongue proper which appears in many of the lower forms. 

The known facts may be grouped in reference to the individul 
muscles as follows: 

Sterno-hyoid. 
This muscle is at times found united with the Sterno-thyroid 

in man. In many animals this connection—partial, especially 
near origin, or complete—is normal—as in Ruminants: Mono- 
tremata, most Carnivora: Myrmecobius, Erinaceus, Lepus, 
Manatus, several Prosimians: Ateles, Lagothria, ete. In all 
these forms the muscles are more or less closely united at their 
lower part. 

In the Horse (Chaveau) they are only separate at the level of 
the aponeurotic intersection. Testut finds the two united in 

-the Bear up to within 3 cm. of the larynx. 
In Ornithorhynchus the Sterno-hyoid is not present as a dis- 

tinct muscle, but is represented by fasciculi which separate from 
the Sterno-thyoid to pass to the Hyoid bone. 

Instances in which the muscle does not present any connec- 
tion with the Hyoid bone, but passes beyond the same to join 
some of the muscles of the Hyo-maxillary group, are numerous, 
and of particular interest in reference to the connection between 
the proper motor nerve of the tongue and the nerve supply of 
the Infra-hyoid group of muscles. 

In Echidna (Westling) the muscle arises from the xiphoid 
cartilage and by a narrow attachment from the Corpus sterni, 
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and passes to the tongue muscles without attachment to the 
Hyoid bone. 

Fewkes describes this muscle under the name of Sterno-glossus. 
Its homology with the usual mammalian Sterno-hyoid appears 
from the absence of a regular Sterno-hyoid and from the nerve- 
supply by branches from the upper cervical nerves through the 
Hypoglossal. <A partial or complete replacement of the usual 
Sterno-hyoid by a Sterno-glossus, passing over the Hyoid bone, 
and joining the muscles at the base of the tongue, is noted in 
Myrmecaphaga, Manis and Dasypus. 

In some forms (Phascolarctos) the muscle is attached to the 
median surface of the Inferior Maxilla—forming a Sterno-maxil- 
laris (Owen, Ponchet, Macalister). 
McWhinnie describes in man aberrant fascicles of the muscle 

as passing over the Hyoid bone to join the Mylo-hyoid, and the 
partial union of the Sterno-hyoid and Sterno-thyroid with the 
Hyoglossus is very frequent. 

The frequent connection between Sterno-thyroid and Thyro- 
hyoid, present in many mammalia as the typical condition,* 
shows conclusively that the two muscles are to be regarded as a 
single morphological unit, which has undergone a division into 
two segments by contracting an intermediate adhesion to the 
Thyroid cartilage. In man the muscle in addition appears 
united by variation with the Sterno-hyoid, Omo-hyoid and Hyo- 
glossus (Walsham). Gegenbaur’s investigations show that the 
Omo hyoid is a part of the muscle group which in Man is still 
represented by the Sterno-hyoid and Sterno-thyoid, but which in 
earlier types extends from the sternal region over the Clavicle 
and proceeds thence to the Scapula. 

Union with the Sterno-hyoid is noted in man asa variation and 
the extension of the muscle into the supra-hyoid region is noted 
by Macalister, who found some fasciculi passing to the Mylo- 
hyoid, after having passed over the Hyoid bone, and by Wood, 
who notes partial t union with the Stylo-hy oid. 

In Ornithorhynchus the muscle is double, one part passing 
into the Hyoid, another inserting into the Inferior Maxilla. 

From the facts just cited—and similar evidence could readily 
be multiplied—the morphological unity of the hyoid group of 
muscles is apparent. Moreover the extension of the infra-hyoid 
division of this group into the hyo-maxillary region and into the 
tongue, as noted in the above instances, appears to mark the 
earlier condition of the muscular plane, before pecanaery: attach- 

* Lutra, Phoca, Hapale, Cebus, Cynocephalus, Troglodytes, Gorilla exhibit the 
union very well; less closely connected are the two muscles in Man, Hystric, Viverra, 
Meles and Macacus. 
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ment to the Hyoid served to differentiate the infra-hyoid from 
the supra-hyoid division, as in most of the higher mammalia. 
The evolution of the group indicates cleavage in two planes. 

1. Vertical sagittal cleavage, resulting in the differentiation 
of Omo-hyoid from Sterno-hyoid, and in the separation, in the 
median line, of Sterno-hyoid, Sterno-thyroid, Thyro-hyoid and 
Genio-hyoid from the muscles of the opposite side. 

2. Vertical coronal cleavage, separating Omo-hyoid and Ster- 
no-hyoid from the subjacent Sterno-thyroid and Thyro-hyoid. 

The direct continuation of muscles arising from the Sternum 
into the muscular substance of the tongue is sufficiently marked 
in the Edentate examples quoted, to warrant the assumption that 
the intermediate division of the entire group by the Hyoid— 
and to a less important degree in the deeper layer by the Thy- 
roid—is a secondary character, acquired during the evolution of 
the mammalian hyoid and laryngeal apparatus, and leading to a 
further isolation and independent development of the muscular 
apparatus of the tongue proper. 

It explains, however, the association in the nerve supply of 
apparently well differentiated muscular groups, and the connec- 
tion of the Ansa cervicalis with the motor nerve of the tongue 
remains in the highest mammalian forms as evidence of the 
original unity of the hyoid and glossal muscular groups. 

It is only necessary to refer in this connection to the results 
of the researches of Froriep* and Beck,+ which demonstrate the 
morphological position of the Hypoglossus as a compound of 
several “ occipito-spinal ” nerves—equivalent to the remaining 
groups of cervical, dorsal, lumbar, etc., spinal nerves—and prop- 
perly separated from the category of “ cranial nerves.” 

The Phrenic nerve in the Cynomorpha arises usually by two 
roots from the Fourth and Fifth Cervical nerves, receiving an 
additional branch from the combined Fourth and Fifth nerve 
through the nerve to the Subclavius muscle. 

Fig. [X of Plate VII, represents the nerve in Macacus rhesus. 
It passes down on the Anterior Scalenus, crosses the medial 

margin of the muscle 2 cm. above first rib, and passes in front 
and subsequently to the medial side of the Vertebral artery. 
It descends behind the sternal extremity of the clavicle and first 
chondro-sternal junction, and at the upper margin of the carti- 
lage of the first rib receives a communicating branch from the 

*A. Froriep. Ueber ein Ganglion des Hypoglossus und Wirbelanlagen in der 
Occipital region. Archiv. f. Anat. Ento., 1882, p. 279. 

A. Froriep and W. Beck. Ueber das Vorkommen dorsaler Hypoglossus wurzelp 
mit Ganglion in der Reihe der Siiugethiere. Anat.-Anz. Bd. X., No. 21, p. 688. 

+W. Beck. Ueber den Austritt des N. Hypoglossus and N. cervicalis primus, ete. 
Anat. Hefte XVIII., p. 251. (Contains also Bibliography.) 
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nerve to the Subclavius muscle. This nerve is derived from the 
cord formed by the Fifth and a large branch from the Fourth 
Cervical nerves, and receives also a fine branch from the Sixth 
nerve. At the point of accession of the latter branch the nerve 
gives off a communicating filament to the Phrenic, which passes 
inward across the Anterior Scalenus and Vertebral artery to 
join the Phrenic at the upper margin of the first costal cartilege. 

EXPLANATION OF FIGURES. 

Fie. I. 

Plan of right cervical plexus of Macacus rhesus, 2. 
. XI. Spinal accessory nerve. 

XII. Hypoglossal nerve. 
C. I. Anterior division First Cervical nerve. 
C. If. Anterior division Second Cervical nerve. 
C. III. Anterior division Third Cervical nerve. 
C. IV. Anterior division Fourth Cervical nerve. 
1. Communicating branch of C. I. to XII. 
2. Centrally directed bundle of same, running in sheath of XII. 
3. Distally directed bundle of same, running in sheath of XII. and con- 

tributing to the formation of the deep cervical ansa. 
4. Branch from C. I. and C. II. to XI. 
5. Branch from C. III. to XI. 
6. Branch from C. II. to vagus. 
7. Branch from C. IL. to Rect. cap. ant. major. 
8. Ansa cervicalis profunda. 
9. N. Auricularis magnus. 
10. N. Cervicalis superficialis, upper branch. 
10. N. Cervicalis superficialis, lower branch. 
11, 11, 11. Branches of C. III. to deep prevertebral muscles and Levator 

anguli scapule. 
12. Branch from C. IV. to Scalenus anticus. 
P. Branch from C. IV. to Phrenic nerve. 
13. Branch from C. IV. to Levator clavicule. 
14. Nn. Supra-acromiales. 
15. Nn. Supra-claviculares and Supra-sternales. 

Fie. II. 

Communication of Spinal Accessory and Third Cervical nerve in Macacus 
pileatus. 

XI. Spinal Accessory nerve. 
C. III. Anterior division of Third Cervical nerve. 
1. N. Auricularis magnus. 
3, 3’. N. Cervicalis superficialis. 
2. Communicating branch from C. IIT. to XI. 
7, 8, 10. Ascending division of N. Cervicalis superficialis. 
9. Infra-maxillary branches of N. Facialis. 

11. Transverse division of N. cerviculis superficialis. 
12. Superior branch of trausverse division of N. Cervicalis superticialis. 
13. Inferior branch of transverse division of N. Cervicalis superficialis. 

Fie, III. 

Superficial dissection of right side of neck of Macacus pileatus. 
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Fie. IV. 

Plan of distribution of N. Auricularis magnus and N. Cervicalis super- 
ficialis in Macacus rhesus. 

1. Branch to integument of post-auricular and mastoid regions. 
2. Cranio-auricular branch. 
3. Branch to Cymba. 
4. Branch to Ext. auditory meatus. 
5, 6. Branches to integument of Parotid region. 
C. II. Anterior division of Second Cervical nerve. 
C. III. Anterior division of Third Cervical nerve. 
D, N. Cervicalis descendens superior. 
D/, N. Cervicalis descendens inferior. 
a, Branch of First Cervical nerve, giving off : 
1. C, centrally directed bundle within the sheath of the Hypoglossal. 
2. Rk. a. mi, and R. a. ma, branches to Rectus capitis anticus major and 

minor. 
3. d, and d’, branches to N. Cervicalis descendens. 
b, Loop between First and Second Cervical nerves. 
e, Loop between Second and Third Cervical nerves. 
F, F, Ansa cervicalis profunda, formed by N. Cervicalis descendens su- 

,perior (D) and inferior ( D7’). 
g, Branch of Second Cervical nerve passing to peripheral distribution of 

Hy poglossal. 
F', F*, Branch of Third Cervical passing to peripheral distribution of Hypo- 

lossal. 
. Thy. hy, Branch to Thyro-hyoid muscle. 

Gen. hy, Branch to Genio-hyoid muscle. 
Om. hy. ant, Branch to anterior belly of Omo-hyoid muscle. 
St. hy., Branch to Sterno-hyoid muscle. 
St. thy., Branch to Sterno-thyroid muscle. 
Om. hy. pos., Branch to posterior belly of Omo-hyoid muscle. 

Fie. V. 

Plan of Cervical Plexus and Ansa cervicalis profunda in man (after Holl). 
XII. Hypoglossal nerve. 
C. I. Anterior division of First Cervical nerve. 
4. Branch to the dorsal zone of the cutaneous distribution of cervical 

plexus. 
5. Branch to Sterno-mastoid. 
6. Branches of XI. to Levator clavicul and Trapezius. 
7. Continuation of XI. 

Fie. VI. 

Right deep cervical ansa of the Macacus rhesus. 
XII. Hypoglossal. = X. Vagus. 
C. I. Anterior division of First Cervical nerve. 
C. Il. Anterior division of Second Cervical nerve. 
C. III. Anterior division of Third Cervical nerve. 
1 and 3, Branches of C. II. to the prevertebral muscles. 
2. Branches of C. II. to Vagus. 
Thy. hy. Branch to the Thyro-hyoid muscle. 
St. hy. Branch to the Sterno-hyoid muscle. 
St. thy. Branch to the Sterno-thyroid. 
Om. hy. Branch to the Omo-hyoid. 
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Fig. VII. 

Right deep cervical ansa of Macacus rhesus. 
XII. Hypoglossal. 
C. I. Anterior division of First Cervical nerve. 
C. II. Anterior division of Second Cervical nerve. 
C. III. Anterior division of Third Cervical nerve. 
Gen. hy. Branch to Genio-hyoid muscle. 
Thy. hy. Branch to Thyro hyoid muscle. 
St. hy. Branch to Sterno-hyoid muscle. 
St. thy. Branch to Sterno-thyroid muscle. 
Om. hy. ant. Branch to anterior belly of Omo-hyoid muscle. 
Om. hy. post. Branch to posterior belly of Omo-hyoid muscle. 

Fie. VIIL. 

Right deep cervical ansa of Macacus sinicus. 
XII. Hypoglossal nerve. 
X. Vagus nerve. 
S. Sympathetic nerve. 
C. I. Anterior division of First Cervical nerve. 
C. II. Anterior division of Second Cervical nerve. 
C. Ill. Anterior division of Third Cervical nerve. 
Gen. hy. Branch to Genio-hyoid muscle. 
Thy. hy. Branch to Thyro-hyoid muscle. 
St. hy. Branch to Sterno-hyoid muscle. 
St. thy. Branch to Sterno-thyroid muscle. 
Om. hy. Branch to Omo-hyoid muscle. 

Fig. IX. 

Formation of right Phrenic nerve in Macacus rhesus. 
C. IV. Anterior division of Fourth Cervical nerve. 
C. V. Anterior division of Fifth Cervical nerve. 
C. VI. Anterior division of Sixth cervical nerve. 
P. Phrenic nerve. 
Subcl. Branch to Subeclavius muscle. 

STATED MEETING. 

January 18th, 1897. 

The Academy met with President STEVENSON in the Chair. 

About twenty-five persons present. 

The minutes of the previous meeting were read and approved. 

The Secretary then reported upon the possibility of a lecture 

from Sir Archibald Geikie, in codperation with Columbia Uni- 

versity, before the Academy next spring. On motion the 

matter was again referred to the Council with power. 
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The first paper of the evening was by Professor J. J. Steven- 

son on the “Geology of the Bermuda Islands.” It was discussed 

by the Secretary and Professor Martin. 

The second paper of the evening was by Arthur Hollick 

n “ Recent Discoveries of Fossils at Cliffwood, New Jersey.” 

The paper was discussed by Professor Martin. 

The Academy then adjourned. 
J. F. Kemp, 

Secretary. 

NOTES ON THE GEOLOGY OF THE BERMUDAS. 

By Joun J. STEVENSON. 
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The Bermudas or the Somers archipelago, in N. L. 382° 20’, 
W. L. 64° 45’ and six hundred miles from the nearest land, is 
an elliptical area, having its major axis rudely northeast and 
southwest and containing approximately two hundred and twenty 
square miles. By far the greater part of this area is under water 
even at low tide, only a few fragments of land remaining on the 
southeasterly side of the ellipse, where there are, it is said, 365 
islands, large and small, in all measuring barely twenty square 
miles. These, arranged in the form of an Alaskan halibut hook 
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enclose several sounds, bays and harbors, some almost wholly 
land-locked and all deeply interesting to the geologist. 

The surface of the larger islands is far from monotonous but 
the general altitude, though considerable for islands of this type, 
is less than one might imagine at first glance. The hill tops 
along the north shore seldom exceed one hundred feet and the 
average height is probably less than sixty feet. But the land 
is higher toward the south shore where three or four hills exceed 
two hundred feet and several others are at least one hundred and 
fifty. The highest is Scaurs or Town Hill in Smith parish, re- 
ported by Professor Heilprin to be two hundred and sixty feet ; 
Gibbs or Lighthouse Hill in Southampton is two hundred and 
fifty feet ; but much of the land is below forty feet above tide, 
so much of it indeed, that a submergence to that extent would 
convert the present land area into an archipelago, with few 
islands as large as a square mile and all of them together not 
more than five or six square miles. 

The more important islands, beginning at the southwest, are 
Ireland and Somerset, forming the point of the hook, Main or 
Hamilton, forming the curve and most of the stem, St. George 
and St. David forming, with numerous smaller islands, the broad 
tip of the stem. The province is divided into nine parishes, St. 
George, Hamilton, Smith, Devonshire, Pembroke, Paget, War- 
wick, Southampton and Sandys; all of them, except St. George, 
at the northeast, and Sandys, at the southwest, being in Hamil- 
ton Island, which has an area of approximately fifteen square 
miles. Most of the other islands are too small to be cultivated, and 
there are many which afford a bare subsistence to a single family. 
The population is about 15,000, of which fully two-thirds are 
blacks, chiefly descendants of former slaves. Of the two prin- 
cipal towns, St. George is the older, having grown up around 
the army post at the northeasterly extremity of the area, but it 
has become comparatively unimportant, the capital being at 
Hamilton, which is central and upon an enclosed harbor easily 
reached by vessels drawing not more than 16 feet of water. 

Situated two hundred and fifty miles east from the Gulf 
Stream and in the belt of prevailing southwesterly winds, the 
Bermudas enjoy a climate, much milder than the latitude sug- 
gests. Frost rarely occurs, while in the summer the mercury 
seldom rises above 82° F. The contrast between day and night 
in summer is inconsiderable, so that dews are less important 
than the humidity would lead one to expect. The vegetation is 
subtropical, but one recognizes among the humbler plants not a 
few of the forms familiar in the Temperates. The prevailing 
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timber is the Bermuda cedar, which grows luxuriantly, some 
stumps of five feet diameter having been seen. The pride of 
India, oleander, banana, plantain, orange, lemon, palmetto, cocoa 
and date palms, india rubber tree thrive well; apple and pear 
grow, but rarely fruit, while the quince yields fruit, but is 

dwarfed. Melons, potatoes, onions, lilies and the small vege- 
tables yield abundantly, but grasses do not succeed and pastur- 
age is scanty. 

The peculiarly isolated position of the Bermudas has made 
them especially interesting to naturalists, many of whom have 
discussed the fauna and flora. Being the most northerly lo- 
ceality at which reef-making corals thrive, it has proved of equal 
interest to geologists. Conflicting opinions respecting the 
phenomena and their bearing upon theories respecting the 
origin of coral reefs have led to repeated re-examinations, which 
have not brought about complete agreement respecting even 
the phenomena themselves. Puzzled by this lack of agreement, 
the writer was curious to see the region for himself. The ex- 
amination was made easy by the careful work of several prede- 
cessors now readily available for all. Revision is a small matter 
in comparison with the original work. The examination was 
purely geological and without any reference to the origin of 
coral reefs, respecting which the writer knows nothing, his 
observations having been limited to the Bermudas.* 

THe Rocks. 

The rock deposits are the Red Clay, The Dune Sands, the 
“ Sandstone,” the Limestone and an intermediate deposit be- 
tween the last two, sometimes conglomerate and having interest- 
ing relations to the “ Beach Rock” of marine origin. 

THe Rep Cray. 

On the hillside, for the most part, the soil, or rather the un- 
consolidated cover is but three or four inches thick and, being 
mixed with disintegrated “sandstone,” is grayish red. In the 
‘‘ sinks ” or depressions it is much thicker, sometimes fifteen or 
twenty feet, brownish red in the upper part and becoming 
deeper red below. It consists largely of what is known as the 
Red Clay, which at some localities appears to contain ingredients 
injurious to vegetation. Patches were observed at several lo- 

*The publications to which the writer is most indebted are : Thomson, Sir Wyville 
The Atlantic, N. Y., 1878, Vol. I., p. 239; Rice, W. N., Bull. U.S. Nat. Mus., No. 25, 1884 
pp. 5-32; Heilprin, A., The Bermudas, Philadelphia, 1893; Agassiz, Al., Bull. Mus; 
Comp. Zodlogy, Vol. 26, pp. 209-281, 1895. Besides these the papers by Nelson in Trans. 
Lond. Geol. Soc.; Rein in Bericht. u. d. Sencken. Natur. Gesell. fur 1870, p. 140, et seq. 
Fewkes, Proc. Bost. Soc. Nat. Hist., 1888, are important but the writer has not con- 
sulted them directly. 
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calities where nothing could be made to grow,though the cover- 
ing is thick and apparently good. Clay taken from a deep 
excavation in Hamilton and placed on a garden proved almost 
barren for three years despite the addition of many amendments. 
At the same time when mingled with disintegrated ‘‘ sandstone ” 
and vegetable matter, it eventually becomes a soil of remarkable 
fertility, so that the insignificant patches within the “sinks” 
are valued ata price which seems far too high, yet is not, for 
owners easily obtain a rental which in the United States would 
be regarded asabsurdly exorbitant. 

The existence of this clay on a point so far from any other 
land was perplexing, the material being clearly a residual prod- 
uct. Its origin was pointed out by Thomson,* who found that 
similar material is present in coral sand to about one per cent. 
Manning’s analysis appended to the chapter in which Thomson 
makes this statement shows that coral itself contains about .65 
of one per cent. But as will be seen, the Bermuda rock con- 
tains, besides coral, remains of other forms in larger proportion, 
in which the amount is somewhat greater, approximating that 
given by Thomson. 

Tue DuNE SANDS. 

The north shore has few beaches, but the south shore, where 
violent storms are more frequent and more effective, not only 
because of the direction of the wind but also because of the 
greater depth of the water and the absence of broad shallows, 
shows long stretches of beach from a few feet to many rods 
wide. Sand hills were seen at many places along this shore, but 
the only extensive dunes examined are those near Tuckertown 
in Hamilton and near Elbow bay in Paget parish. The dune at 
the former locality is at the extreme northeast point of Hamil- 
ton island and begins at nearly a mile beyond Tuckertown bay, 
whence it extends southwestward along the coast for more than 
two miles. Beyond Tuckertown it is low, as the strip of land is 
narrow and much of the sand has been carried over into Castle 
harbor, as also at Tuckertown bay, which is now too shallow 
for any except small fishing boats, though fifty years ago it ad- 
mitted the smaller West Indiamen. Southwestward from the 
line of that bay, the sand has been carried in some places to 
fully one hundred feet above the tide, for the signal staff near 
that village is reported to be set deeply into the sand. The ad- 
vance, except near Tuckertown bay, has been checked and in 
many places the dune is covered with vegetation. A few years 
ago, one could see the chimney of a buried house near the cable 

*The Atlantic, p. Vol.I, p 295. 
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station, but the house was digged up recently to recover the 
stone. Loose sand reaches to 65 feet above tide at Tuckertown 
bay. Its advance is hampered by several plants, especially 
Ipomea pes capre, the bayvine; Cocoloba uvifera, the seaside 
grape; Lournefortia gnaphaloides, the bay lavender ; which take 
root readily and grow rapidly. These prepare the way for 
juniper and oleander ; mosses take hold quickly within sheltered 
spaces and they in turn appear to give way to the coarse Ber- 
muda grass. 

The conditions in Paget parish from near Crow Lane bay to 
beyond Elbow bay, are very much like those at Tuckertown, but 
the bare spaces are greater. ‘lhe sand has been carried at the 
northeasterly end to fully one hundred and fifty feet above tide, 
and for a long distance it extends inland at least a third of a 
mile. The movement in much of this space has been checked 
materially within the last ten years. The chimney of the buried 
house observed by Thompson twenty years ago, is barely 18 
inches deeper in the sand than when photographed for him, and 
the northerly edge of the dune has advanced only a few feet 
further into the yard referred to by him. <A new house, erected 
a few years ago at several rods higher up on the dune, shows 
very slight accumulation about it. Here, as at Tuckertown, the 
plants are gaining rapidly upon the sand, and oleander, as well 
as juniper, is seen in dense groves. ‘Toward Elbow bay, how- 
ever, the condition is different ; the altitude is much less and a 
broad expanse of almost naked sands is seen, where plants have 
not gained control. It is said that this portion was wholly bare 
twenty years ago, but the plant invasion is positive now; clumps 
of juniper and the long runners of ~pomea are soon to cover 
the space, preparing the way for its conversion into tillable land. 
Mr. J. Mathew Jones* states that a portion of this area is al- 
ready consolidated, but the writer was unable io find the locality. 
There is evident tendency to consolidation in the excavation on 
the Tuckertown dune, but the exposure is insignificant. 

The sand is similar in composition at both localities, but it is 
coarser at Tuckertown, where many small fragments of shells 
were seen with some hellices and occasional fragments of nulli- 
pores and millepores. The latter must be carried by the wind 
with greater ease than are shell fragments, as, in spite of their 
greater brittleness, they occur of larger size. No examples of the 
large Livona pica were found on the upper portions of the 
dunes, though they have been reported by other geologists. The 
absence of large pieces of shell or even of large shells themselves 
is not due to any lack of force in the winds or waves, but to the 

* Bull. U. S. Nat. Mus., No. 25, p. XX. 
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reefs or rather the “ flats ” or leveled islands at an eighth of a 
mile from the shore. There can be no doubt that when the 
shore line extended half a mile further out and no submerged 
hills existed to break the waves, wind and waves together 
were able to sweep even large shells to a very considerable 
height above the water line. The sand at Elbow bay is so fine 
that recognizable fragments of any kind must be excessively rare. 

The dunes along the south shore seem, for the present at least, 
to be almost stationary ; ; but the shifting shore deposits will 
afford material for a dune elsewhere. A few years ago, the beach 
opposite the Trott estate in Hamilton parish increased several 
hundred feet within three or four months, but the winds have 
earried much of the sand inland and the waves have washed 
more of it to the sea, so that the shore line has returned almost 
to its former position. 

This new formation has spread over the old, filling up irregu- 
larities in the surface, covering the soil; in turn it is becoming 
covered with a new soil, becoming consolidated and in time it 
will be cut down by surface and subterranean erosion as were 
the older rocks on which it rests. 

Tue “ SANDSTONE.” 

The upper rock of the islands, known locally as the ‘ Sand- 
stone,” is usually very fine-grained, wholly gritless, of a yel- 
lowish white or somewhat creamy color and almost pure calcium 
carbonate. It is softer than pine wood and the numerous thor- 
ough cuts along the roads were made, for the most part, with 
grubbing hoes; yet it is the building stone of the islands. In 
-quarrying, a prism, three feet square and eight or ten feet long, 
is blocked out with a long-handled chisel or a large crosscut 
saw, such as is used in sawing logs, then pried off with wedges 
and afterward sawed into pieces of the required size, the final 
shaping being done with an ordinary handsaw. As the rock 
can absorb almost its own weight of water, walls must be coated 
with Portland cement and whitewashed. The roofs, made of 
thin slabs, receive several coats of whitewash, which is soon 
converted into cementing material by the rain, and the stone 
gains a hard surface which sheds water. The great water 
catches on the government properties are merely broad surfaces 
of the sandstone coated with whitewash. 

The consolidation or induration of this rock in place varies 
greatly. ‘“ Veins” of hard limestone, usually slender and prob- 
ably mere tubes filled with stalagmite, are met with occasionally 
in quarries and prove annoying. At times, the sand is wholly 
unconsolidated and the rock is as loose as dune sand; men were 
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seen digging such loose material from a cliff overlooking Devon- 
shire marsh; small excavations made by children near Bailey’s 
Bay, on the north shore, were increased in size many times dur- 
ing a year by wind and blown sand. Where reached by salt 
water, the sandstone becomes very hard superficially and re- 
sembles the limestone. Near the Ducking stool, on the north 
shore, it is thoroughly hardened between tides and only a little 
less so at ten feet higher, where it is washed by the spray, but 
above that it shows the usual features. Occasionally, however, it 
is completely consolidated, as at the old government quarries and 
some other places between Harrington Sound and Castle Har- 
bor, whence was obtained stone for construction of military 
quarters and works at St. George. Although so tender when 
first taken from the quarries, this rock is used in the most im- 
portant edifices, and occasionally without external protection, 
as in the cathedral at Hamilton, for, exposed to the air, it soon 
hardens externally and resists atmospheric action, as is shown 
well in many road cuttings, where the surface has a coating of 
stalagmite. In a frostless region, this stone is good, but a hard 
freeze following a prolonged rainstorm, would convert the un- 
protected walls into powder. 

The sandstone is the common rock of the islands in Hamilton 
and Grassy bays, though the limestone, or lower rock, is cer- 
tainly present in some of them. The writer was unable to land 
within the southwestern bays on any but Tucker’s island, but 
during several trips to various points sailed so near to probably 
twenty-five islands as to be able to recognize the sandstone 
structure and to determine its continuity in many instances 
from thirty feet above to several feet below the water line. A 
quarry of the ordinary type was seen on Ager’s island, reaching 
almost to the water’s edge. When the Two-rock channel was 
deepened in 1895, the sandstone was found at sixteen feet below 
the surface. This is practically the only rock seen on the north 
shore from Spanish point to St. George; on all sides of Harring- 
ton sound ; around Hamilton harbor and in the parishes beyond. 
On the northerly side of Castle harbor it extends considerably 
below the water surface, as is shown alongside of the Causeway. 
At one time it must have crossed the Lagoon to the enclosing 
reef or ‘“ Ledge Flats,” for it is present on islands off the north 
shore and the only remaining fragment of the Ledge land has 
this rock in certainly its upper portion. 

The structure of the sandstone is characteristically that known 
as wind-drift and the rock is aéolian, being the dune accumula- 
tions of former times. This, recognized long ago by Nelson, is 
disputed by none of the observers who have published their re- 
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sults. To describe the peculiarities of its lamination is impos- 
sible; faults, synclinals, anticlinals and every other familiar type 
of structure occur, sometimes within the space of a few yards ; 
the dip of the laminz varies from 0-to beyond the vertical, but 
no foldings, such as result from pressure, were observed. Al- 
though the grain is usually very fine, yet the rock sometimes 
has sand as coarse as that seen on the Tuckertown dune. One 
quarry in Hamilton occasionally yields blocks with shell frag- 
ments fully one-third of an inch square. 

The sandstone was not deposited continuously to its final 
thickness in any locality, but now here and then there, as is the 
case with the present dunes, and clay beds marking the halts are 
seen at various horizons. Such a bed, nearly one foot thick, is 
shown in the road near St. George ; one, in the approach to the 
old Devonshire fort, slopes seaward like the plant-covered sur- 
face of the Tuckertown dune; that on Burnaby street in Hamil- 
ton, two to five inches thick, is said to have yielded not merely 
vegetable remains, but also some eggs of birds; another of less 
extent was seen on another street in Hamilton. 

Odd non-conformabilities were seen within the mass at many 
places; a long thorough eut on Cedar Avenue in Hamilton 
shows a distinct line of separation between a lower horizontally 
laminated and an upper irregularly laminated deposit ; no clay 
marks the place, but this may well be an old surface of hardened 
rock not exposed long enough to yield the residual soil or else 
washed clean of soil before the new deposit was made. It is 
possible that the contact between horizontally laminated and 
irregularly laminated rock observed on two islands near the 
Great sound may be explained in the same way, though the ex- 
planation may be sought elsewhere. 

THE INTERMEDIATE DEPposIT. 

Good exposures at several localities around Harrington sound 
and Castle harbor show between the sandstone and the lime- 
stone a conglomerate varying in thickness and distribution but 
distinctly marking an eroded surface of the limestone, which, in 
many places, had been covered with thick soil. It is probably 

continuous with fragmentary deposits observed along the south 

shore, but no proof can be obtained as the Tuckertown dune in- 

tervenes. This deposit covers irregular surfaces of the lime- 
stone just as the soil now covers the underlying rock. 

The old government quarry* on the north side of Stocks 

point, half a mile from St. George, shows the following succes- 

sion: Sandstone, Conglomerate, Limestone. 

* This locality has been referred to by Prof. Rice, see U. S. Nat. Mus. Bull., No. 25., p. 
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The conglomerate occupies hollows in the limestone and ex- 
tends to ten or twelve feet above the water, its thickuess vary- 
ing from one to six feet. It is made up of angular limestone 
fragments, much red material and badly broken shells of several 
marine mollusks. The overlying sandstone contains great 
abundance of Helix. The great quarries on the southerly side 
of Castle harbor, half a mile from Tuckertown bay, show the 
conglomerate at about the same distance above the water. 
The red portion is very hard, having been filled with caleareous 
matter by infiltration; the limestone fragments are angular, 
bluish and light yellow; the softer portions contain immense 
numbers of Helix and Livona, the latter rarely more than two 
inches in diameter. The mass is stalagmitic throughout and 
the lower portion of the sandstone has been united by infiltered 
material with the conglomerate. Another exposure on the 
property of W. S. Peniston shows the red rock filling pits in the 
limestone as red clay fills pits in the limestone and sand- 
stone further up the hill, where it is from a few inches to almost 
twenty feet thick. The whole deposit here is from 0 to 10 feet 
thick and, as at the quarry, it includes the lower portion or 
Helix zone of the sandstone. Some portions of the mass, nota- 
bly the top, are loaded with Helix, but Livona appears to be 
wanting. No marine forms, aside from Livona, were found at 
the exposures on this side of Castle harbor. 

A knob of limestone reaches the surface in a road-cut near 
the Harrington house, where it is fifty feet above tide, and the 
red material with fragments of limestone resembles in all 
features except consolidation the present soil on top of the wall. 
Helix is abundant for about two feet above the red bed. A 
similar exposure beyond Paynter Vale at the east corner of 
Harrington sound shows the same conditions. Pear island, 
midway i in Harrington sound, has limestone on its northwest- 
erly side covered by the helise- bearing sandstone, which, on the 
opposite side of the island, passes below the water surface. 

Contacts between sandstone and projecting knobs of lime- 
stone were seen at several places in Devonshire and Pembroke 
parishes, but no intermediate deposit was observed; these 
knobs may have been free from soil cover as are those project- 
ing above the dune sands of to-day. The contact is well shown 
in the military road of Hamilton parish, where limestone and 
sandstone alternate, the latter evidently occupying hollows or 
petty valleys in the. former. Helix was seen here but the red 
bed was not present at the three points examined. 

The overlying sandstone must have accumulated very slowly 
in the beginning at most localities, as Helix occurs in extraordi- 
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nary numbers fora short distance above the red rock but usually 
is comparatively rare in the higher portions. 

This deposit evidently passes the point of Castle harbor to 
the south shore of the island; the condition of contact is seen 
along the south shore on the Military road already referred to. 
At Devonshire bay,two miles beyond, is an interesting exposure 
to which both Rice * and Nelson have called attention. The 
succession is Sandstone, Marine Limestone, Limestone. 

The intermediate deposit, or marine limestone, covers the 
broadly irregular surface of the limestone. It reaches to the 
water-level, on the southwest side of the old fort, but is seven or 
eight feet above it on the northerly side. The rock is hard in 
the lower portions, but becomes soft above, disintegrating 
readily and passing, as far as extent of consolidation is con- 
cerned, very gradually into the overlying deposit. It is slightly 
conglomerate in the upper portion. The structure is very sim- 
ilar to that of the sandstone, the laminz being thin and inclined 
in ail directions. The hardness of the rock is not due to spray, 
or to the washing of the present tides, since it is as marked on 
the northerly, as on the southerly side of the fort. Zivona, 
Chama, Tellinaand Arca occur in prodigious numbers, the shells 
of Livona being as large and as perfect as those dredged in Cas- 
tle harbor, or in the shallows off the south shore. The other 
shells give equal proof of having been deposited in compara- 
tively still water. On the southerly side of the old fort, an 
apparently complete physical break between the intermediate 
rock and the sandstone is indicated by a horizontal line, yet the 
passage from the lower to the upper rock is extremely gradual, 
while above the line and within the Helix zone, Arca and Chama 
were seen perfectly preserved, the open valves of Arca, in one 
case, being still attached. The condition, for a time at least, 
must have been such as one sees at Tuckertown to-day, where 
the dune is encroaching upon the bay. 

An excavation in the sandstone, on the north side of the fort, 
reaching to this deposit, shows the former rock almost uncon- 
solidated and holding great numbers of Livona in excellent con- 
dition; but it was not possible to determine whether or not 
these are above or below the Helix-zone. 

On the road leading down to Hungry bay, a mile and a-half 
beyond Devonshire bay, the junction between the sandstone and 
the intermediate deposit is concealed, but the consolidated red 
material is shown precisely as at Peniston’s quarry with the 
sandstone at a few feet above it. The Helix bed is concealed. 
The bluff at Elbow bay shows at eight or ten feet above the 

=1oc. Cit., p. 13. 
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water a limestone,* whose structure could not be made out. 
There appear to be traces of lamination like that of the sand- 
stone, but the blown sand, soft though it is, has obscured the 
structure and roughened the surface. This rock is not like the 
limestone or the sandstone, which is shown at eight feet higher ; 
nor does it resemble the intermediate deposit in any of its 
phases elsewhere; but it holds the place of the last and is prob- 
ably continuous with it. It is composed of fragments of nulli- 
pore and millepore with occasional bits of shells and is rather 
coarser than the coarsest sands seen at Tuckertown. 

Ireland island terminates the ‘hook.’ Near its southern end 
Professor Rice+ found, just above the water level, a slightly 
consolidated rock containing marine forms and passing gradu- 
ally upward into the helix bed. The latter is shown on the 
south shore near the cut midway in the island, but the writer 
was not fortunate enough to find marine forms in the underlying 
rock. 

It is convenient for description and for reference in the dis- 
cussion to bring together here all of the Beach rocks, as they 
are in large part continuous with the intermediate deposit. 
A beach rock, described by Nelson and frequently referred to 

by Rice, occurs on the islands between Ireland island and 
Spanish point on Hamilton. It underlies the sandstone on 
those islands and extends certainly to 16 feet below the water 
surface, for fragments of it were blasted out in 1895 during the 
deepening of Stag channel off Ireland island, where it was found 
associated with red clay. It is evidently continuous with the 
‘coralerust’ found in the great excavation on Ireland, where it 
overlies sandstone, which in turn overlies the Helix bed and the 
soil resting on the deeply eroded limestone. <A similar rock ap- 
pears to be present on the ledge flats near North Rock.{ 

Tue LIMESTONE. 

The limestone is the lowest of the rocks now above water 
level and it is spoken of commonly as the ‘ base rock.” It is 
shown at very many localities along the south shore to near 
Tuckertown, where one reaches the almost continuous exposure 
extending along the southwesterly side of Castle harbor and 
passing across to the north corner of Harrington Sound. Bosses 
of this rock appear above the water on Pear Island, in Harring- 
ton Sound, at several points along the road following the north- 
easterly and easterly shores of that sound, and in Pembroke 

* Mentioned by Rice, loc. cit., p. 14. 
+ Loc. cit., p. 13. 
} Heilprin, The Bermudas, p. 38. 
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parish, on the northerly side of Hamilton harbor. It was recog- 
nized on Tucker’s Island, in the Great Sound, on Somerset 
Island, as well as at several places on St. George. It was 
reached in a boring at the dockyard excavation on Ireland 
Island. 

This rock is hard and durable. It was used in constructing 
many of the Government buildings and the old quarries near St. 
George, Paynter’s vale, on Castle harbor, and at several locali- 
ties, along the south shore, afford excellent exposures. The 
texture varies; sometimes the grain is so fine and close that a 
good polish can be given; at others it is comparatively open, 
though firmly cemented, but there appears to be no relation be- 
tween texture and stratigraphical position. The color is from 
bluish white to yellow and almost pure white. The rock is 
laminated, with wind-drift structure, though this feature is not 
always distinct in the fine-grained variety, which sometimes, on 
the south shore, seems to be massive. But this is an excep- 
tional condition, and ordinarily, the laminated structure is 
shown at afew yards away. Sometimes the rock is as inco- 
herent as the softer sandstone and resembles that rock com- 
pletely, as in some thin beds at the bottom of the Paynter vale 
quarry, on Castle harbor. This condition is exceedingly rare, 
but is of interest as showing a similar origin for both rocks. 

The direction of lamination along the south shore is as irreg- 
ular as on Castle harbor—sometimes seaward, as often landward. 
Ordinarily there is no difficulty in distinguishing this from the 
sandstone, there being not only great difference in hardness but 
a genuine non-conformability of erosion ; occasionally, however, 
as between Castle harbor and Harrington sound, the sandstone 
is as firmly cemented in some layers as is the limetone and the 
rocks cannot be distinguished in hand specimens. 

Fossils of all sorts appear to be absent. The writer’s search 
was unsuccessful everywhere. 

If one may judge from structure and distribution, there is no 
escape from the conclusion that the visible rocks of the Bermudas 
are aéolian, the exceptions being local, such as were formed on 
the shores of channel-ways or within lagoons during subsidence, 
insignificant fragments of the marine deposit surrounding the 
area, 

SurRFACE CONDITIONS IN THE BERMUDAS. 

Rainfall is abundant in the Bermudas, especially during the 
winter, but owing to the porosity of the rocks a great part finds 
its way to the sea through underground passages. Surface flow 
is insignificant except during storms, when it is apt to be tor- 



108 TRANSACTIONS OF THE [yan. 18, 

rential and of brief continuance. But the contour affords 
ample evidence of surface erosion; rude planes occur on both 
sides of Harrington sound, which can hardly be explained ex- 
cept as the result of partial base leveling, while the north shore 
of Hamilton island for three or four miles shows a gentle slope 
with rivulet ways, which is distinctly due to surface erosion. 
At the same time, it is positively certain that the general con- 
tour of the surface, modified as it has been by surface erosion, 
was determined originally by underground erosion, the removal 
of matter by solution as well as by mechanical action and the 
subsequent collapse of cavern roofs. Indeed, as will be shown 
later on, it is difficult to avoid the conclusion that to the col- 
lapse of cavern roofs must be ascribed the initiative of the 
several sounds and harbors and even of the so-called lagoon en- 
closed by the outer reef or ledge flats. Let us examine first the 
contour of the land and afterwards that of the submerged area. 

THE LAND. 

The characteristic feature of the islands is the “sink,” the 
characteristic feature of limestone regions everywhere, but 
especially notable here where the land strips are so narrow. 
The space between Castle harbor and Harrington sound, one- 
fourth to one-half mile wide, shows numerous sinks of all grades 
from mere pits on the hilltops, five or ten feet deep, to broad 
basins of six or eight acres reaching to within a few feet of tide 
level or even holding a pond of water. 

A similar condition exists between Harrington sound and the 
lagoon, a strip one-third to somewhat more than one-half mile 
wide, where several ponds were seen, into some of which fishes 
have passed from the sound. Other sinks do not reach the 
water and are filled with rich soil. A small basin near the Crawl 
on the north shore, shows the process by which bays and even 
large sounds are formed. This, containing several acres and re- 
sembling the other ponds and sinks in all the ordinary features, 
is at a few yards from the shore. The waves breached the 
wall and opened a narrow, shallow strait. A few years ago 
the roof of the subterranean channel gave way and the strait 
became deep. Already cutting between tides is shown around 
the border. A line of ponds and sinks lies near the road on the 
other side of Harrington sound, separated from each other by 
very low divides. The last of them, near the Devil’s hole, is at 
but a rod or two from the sound and in a short time it will be 
opened, as undercutting is well advanced on the sound side. 
Sinks are numerous in St. George and St. Davids, but only one 
was seen which extends below water level. The shore cutting 
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there, however, has converted many of the sinks into bays, re- 
moving the wall on one side, making it a‘ flat,’ covered at low 
tide to the depth of from a few inches to several feet. 

An interesting series of sinks lies close to the south shore from 
Tuckertown bay, itself a breached sink, to Warwick parish. 
Those nearest Tuckertown are large but reach only to within three 
or four feet of the water; beyond them, however, are Trott and 
Basden ponds, the former nearly one-fourth of a mile each way 
and the latter twice as large, with the depth of water said to ex- 
ceed ten feet At several points the sinks are less than an eighth 
of a mile from the ocean with the separating ridge less than twenty 
feet high. Peniston’s pond, two-thirds of a mile long, is but a 
few feet from the shore and, during severe storms, the waves pour 
over the low wall in a continuous cascade. The long narrow 
depression holding this pond extends almost to Smith parish 
church, where it passes gradually into another, which for more 
than half a mile is a swamp and near Harris’s bay is at but a few 
rods from the shore; just beyond the road leading to Devonshire 
bay, this in turn passes into a succession of sinks separated by 
such low divides that they appear to be continuous. These end 
at the edge of Paget parish, where a divide of barely thirty-five 
feet separates them from a similar series in Paget as well as from 
the head of Hamilton harbor. 

The great swamps in Devonshire and Pembroke parishes differ 
from the sinks just mentioned only in respect of size. The 
Devonshire marsh is more than a mile long and in some places 
one-fourth of a mile wide, while the Pembroke marsh is more 
extensive and almost continuous with the marsh and bay of 
Mangrove creek. Besides these are many sinks, not marshy, in 
all stages of formation, from a few inches to forty feet above tide 
at the bottom and containing rich soil yielding excellent crops. 

The divides separating the sinks seldom rise higher than forty 
feet and frequently the elevation is much less. The sides of the 
depressions are less abrupt than are those of regions where the 
rock is hard, so that at thirty or forty feet above tide the area 
of the basins is often twice as great as at ten feet. 

But the sinks give by no means a full conception of the extent 
to which material has beenremoved. The land is honeycombed 
everywhere. Around Hamilton bay and the Great sound, one 
sees many Openings into caverns, some of which must be very 
large; Castle harbor and Harrington sound show the same con- 
dition. There is communication between many of the ponds 
and the sea, for fish and crayfish find their way intothem. Har- 
rington sound, being practically landlocked, has a tide of but a 
few inches, whereas Castle harbor, open to the sea, has a tide 
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of from three to four feet. At low tide, water passes through 
numerous openings from the sound to the harbor. 

The caverns between the sound and the harbor have been de- 
scribed by many visitors to the islands. Joyce,the Walsingham 
group, Paynter’s Vale, Shark’s Hole and several others of great 
beauty and much interest are in the limestone. Tucker’s island 
off Somerset, has a similar cave in the same rock. All of these 
great caves show massive columns, occasionally several feet in 
diameter and very many of them partly or wholly below water 
level. Even the higher places are honeycombed, for caverns 
were seen beginning in the softer rock at seventy feet above tide 
and descending rapidly to the water. But the great caverns are 
in the limestone, which is tenacious enough to be a good roof; 
caves in the sandstone are not, cannot be extensive, as the roof 

falls too readily and a sink is formed. A sandstone cave on Mr. 
W.S. Peniston’s property near Harrington sound shows this con- 
dition well; it has no stalactites. 

Sir Wyville Thomson* thinks the caves due to the action of 
running water as a mechanical agent in removing the softer part 
of the limestone and thereby making channels for itself. This 
is unquestionably true for the sandstone, but it can hardly be 
equally so for the limestone, as that rock rarely shows any soft 
or incoherent layers. The limestone is always cemented, the 
sandstone rarely so. 

Collapsing roofs of caverns are by no means unusual phenom- 
ena in the Bermudas. Only a few vears ago an enormous mass 
fell from the Abbot’s cliffs near Harrington sound and less im- 
posing falls occur frequently around that sound. The roofs of 
many of the caverns are in dangerous condition and in some 
cases great falls took place so recently that new stalactites have 
not been formed, though the dripping is constant. The move- 
ment of the roof is proved distinctly in several caverns; great 
columns in Tucker’s Island cave are fractured across the top 
and bottom, the fracture being so recent that the crevices are 
still open, though the formation of stalagmite is still going on. 
A similar condition was observed in one of the caverns between 
Harrington sound and Castle harbor. The ragged borders of 
the cave entrances tell the same story, for most of them are 
reached through a basin with abrupt sides and sometimes of 

oD 

considerable extent. 

THE SUBMERGED AREA. 

Sailing upon the lagoon or other bodies of water within the 
Bermudas, one notices especially the ‘ flats,” level surfaces but 

* The Atlantic, Vol. I., p. 293. 
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a few inches or feet beneath the surface, covered with a vigorous 
growth of millepores and corals. These are extensive in the la- 
goon and Castle harbor, in all many square miles. They are 
less extensive in Harrington sound, where they are found mostly 
on the easterly shores, but, as will appear further on, their equiva- 
lents are present in other parts of the sound. These “ flats ” 
‘are often spoken of as coral reefs and somewhat similar though 
smaller patches in the lagoon and off the south shore are called 
serpuline reefs. But even a casual examination suffices to show 
that they are merely planed off hills or islands to which the 
corals and other animals attached themselves. The process is 
clear enough in all its stages from the beginnings of undercut- 
ting to the final making of the plane, with the prompt occupa- 
tion of every new surface by corals, sponges, mollusks and the 
rest. Wherever they could be examined, these flats proved to 
be merely sandstone or, in some cases, limestone planed off and 
covered by a thin growth of coral or millepore. Agassiz* saw 
this distinctly and recognized successive planations by wave ac- 
tion. In them and the basins surrounding them we read much 
of the history of the Bermudas. 

In tracing out the character of the submerged surface within 
the elliptical area of 220 square miles, one’s main dependence 
must be the Admiralty map, which has been republished by the 
Hydrographic Office of the United States Navy.+ This map, 
giving the soundings obtained in the several bodies of water, 
shows that the sounds and harbors, as well as the lagoon, are 
not simple basins, but in each case a congeries of basins, united 
often by water so shoal as hardly to suffice for the smallest 
boats. Let us look at the details. 

Tat REEF AND THE LAGOON. 

The great reef or ledge flats, extending from the southern 
point of the islands round to the northeast corner and continuous 
with the so-called bounding reef on the southeasterly side, varies 
in the main portion from one mile to two miles and a-half in 
width. It is covered, for the most part, by from three to twenty- 
five feet of water, though in many portions the depth is less and 
in others much greater. Its borders are indented by bays and 
show submerged peninsulas and islands. Chains of submerged 
islands, occasionally reaching to within a few inches of the sur- 
face or even above it at low water, extend from the reef and are 

* Loc. cit., p. 257. . , 
+ The Pree ne onmpanay isin this paper is copied from that published in The Atlantic. 

It fails to show many of the features emphasized in the succeeding pages, but it ex- 
hibits the geographical relation of the localities and givesa good general conception 
of the conditions in the submerged areas. 
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sO numerous in the southern two-thirds of the lagoon as to 
make passage dangerous to the last degree for any except small 
boats. They are less numerous in the northern third, which is 
almost bisected by a ridge forming the Three Hill shoals. 

The reef itself has some deep spaces either wholly enclosed or 
with very narrow channels leading to the ocean or to the lagoon. 
The largest, at two or three miles north from St. George, is 
double, each portion more than two square miles and a-half. 
The depth varies from seven to twelve fathoms, while that on 
the enclosing portion of the reef is from shoal to four fathoms ; 
the uniting strait is less than one-eight of a mile wide and that 
to the ocean is of equal width and only seven or eight fathoms 
deep. Somewhat nearer St. George is another basin, wholly 
enclosed, more than half as large as Harrington sound and from 
seven to ten fathoms deep, while the depth on the surrounding 
reef is from shoal to four fathoms. Each of these has islands of 
small size covered by from one to three fathoms of water. Many 
similar though smaller basins are on other parts of the reef. 
The peculiarities of Castle harbor are reproduced in the curious 
bays indenting the southern border of the reef. If the hills of 
the land area were planed off so as to give to each a level top, 
the resulting contour would simulate closely that of the floor of 
the lagoon. 

The distribution of channels through the reef is equally sug- 
gestive. A ridge, covered with shoal to five fathoms, extends 
from the north side of Chub cut to Somerset island and is the 
northern boundary of a basin extending southward to the reef, 
six to ten fathoms deep and containing islands, some of which 
are bare at low tide. This basin communicates with the ocean at 
the northwest by Chub cut, only four to five fathoms deep, and 
at the southeast by Hogfish cut, from four to seven fathoms 
deep. Severai other channels lead across the reef, but with one 
exception they head up against shoals. The ship channel at the 
northeast corner of the area, very narrow and with four to nine 
fathoms, leads into the open northern third of the lagoon and 
follows a clear course to Spanish point on Hamilton island, 
where it turns westward and follows a difficult course to Grassy 
bay, at the end of Ireland island. Then, by means of the Stag 
channel, recently deepened to sixteen feet, it crosses the barrier 
extending from Ireland to Hamilton island and eventually 
reaches Hamilton harbor. 

This barrier separates the lagoon from the basins within the 
“hook.” It is about a mile and a half long, and is marked by 
Cobbler’s, Lapstone, Hogfish, Stag g, Magazine and other islands 
separated by channels, three to fifteen feet deep. Immediately 
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south from this is a shallow basin with almost level floor, four to 
five fathoms deep, which drops off somewhat abruptly into the 
Great sound, two by three miles, and from six to ten fathoms 
deep. This in turn, is separated from Port Royal bay, six to 
ten fathoms deep, by a ridge on which are Tucker’s and other 
islands. HKastward trom these basins, the ridge is a mile or more 
wide with many islands, beyond which is Hamilton harbor. 
The conditions observed in the lagoon are repeated within this 
enclosed space. 

HARRINGTON SOUND. 

Harrington Sound, almost wholly landlocked, communicates 
with the lagoon by a narrow shallow strait, half a mile long and 
barely fifty feet wide by six feet deep at its head. The sound is 
about two miles and a half long by somewhat more than a mile 
wide, with a narrow bay on the southerly side extending to within 
an eighth of a mile of the south shore. From the northerly and 
westerly sides a bench, with from one to four fathoms of water, 
extends one-eighth to one-half mile from the shore and has upon 
its outer edge the group known as Trunk islands; the similar 
bench on the opposite shores is much narrower. On all sides, 
this bench drops off suddenly into the principal basin which is 
given on the map as from six to twelve fathoms deep. The least 
depth is in the northeasterly half along the middle, where there 
is a line of islands and shoals separated by six fathom channels, 
while the troughs on both sides of this ridge are from eight to 
twelve fathoms ; the southerly trough is the deeper and its ex- 
treme depth, eleven to twelve fathoms, is almost directly along- 
side the shore bench. The greatest depths are at the northeast 
end of each trough; Prof. Heilprin* reports sixteen fathoms 
near the Shark’s Hole at the extreme northeast or east corner of 
the sound; Mr. W.S. Peniston of the Harrington House found 
a similar depth beyond Pear island in the other trough, where he 
dropped a fish-basket with eight fathoms of rope and a large 
buoy, which sank so deeply that even the buoy could not be seen, 
thus indicating a depth of not less than sixteen fathoms. + 

The southwesterly portion of the sound is a broad basin from 
six to twelve fathoms deep, the former being found at the ex- 
treme southwest corner near the outlet. The conditions here 
are typically the same as those seen in the Great sound and its 
adjacent shallow basin, the latter being represented by the shelf 
of Harrington sound, and the shallow outlet by Stag channel 

* The Bermudas, p. 13. ‘ L 
+It should be stated in explanation of this statement that the water in this sound is 

so clear that on a quiet day the bottom at eight fathoms is distinctly visible. 

TRANSACTIONS N. Y. ACAD. Scr., Vol. XVI., Sig. 8, March 28, 1897, 
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being similar to the sha!low outlet of the sound at the “flats ”. 
This shelf, due to undercutting, has the same origin as the 
‘ flats ” in Castle harbor or the lagoon. 

CASTLE HARBOR. 

Castle harbor, lying beyond Harrington sound at the north- 
east and separated from it by a narrow strip of land, is open to 
the sea on the southerly and easterly sides by way of many pas- 
sages among the islands. The map shows that these passages, 
with one exception, are mere shallows and that the harbor in 
general character bears very close resemblance to the lagoon 
itself. The depth varies from shoal to six or even seven fathoms 
and the rim of coast except at the southwestwardly side consists 
of islands separated by the shallows. The greater depths are in 
enclosed basins. By far the most part of the harbor is very 
shallow, much of it being reef with only a foot or two of water 
at ordinary low tide—in many places even bare at extremely low 
tides, as appears from the whitened tops of some large masses of 
Diploria. In very many localities the coating of coral is very 
thin, 

THe BounpDING REEF. 

The reef along the south shore, often spoken of as the Bound- 
ing reef, is merely an extension southwardly of the irregular 
shoals forming the ocean boundary of Castle harbor. It con- 
sists of planed off islands extending from one-eighth to some- 
what more than half a mile from the present coast and, for the 
most part, covered by water so shallow as to be impassable for 
fishing boats. They are separated from the shore and from each 
other by from two to four fathoms of water and, for the most 
part, break even in moderate weather. Ifthe land should subside 
fifteen feet another line of islands would be added, the shore 
would retreat inland nearly one-fourth of a mile and in time the 
islands would be planed off to add another strip to the reef. 
This condition was recognized in 1894 by Prof. A. Agassiz. 

This detailed examination of conditions on the land and in 
the several bodies of water leads to but one conclusion—that 
the contour throughout has a common origin. <A subsidence of 
seventy-five feet would unite the two parallel series of “sinks ” 
in Devonshire parish and the projecting hills would give a divid- 
ing ridge like that seen in Harrington sound, with seven to 
twelve fathoms on each side and with four to six fathoms sep- 
arating the ridge islands. Of course, no such subsidence now 
would duplicate Harrington sound, for not enough land remains 
in one body to enclose it, but a subsidence of forty feet would 
give a similar body of water, differing only in depth. 
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The great depressions in the ledge flats, the great sound, Ham- 
ilton harbor, Harrington sound, the basins in Castle harbor and 
the lagoon are merely “ sinks’ due to enormous underground 
erosion at a time when the land was much higher than now. 
In saying this, I merely reassert the conclusions reached by 
Rein, Fewkes and Agassiz, which have been combatted earnestly 
by other observers. 

The flats, shoals and reefs in the lagoon and other water areas 
are what remains after planation of hills such as surround 
“sinks ” on the land. The process is clear in all the water bod- 
ies; the undercutting on all sides of petty islands as well as 
along the shores, where sandstone is the rock, extends some- 
times more than twenty feet and the table rocks are yielding 
daily, converting more and more of the land into shoal. A very 
little time, geologically speaking, will pass before half of the 
strip between Harrington sound and the lagoon will be a shoal 
like that along which the Causeway passes to St. George; while 
the cutting on the south shore promises an earlier breach through 
the narrow isthmus separating Newton bay from the Devil’s 
hole. The whole region within the reefs was an area of dry 
land which underwent degradation similar to that going on upon 
the fragments which remain. 

GEOLOGICAL History OF THE BERMUDAS. 

We are prepared now to trace the process leading to the 
present condition of the Bermudas. 

Prof. Rice, reviewing his observations, offers these conclusions 
respecting movements : 

1. A subsidence, in which the original nucleus of the islands 
disappeared beneath the sea, the characteristic atoll form was 
produced and the now elevated beach rock was deposited. 2. 
An elevation, in which the great lagoon and the various minor 
lagoons were converted into dry land, and the vast accumula- 
tions of wind-blown sand were formed, which now constitute the 
most striking peculiarity of the islands. 3. A subsidence, in 
which the soft drift rock around the shores suffered extensive 
marine erosion, and the shore platform and cliffs already de- 
scribed were formed.* 

Professor Rice lays much stress upon the occurrence of beach 
rock at various localities, most of which have been referred to in 
this paper, while at the same time he recognizes fully the zolian 
origin of the sandstone and limestone, which he regards as a con- 
tinuous deposit. He is inclined to see in the movements of the 
Bermudas, three great movements in at least part of the North 

* Loe. cit., pp. 16, 17. 
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Atlantic basin, “ counterparts of the three great movements of 
the North American continent, which have characterized in 
American geology the epochs of the Quaternary age.” * 

Professor Heilprin’s conclusions are: 
1. The present form of the Bermudas bears no relation to the 

ring of an atoll, except in so far as the outer boundary may be 
more or less coincident with the boundaries of an ancient atoll. 
2. The existence of an atoll in the present position of the Ber- 
mudas is not demonstrable. 3. The height of land in the archi- 
pelago was formed during a period of elevation, when seemingly 
the entire archipelago was a connected or continuous piece of 
land, extending as an oval island to what is now the bounding 
reef on the north and south. It is impossible to determine the 
absolute amount of elevation above the water, but it appears to 
have been not less than seventy or eighty feet and it may have 
been considerably more. 4. The lagoons and sounds were formed 
during a*period of subsidence which followed upon that of eleva- 
tion and is seemingly still in progress or was so until a compara- 
tively recent period. The great degradation of the coast line 
took place at this time. It is impossible to determine the 
amount of such subsidence, but it was at least sixty or seventy 
feet and not improbably much more.+ 

Professor Heilprin argues energetically against the proposition 
that the sounds and harbors owe their origin to solution of rock 
supports and shows that instead of losing material by solution 
they are gaining constantly by deposits. He combats with 
equal energy the idea presented by Rein that the basins are due 
to ‘normal erosion assisted by the breakages which in one form 
or other are likely to follow the honeycombing of the rock.” { 
He discusses the coral reef problem elaborately and defends the 
subsidence theory with decided emphasis, while he is careful to 
state that in using the term ‘“‘ subsidence ” he uses it “ in a rela- 
tive seuse indicating a depression or submergence of the land 
beneath the sea’’ without asserting ‘ whether the submergence 
was due to a positive movement on the part of the land, or toa 
change in level (rise) in the water.”’ § 

Professor A. Agassiz’s study was more in detail than that of any 
predecessor since Rice, and his discussions cover much ground 
untouched by any others. He regards the Bermudian rocks as 
ceolian throughout, the limestone and sandstone as a continuous 
deposit, and cannot accept any identification of the fossiliferous 
rock of St. George, Hamilton harbor and elsewhere as beach 

* Loc. cit., p. 18. 
+The Bermudas, p. 46. 
t Loe. cit., p. 44. 
2 Loe. cit., p. 77. 
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rock, since marine forms have been found by Heilprin as well as 
by himself in rocks unquestionably eolian.* The so-called 
beach rock is at no higher elevation than if thrown up by a gale. 
On Ireland island it rests on xolian beds fifty feet below water 
mark, + 

Respecting movements, he concludes that : 
We need only a single subsidence to explain all the phe- 

nomena, if, as I have suggested, base rock is only modified eolian 
rock, and beach rock has been forming continuously, and the 
zolian hills were formed at the time when the atoll was one gi- 
gantic annular beach, constantly receiving fresh material from 
the outlying reef. This primordial reef has diappeared and its 
remnants exist perhaps at depths of twenty fathoms or more 
near the edge of the bank.{ 

In view of all the facts, one cannot resist the conclusion that 
at one time the outer limit of the Bermuda land area was near 
the present twenty-fathom line. Whether or not the land origin- 
ally was an elliptical reef enclosing a lagoon cannot be deter- 
mined now and the character of the rock underlying the lime- 
stone can be ascertained only by a deep boring. The limestone 
itself is unquestionably of xolian origin, but it extends to a very 
considerable depth below water level, as is shown by the presence 
of huge stalagmitic columns, thirty feet below tide level in cav- 
erns between Harrington sound and Castle harbor and by the 
ascertained presence of the limestone itself in the excavations at 
Ireland island. The altitude, with relation to tide, must have 
been sufficient at one time to bring the floor of the caverns at 
least several feet above tide. As the extreme depth of Harring- 
ton sound as reported by Professor Heilprin is sixteen fathoms, 
the floor could hardly have been less than one hundred and 
twenty feet higher than now. 

It is difficult to regard, without sharp limitations, the lime- 
stone as part of a continuous zeolian deposit of which the sand- 
stone and dune are the later portions, as Professors Thomson, 
Rice and Agassiz have done. That the formation of eolian rock 
has been continuous since land first appeared no one can doubt; 
but it is equally certain, as far as the present land area is con- 
cerned, that at one time and for a long time the accumulation of 
dune sands almost ceased or was confined to a narrow space along 
the shores. It is equally difficult to understand how the consoli- 
dation of the limestone could be due to the action of seawater, as 
has been suggested, for the rock is the same in the Ireland island 

* A visit to the Bermudas in March, 1894, p. 228. 
+ Loc. cit., p. 22+. 
{ Loc. cit., p. 224. 
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excavation, fifty feet below tide,on Castle harbor at ten feet 
above tide and near the Harrington house at fifty feet above 
tide. Certainly there is no reason to suppose that the Harring- 
ton House exposure was ever below tide level. The absolute 
consolidation of the rock at many exposures resembles that of 
some Paleozoic limestones, but its structure and the absence of 
marine fossils forbid any supposition of marine origin. The 
suggestion that seawater caused the consolidation is unneces- 
sary, as the sandstone, in one locality at least, is thoroughly 
consolidated at eighty feet above tide. 

Evidently the hmestone was consolidated soon after its forma- 
tion. A long period elapsed with it as the surface rock, during 
which the conditions were very different from the present, were 
rather those which one finds in ordinary limestone regions. 
Springs and streams must have been common features; subter- 
ranean drainage made caverns, which collapsing gave large and 
small “sinks” like the ‘banana holes” of to-day. Residual 
clays formed red soil on which plants grew and Heliz flourished. 
During this time many of the basins of the reef and lagoon must 
have been outlined. 

If the area was annular originally, the enclosed lagoon must 
have been filled up with the limestone during a period marked 
apparently by little change. 

A period of subsidence followed, during which the waves 
acted upon new rock strips brought within their reach and some 
of the sand was blown over on the old surface, as is shown 1n the 

Ireland island excavation. As the subsidence continued, beach 
rock encroached upen the new zeolian formation, giving the “ coral 
crust’ of Ireland island and the lower portions of the deposits 
on the isthmus between Ireland and Hamilton islands. The 
beach accumulations seen at many places along the south shore 
and on St. George, usually as a thin deposit resting on the lime- 
stone, and often associated with the intermediate clay deposit or 
covering the old limestone surface, occur at practically the same 
level as the deposits within the “ hook,” where the conditions are 
not unlike those seen elsewhere; for in deepening Stag Channel 
off Ireland island, red clay was found associated with the marine 
limestone. 

The relations of this beach rock are such that one finds diffi- 
culty in conceiving how they could come about with nothing 
more than a mere interruption of the suhsidence. On some of 
the islands within the “ hook” and on the Ireland isthmus the 
rock is two or three feet above water. The sandstone overlies it 
and passes down over its surface to certainly sixteen feet below 
water line in Two-rock channel and in such fashion as to suggest 
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very strongly that the older rock had suffered erosion before the 
sandstone was deposited and that the latter had suffered erosion 
to make the petty valleys now filled with water. 
Much the same must be said respeeting the conditions seen at 

Devonshire bay on the south shore. There the fossiliferous 
beach rock rests on the crowded surfaces of the iimestone and 
is covered with sandstone. No one examining the locality can 
fail to recognize that this exposure is hundreds of feet inland 
from the seaward limit of the sandstone—that distance marking 
the recent inroads of the sea. Yet at that distance from the sea 
and at eight feet above the present level of the water, marine 
forms occur in vast numbers, are of many species, in perfect con- 
dition and show no evidence of chafing or tossing. It is more 
than hard to understand how these shells could accumulate ex- 
cept in the ordinary way. Professor Agassiz looks upon the 
testimony of the marine forms as of questionable value and refers 
to his discovery of marine shells on Gibb’s lighthouse hill at 
one hundred feet from the shore and twenty feet above water 
level as well as to Professor Heilprin’s discovery of marine forms 
in eolian rock on the north shore. There is no difficulty in con- 
ceding that, in the instance referred to by Professor Agassiz, the 
shells were conveyed by wind or waves; there is not the slightest 
doubt that Bermuda winds and waves can dash large shells a long 
way ; but however those occurrences may be or whatever the con- 
ditions at those localities may be, they cannot effect the evidence 
at Devonshire bay or the evidence of the rock dredged at sixteen 
feet in Stag channel, for the matter is one in which a single in- 
stance suffices. No one familiar with fossiliferous deposits can 
be misled concerning the rock at those localities. The animals 
lived and died where the shells were found. 

As the rock at Devonshire bay is eight feet above the water, 
it has been raised. The testimony at Stocks point is of the same 
character, but alone, it would not suffice for argument. The 
limestone surface on which the intermediate deposit rests tbere 
resembles rather the craggy water-worn shore on the southerly 
side of Castle harbor; the conglomerate mass might easily be 
loose material washed down from the hills mingled with sands 
washed up by the waves; but, taken in connection with the evi- 
dence of elevation elsewhere, it must be regarded as confirma- 
tory. In any event, there is sufficient evidence at Stocks point 
that when the conglomerate mass was formed: the relative posi- 
tion of land and sea was very nearly what it is now; that was 
prior to the formation of the great mass of sandstone, which 
overlies the beach rock deposit at so many localities, 

The formation of the sandstone began certainly as soon as the 
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subsidence began, but the accumulation was very slow and with- 
in narrow limits for a long time. The thin deposit in the Ireland 
island excavation is crowded with helices ; so everywhere else, 
helices abound in the first two to six feet above the limestone or 
the intermediate deposit, whereas they are comparatively rare 
higher up in the sandstone. And this condition in the lower 
portion continued even as late as the Devonshire bay deposit, 
when the subsidence had reached its extreme limit. Marine de- 
posits ceased when subsidence had carried the land to approxi- 
mately the present level,and the Devonshire bay, Stocks point 
deposits mark the lowest line to which the land sank. Rapid 
accumulation of the sandstone did not begin until after this sub- 
sidence ceased, for the thin helix-bed rests on the highest of 
these marine deposits, and is continuous thence over the lime- 
stone bosses inland. 

This later deposit covered the whole land area ; it is the rock 
on which corals grow in Castle harbor, the lagoon and other 
bodies of water; it covers islands off the south shore, in the 
lagoon, within the ‘hook ”’ and forms the pinnacles of North 
Rock, the only portion of the Ledge Flats land now above water. 
Any depressions existing on the land, when this rapid accumu- 

lation began, must bave become filled up with sandstone. The 
altitude of some hills on the northerly shores leads to the convic- 
tion that the sandstone must have been sufficient to fill up any 
depressions existing in the lagoon area or in the great reef. 
Gibbs hill near the south shore is 250 feet, while near the north 
shore beyond Hamilton harbor are Mt. Langton, 168 feet and 
Prospect hill, 222 feet high; Scaurs hill near the south shore is 
260 feet, while near the north shore beyond Harrington sound a 
hill rises to 180 feet; Paynter’s hill at southeast of Castie har- 
bor is 204 feet, while St. David’s Head on northerly side is 
127 feet and Fort George on St. George is 178 feet. These are 
all sandstone hills. 

The three hundred feet, more or less, of the sandstone, which 
remains for study is only part of the original deposit, for surface 
erosion must have removed not a little of it, so that the original 
dunes may have been as magnificent as those of Turkestan. 
Whence this vast accumulation could come is hard to determine. 
Rice finds the explanation in elevation, which appears to be the 
explanation accepted by Heilprin ; while Agassiz finds the neces- 
sary conditions during subsidence when new portions of the land 
would be brought within reach of the waves. It must be con- 
fessed that in accepting either of the explanations one accepts 
something that needs much amendment, constant addition or 
subtraction, yet there is no positive middle ground to be taken. 



£897. ] NEW YORK ACADEMY OF SCIENCES. 121 

Prior to subsidence, the extreme altitude of the old limestone 
surface was little more than one hundred and seventy feet, as- 
suming subsidence to the twenty-fathom line, while the general 
average of the surface, as shown by distribution of the sand- 
stone and its relation to bosses of the limestone, must have been 
much lower. It seems difficult to find material enough during 
the subsidence as marked out by the old beach deposit. But be 
that as it may, the helix-bed and its distribution show that during 
subsidence the sandstone accumulated very slowly and that rapid 
accumulation did not begin, as has been stated already more 
than once, until after subsidence had practically ceased. If sub- 
sidence had been continuous, the Devonshire bay deposit would 
have been covered with “coral crust” as in the Ireland island 
excavation and not with sandstone as it is. The distribution of 
sandstone on the islands of Castle harbor makes more than prob- 
able that it covered all the “ flats” or “ bounding reef” along 
the south shore, which are merely a continuation of those islands ; 
so that that rock must have reached seaward a full mile beyond 
the marine deposit at the head of the Devonshire creek. 

It is difficult to conceive of the accumulation as materially 
aided by elevation succeeding depression. The bringing of new 
area into the sphere of wave action is somewhat indefinite ; espe- 
cially so because a long continued and evidently gradual subsi- 
dence had been bringing new area within the sphere of wave 
action without aiding accumulation very much—as appears from 
the petty thickness of the helix-bed. It is, of course, possible 
that sands made during subsidence and carried seaward might 
be exposed again by elevation. 

To the writer it seems altogether most probable that the sand- 
stone, as a mass, accumulated during a period of quiet or of 
elevation so slow as to be without material influence upon forma- 
tion of the rock. The surface of the limestone had become, prior 
to subsidence, much like that of the land now; so that during 
subsidence sinks near the shore were converted into ponds, and 
the ridges separating them became islands, while valleys, through 
which streams had flowed, became creeks, in which accumulated 
marine deposits as at Devonshire bay and the other localities, 
whence seaward channels can be traced on the map. The ma- 
terial obtained by planing off the ridges during a period of 
quiet might form the mass of sandstone in the central part of the 
area. It is possible that during slow elevation the lower por- 
tions of the planed-off ridges might be cut off by the waves, so 
as to supply some material for sandstone at the easterly side. 
At the same time the knowledge available now seems insufficient 
to justify any positive conclusions respecting conditions prevail- 
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ing during the accumulation of the sandstone. The problem is 
perplexing, so perplexing that no matter which explanation the 
student accepts he soon will wish that he had accepted another. 

In any event, however, the period of subsidence was succeeded 
sooner or later by one of elevation, during which the land was 
raised to approximately its former height. Evidently the old 
lines of subterranean drainage were reopened and the poorly 
consolidated sandstone was acted upon very rapidly. Without 
doubt, many of the old depressions were emptied of sandstone, 
while new lines of subterranean drainage led to the formation of 
new groups of “sinks.” It is difficult now to distinguish be- 
tween old and new for sandstone forms the walls of all sinks 
above water level. 

This period of elevation was long enough to admit of reérod- 
ing or of forming mostly by subterranean action the great de- 
pressions of Harrington sound, Pembroke marsh and others of 
like character in various portions of the archipelago, extending 
fifty to one hundred feet below the present water level. 

A period of subsidence followed and continued to not a great 
while prior to the discovery of the islands. There is little rea- 
son to suppose that any subsidence is now in progress. Professor 
Rice* has discussed this question carefully from the standpoint 
of the cartographer, while Professor Agassiz could find no evi- 
dence of any change in the shallow channels, which, for a cen- 
tury, have afforded bare passage for fishing boats. The subsi- 
dence reached almost the maximum of the previous subsidence, 
the marine deposits being within less than ten feet at most of 
their original position—a rather interesting fact in view of the 
other fact that within at least three hundred years no subsidence 
has occurred. The sinking was very slow, so slow that the for- 
mation of peat,+ in Pembroke, and possibly in Devonshire marsh, 
kept pace with it, those being inclosed spaces not communica- 
ting with the sea by any surface channel; the great marsh of 
Mangrove creek now communicates with the sea by a shallow 
channel, being a breached sink; similar swamps exist in Paget 
and Southampton, as well as in southern Smith and Devonshire, 
but, so far as could be ascertained, no data exist respecting the 
thickness of their peat. In other, deeper and perhaps older de- 
pressions the water gained control through underground chan- 
nels, as in Harrington sound, the basins within the ‘ hook,” 
those of the lagoon and perhaps some of those in Castle harbor. 

Subsidence must have been very slow in the later portion of 

* Loc. cit., p. 19. : 
+ Governor Lefroy informed Professor Rice that the peat in Pembroke marsh is 40- 

50 feet deep. Loc. cit., p. 7. 
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this period ; certainly it was interrupted sufficiently to admit of 
leveling projecting islands. The steep walls of Harrington 
sound tell somewhat of undercutting and of falling cliffs, but not 
until within four fathoms of the surface is the broad bench 
reached, which tells of slow change and long-continued under- 
cutting on approximately one plane. This four-fathom line is 
important also in Castle harbor, the lagoon and the sounds be- 
yond Hamilton harbor. The conditions within Castle harbor 
and the lagoon show also that very near the end of the period 
the subsidence was interrupted for a long time, long enough to 
permit the leveling of broad areas, which now are flats, six 
inches to two feet below tide. There is no reason to suppose 
that the land of those areas had less altitude than the islets re- 
maining on the ocean side of Castle harbor or the North Rock, 
that relic of the great reef’s land. The same general condition 
prevails along the south shore, where the outlying ridges were 
planed off at a little below tide, so as to form the so-called 
“bounding reef.”’ 

I am led to the following conclusions respecting the succession 
of events: 

First. The limestone or “base rock” of the islands was 
formed by accumulation of dune sand. During a prolonged 
period of quiet this rock underwent severe erosion, both surface 
and subterranean; the collapsing of cavern roofs caused great 
“ sinks,” some of which, no doubt, still exist as such, though to 
distinguish them from those of later origin would be diflicult. 

Second. A period of subsidence followed, during which the 
land sank one hundred and twenty feet or more; marine deposits 
encroached upon the land, extending inland through valleys, 
thus giving beach rock at widely separated localities and in 
somewhat anomalous positions. 

Third. Succeeding this was a period of quiet, during which 
the sandstone was formed, as the limestone had been, by ac- 
cumulation of dune sand, and the great sinks were filled up as 
the basins of Castle harbor are now filling. 

Fourth. A period of elevation followed, during which the land 
must have risen to at least its former level. The old subter- 
ranean drainage systems were re-established in many instances 
and former depressions cleaned out; while new systems may 
have been formed, causing new groups of depressions. 

Fifth. This was succeeded by a period of subsidence, during 
which the land sank to very nearly the same position as at the 
maximum of subsidence in the former period, the highest marine 
beds being now only a few feet above the water’s edge. The 
more important bodies of water began in the deeper depressions 
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early in this period, but they assumed their present forms, due 
to shore erosion, only in the later portion, when the subsidence 
was extremely slow, and evidently interrupted more than once 
by prolonged periods of quiet. 

THE CRETACEOUS CLAY MARL EXPOSURE AT 
CLIFFWOOD, N. J. 

[PLATES XI.-XIV.] 

By ArtHur HO .tick. 

(Read in abstract before Sec. E. Am. Asso. Ady. Sci. Buffalo meeting, 1896. ) 

Fronting Raritan Bay, in the vicinity of Cliffwood, N. J., im- 
mediately northwest of the mouth of Mattewan creek, is a bluff, 
some thirty feet high, consisting of clay marl strata with « cap- 
ping of yellow gravel. It is the extreme northeastern exposure 
of the Cretaceous clay marl outcrop in New Jersey, and is one 
of the localities where collections of the fauna have been made, 
and the only one, so far as I am informed, where the flora of the 
horizon has been observed. 

The earliest reference which I have been able to find in this 
connection is in Proc. N. Y. Lyc. Nat. Hist. Ser. II. (1873) 9, 
10, where there is a notice by Dr. J. 8. Newberry, of plant re- 
mains in Cretaceous clays, near Keyport, N. J., viz.: p. 10. 
‘‘Numerous cones occur in the lignite beds, and occasionally leaf- 
bearing twigs are found. The cones belong to the genus Geinit- 
zia,and some of the branches apparently represent the genus 
Ulmania” [ Ullmannia Goep. }. 
The locality thus mentioned, so far as I have been able to as- 

certain, is the one at Cliffwood now under consideration, but the 
first conclusions in regard to the genera were decided to be 
erroneous and the specimens were finally all identified as Se- 
quota gracillima (Lesq.) Newb., and are so described and figured 
by Dr. Newberry in his Flora of the Amboy clays,* further ref- 
erences to which will be subsequently made. 

The stratigraphic relations of the strata, as interpreted by re- 
cent authorities, may be understood from the following table: 

* Monographs U.S. Geol. Sury. vol. xxvi. 4to. pp. 260, plates i.-lviii. Washington, 
1895 [1896]. A posthumous work edited by Arthur Hollick. 
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In other words, the exposure in question is the equivalent of 
the clay marl in the marine division of White, the Mattewan of 
Clark, and is next above the Island Series (upper Albirupean §) 
as determined by Ward, which latter he considers to be the 
equivalent of the Amboy clays. 

The locality was first visited by me in 1890, but on that occa- 
sion little of importance was found. In 1894 it was explored, in 
company with Dr. N. L. Britton and Professor Lester F. Ward, 
of the United States Geological Survey, when considerable ma- 
terial was collected. During the past summer Dr. Britton and I 
made a special trip and spent two days there, securing a number 
of specimens, and subsequently, on November 7th, after a heavy 
storm and unusually high tide, I made a final examination of the 
bluff and collected‘some of the best material yet brought to light. 

*‘< Correlation Papers—Cretaceous.’’ Bull. No. 82, U. S. Geol. Sury. (1891) 79. 
+‘¢Cretaceous Deposits of the Northern Half of the Atlantic Coastal Plain.”’ Bull. 

Geol. Soc. Am. vi. (1894) 479-482 ; ‘Origin and Classification of the Greensands of New 

Jersey.”’ Journ. Geol. ii. (1894) 161-177. - 
t‘'The Potomac Formation.” 15th Ann. Rept. U. S. Geol. Sury. (1895) 307-397. 
2Name first used by P. R. Uhler, ‘‘The Albirupean Formation and its nearest rela- 

tives in Maryland.” Proc. Am. Phil. Soc. XXY. (January 6, 1888) 42. 



126 TRANSACTIONS OF THE [yan. 18, 

Considered as a whole the specimens are not very satisfactory. 
They consist of poorly preserved molluscs, fragments of crusta- 
ceans, fruit, leaves and branches of trees, and masses of lignite. 
The mingling of land and marine life is what would naturally 
be expected in strata whose lithologic characters show a transi- 
tion from the fresh or brackish water deposits of the plastic clays 
below, to the purely marine deposits of the greensand marls 
above. 

The molluscs and crustaceans occur in ferruginous concretions, 
as do some of the plant remains, but a number of the latter, 
mostly leaves, were found in layers. When first uncovered these 
showed a film of carbonaceous matter, but it cracked and dis- 
integrated upon exposure to the air, leaving nothing but a faint 
impression behind. In the concretions the impressions are more 
clearly defined. Some of the concretions, especially those con- 
taining the crustaceans, were found in place in the strata ; others, 
lying scattered along the beach, had evidently resulted from the 
hardening of pieces of clay marl broken from the face of the 
bluff, the included ferrous sulphate becoming oxidized into 
limonite, thus changing them from soft, greenish-colored clay 
marl masses into hard, reddish-brown, shaly fragments. This 
process of change may be seen in every stage of its development 
by examining the beach material. Pyrite in the form of nodules 
usually accompanies the lignite masses and as incrustations 
around cones, branches, and other coarse fragments of vegeta- 
tion, doubtless due to the action of the carbon upon the ferrous 
sulphate. Upon the occasion of my last visit these nodules 
were in such abundance as to form the bulk of the beach shingle, 
but this was evidently due to recent extensive washing out by 
the extra high tide and would not permanently remain such a 
prominent feature, as they decompose more or less rapidly upon 
exposure to the atmosphere and become broken up. The per- 
centage of iron in the strata, in the form of sulphate and sul- 
phide must be very high. The water which issues from the bluff 
is thoroughly impregnated with it, and, as it flows over the beach, 
a coating of limonite is formed which frequently cements the sand 
and gravel into a firm conglomerate, often including pieces of 
drift wood and the leaves and twigs of vegetation living in the 
vicinity. 

Only on rare occasions is a sheer face to the bluff exposed, as 
it is being constantly undermined and broken down by wave ac- 
tion, so that the lower portion is nearly always masked by land- 
slips from above. Such was the case this year and we had to be 
contented with collections made from the displaced and broken 
masses and loose concretions. In the summer of 1894, however, 
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the specimens were largely obtained in place, from the exposure 
in the bluff, although on no occasion was a complete section seen 
from base tosummit. Of the material collected, the crustaceans 
proved to be too fragmentary for determination, although Pro- 
fessor R. P. Whitfield, to whom they were submitted for exami- 
nation, expressed the opinion that they represented new species. 

About fifteen species of molluscs were separated out, from 
which the following identifications were made: 

Pteria petrosa Conr. 
Nemoarca cretacea Conr. 
Cardium Ripleyanum Conr. 
Letopista protexta (Conr.)? 
Inoceramus Sagensis Owen. 
Gryphexa vesicularis (Lam.). 
Scalaria Hercules Whitf. 
Pyrifusus sp.? 
All these species had been previously noted from or near to 

the same locality and may be found included in Professor Whit- 
field’s works.* 

The plant remains number 26 species, of which 10 are ap- 
parently new. Conifers are the most abundantly represented. 
The branches of Cunninghamites, Sequoia and others, and 
scales of Dammara make up about one-fourth of all the speci- 
mens collected, and a section of one of the lignite masses 
showed it also to belong to the same class.+ 

This collection, meagre as it is, is nevertheless of interest as sup- 
plementing our previous knowledge of the Cretaceous flora of east- 
ern North America, beginning with the studies of Fontaine and 
Ward, in the Potomac of Maryland; Heerin the Komé, Atane and 
Patoot beds of Greenland ; Newberry, David White and the writer 
in the Amboy clays of New ‘Jersey, Staten Island, Long Island 
and Martha’s Vineyard, and gives us at least an indication of 
what may be expected in case more extensive collections should 
be made from the same horizon in the future. 

The main object in bringing the subject forward in its present 
condition is not to present a finished contribution, but rather to 
assist those who may wish to continue the investigation, to the 
end that our knowledge of the horizon may be rendered more 
complete. 

* Brachiopoda and Lamellibranchiata of the Raritan clays and Greensand marls of 
New Jersey.” Monog. U.S. Geol. Surv. ix. and ‘‘Gasteropoda and Cephalopoda of the 
Raritan clays and Greensand marls of New Jersey.’’ Monog. U.S. Geol. Surv. xviii. 

+ Sections prepared for microscopic examination were submitted to Dr. C. C. Curtis, 
of Columbia University, who at once recognized their structure as coniferous. Dr. F. 
H. Knowlton, of the U.S. Geological Survey, to whom they were subsequently sent, 
determined them as belonging to the genus Pityoxylon. His description will appear 
as an appendix to this paper. 
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ARAUCARITES OVATUS N. Sp. 

(Pl, xi. figs. 3 ¢, 4.) 

Leaves elliptical-ovate, acuminate, entire, sessile (?), imbricated and de- 
current (?), striate longitudinally, lower ones 13 in. long by 4 in. broad at 
widest part, upper ones becoming successively smaller. 

These specimens represent portions of branches, with leaves 
which are apparently sessile, imbricated and possibly decurrent. 
The affinities of the species may be with the monocotyledons, 
but might equally well be with the gymnosperms, so far as ex- 
ternal characters are concerned, and the large number of this 
latter class of plants in the horizon has seemed to justify its ref- 
erence to that class rather than to the former. If it were not 
for the fact that the leaves appear to be sessile and imbricated 
the species might be placed under the genus Agathis Salisb. 
(Dammara Rumph), but this might infer generic relationship 
with the organisms next described, which we are not justified in 
assuming. 

DAMMARA (?) CLIFFWOODENSIS DN. sp. 

(Pl. xi. figs. 5-8.) 

Scales kite-shaped, abruptly narrowed from above the middle downward, 
+ in. long by 5 in. wide at the top, abruptly short mucronate pointed, pro- 

vided on inner surface with numerous prominent resin glands and ducts 
which extend downward almost if pot quite to the base. 

I was at first inclined to refer these scales to D. borealis 
Heer, FI. Foss. Arct. vi. Abth. ii. 54, pl. xxxvii., fig. 5, or to D. 
microlepis Heer, J. ¢., 55, pl. xl., fig. 5, but our specimens are 
much more slender and are intimately associated with coniferous 
remains to which they might well be related, whereas those 
figured by Heer, and similar organisms by Newberry from the 
Amboy Clays (FI. Amboy Clays, 46, pl. x. fig. 8) and by 
David White from Martha’s Vineyard (Am. Journ. Sci. xxxix. 
(1890) 98, pl. ii. figs. 9, 10) may be the fruits of Hucalyptus 
and not coniferous cone scales. 

Whatever these latter may eventually be proven to be, it is 
certain that our specimens are coniferous and are related to some 
of the other remains found with them. The difference in appear- 
ance between figs. 5,6 and 7, 8, I regard as due to imperfect 
preservation in the latter. 

SEQuorA REICHENBACHT (Gein.) Heer. 

(Pl. xii. figs. 3 b, 5.) 

Sequoia Reichenbachi Gein. sp. Heer, Fl. Foss. Arct. i. 83, pl. 
xliii. figs. 1d, 2b, 5a,.d, dd, 8, 8b. 
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Araucarites Reichenbachi Geinitz, Charackteristik d. Schichten 
u. Petref, d. Siichs.-Boehm. Kreidegebirges, 98, pl. xxiv. fig. 4. 

CUNNINGHAMITES ELEGANS (Corda.) Endl. 

CPL sive 23) 

Cunninghamites elegans (Corda) Endl., Newb. Fl. Amboy 
Clays, 48, pl. v. figs. 1-7. 

Cunninghamites elegans Endl. Synop. Conif. 270. 
Cunninghamites elegans Corda, in Reuss, Verstein. Boehm. 

Kreidef., Abth. II. 93, pl. xlix. figs. 29-31. 
This is undoubtedly the above species and identical with that 

figured by Dr. Newberry from this locality in the Flora of the 
Amboy clays. 

CUNNINGHAMITES SQUAMOSUS Heer. 

(Ph Mis2.32) 

Cunninghamites squamosus Heer, Beitr. Kreide-Fl. Quedlin- 
burg, 9, pl. i. figs. 5-7. 

I was at first inclined to place this specimen with the preced- 
ing species, but the leaves are evidently shorter and there seems 
to be no doubt that it is identical with Heer’s species described 
and figured as above. 

GEINITZIA FORMOSA Heer. 

(Pl. xii, figs.. 1, 2:) 

Geinitzia formosa Heer, Beitr. Kreide-Fl. Quedlinburg, 6, pl. 
1. figs. 9, 10; ii. figs. 1-6. 

The two cones now figured are so encrusted with pyrite as to 
be difficult of exact determination, but there seems to be no 
doubt of their identity with the cones described and figured by 
Heer under the above name. As previously noted, Dr. Newberry 
mentions the occurrence of Geinitzia cones at this locality, but 
in the Flora of the Amboy clays he apparently changes his 
opinion and describes them under Sequoia gracillima (Lesq.) 
Newb. (l. c. 50, pl. ix., figs. 1-3). Whether these are figures 
of the ones first seen by him, however, I am unable to say. His 
figures certainly represent Sequoia cones and are different from 
ours. Thus far I have failed to find foliage of S. gracillima in 
connection with either Dr. Newberry’s specimens or with those 
personally collected. 

TRANSACTIONS N. Y. AcaD. SclI., Vol. XVI., Sig. 9, March 29, 1897. 
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STROBILITES INQUIRENDUS N. Sp. 

@Plo x: fies 1.) 

Organism irregularly annular in shape, flattened on top and bottom, about 
1} in. in diameter laterally by } in. vertically; center wanting, about 1 in. 
across; exterior surface deeply scarred, but shape and arrangement of scars 
uncertain on account of distortion. 

This specimen was at first thought to represent a small cycad 
stump in whichall but the general characters had been destroyed 
by distortion and decomposition of the vegetable tissue, which 
is either lost entirely or largely replaced by pyrite. 

The specimen, however, is so much smaller than any cycad 
stump thus far described that its reference to that family was 
thought to be too hazardous. The name adopted is meant to in- 
dicate that it is perhaps a cone requiring further investigation. 

ARISZMA (?) DUBIA 0. sp. 

(Pl. xii. fig. 6.) 

Organism apparently fan-shaped or cylindrical in its original condition, 
striate longitudinally, membranous in the broad upper portion and sides, 
more rigid at the narrowed lower part, where there is apparently a column 
or cylinder, from the apex and sides of which the membranous portions 
spread. 

A somewhat similar organism is described and figured in 
Lesquereux’s Flora of the Dakota Group, p. 38, pl. xlvi. fig. 1, 
under the name Arisema cretacea sp. nov., but the affiliation of 
either with the Aracez is very problematic and it might perhaps 
equally well be referred to the spadix of a cycad. Its frag- 
mentary condition renders any rigid determination inadvisable. 

ARIS£MA (?) MATTEWANENSE DN. sp. 

(Pip sae fic. 72) 

Fruit ovoid, 14 in. long by 1} in. broad ; surface roughened with tuber- 
culous excrescences of ill-defined shape ; internal structure not preserved. 

It was at first thought that this organism might be a fruit of 
some gymnosperm, but the entire absence of woody tissue 
seemed to indicate a fruit of softer consistency, such as Symplo- 
carpus, Ariszma, ete., and the genus adopted for the previous 
specimen was finally decided upon for this one, largely for the 
sake of consistency. 

Sauix Merexir Newb. 

(Pl. xiii. figs. 3, 4.) 

Salix Meekii Newb. Notes on the Later Extinct Floras, etc., 
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Ann. N. Y. Lyc. Nat. Hist. 1X. (April, 1868) 19; Tllust. Cret. 
and Tert. Plants, pl. i. figs. 2, 3, as ““S. cuneata Newb.” 
F S. proteefolia var. lanceolata Lesq. Fl. Dak. Gr. 50, pl. lxiv. 
gs. 6-8. 
These leaves appear to be identical with species figured under 

the above names, especially with fig. 6, pl. lxiv. Fl. Dak. Gr. 
Dr. Knowlton, in the latter work, refers the species to S. cuneata 

Newb. (l.c.), so named in Illust. Cret. and Tert. Plants (1. c.), 
which has been ascertained to be S. Meekii Newb., according to 
the type specimens in the Geological Museum of Columbia Uni- 
versity. 

QuERcUS MorriIsoniAna Lesq. 

CPL xii. ties 11), 12:) 

Quercus Morrisoniana Lesq. Cret. and Tert. Fl. 40, pl. xvii. 
figs. 1, 2. 

Quercus (?) Nov#—-CmzARE# 0. sp. 

(Pl. xiii. figs. 9, 10.) 

Leaves 2? in. long by $ in. wide in middle, oblong to ovate-lanceolate, en- 
tire, occasionally slightly undulate, narrowed at base; midrib slightly 
flexuous ; secondary nervation oblique, sub-parallel for a short distance, then 
curving and extending upward along the margins, finally becoming anas- 
tomosed or connected by fine tertiary nervation. 

The leaves resemble in a general way the species described 
and figured as Q. Myrtillus Heer, in Fl. Foss. Arct. vii. 25, pl., 
lvi. figs. 12 b, 17-20. The absence of well defined nervation 
however in these figures, renders accurate comparison with ours 
impossible. 

Velenovsky describes and figures leaves, under the name Dvos- 
pyros provecta, in Fl. Boehm, Kreidef. 2 [49], pl. viii. [xxiii], 
figs. 1-5, 10, which closely resemble ours, but a reference to 
Quercus would seem to me more close, and as the identity is 
not clearly established it has appeared to me safer to give our 
specimens a new specific name under the genus Quercus. 

Quercus (?) sp.? 

(PI. xiv. fig. 9.) 

This fragment is evidently part of a strongly nerved leaf, 
whose secondaries are regularly disposed and sub-parallel. It 
might be compared with Q. poranioides Lesq. Cret. Fl. 66, pl. 
xxx., fig. 9, or with Q. Thulensis Heer, Fl. Foss. Arct. vi. Abth. 
ii. 69, pl. xxvi. fig. 7. I have also thought that it might be a 
portion of such a leaf as Ilex Masoni Lesq. Fl. Dak. Gr. 179, pl. 
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vii. fig. 6. Definite naming of such a fragment_would not, how- 
ever, be advisable. 

BANKSIA PUSILLA Vel. 

OPI. xiii. figa7 ») 

Banksia pusilla Vel. Fl. Boehm. Kreidef. 7 [32], pl. i. [ix.] 
figs. 14-17. 

LAURUS PLUTONIA Heer, 

(Pl. xiii. Figs. 5, 6.) 

Laurus plutonia Heer, Fl. Foss. Arct. vi. Abth. ii. 75, pl. xix. 
figs. 1d, 2-4; xx. figs. 3a, 4-6; xxiv. fig. 6b; xxviii. figs. 10, 11; 
xlii. fig. 40. 

SASSAFRAS ACUTILOBUM Lesq. (?) 

(Pl.sxivs Fig. 13.) 

Sassafras acutilobum Lesq. Cret. Fl. 79, pl. xiv. figs. 1, 2. 
This small fragment is too imperfect for definite comparison, 

but it may very well be a portion of a leaf of the above species. 
These leaves vary greatly in size and in the relative length of 
the lobes, as may be seen by an examination of those figured by 
Newberry in the Flora of the Amboy Clays, plate xxv. 

ARALIA TownERI Lesq. (7) 

(PlSxiva Migs. 11, 125) 

Aralia Towneri Lesq. Hayden’s Ann. Rept. 1894 [1896] 349, 
ploive tort. 

As far as can be judged from such fragments these seem to 
be referable to the above species, but I have not thought it advis- 
able to so refer them without question. 

ACER PAUCIDENTATUM N. sp. 

(Plo xivefigs: 2; 3.) 

Leaf trilobate; lobes spreading at an angle of about 45 degrees, middle 
one bluntly acuminate, sparingly crenate-dentate near the apex, lateral ones 
shorter, entire, abruptly and rather bluntly acuminate. 

These two figures are counterparts of the same specimen and 
are too fragmentary for complete description. The lower por- 
tion is missing, but enough is represented to warrant placing it 
in the genus Acer and to compare it with other described species. 
So far as I have been able to ascertain it is distinct from any 
previously described Cretaceous species, a'though several from 
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Tertiary horizons are more or less like it, such as A. angustilo- 
bum Heer. Fl. Tert. Helvet. iii. 57, pl. exvii. fig. 25a; exviii. 
figs. 1-9. 

SAPINDUS APICULATUS Vel. 

(PI. xt. figs. 15 2:) 

Sapindus apiculatus Velenovsky, Fl. Boehm. Kreidef. 6 [53], 
pl. vii. [ xxii. | figs. 1-8. 

PALIURUS INTEGRIFOLIUS Hollick (?) 

CPI xiv. fie’ 10") 

Paliurus integrifolius Hollick, Bull. Torrey Bot. Club, xxi. 
(1894) 57, pl. 177, figs. 5, 8, 12. 

This specimen is too fragmentary for anything but provisional 
reference. 

RHAMNUS INZQUILATERALIS Lesq. 

(Pl. xiii. fig. 8.) 

Rhamnus inequilateralis Lesq. Fl. Dak. Gr., 170, pl. xxxvii. 
figs. 4-7. 
“This leaf appears to be identical with smaller specimens of the 

above species, such as figs. 6, 7, J. c. 

CELASTROPHYLLUM NEWBERRYANUM Hollick. 

GE xiv ties!) 

Celastrophyllum Newberryanum Hollick, in Newb. Fl. Amboy 
Clays, 101, pl. xlix. figs. 1-27. 

STERCULIA sp.? 

(Pl. xiv. figs. 4-7.) 

These fragmentary remains apparently represent portions of 
leaves belonging to the genus Sterculia, such as S. mucronata 
Knowlton, in Lesq. Fl. Dak. Gr. 182, pl. xxx. figs. 1-4. If legi- 
timate to compare with Tertiary species, our fig. 7 would come 
very close to S. Labrusca Ung. as figured in Flora von Sotzka 
pl. xxviii. [xlix] figs. 1-11. 

MAanoLiA WoopsrinGeEnsis Hollick. 

(Pl. xiv. fig. 8.) 

Magnolia Woodbridgensis Hollick, in Newb. Fl. Amboy Clays 
74, pl. xxxvi. fig. 11; lvii. figs. 5-7. 
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CARPOLITHUS DRUPAFORMIS 0. Sp. 

(Pl. xi. Figs. 4, 4a.) 

Fruit about 1 in. long by } in. broad in the middle, elliptical in outline, 
slightly flattened, with an obscurely defined ridge, extending all the way 
around, giving the apex aslightly beaked appearance and somewhat flattened 
at the base, where it joins an ill-defined peduncle. Structure, a hard ex- 
terior shell, about 7; in. thick, with a soft free center. Exterior slightly 
roughened. 

This organism has the structure of the seed of a drupaceous 
fruit, but the general appearance is strikingly like that of a cycad. 
As we do not know, however, whether its present condition is 
similar to what it was originally, or whether its structure has 
been altered by replacement of material, I have thought it best 
not to indicate any generic relationship in the name. 

Maps AND SPECIMENS SHOWN. 

1. Geological map of New Jersey. Geol. Surv. N. J. (1890) 
Atlas Sheet No. 20. 

2. Ibid. A topographical map of the Monmouth shore, etc., 
Atlas Sheet No. 9. 

3. Molluscs in hardened masses of clay marl. 
4. Concretions containing crustaceans. 
5. Clay marl and concretions containing plant remains. 
6. Lignite masses and cones, accompanied by pyrite nodules. 

APPENDIX. 

Since the preceding paper was written I have received from 
Dr. F. H. Knowlton, the following description, based upon speci- 
mens of lignite from the Oliffwood bluff, prepared for microscopic 
examination : 

Piryoxyton Ho.ticKt Knowlton, n. sp. 

(Figs. 1, 2.) 

Diagnosis.— Annual ring absent or very obscure; wood cells 
large, thick-walled ; punctations contiguous, in one, or interrupted, 
in two rows; medullary rays numerous, in one or two series, 
with five to twelve superimposed cells; resin-passages numerous, 
large. 

Transverse Section.—The structure shows fairly well in this 
section, but offers no specific characters of much value. The 
annual ring is absent, judging from the sections submitted. It 
is possible that a larger area would reveal them, but if present 
they are probably obscure. The wood cells are rather large and 
thick-walled, and arranged in quite regular radial rows. 
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Resin passages appear to be present in this section, but as 
decay had evidently taken place before fossilization they are too 
obscue to permit of accurate description. 

Radial Section (Fig. 1): In many particulars this section per- 
mits of the best results, though it is far from being perfectly pre- 
served, The wood cells are broad. Their length cannot be de- 
termined. They are provided with one, or in some cases with 
an interrupted double row, of bordered pits, which are contigu- 
ous. When they are in a single row the wall is not nearly cov- 
ered, but when double it is quite so. The preservation is too 
poor to permit of measurements that would have any diagnostic 
value. 

In this section the medullary rays are seen to be num erous, 
rather thick walled and, so far as can be made out, withoutmark- 
ings. The individual cells appear to be large, and the partitions 
oblique. 

—<= 
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Tangential Section (Fig. 2): The section in this direction is 

unsatisfactory. The wood-cells are much crushed together and 
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obscured. The medullary rays, as shown in this section, are 
seen to be in one or two series of from five or six to twelve or 
fifteen cells high. The average number of cells is apparently 
about ten. 

The resin passages, as shown in fig. 2, are numerous and 
large. They are enclosed in the larger medullary rays, which are 
then some twelve or fifteen cells high. 

I have not attempted to point out any of the probable affini- 
ties of this species as the material is too obscure to permit either 
accurate description or satisfactory measurements. If additional 
material could be obtained and in a somewhat better state of 
preservation, without doubt the real affinities could be detected. 

I take great pleasure in naming the supposed new species in 
honor of Mr. Arthur Hollick of Columbia University. 

PLATE XI. 

Fic. 1. Strobilites inquirendus Hollick. 
Fig. 2. Cunninghamites elegans (Corda) Endl. 
Fic. 3. Cunninghamites squamosus Heer. 
Fias. 4, 4a. Carpolithus drupeformis Hollick. 
Frias. 5-8. Dammara (?) Cliffwoodensis Hollick. 

PLATE XII. 

Fiaes. 1, 2. Geinitzia formosa Heer. 
Fias. 3a, 4. Araucarites ovatus Hollick. 
Fias. 3b, 5. Sequoia Reichenbachi (Gein.) Heer. 
Fia. 6. Arisema (?) dubia Hollick. 
Fia. 7. Arisema (2) Mattewanense Hollick. 

PLATE XIII. 

Fics. 1, 2. Sapindus apiculatus Vel. 
Fias. 3, 4. Salix Meekii Newb. 
Fics 5, 6. Laurus plutonia Heer. 
Fic. 7. Banksia pusilla Vel. 
Fic 8. Rhamnus inxquilateralis Lesq. 
Fics. 9, 10. Quercus (?) Novee-Cxsarex Hollick. 
Fias. 11, 12. Quereus Morrisoniana Lesq. 

PLATE XIV. 

Fic. 1. Celastrophyllum Newberryanum Hollick. 
Fias. 2, 3. Acer paucidentatum Hollick. 
Fras. 4-7. Sterculia sp. (? 
Fic. 8. Magnolia Woodbridgensis Hollick. 
Fie. 9. Quercus (2) sp. 
Fic. 10. Paliurus integrifolius Hollick. (?) 
Fias. 11, 12. Aralia Towneri Lesq. (?) 
Fia. 13. Sassafras acutilobum Lesq. (?) 
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STATED MEETING. 

January 25th, 1897. 

The Academy met and was called to order by President Stev- 

enson. Mr. José M. Andreini, of 29 West 75th street, was 

nominated for resident member, and the nomination was referred 

in regular course to the Council. 

The sub-section of Anthropology and Psychology then organ- 

ized, Professor F. H. Grpprnas in the Chair. The minutes of the 

previous meeting were read and approved, after which the fol- 

lowing reports of the recent winter meetings of the several socie- 

ties mentioned below were presented : 

The first report was by Professor Giddings, upon the meeting 

of the American Economic Association in Baltimore. The 

speaker paid particular attention to the presidential address of 

Professor Henry C. Adams, on ‘‘ The Relations of Economics to 

Jurisprudence ;” to the paper of ex-Secretary of the Treasury, 

Charles 8. Fairchild, on ‘ What is the Present Direction of Ae- 

quisitive Investments? What are the Economic Effects of Such 

Investments?” and to Professor Arthur T. Hadley’s paper on 

“The Duty of the Government towards the Investor.” 

Dr. Livingston Farrand presented brief abstracts of the more 

important psychological papers read at the meeting of the 

American Psychological Association in Boston, December 29 

and 30, 1896, and was followed by Dr. Franz Boas, who spoke 

of the meeting of Section H (Anthropology) of the American 

Association for the Advancement of Scieuce, in New York, ap- 

proving the action of the Section in recommending a regular 

winter meeting, to be held, if possible, at the same time and 

place as the American Psychological Association and the A meri- 

can Society of Naturalists, and reviewing briefly some of the 

papers presented at the meeting. 

Mr. Harlan I. Smith reported on the American Folk-Lore 
Society’s meeting in New York, on December 20th, dwelling 

particularly on Miss Fletcher's paper, “Certain Early Forms of 
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Ceremonial Expression,” and on the discussion following Dr. 

Brinton’s and Dr. Boas’ papers, as to the validity of the theory 

of the psychic unity of man in accounting for details of similari- 

ties in the mythologies of widely separated peoples. 

LIVINGSTON F ARRAND. 

Secretary of Sub-Section. 

Pustic LECTURE. 

January 29th, 1897. 

The Academy met and were called to order by President 

Stevenson who introduced the lecturer of the evening, Mr. H. 

G. Prout, editor of the Railroad Gazette. The lecture was en- 

titled ‘‘ The Egyptian Soudan, its Recent History and the Cam- 

paign of 1896.’’ Large maps were used in illustration. The 

speaker was heard with close attention and at the close of the 

lecture a vote of thanks was passed. 
J. F. Kemp, 

Secretary. 

REGULAR Business MEETING. 

February 1st, 1897. 

The Academy met with President STEVENSON in the chair. 

Twenty-four persons present. 

The minutes of the last meeting were read and approved. 

The Secretary presented the names of José M. Andreini, 29 

West 75th street; Samuel Keyser, 14 East 36th street, from the 

Council, and on motion they were elected resident members. 

There being no further business, the Section of Astronomy 

and Physics at once organized, Professor R. 8. WoopwarpD in 

the chair. 

The first paper was the one postponed from last month, by 
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H. Jacoby, “ On two Trail-plates of Circumpolar Stars, made by 

Anders Donner, at the Helsingfors Observatory.” 

It was explained that these photographic negatives of circum- 

polar stars were taken with the telescope stationary,so that each 

star left a trail upon the plate, which, after necessary corrections, 

would be an arc of a circle around the true North Pole of the 

heavens. The exposures which were for a few moments at in- 

tervals of half an hour, during a continuous period of over four- 

teen hours, thus gave a series of short ares extending over a little 

more than a semicircle. This method, if no unforeseen difficul- 

ties appear, should give the position of the pole to within a few 

hundredths of a second of an arc, and a system of right ascen- 

sions differing from the truth by a uniform correction. 

The paper was favorably discussed by the chairman and 

others. 

The next paper was the following: 

INVESTIGATIONS OF THE UNDULATIONS IN RAIL- 

WAY TRACKS BY THE AUTHOR’S TRACK IN. 

DICATOR, AND THE REDUCTION OF TWO- 

THIRDS OF THEIR AMOUNT IN THE 

PAST FIFTEEN YEARS BY THE 

USE OF THE AUTHOR'S STIFF 

RAIL SECTIONS. 

By P. H. DupLeEy. 

If we stand by the side of a railway and notice the tracks as 
a train passes over them, we see, first, a general depression of 
the rails under the wheel base of the trucks or the locomotive, 
the greatest depressions being directly under the wheels; we 
further notice that the rails under the wheels bear more firmly 
on the ties, the latter depressing, and with instruments we find 
that the ballast and roadbed are also depressed. 
We notice further that on either side of the wheels the surface 

of the rails is slightly higher, and if the wheel base is four or five 
feet long that the fibre stresses in the rails undergo a reversion 
and are of opposite character from those directly under the 
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wheels. Between the trucks and in front of the pilot of the lo- 
comotive there will be decided elevations of the rail and rever- 
sion of the fibre stresses. 

If the track is in good surface, it may not be noticed by the ° 
eye that the depressions under the wheels for the entire length 
of rail are not uniform, but as a rule one can readily see that the 
wheels, as they roll over the rails, rise and fall, more or less, ac- 
cording to the stiffness of the rails, their smoothness and condi- 
tion of the track. 

That the surface of the rails would be uneven to the wheels 
was recognized almost as soon as the construction of railroads 
began, and in this country the cars were mounted upon trucks 
with springs so that the wheels could follow the undulations in 
the rails, while the centre of gravity of the car would not follow 
so undulating a line. 

I have never found this theory discussed in the reports of the 
earlier civil engineers, but I have no doubt it was considered 
by some of them. 

The earlier civil engineers were constantly trying to reduce 
the undulations in the tracks to the lowest possible limits, as 
they recognized and acted upon the principle that the less the 
undulations in the track the less the resistance to the trains, and 
the less the cost of maintenance. 

The substitution of Bessemer steel rails for iron, about 1865, 
produced so much smocther tracks, and the rails wore so 
much longer, that in a few years the cost of transportation per 
ton was cut down from about two cents to one cent per mile. 

The Bessemer steel rails gave a great impetus to railway build- 
ing, and there followed a large reduction in the rates, to meet 
which, larger rolling stock was introduced, and it became neces- 
sary to again reduce the undulations in the tracks so as to cut 
down the cost of transportation and maintenance. 

Having made mechanism to measure the resistance of trains, 
and having found that on smooth track, well maintained, the re- 
sistance was less than on a poorer track, several railroad presi- 
dents wished me to make some mechanism which, by running 
over the track, would show its condition, and the nature of the 
undulations, to see if they could not be reduced. 

I made several pieces of mechanism some years ago, and 
have used them practically in their present form since 1881. 

In 1884, I described the mechanism before the New York 
Academy of Sciences, and the results then obtained. 

The more extended introduction in recent years of stiffer rails 
has caused results to be realized in the track, which a few years 
ago were not considered possibilities, and in order that those pres- 
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ent here to-night may better understand the results, I will ina 
few words describe the main features of my track indicator. 

1. There is a special car fifty-eight feet long, weighing 72,000 
pounds, and under one end there is arranged a special six wheel 
truck of eleven foot wheel base, each wheel being ground true 
and cylindrical. The two outer pairs of wheels of the truck roll- 
ing on the rails serve as a reference plane, while the undulations 
of the rails for the length of the wheel base cause vertical move- 
ments of the middle pair of wheels which are transmitted for 
each rail to a moving band of paper and recorded. 

By means of universal joints and slides in the shafts, any ver- 
tical movement of the body of the truck or car is not communi- 
cated to the pens. The wheel load of 6,500 pounds for each 
wheel has been kept constant from the first use of the truck, and 
the positive wheel base has enabled me to repeat the diagrams 
year after year over the same track and to obtain comparative 
results, showing whether the track was or was not improving. 

The recording mechanism passes from a continuous band 
of paper twenty inches wide, 8.8 feet per mile, or one inch 
of paper for each fifty feet of track. On this moving band of 
paper are mechanically recorded the surface undulations of each 
line of rails, their side irregularities, gauge of track, rollingSmo- 
tion of the car, elevation of. the outer rails on curves, and side 
and vertical shocks to the car. 

Other pieces of auxiliary mechanism on the truck or about 
the car perform their functions mechanically, but record elec- 
trically through a battery of nine or more, electro magnetic pens, 
as required. 

The special mechanisms for recording the total undulations of 
the rails in feet and inches, one for each line of rails, are in- 
dispensable, for they sum up from the smallest fraction of an 
inch to the largest of the undulations, as the car runs over the 
track, doing what would be impossible by manual labor. The 
discs and shafts are ground with the greatest possible accuracy, 
and though each mechanism must be large and strong, it is as 
delicately constructed as a watch. 

The figures given by these form the basis for the condensed 
diagrams. The results obtained by the summing up mechanism 
have exceeded all expectations, and are independent of personal 
opinion. 

The markers for ejecting paint on the rails where deflections 
exceed a given amount have been of great service to the track- 
men, pointing out where deflections occurred in the rails long 
before they would be detected by the eye. The markers are 
carried upon auxiliary frames, attached to the outer journal 
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boxes of the special truck; while the strikers to depress the 
valve when a low place is reached are carried by the journal 
boxes of the middle pair of wheels. 

The markers are operated by compressed air, and eject the 
paint to the rails in about 1-50th of a second after the valve is 
depressed. When they were first used, any deflections less than 
=; of an inch were unmarked. The past two or three years the 
markers were set for the best track to ‘mark all deflections ex- 

2 

ceeding .°, of an inch. Last year they were set to pass any de- 
flections one-thousandth of an inch less than the limit to which 
the track was to be marked. 

The striking mechanism is now held in position by compressed 
air instead of a spring, and has a micrometer screw which can be 
set to one ten-thousandth of an inch. I do not wish to convey 
the impression that we are able to work to one ten-thousandth of 
an inch in marking, but the instrument must be made for fine 
measurements so that we can reduce the errors to very small 
limits. 

The summing up mechanism and the markers record elec- 
trically, as do also those which record the time per second and 
per ten seconds, those for the percentage of tangent and curve, and 
those for the distance. A bell rings before the mile posts are 
reached, and the observer touches a key to note their location, 
as well as the location of the stations and bridges. 

The car, usually with one or two official cars in front, is run as 
a special at a speed of twenty or twenty-five miles per hour; ac- 
cording to the condition of the track, a constant speed being 
maintained per mile over each road. 

The original diagrams show in detail the general surface of 
the rails, as to permanent bends, set at the joints, deflections, 
and irregular wear or roughness. 
When I commenced taking diagrams in 1880 on the four and 

four and one-half inch rails, I found the undulations in the tracks 
much greater than had been anticipated, joints which deflected 
a full inch being very frequent, and nearly all the rails had a 
permanent set, the receiving ends of many of them being also 
cut out. There was no definite standard for tracks, and in 
making reports that year, I called all tracks “ good ” where the 
joints did not deflect more than one-half inch. 

The permanent set in the rails was studied and I found I 
could classify them under three general types, which I called 
“« forms of permanent set.” 

The first form embraced all those rails which were low at the 
joints and high at the center; this type was found upon rails 
with opposite joints. 
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The second form of permanent set embraced all those rails 
low at the joints and centers, but high at the quarters; this 
form was found upon rails laid with alternate joints; if, how- 
ever, the traffic was heavy, and only a small track force em- 
ployed, the second form would soon be converted into the first 
form of permanent set. 

The third form of permanent set was due to a series of minute 
waves upon the surface of the rails. Combinations of the first 
and third, and of the second and third were frequent. 

The first and second forms of permanent set were developed 
in the track by service, while the third form was due to improper 
finish at the mills. 

For the rails to take a set in the track it was very evident 
that the fibre stresses in the rails exceeded the elastic limits of 
the steel. As the normal condition of the former iron rails in 
the track was one in which nearly all of the rails had taken a 
permanent set, the same features in the steel rails excited very 
little comment among the trackmen, but among the officials the 
matter received more serious consideration. 

It was evident that the standard of track then being main- 
tained was too low for the increasing trafic of the roads. 

The first remedy proposed by the railroad companies was to 
increase the labor and add more ballast to the track, and what 
would be a proper standard of track was extensively discussed. 
Though this was an excellent beginning, as the work increased, 
it became evident that some more definite measure of what a 
good track was, than merely general expressions, which differed 
widely, would be required as a basis for further investigation, and 
so the summing up mechanism was designed and completed for 
the inspection of 1881. 

The number of feet of undulations per mile, as summed up by 
the instruments on the best track of comparatively new rails, was 
about six feet per mile, while, on older rails, not in so good con- 
dition, the amount would be from ten to twelve feet per mile. 

The general average for a number of roads was about eight 
feet per mile. None of the tracks, particularly on the four-inch 
rails, had what we would now term a high degree of stability, 
for they required constant attention to keep them in what was 
called good condition. 

In 1882 the markers were added for ejecting paint on the rails 
where the deflections exceeded five-sixteenths of an inch. This 
was very convincing, and left little doubt in the minds of many 
railroad officials that the deflections of the rails in the track 
were greater than they had anticipated. 

The rails were marked so that the officials and trackmen could 
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see where the deflections occurred, which was not only a great 
educator to them, but directed the work of the latter to the 
places needing most attention. 

The diagrams for 1882 repeated all the striking characteristics 
of those for 1881, not an important curve per mile on the con- 
densed diagrams having been reversed unless new rails had been 
laid. The permanent set in the old rails had not been reduced. 
The joints were down and weak. The receiving ends of the rails 
were cutting out. The rails were loose on the ties moving up 
and down for every passing wheel, cutting the ties, disturbing 
the ballast and roadbed. The dynamic effects of the wheel loads 
were so great that the tracks could not acquire a high degree of 
stability. Thoughtful railway officials accepted the fact that the 
rails were not stiff enough for the traflic,and, after studying the 
diagrams of several thousand miles of track, I designed the five- 
inch 80-pound steel rail for the New York Central and Hudson 
River Railroad in April, 1883. With 23 per cent. more metal 
than in their four and one-half inch 65-pound rail, I increased 
the stiffness 66 per cent. The rail was rolled and put into ser- 
vice in 1884. This was the first five-inch steel rail laid in the 
United States. 

Having noted the wear of the steel on all types of the heads of 
rail in the tracks, I made it broad and much thinner than usual, 
which has since become the type for modern sections. 

The five-inch 80-pound rail once in the track demonstrated 
tbe great value of stiffness in maintenance of way and was fol- 
lowed by a number of sections of 80 and 85 pounds per yard in 
the leading railroads of*the country. 

This led at once to the introduction of larger and heavier 
locomotives and cars, and faster and heavier trains. 

The undulations in the track reduced to about four feet per 
mile on the first five-inch 80-pound rails. The five-inch 80-pound 
rails were all straightened at the mills on narrow spaced supports, 
used for much lighter rails, and were indented by the gag wher- 
ever applied, giving the surface a series of minute waves, which 
produces from one to one-half feet of the total undulation found 
upon these rails per mile. 

These undulations increase the dynamic effects of the wheel — 
loads, cutting out the ties, disturbing the ballast, besides giving 
a very unpleasant tremor to the cars when passing over them. 

In 1883, after I had designed the five-inch 80-pound rail, but 
before any were rolled and in the track, I calculated what I 
considered would be the possible condition of track for such 
rails when finished smooth, and put it on the diagram. The re- 
sults seemed so impossible that I was probably the only one for 
many years who expected to see them realized. 
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They are now accomplished facts on many railroads using 
rails of about the same tvpe and stiffness, for which the esti- 
mates were made, while with the stiffer sections of my series, 
still better results are obtained. 

The value of stiffness in rails in connection with sufficient 
bearing surfaces for the wheel pressures, was shown to be so im- 
portant by the first 80-pound rails in reducing the undulations 
in the track—as I stated would be the case before they were 
used—that in 1890, when designing my recent series of rail sec- 
tions, I increased their stiffness per pound of metal, making the 
80-pound sections about eleven per cent. stiffer than the original 
five-inch 80-pound rail of 1883. 

The rails of the series are stiffer than any sections of like 
weight which have been rolled and have broad heads, which are 
essential during manufacture and subsequent service for smooth 
tracks and a high degree of stability. 

For all of my sections, according to their stiffness and traffic 
for which they are suited, I am now able to state definitely the 
lower range of undulations per mile which will and which may 
be maintained in the track as shown by my track indicator. 

The importance of this can not be over-estimated, for when 
we know what to expect, the reason can be traced if it is not at- 
tained. 

Each section of rail like a locomotive of a certain class can 
only render a specific duty or permit a certain standard of track. 
On a branch line laid with four and five-eighth-inch 65-pound 
rails and with supported joints, the undulations run down to 4 
feet 6 inches per mile for the best track. This rail was not in- 
tended for main line traffic, but it is frequently so used. 

The five-inch 75-pound rail was used to build a new road, and 
with all its inequalities and with the settling of a new roadbed, it 
is easily maintained, under heavy branch line traffic at 3 feet and 
3 inches of undulations per mile, after five years’ service, a rec- 
ord never before equalled. 

For the five and one-eighth-inch 80-pound rails, three tie joints, 
under the main line express trains running from 50 to 75 miles per 
hour, the undulations range from 2 feet 6 inches to 2 feet 9 
inches, per mile. This section has an exceptional stability for 
the weight per yard, 

For the six-inch 100-pound rail, three tie joints, the undulations 
per mile run down to 1 foot 6 inches to 2 feet per mile, asa 
condition of track for summer heat and winter cold, a stability 
of permanent way unequalled in the railway world. 

The figures given for the undulations per section are for rails 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XVI., Sig. 10, March 30, 1897. 
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without either the first or second forms of permanent set in the 
track; the rails appearing to the eye to have a smooth surface 
when not under the trains. I have designated such rails as the 
fourth form, representing the best condition of track, for they are 
in perfect service to the eye. For the trackmen’s special benefit 
they will hereafter be designated as the fourth or proper form. 

The undulations which remain in the tracks for the figures 
given are individually so minute, that at present they cannot be 
further reduced by the skilled trackmen. To reduce the undu- 
lations in the track to the low limits mentioned, it has been 
necessary to do a great deal of work which may be briefly sum- 
marized as follows: 

First. To investigate the nature of the irregular undulations, 
and their causes. 

Second. To provide rails with broad heads, which will dis- 
tribute the wheel pressure to more metal for wear and side sta- 
bility, and at the same time to have stiffer sections as girders in 
order to distribute the wheel loads to more ties and to greater 
area of ballast and roadbed. 

Third. To distribute the metal in the sections so that the re- 
quirements of the second statement would be met, and at the 
same time to design sections that could be easily rolled, and that 
would permit of the introduction of a grade of steel of 50 per 
cent. higher elastic limits than the older rails, and that would 
still be hard, tough and not brittle. 

Fourth. To go to the mills and carry out methods of manu- 
facture suitable for the heavier sections as to composition, hot- 
bed treatment, and smoother finish under the straightening 
presses. 

Fifth. To produce sections in which the final results would be 
better and more economical than those they replaced. 

By the lantern slides and other diagrams I shall be able to 
show you that the limited undulations already stated for the sec- 
tions have been realized on many hundred miles of track and that 
inthe past fifteen years—principally the past eight—the undula- 
tions in many tracks have been reduced to one-third of their 
former amount. 

During the same period, to meet the demands of service, the 
static wheel loads of the motive power and rolling stock have 
been increased. The freight car wheel loads have been trebled 
during this time. 

I need hardly say to you that by reducing the undulations in 
the track to one-third of their amount fifteen years ago, the 
dynamic effects from the wheel loads have been reduced in 
a greater ratio, so that the combined static and dynamic effects 
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of the heavier wheel loads as distributed by the stiffer rails 
through the tie to the ballast and roadbed, are less than was the 
combined static and dynamic effects of the lighter wheel loads 
as distributed by the lighter rails through the tie to the ballast 
and roadbed. The generation of an unnecessary and destruc- 
tive force has been prevented. 

Every tie underneath the lighter rails received its load more 
in the nature of a suddenly applied blow than a gradually applied 
load, and its abrasion under the rails was very rapid. 

As the cost of ties is now much greater than the cost of rails 
for renewals, the saving in expense for ties will be quite an 
item in paying for the stiffer rails. Treated ties can be now 
used under the stiffer rails, since the abrasion has been so much 
reduced. 

There is considerable discussion as to whether the freight 
ear loads should be reduced or increased. I find the tendency 
in the latter direction, as a number of cars of 80,000 pounds 

capacity are in use and others are building for loads of 
100,000 pounds. 

The freight car wheel load is now an international commercial 
matter and beyond the control of any one railroad company, 
just as is the freight rate per ton, but what is largely under 
the control of the company over whose lines the cars pass is 
whether the dynamic effect of the wheel loads shall be but a 
slight increase over the static load, or 50 to 100 per cent. greater 
to be transmitted to the ties, ballast, and roadbed, increasing the 
cost of transportation and maintenance of the equipment and 
permanent way. 

One of the great objects to be obtained in permanent-way con- 
struction is to prevent the dynamic effects of the moving wheel 
loads of either the locomotives or cars from reaching much 
magnitude, for the effects of the static loads combined with the 
dynamic effects, when finally distributed to the roadbed, should 
always be less than its elasticity; otherwise the track cannot 
acquire any high degree of stability, nor be most economical] 
maintained. 

The 80 and 100-pound rails are double and treble the stiffness 
of the former four and one-half, 65-pound rails, with much wider 
bearing surface for the wheels, and, as would be expected, the 
diagrams show that the waves of pressure from the wheel loads 
must be distributed over a much greater area of the roadbed, 
reducing their intensity to an amount more easily carried by the 
elasticity of the roadbed. The elasticity of the roadbed, though 
a very limited quantity, is a fundamental principle of main- 
tenance of way, but it has received too little specific attention, 
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for many railroad people still treat the roadbed as though it 
were wholly an inelastic body, and permit the waves of pressure 
to be transmitted to it in amount far in excess of its elasticity, 
so that deformation takes place,which must be repaired by surfac- 
ing at least 

The elasticity of the roadbed is not likely to be uniform per 
mile for the entire road ; some portions will take up and carry 
3,000 pounds per square foot without injury, while other por- 
tions, being more plastic will not carry 2,000 pounds without set 
and deformation. 

The drainage of the roadbed must be very efficient at all times, 
as a reduction of a few per cent. of moisture decreases the plas- 
ticitv and increases the elasticity. This feature can now be traced 
on the diagrams. The ballast under the ties, when dry and of 
good quality, is supposed to reduce the pressure from the tie to 
the roadbed, inversely as its depth. I think the estimate too 
high for general practice, and have shown the waves of pressure 
transmitted from the ties through the ballast to the roadbed as 
less in one of the lantern slides. 

One lantern slide was shown, containing the condensed dia- 
grams of the inspection of the New York Central & Hudson 
River R. R. for 1895 as a plain line and those for 1891 asa 
broken line. 

The diagrams for 1895 show the greatest improvement of any 
yet obtained, and they are compared with those of 1891, instead 
of 1894, as those dates afford the most valuabie comparisons be- 
tween the stability of the track for different sections of rails; 
they also give comparisons between suspended joints and three- 
tie supported joints. 

On the Hudson Division, in the diagrams for 1891, from New 
York to Mott Haven, the first five-inch 80-pound rails laid in 

1884, were still in service. They were laid with 22-inch splice 
bars, suspended joints, and were replaced by 100-pound rails in 
1892. 
From Spuyten Duyvil to Peekskill the five-inch 80-pound rails 

were laid in 1886 and 1887, with 22-inch splice bars, suspended 
joints, and were replaced by 100-pound rails in 1894. The condi- 
tion of the track in 1891 on the 80-pound rails averaged some 
8 lines higher than the track from Peekskill to Albany, laid with- 
the five-inch 80-pound rails and Col. Katte’s three-tie supported 
joint. 

From the condensed diagrams it will be seen that from Peek- 
skill to Albany the track has been maintained under its heavy 
traffic, practically on the same lines for four years—a result not 
probable with suspended joints. 
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The 100-pound rail shows the highest possible condition, the 
undulations being reduced to the lowest limit which the trackmen 
can take up in surfacing, the original diagrams showing nearly 
smooth lines without a trace of the joints. The 100-pound rail 
makes “ Permanent Way.” 

The Mohawk and Western Divisions furnish the striking com- 
parisons between the possible conditions of track on the four and 
one-half inch 65-pound rails in portions of the track for 1891, and 
the five-inch 80-pound rails in track No. 2, and the five and one- 
eighth inch 80-pound rails in track No. 1, for 1895. 

On another lantern slide was shown the condensed diagrams 
of the Inspection of the Boston and Albany Railroad for 1896 
and 1895. 

_ From the topographical features of the road these diagrams 
are of unusual interest. Starting at tide water at Boston,as the 
line runs westward, the Atlantic slope is ascended until the sum- 
mit at Charlton is passed at an elevation of 907 feet, then the 
line descends the eastern slope of the Connecticut river, 
crossing it at Springfield at an elevation of only seventy feet 
above tide water. Then the western slope is ascended, and the 
divide between Connecticut and Hudson rivers is surmounted at 
an elevation of 1,453 feet above tide water; then the line de- 
scends the Hudson river slope to tide water at Albany. The 
curvature of the line is fifty-three per cent. of its length. 

In the past five years three-fourths of the main line have been 
laid with the heavy 95-pound broad-headed smooth rails, and the 
diagrams show a remarkably uniform condition of track for each 
mile, alike upon the level portions, the gradients of the Atlantic 
slope, and the curved and heavy gradients of the Connecticut 
and Hudson river slopes. 

So uniform a condition of the track was never approximated 
upon either the 63 or 72-pound rails, nor could it be, nor has it 
been elsewhere on much stiffer rails with round heads, nor is it 
possible on such rails made by any known process of manufac- 
ture. 

The average “all year round ” minimum limit of undulations, 
to which the trackmen readily surface the 95-pound rails on 
good ballast, is two feet per mile, or the fourteenth line on 
the diagrams—about one-fourth of the amount ten to twelve 
years since. 

A third lantern slide exhibited the first five-inch 80-pound 
steel rail section of this country, and the five series of three 

sections embracing each of the sections more recently designed 

by the author. Over 300,000 tons of the recent rails are already 

in service. 
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The chairman pointed out the extreme importance of many of 

the problems upon which Mr. Dudley is working, and expressed 

the hope that Mr. Dudlev might perfect the rolls for turning out 

a 60-foot rail straight and cold, upon which he is working. Pro- 

fessor Hallock remarked the importance of the investigations in 

their bearing on many problems in physics, whose solutions 

need the resources of a railroad for a working laboratory. The 

President, Professor Stevenson, emphasized the debt which the 

community owes to Mr Dudley. His improvements in the track 

mean heavier engines, heavier cars, longer trains, greater speed, 

reduced rates for passengers and freight, all of which greatly 

contribute to the general welfare and to the advance of civiliza- 

tion. 

The next paper was by H. S. Curtis, on “The Advantages of 

Long Focus Lenses in Landscape Photography.” After refer- 

ring to the unsatisfactory views of distant landscapes that are ob- 

tained with ordinary lenses, owing to false perspective and lack 

of detail, the speaker showed how these defects could be 

remedied by lenses of longer focus. A telescopic combination of 

40-inch focal length was made available by reversing the lenses 

and putting the flint and crown about 1 mm. apart. A number 

of views taken with this combination were thrown on the screen 

to illustrate the advantages of such lenses. Several pictures 

were also exhibited that were taken with an ordinary spectacle 

lense of 34 inch focus, stopped to about 2 inch diameter, which 

were excellent, and scarcely to be distinguished from those 

taken with the telescopic lense, or a telephoto combination. 

Such a spectacle lense can be bought for 10 cents. 

J. F. Kemp remarked the comparative uselessness of ordinary 

photography in the study of mountain geology, when any 

notable distance is involved, and expressed the belief that such 

a simple lense would be of great service in field work. The 

same opinion was expressed by others. The section then ad- 

journed. 

Wo. HALLocK, 

Secretary of Section. 
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BIoLoGIcAL SECTION. 

February 8th, 1897. 

Dr. J. G. Curtis in the chair. Thirty-five persons present. 

Mr, A. A. Tyler read a paper on: “The Nature and Origin of 

Stipules.” The paper was prefaced by a brief review of the lit- 

erature on the subject of stipules, and dealt with their nature 

and origin in the light of geological, morphological, anatomical 

and developmental evidence. The paper appears in full in Vol- 

ume X. of the Annals. 

Mr. G, N. Calkins presented the results of his investigations 

on: “The Tetrad Formation in Plants.” 

Prof. C. L. Bristol read a paper on “ The’ Giant Cells in the 

Nervous System in Nephelis.” The paper was preliminary to a 

farther discussion of the Nervous System of this leech, and in 

it was brought out the codrdination of these ceils and their rela- 

tions to the central and peripheral nerve systems. 

On account of the lateness of the hour the remainder of the 

programme was deferred till the next meeting. 

The election of section officers was made a special order for 

the next meeting. 
C. L. Briston, 

Secretary. 
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[PuGET SOUND ZooOLOGY, COLUMBIA UNIVERSITY CONTRIBUTIONS. No. 2] 

NOTES UPON THE DISTRIBUTION AND HABITS OF 

SOME PUGET SOUND INVERTEBRATES.* 

By N. R. Harrineton anv B. B. GRIFFIN. 

The following faunal description has been presented with a 
view of furnishing a basis for more extended work in the future. 
The attempt is made here to give an outline of the general char- 
acter of the Puget sound region for the benefit of embryologists 
and other investigators that may have an opportunity of visiting 
this interesting region. Essential data are also supplied for the 
specialists now engaged in systematic work upon the various 
groups. Many of the scattered notes on distribution and habits 

_may interest those concerned with problems of zodgeography 
and evolution, as illustrating how rich a field is here presented 
for such researches. 

In the systematic work, we have mainly been guided by 
the papers of Dall, Andrews, Whiteaves, Stimpson and Keep, and 
the monographs of Quatrefages, Verrill, Semper, Agassiz,and the 
various authors of the Challenger Report Expedition. For the sys- 
tematics of the mollusca, we are especially indebted to Judge J. G. 
Swan, of Port Townsend, for his gift to the expedition of his pri- 
vate collection of west coast shells identified by P. P. Carpenter, 
without which it would have been impossible to determine many 
species. 

A short account of the Neah Bay fauna will be found at the 
end of this paper. For the opportunity of extending research to 
the extreme boundary of the northwestern Washington coast, 
as well as for many other courtesies, we are under obligation to 
Mr. John Libby of the Puget Sound Tug Boat Company. For 
cooperation and assistance in dredging, we are indebted to Cap- 
tains Clinger and Bolong, and, by the generosity of Captain 
Sprague of the Sea Lion, we were enabled to make very valuable 
littoral collections in this somewhat remote region. 

Part I. Tue Litrorat ReEGIon. 

The west coast about Puget Sound is in general precipitous and 
in many localities the shore shelves off rapidly to a depth of from 
five to ten fathoms within a few feet of the land. In regions 

* Read by title at the Academy of Sciences, January 11, 1897. 
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favorable to deposition, however, a fair extent of beach has been 
raised, giving an exposure, during extreme low tide of from fifty 
to one hundred feet or more of till, mud or sand flats. But evenhere 
the beach soon gives place seaward to deep water. Elsewhere 
the littoral zone is represented by acres of eel-grass meadow, 
sometimes covered by silt. This is notably the case at the head 
of“ Scow Bay,” a shallow and nearly land-locked inlet communi- 
eating with the east shore of Port Townsend Bay. In describ- 
ing the fauna of the various littoral areas treated in the follow- 
ing, we will commence at the most westerly point reached by the 
shore collecting parties and follow the shore eastward, entering 
all bays and inlets in which the fauna is worthy of remark. 

An interesting and regular fluctuation occurs in the tides giving 
alternately what is locally known as the “ long run” and the “ short 
run.” In the former the water recedes very much further than 
in the latter, which subdivides the beach into a larger and sea- 
ward area exposed once every twenty-four hours, and a narrow 
border just below high-water line left bare twice as often. ‘This 
border, in general, proved a less favorable collecting field than 
the more seaward area, though few careful notes were made upon 
faunal differences in these two subdivisions. 

The Beach Fauna. 

Sequim or Washington Bay is an inlet from the straits of 
Juan de Fuea, situated about ten miles west of Port Townsend, 
and exclusive of the areas around Cape Flattery and Neah Bay, 
was the most westerly point reached in shore collecting. A very 
common form in the clam-shell detritus that covers the east 
shore of Sequim Bay is an undetermined species of Terebella, 
which is almost always accompanied by a commensal Polynoid. 
This commensal worm is without doubt distinct from the 
Lepidametria found by Webster* accompanying the Amphi- 
trite of the Virginia coast. A crab (Pseudograpsus) is abun- 
dantly represented here by individuals of various sizes and color 
patterns. Some individuals are entirely white, others have white 
carapaces or white legs, but the majority are ornamented by 
scattered spots that follow gastric or hepatic areas of the cara- 
pace. Although a series could be arranged, the white variations 
are decidedly promiscuous, and, possibly, where these crabs 
abound in colonies of various sized individuals, a more perfect 
harmonization with the shelly beach is produced by indefinite, 
than by definite markings. Saxidomus squalidus? is also abun- 
dant here. 

* Annel. Chetop. of Virginia Coast, Trans. Alb Inst., Vol. IX. 1879 
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A few miles further east the shore is indented by Port Dis- 
covery Bay an inlet verv similar to Sequim Bay. For some 
distance below the town of Port Discovery there extends on the 
east shore a broad sandy beach abounding in sand-anemones, and 
several lamellibranchs (Tapes staminea, Cardium corbis, etc.). 
The large number of “ Lunatia collars” gave evidence of the abund- 
ance of this Gasteropod. The large cockle, Cardium corbis, is 
especially numerous here. It occurs just beneath the level of 
the sand with its siphonal openings communicating with the 
surface. It moves energetically by means of its extremely 
powerful foot, and is not infrequently found exposed on the 
beach. 

West of Point Wilson there is a broad beach of compact till 
probably produced by wearing away of theadjacent clitfs. This 
is honeycombed in places by the burrows of the smaller “boring 
clam” Pholadidea penita, while more uniformly distributed is 
the large piddock, Zirph«a crispala = Pholas crispata of Authors, 
which burrows vertically to a depth ofa foot or more. Thesexually 
mature animals of the latter, collected throughout the months of 
July and August, showed some variation in size. The larger indi- 
viduals occurred in seemingly greater proportion near low water 
mark. Several specimens of Adula falcata were observed each at- 
tached by its byssus to the wall of discarded burrows of Pholadidea 
penita as was noted by Swan.* These piddocks are so exces- 
sively thin-shelled that it becomes difficult to extricate them un- 
injured from their burrows. This degeneration of the shell is 
not unlikely a result of the protecting action of the tili rendering 
firm valves less essential to security. An annelid (Halla) also 
makes its home in the till excavating burrows, 

Eastward from the above till flat there extends for several 
rods a beach thickly strewn with rocks of various sizes, which 
are richly covered with barnacles ( Balanus balanoides), Limpets 
(Acmeea patina, A. pelta, ete.), Purpura saxicola and other Gastro- 
pods. Several small tide pools amongst the rocks proved a rich 
field for the coilecting of Lucernaria campanulata, which occurs 
attached to the upper surface of both the red and the green seaweed. 
Both Littorina scutulata and ZL. sitchana occur in considerable 
numbers at various localities along the shore of the Straits of 
Juan de Fuca and Admiralty Inlet. These were taken mostly 
on rocks situated near high water-mark. 

Between Points Hudson and Wilson the littoral region is 
varied in character. In some localities there has been deposited 
near low water line a bank of loose sand frequented by Cardium 

* Diagnoses of new Forms of Molluses from the Vancouver district by Philip P. Car- 
penter, B.A., Ph.D. Smith Inst. Mise. Coll., 252, 1872. 
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corbis, and annelids (Diopatra, Arenicola). Elsewhere the beach 
is strewn with rocks covered with the common mussel (Mytilus 
edulis). Further shoreward the beach is firmer, more stony, or 
grown over by eel-grass or other marine plants. Here in the 
more sandy portions numerous Tellinids abound (? Psammobia, 
Sanguinolaria, Macoma, ete.) Nereis is likewise met with. The 
Crustacean Gebia pugettensis was met with in this region, occur- 
ring seaward of the line separating the two tidal subdivisions of 
the beach. It excavates burrows of great depth, the entire ex- 
tent of which was almost impossible to determine with the im- 
plements at hand, the softness of the sand with the inflowing 
water prevented deeper digging than one or two feet. Upon the 
slightest alarm the Gebia hastens downward out of reach. The 
only practicable method of obtaining this form was by approach- 
ing a burrow from the side and cutting off the animal’s retreat 
before it had taken alarm. Most of the specimens obtained had 
the commensal Lepton rude Dall attached to the under side of 
the first abdominal segment, while many carried in addition 
either the male or the female of the Isopod Phyllodurus abdomi- 
nalis.* In all cases examined the females were found to occupy 
a definite position on the posterior surface of the second pair of 
abdominal appendages, being attached to the left of the median 
line with the head directed dorsad and laterad.+ 

Back from Port Hudson and occupied by the residential por- 
tion of Point Townsend there rises a bluff of glacial drift. Fol- 
lowing the harbor to the southwest this gives place just below 
the city to a broad area of marshy flatlands, evidently the site of 
a former inlet, while half a mile further on highlands are again 
encountered. The entire extent of this shore from Point Hud- 
son to Fort Townsend is skirted by a sandy beach of varying 
width. Under the wharves of the city it is narrow, but opposite 
the above mentioned flatlands it expands into extensive sand- 
flats. The entire beach proved one of the richest fields for lit- 
toral collecting. 

Along the water front of the city the littoral region is varied 
by broad extent of docks, broken here and there by uncovered 
stony or sandy beaches. The localities beneath the wharves, 
kept wet and dark by exclusion of the sunlight, were fully as rich 
as those elsewhere, the amount and character of the sewerage 
here deposited did not appear to be such as to materially effect 

* Stimpson (on the Crustacea and Echinodermata of the Pacific shores of North 
America, Boston Journ. Nat. His., Vol. VI., No. III., 1852) reports in 1852 that only 
females had been obtained. : 

+The Gebia littoralis of the Atlantic is also commonly known to be infested by an 
Isopod (Gyge) but in this case, however, it occurs indifferently in either or both 
branchial chambers. 
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the fauna either quantitatively or qualitatively. The com- 
monest sea-star, a gigantic species of Heliaster, finds shelter 
beneath the wharves either in the shallow water or stranded 
upon the wet sand by the retreating tide. It was not observed 
to climb the piles. This form was found to possess in general 
twenty arms, though a few specimens were observed with twenty- 
four. Species of Asterias of varied hues also congregate here, 
and an annelid (Andouina) is not uncommon in the sand. The 
masonry near high water-mark, which supports the base of some 
of the more extensive docks, proved a favorite resort for numer- 
ous limpets (Acme@a patina, A. pelta, A. persona, A. spectrum ?, 
etc.). These cluster on the face of the stone, and often harmon- 
ize more or less completely with it in color. They vary con- 
siderably in form and color, and when a large number were 
collected from various regions it was often possible to arrange a 
series connecting some of the more extreme forms by inter- 
mediate gradations. Chitons (Mopalia ciliata, Katherina 
tunicata, etc.) were also found adhering to the outer surface of 
the stones or wedged in the crevices and frequently harmonize 
in color with their surroundings. Such crevices are also fre- 
quented by a bronze red species of Cucumaria, often so firmly 
wedged between the stones that it was impossible to dislodge 
them. From their retreat they extend and retract at pleasure 
the anterior portion of their body. There should also be men- 
tioned here the abundant barnacles (Balanus balanoides) and 
numerous color, and form varieties of the extremely common 
Purpura. Further up the harbor near the “ slaughter house,” a 
greenish species of Amphitrite was obtained under stones. On 
the open stony beaches a small Isopod (Sphexroma oregon- 
ensis Dana) was encountered in great quantity clustered under 
stones near low water-mark. <A large species of Doris also fre- 
quents the rocks. 

The extensive sand flats above mentioned are especially not- 
able for their annelid and Jamellibranch fauna and afford 
wonderful material for both cytological and systematic research. 
Among annelids may be noted a Diopatra that has the same 
string cells attached to its eggs as was noted by Andrews* in D. 
magna,and D. cuprea. ‘Two species of Chaetopterus occur here, 
one with large ligneous tubes, the other with smaller ringed ones. 
A Nereis is often met with in these tubes, though species of 
Nereis living free in the sand are common. A species of Cirratu- 
lus is quite conspicuous from its numerous stringed gill filaments. 
In this respect it is outwardly not unlike Andouina. Rhynchobolis 
and Amphitrite occur under stones, the latter often with a com- 

* Reproductive Organs of Diopatra Journ. Morph., Vol. y. 1891. 
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mensal Lepidometria. Specimens of Nephihys, Onuphis, Mal- 
dane and Clymenella were also taken, while here and elsewhere 
a Serpula whitens the surfaces of the rocks with its calcareous 
tubes. The lamellibranchs are abundantly represented by both 
varieties (2. e., var. pefitiz, and var. ruderata) of the common clam 
of the Oregon markets, Tapes staminea, as well as Saxidomus 
squalidus? obtained near high water-mark, and Mya arenaria is 
not uncommon. Nearer low water-line, “ the Great Washington 
clam,” Schizothxrus nuttalli,* makes its home in the sand often 
burrowing to adepth of nearly two feet. When pursued it is 
said to rapidly burrow to greater depths and thereby often 
effect its escape, but this we have not directly verified. When 
reached, it was often found with its foot extended as though in 
the act of burrowing. Considering the enormous size of the form 
(fully 17.5 em. by 13.5 cm.) the shell is relatively quite smooth 
and fragile like most deep burrowers, and is easily broken by the 
spade or even the fingers. The large cockle, Cardium corbis, a 
smaller brightly colored Cardium, and several Tellinids (Psam- 
mobia, Macoma, etc.) are also to be met with. In recalling the 
thin, fragile and often gaping shells generally possessed by long 
siphoned and deep-burrowing clams (Mya, Tellinidxe, Schizo- 
therus, etc.) as contrasted with the firm, ribbed and tightly clos- 
ing valves so often possessed by the shorter siphoned and more 
surface living forms (Veneride, Cardtide, etc.), it seems not 
improbable that these respective characters may have been de- 
veloped in adaptation to habits. A form by burrowing deeply 
might obtain thereby greater security and require a less power- 
ful valvular protection, while an exposed surface living species 
might be benefited by developing a firm and compact shell. 
The smooth, narrow and elongate character of so many burrow- 
ing clams (Solen, Mya, the Tellinidz) is, as is well known, to be 
conceived as adaptations to the burrowing habit, better enabling 
them to cleave the sand. 

A small white crab (Pinnotheres) occurs very frequently in 
the branchial chamber of both Schizotherus nuttalli,and Cardium 
corbis. A small yellowish green Dendrocoel Turbellarian was 
obtained from under the rock near high water-mark towards the 
western end of the sand flats. It was observed depositing eggs 
during the month of July. The Echinoderm fauna is mainly 
represented here by Dendraster excentricus. In some localities, 
broad areas fully an acre in extent were so thickly packed with 
them that at least half a dozen were crushed at every footstep. 

*Evidently Lutraria maxima of William Cooper, Nat. His. Wash. Terr., 1859. 

Pecten, it is true, is exposed and yet has a shell remarkable for its thinness, but 

this is obviously an adaptation to its active habits which doubtless proves of compen- 

sating advantage. 
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An interesting fact was noted in connection with the eccentricity 
of this form. Ofa large number of individuals taken from their 
natural position in the sand, fully 80 per cent. had the pointed 
side directed vertically or obliquely down. This is doubtless 
the burrowing edge, while the thicker end including the arms 
and most of the ambulacral plates lies nearest the surface of the 
sand and will be grasped first by the thumb and fingers in col- 
lecting. The adaptation to a burrowing habit is thus correlated 
with the radial asymmetry. 

Scow Bay is a comparatively shallow inlet shut off from the 
eastern side of Port Townsend Harbor by a narrow spit leaving 
a communicating channel of but little width through which the 
tide runs in and out, with considerable velocity. It was origi- 
nally a channel cutting off Marrowstone Island from the mainland, 
but the glacial drift has been washed westward so that a long spit, 
some miles in length shuts it off from Port Townsend Harbor. 
Numerous specimens of Asterias were taken along the inner 
shore of this spit. They were not infrequently accompanied by 
the curious Ophiodromus, an annelid that lives between the 
arms of the starfish and is colored so as to resemble the surface 
of the latter. Across the channel and covered by shallow water, 
the bottom was blackened by innumerable Dendrasters. 

The Pile Fauna, 

Large numbers of the common mussel (Mytilus edulis) oc- 
cur, often clustered in dense crowns encircling the upper, part 
of the pile just below high water-mark. Below their place is 
taken by numerous barnacles and compound ascidians, with 
an occasional chiton (Mopalia ciliata) or one of the smaller 
actinians in their midst. These occur on both surfaces of the 
loosely adhering bark, while numerous sea stars and a small 
white Cucumaria find shelter beneath it: The bark is also a 
favorite resort for the Turbellarian previously mentioned which 
lays its eggs in patches among the barnacles, while the ruffle 
like egg masses of the small Doris are likewise deposited here. 
Nemertines (Carinella, Enopla) and Isopods (Lygia, Idotea) 
were likewise found in quantity among the barnacles and in 
various nooks and crevices of both pile and bark. The body of 
the pile is frequently honeycombed by borings of a large Yeredo 
of which a few maturation stages were obtained in July. 
Among the annelids on the piles one finds Spirographis most 

frequently. In this habitat the worm attains much larger size 
than when it lives on the bottom, some of the large leathery 
tubes measuring thirty inches in length and one inch in diame- 
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ter. Crawling among the common barnacles, Balanus balan- 
oides (?), is a rather small greenish Nereis. 

The Isopod Limnoria tenebrans causes enormous damage to 
the wharf piles. Teredo is entirely unable to compete with this 

_ very small crustacean in the amount of ruin wrought. Another 
pest of commerce, Balanus tintinnabulum (?) is so effective in 
covering the keels of ships, plying between Puget Sound and 
the Orient, that the bottoms must be scraped after every four 
voyages. This barnacle is probably taken in more southern 
waters (Darwin). 

Part II. Fauna From DeEprus oF FROM FIVE To TuHIRTY 

Fatuoms Axsout Port TownsEnpD. 

Since comparatively little material was procured from muddy 
bottoms, it will be understood that unless otherwise stated, the 
following forms inhabited sandy or rocky bottoms. The locali- 
ties will be discussed in the same order as in the foregoing part, 
notes of general interest being appended to the locality in which 
the forms concerned were found. 

Sequim Bay. 

On account of the unfavorable nature of the bottom of Sequim 
Bay, but little variety was shown in the extensive dredging 
carried on there. . 

The Gastropods, Pleronotus and Lunatia occur in great num- 
bers. Their vacated shells are used by great numbers of com- 
mensal forms, the principal tenant being the hermit-crab Hupa- 
gurus alaskensis. The smaller individuals inhabit any shells 
which they find convenient, but when a length of six inches is 
attained, Lunatia shells seem to be preferred. They are notice- 
able for the prominent red and white striped thoracic feet and 
antenne. Along with the hermit-crab, these mollusk shells har- 
bor a commensal Nereis of undescribed species, which is inter- 
esting for having assumed the colors of the crab for possessing 
degenerate posterior region of the body and for the habit of pro- 
jecting from the shell just as far as the body is pigmented. In 
this position, the Nereis very closely resembles one of the tho- 
racic legs, although when out of water one cannot demonstrate an 
identity of pattern. The disguise is made more complete by the 
synchronous movements of the two animals into the shell when 
surprised. The posterior end of the worm, beside being un- 
pigmented, tapers very rapidly from the thirtieth somite back- 
ward. The branchial lobes, however, are well developed 
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along the entire length so that respiration may be carried on 
by the part of the body inserted in the shell. Lying between 
the umbilicus of the Gastropod shell and the undegenerated 
right side of the hermit-crab, there is a constant stream of water 
from the gills of the latter. 

In the commensal annelid described by Andrews,* the Poly- 
dora perforates the umbilicus in several places. In the instance 
above cited there is but a single opening between the smaller 
ecils and umbilicus. This was observed in a number of cases, 
but there was no sharply defined boring. Wirén+ has described 
with great precision the variety Nereis fucata inquilina com- 
mensal with Eupagurus Bernhardus L. from the zodlogical sta- 
tion at Kristineberg, Nereis fucata is recorded from Scandi- 
navia, Great Britain and the French coast, and it has been 
observed with hermit-crabs in mollusk shells by Quatrefages} and 
Johnson.§ This species was supposed, till carefully studied, to 
be the free living form which had sought refuge in the empty 
shell. Wiren demonstrated characters of varietal rank. 

The Nereid living with the Pacific coast hermit-erab is an 
undescribed species, but approaches very nearly to Nereis 
fucata, while Hupagurus Bernhardus is given as the type to 
which #. alaskensis (Benedict) belongs.|| 

These facts signify that from several possible hermit-crabs and 
from several possible Nereids, we find those two Puget Sound 
species in commensalism which are nearest to the Hupagurus 
and Nereis messmates of Scandinavia. 

A somewhat similar case is that of Terebella and Harmothoe 
mentioned above (p. 153). Commensalism between these two 
genera has been noted on the Coast of France (Saint Joseph).4/ 
The Puget Sound Terebellid builds a different opening to his tube 
from 7. conchilega of the European coast, and has not the crim- 
son ventral plates. The tubes are of similar material in both 
eases. Living in these tubes is the apparently peaceful mess- 
mate, Harmothée, the Pacific species somewhat different from 
the European. 

If this commensalism be monophyletic, the occurrence on Op- 
posite sides of the world, of nearly identical forms living to- 

* Amer. Naturalist, Vol. xxv., p. 25. 
= +Om en hos erem. lefy. Annelid. Bihang K.Sv. Vet. Acad. Hand. Bd. 14, aft. iy. 

oO. 5. 
{ Hist. nat. des Annelid. Ti. p. 548. Paris, 1865. 
2Cat. Brit. non-parasitic worms in the Coll. of the British Museum, p. 159. London, 

1865. Ann. Mag., Nat. Hist., Vol. iii. p. 295. 1839. 
|| A detailed comparison ‘of these two species of annelids is given in contribution 

No. 4. of this series. 
q Annales d. Science Naturelles t. 5, 1887, p. 149. In Terebella tubes have also been 

found Actine nobilis by Mankestor. ‘in Journ. Linn. Soc. VIII., 1865, and Polyne 
Scolopendrina (McIntosh) Report of Brit. Ass. for Ady. of Science, 1866, p. 76. 
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gether as messmates, may be explained by (1) a wide distribution 
of these commensalists in geological time ; (2) the cosmopolitan 
occurrence of one and the extension of the other; (3) extension 
or migration of both from a common center. This interesting 
problem must be postponed until several careful comparisons of 
the respective representatives of New and Old World types have 
been made but it seems probable that instances of littoral com- 
mensal forms from widely separated areas cannot be explained 
by long larval periods and ocean currents. Finally, that com- 
mensal habits may be parallel evolutions, would seem to be indi- 
cated by the very important differences between the two genera 
of the family Entoconchidz In their larval development, cer- 
tain apparently adult morphological characters indicate diffierent 
genetic relationships, and that different families of mollusca 
have become endoparasitic in holothurians. Even here, however, 
extremely different life habits in the host may have affected the 
early stages of the mollusk. 

In this place may be mentioned Semper’s* close comparison 
of the Philippine fauna with that of the Mediterranean, and his 
explanation of this fact as lying in the ocean current which 
sweeps eastward. The same current is carried on to the Pacific 
coast of North America. Although not as yet able to offer ex- 
tensive evidence, the majority of species so far determined of 
nemerteans, holothurians mollusca and annelids approximate 
more nearly European than Eastern United States boreal species. 
Among other instances of commensalism observed in the 

Puget sound district may be mentioned a yellow and black 
striped Nereis in the parchment-like tubes of Chetopterus, a 
Lepidonotus-like form in Serpula tubes, Halyosydnia with Fis- 
surella (Neah Bay) and an annelid of unknown relationships 
living on a small Teleost. At Neah Bay the scaly annelid 
which is commonly found on Holothuria californica Stimpson 
was also observed on DVermaster of shallower water. 

Sternapsis fossor (?), Pectinaria, Ampharete and a white den- 
drochirotid holothurian were taken in Sequim Bay from a depth 
of ten to fifteen fathoms of water. 

Discovery Bay and Port Townsend Harbors. 

The conditions in these two harbors are largely identical— 
sandy bottoms along the southeastern shores, washed by strong 
tides and currents. The particular interest centering in Dis- 
covery Bay is the fact that it is the spawning ground of 
Hydrolagus colliei. Eighty empty egg cases were taken in a 

* Animal Life. Chapter IX. 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XVI, Sig. 11, April 13, 1897. 
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single afternoon from a point directly opposite the Indian 
school house in seven or eight fathoms of water. Thirty orforty 
Holothuria californica Stimpson were taken at the same time, 
three of which were infested with Lntoconchidx. Several enor- 
mous egg cases of the large skate Raja ocellata were brought up, 
some egg capsules containing two embryos each. 

In Port Townsend Harbor there were dredged numerous 
specimens of Pecten hastatus. These,almost without exception, 
had the upper valve covered with an encrusting yellow or purple 
sponge. The Pectens were scarcely met with in any other 
locality. 

Near Point Wilson, in about twenty fathoms of water, were 
found several hydroids. Possibly correlated with the paucity 
of the latter material is the fact that but three or four Pyeno- 
gonida were seen during the entire summer. Caprella is more 
than abundant in some districts about Hood’s Canal. Pennatula 
was taken while fishing for Chimera in Discovery Bay from 
fifty fathoms of water, also in shallower water by the dredge. 
The sea pen, Verrillia, is to be found in the same locality. 

Kilisut Harbor. 

This inlet, better known as Scow Bay, was oftener dredged 
than all the other places taken together on account of its 
proximity and unlimited resources. It shows several instances 
of restricted distribution, in the area covered on Puget sound, 
notably several transparent and one very large, orange-red 
tunicate, and the slimy-tube annelid Siphonostoma. This worm 
seemed to occur in a layer along the somewhat muddy 
bottom, for bushels of this jelly-like mass exclusively were 
brought up from a region half an acre in extent. As may be 
seen on the chart of the Hydrographic Survey, the depths 
and bottoms are very variable. This is further evidenced 
by the sharply defined faunal areas. The sandy hard bottoms 
furnish holothurians and crabs, and the shelly bottoms are cov- 
ered with Cynthia colonies interlaced with Spirographis tubes. 
Two specimens of species Synapta were found here, two species 
of Cribrella, two species of Solaster and, in the shallower water, 
five fathoms, the four or five species of Astertas, common in lit- 
toral collecting, were dredged. Many small ophiurids of two or 
three types were gotten here, although Ophieglypha was found 
in twenty fathoms in Discovery Bay. Among the mollusca 
dredged in Scow Bay are one or two specimens of the large 
scallop Amusium caurinum, numerous Cryptochiton  stelleri, 
whose papillose dorsum is always more or less covered with 
mud. This is to be contrasted with other Chitons dredged just 
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outside the mouth of the bay, such as WMopalia, Katherina, 
Tonicella, etc., which come up attached to stones, and always. 
clean, indicating their habitat to be a clean stony bottom. 
Gastropteron and Bulla were thus obtained, a species of Cari- 
nella, and a large red dendrocelous turbellarian, procured only 
by the dredge. 

The rocky channel at the outlet of Scow Bay furnished two 
very interesting crabs. Here the tide runs very swiftly and 
only hardy or well protected creatures can find lodging. Crypto- 
lithodes is a small crustacean with enormously developed lateral 
sides of the carapace. When clinging to rocks, his resemblance 
to Chiton or Crepidula is very striking. It is a rather rare crab, 
Stimpson’s figure having been made froma single dried specimen 
from Monterey. <A smaller type was gotten from Neah Bay. 

Marrowstone Point, Hood’s Canal. 

Just south of the Marrowstone, the rocky and sandstone bot- 
tom is covered with Serpula tubes. The handsomest Serpula 
builds a hard white tube, while in dark colored tubes lives 
another variety with JZepzdonotus and a bilateral hermit-crab 
commensal. We should also mention several white Thyone-like 
holothurians dredged here in the honeycombed sandstone. 

The upper part of Hood’s canal was found to be too muddy for 
successful dredging. Off Seabeck Dentalium was taken, but the 
principal denizen seems to be a small species of Bulla. 
A large living Balanus tintinnabulum (?) with beak two 

inches in diameter was taken from the bottom of Port Town-, 
send Harbor. Very probably it was scraped from the bottom 
of some ship lying at anchor here. An Octopus but ten or 
twelve inches long was taken off Marrowstone. Unfortunately 
it escaped before identification. 

From various of the above named stations, the following 
mollusca were dredged: Donaz sp., Astarte (two species) 
Cardita sp., Cardium sp., Leda sp., Pectunculus subobsoletus, P. 
sp., Modiola modiolus, Placuanomia macroschisma, Eulima dis- 
torta, Eu.sp.,Odostomia mucrifermis, Galerus, Crepidulaadunca, 
C. lingulata, Natica and Lunatia, Argobuccinum Oregonense, 
Olivetta betica, Pteronotus sp., Chrysodomus dirus, Trichitropis 
cancellatum, Bittium filosum, Magarita pupilla, Doto sp., Procto- 
notus sp., Elysia viridis. Also Terebratella transversa. 

With the exception of Cardium and Lunatia the above forms 
were found nowhere but in the zones reached by the dredge, 7. e., 
were not obtained in the littoral zones. Numerous empty shells 
and tests properly littoral come up in the dredge, e. g., Cardium. 
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Mya truncata, Saxridomus, Tapes staminea, Schizothaerus 
nuttalli, Solen, Dendraster. 

Three species of Hupagurus are common. In all these the 
right arm appears longer, unless it happens to be regenerating, 
in which case misleading observation may easily be made. 
Parasitic forms include Argulus, found on the gills of the sun- 
fish, and Argeia on Crangon and Eupagurus alaskensis. Sac- 
culina was found (Dana) on Crangon munitus. 

Part III. Prptagic Forms. 

In this category may be mentioned a black and yellow free 
swimming Nereis, the Heteropod Pterotrachea, the nudibranch 
Dendronotus, various ctenophors and jelly fishes. Inthe pelagic 
tow, beside numerous diatoms, may be mentioned a large Appen- 
dicularia, Evadne, Sagitta (with discontinuous fin), and exceed- 
ingly abundant hydro-meduse. A number of Octopus were 
brought to the laboratory by the local fishermen. Especially to: 
Mr. Joseph Cates are we indebted for much valuable material. 

Part IV. Carre FLATTERY AND NEAH Bay. 

The bases of the rocky cliffs lining the exposed shores of the: 
western coast are riddled and undermined by the boring-clam 
Pholadidea, Receding tides leave a deeply fissured rocky 
bottom, crossed by ragged intersecting ledges. This habitat. 
was characterized by a very different fauna from the glacial drift. 
region about Port Townsend, and littoral collections produced 
as representative types, capable of rough usage, Cryptochiton 
stellert, Katherina, Mopalia, Fissurella, Pollicipes, Strongy- 
locentrotus and Toxopnewstes? The annelids are not abundant. 
except as ectoparasites (Holosydna on Fissurella, Polynoids 
on Holothuria californica and Dermaster). Phymosoma, a. 
gephyrean genus, associated with coral islands,* is especially 
abundant. The eggs of this form and of Mopalia were fer- 
tilized artifically. Stylaroides was found under rocks. 

Dredging material was represented by the attached holothurian: 
form Psolus in great abundance, by single specimens of Crypto- 
lithodes and Dentalium. Large orange patches of Noctiluca, 
locally known as ‘ whale feed,” are found ten or fifteen miles out. 
to sea. 

The chief interest in this region centers in its resources for 
embryological material, and its rich cryptogamic flora. 

s Shipley, Quart. Journal of Mic. Sci., Vol. 32, p. 120. 
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Part V. 

The following list of molluscan species so far identified is pre- 
sented by the second author. It is hoped that it will be supple- 
mented later in the reports of the specialists now engaged in 
working up the Crustacea, Echinodermata, Annelida, Tunicata 
and Actinians. It is for this reason that specific names in these 
groups have been so seldom given in the text. 

MOoLLusca. 

‘Cryptochiton stelleri Middendorf, Dentalium sp. 
Katherina tunicata Lowerly ? Zirphza erispata L. 
Mopalia ciliata Lowerly. Pholadidea penita. 
Mya truncata L. Solen sicarius Gould ? 
MM. arenaria L. Schizotherus nuttallii Conr. 
Tapes staminea. 

Var. petitii Desh. Cardium corbis ? Mart. 
Var. ruderata Desh. 

Saxidomus squalidus Desh ? Lepton rude Whiteaves. 
Mytilus edulis L. 
Modiola, modiolus L. Pecten hastatus. 
Pectunculus subobsoletus. Placuanomia macroschisma Desh. 
Odostomia mucriformis ? Acmea pelta Escholtz. 
Galerus fastigiatus Gould. A. patina Escholtz. 
Crepidula adunca Lowerly. A, ? spectrum Escholtz. 
C. lingulata Gould. A. persona Escholtz. 
Argobuceinum oregonense Redf. A. (Seurria) mitra Escholtz. 
“*? Truncaria”’ corrugata Rve. Olivella betica Carpenter. 
‘Opalia borealis Gould. Chrysodomus dirus Rve. 
Elysia vividis. Trichotropus cancellata Hinds. 
Nassa mendica Gould. Bittium filosum Gould. 
Fornatina eximea Baird. Margarita pupilla Gould. 
Calliostoma annulatum Martyn. Littorina sitchana Philipps. 
C. costatum Martyn. L. scutulata Gould. 
Purpura saxicola Valenciennes. Scalaria indianorum Carpenter. 

CoLUMBIA UNIVERSITY, 
DEPARTMENT OF ZOOLOGY, January, 1897. 

STATED MEETING. 

February 15th, 1897. 

The Academy met and, in the absence of the President, the 

Secretary presided. There were about 20 persons present. 

After the reading of the minutes the Section of Geology and 

Mineralogy at once organized. 
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The first paper of the evening was by F. C. Nicholas, on 

“ Explorations in the Gold Fields of Western Colombia.” It 

will appear in the School of Mines Quarterly for Aprii, 1897. 

The second paper of the evening was by Prof. R. E. Dodge, en- 

titled ‘‘ Recent Work in Physiography.” Professor Dodge gave 

a brief review of De Lapparent’s ‘ Lecons en Geographie Phys- 

ique ;” of Sir John Lubbock’s “ Scenery of Switzerland,” and 

of two recent papers by M. R. Campbell and C. F. Marbutt. 

The paper was discussed by the Secretary. 

The third paper of the evening was by Dr. A. A. Julien on 

“The Sculpture and Sorting of Sands.” It was discussed by 

Professor Dodge and the Secretary. 

The Academy then adjourned. 
J. F. Kemp, 

Secretary. 

THE MOUNTAINS AND TERTIARY VALLEYS OF 

EASTERN COLOMBIA. 

Read December 21, 1896. 

[WiTH PLATE XV.] 

By Francis CHILD NICHOLAS. 

In asking your attention to a series of explorations and stud- 
ies in eastern Colombia, I do not come claiming great knowl- 
edge as a geologist, or particular merit as an explorer; but to 
tell of what I have actually seen, thinking that it may be of some 
service. For, just as an able scientist, making researches in 
an unknown country, may ask superficial information from any 
who might be locally acquainted with the places to be explored, 
so my notes, gathered by personal investigation, may presently 
be of some service when abler minds begin to look about for in- 
formation as they prepare to enter seriously on geological inves- 
tigation in this part of South America. 

The striking features in the country of which I write are 
these: The Sierra Nevada de Santa Marta mountains of crystal- 
line formations, isolated and lying almost at right angles with 
the general axis of the Andes; the Cretaceous system found 
among the Andean ranges but a few miles distant; and the low 
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lying swamps and valleys evidently of Tertiary origin separa- 
ting thesetwo. (See Pl. XV.) Withina comparatively short dis- 
tance, there are three distinct geological systems each non-conform- 
able to the otiier, yet all in place very nearly as originally formed. 
My mission was to investigate certain coal deposits found in 

the valleys, and claimed to be of true Carboniferous age, of the 
best quality and to be had in the greatest abundance. The 
work of exploration began at Rio Hacha, to the eastward of the 
Sierra Nevada mountains, a little seaport lying near the mouth 
of the Rio Rancheria. Here I found a broad flat country all 
sand and bush underlain by deposits of hard marls apparently of 
Miocene age. These prevented any vigorous growth of trees for 
a number of miles back from the sea and the country had a bar- 
ren and rather dreary appearance. 

After a short delay a start was made for the coal fields, a three 
days’ journey, the route taking: us across the sand deposits and 
through low wet places to the base of the eastern terminus of 
the Sierra Nevadas; then around this point and into a hot low 
lying valley. Here we followed the course of the Rio Rancheria 
to a point opposite a prominent peak in the eastern Andean ex- 
tensions called the Cerrajon mountain. The valley was about 
twelve miles wide between the foothills of the Andes mountains 
on the east, and those of the Sierra Nevadas on the west. At 
some places it seemed as if this valley was almost at sea level. 

The surface of the country appeared to be a recent alluvium 
marking old water courses, and the general upper strata seemed 
to be of well packed clay. shale-like at some places, with here 
and there surfaces of red iron bearing shales in thin strata, ap- 
parently a recent residue conformable to the irregularities of the 
underlying material; and scattered over the surface there were 
well worn boulders and gravels of Cretaceous limestone rich in 
fossils. This looked like a very recent formation, and I had 
seen fossils on the way up that had every appearance of being 
in place and of Miocene origin. I was deeply interested in the 
strange surroundings, but my faith in extensive coal deposits 
was a little shaken, although the remembrance of glowing reports 
made by others who had examined the country, and whose 
names I shall not quote out of deference to their opinions, soon 
restored my confidence. 

The following day as early as possible I was on my way to 
look at the immense coal fields. ‘he first showing was a disap- 
pointment, only a mass of soft decomposed material exposed be- 
tween clay-like shales at a break in the surface, probably caused 
by the crowding and intrusion of ridges just beyond, or possibly 
by an uplifting of the whole mountain mass some two miles 
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away. And so through succeeding days the results were the 
same. I went from point to point always finding the pul- 
verulent coal exposed at broken ridges on the surface, the clay 
like shales sloping towards the west, the coal shoved up against 
the succeeding ridge dipping a little to the east, but in a num- 
ber of cases the seams were almost vertical. 

At some places the coal deposits were four to six feet thick 
and broadened as they went down. ‘There was apparently no 
lack of coal such as it was, but the quality was a disappointment. 
At one place where the ground was more broken I found two 
seams nearly parallel and about two hundred feet apart with 
a narrow ridge between. The lower or western seam had a firmer 
shale over it, and the coal was of a fine even texture that looked 
encouraging. It burned freely, leaving a soft white ash and 
suggested deposits of cannel coal, but it was so much decom- 
posed that nowhere could a solid piece be found. The frac- 
ture was conchoidal, often to such an extent that the decomposed 
material would scale off the firmer pieces till an almost spherical 
specimen was obtained which could be reduced down with the 
fingers till nothing was left. I sunk a shaft on this deposit for 
about 15 feet and then struck water and still softer material, 
after which I gave it up. 

One of the enthusiastic reports on these deposits stated that 
under a precipice on the Cerrajon river the finest out-cropping 
of coal was to be found, but that specimens could not be ob- 
tained because no workmen could be induced to use the pick 
against the soft overhanging shales and lightly cemented sand. 
I found the place just as reported but could form no definite 
opinion as to the coal, and the men positively refused to work 
there. 

I had been looking with much interest at the Cerrajon moun- 
tain, noting its precipitous front standing boldly against the val- 
ley. The foothills, near the ledge where the men refused to 
work, were of well-defined red shales, and I began to think that 
if coal deposits had been formed at this point at a period before 
the upheaval of those mountains, out-croppings would certainly 
be found among them, but if the coal was formed subsequently 
to the uplift, then the formations in the valley would not be 
found among the mountains, and if deposits were found among 
the foothills it would indicate secondary upheavals, and, in 
either case, it would be strongly presumptive that the valleys and 
their various stages of development were of Tertiary origin and 
that the coal could be classed among the lignites. 

That there had been some disturbance in the valley was shown 
by the uplifting and breaking through of the clay shales along 
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its western side as the break always faced toward the Cerrajon 
mountain with the uplifted surface dipping away from it the indi- 
cations were that the intruding force came from that direction. 
My Major Domo refused to act as guide, but reluctantly con- 

sented to accompany me, and on the following Monday we set out. 
Our way led through cactus and tangled thorn bushes to the 
foothills, the Major Domo proving himself a master hand at 
path finding and we encountered but little difficulty. On reach- 
ing the foothills he asked me to point out the spot on the moun- 
tain below the precipices to which I would go. After a careful 
reconnoitre I picked out a place marked by an overhanging ledge 
and told him to take me there. Then we went on up and down 
steep places, making our way over hills and ridges. These were 
evidently of comparatively recent origin, because the lsays were 
the same as those in the valley. There were stains and impreg- 
nations of coal at places and boulders and water worn deposits 
of limestone were everywhere present. These seemed entirely 
float material of Cretaceous types similar to that in the lower 
valley, but more abundantly distributed. After about three 
hours hard work we reached the lower part of the Cerrajon 
mountain at the very point I had indicated. Here all trace of 
the clays and Cretaceous float rock disappeared. Broken angu- 
lar masses and fragments of a basic eruptive rock were every- 
where, and iron was abundantly indicated by red brown’ stains 
and disseminations showing that hydrous oxides were present. 
Our scramble to the top was a rough one and required great cau- 
tion on our part but, by following the eroded places with great 
care, we finally reached the ledge of rocks capping the mountain, 
which appeared to be a Cretaceous limestone, barren of fossils 
and a little coarser than the float rock in the valley and on the 
foothills. 

It was quite evident that any formations in the valley were of 
later origin than the mountains and there appeared no reasonable 
conclusion except that the coal was of Tertiary origin and not 
very promising. 

Then I turned my attention tothe panorama before me. To the 
west were the Sierra Nevada mountains, their rugged outlines 
crowned with snow which was aflame with light under a tropical 
sun. The deep valley separated me from those mountains, and I 
could see clearly the low divide some twelve miles southwest, 
where the waters of the Rio Rancheria, starting from the Sierra 
Nevada mountains on the west turn northeast, and the waters 
of the Rio Cesar, rising in the Black Andes on the east, turn 
westward, each running contrary to the other, yet almost ona 
level, and separated only by low country containing swamps and 
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bog holes. Away beyond this divide I could just distinguish a 
dim outline over toward the Magdalena river, and if there should 
be only a little depression at the divide, a part of this river 

would come, flooding all the valley of the Rancheria. I saw 
many indications that this had once been the case, and that in 
earlier times, before the valleys were filled up, all the lowlands on 
which I was looking had been a great embayment with the Sierra 
Nevada mountains and island lying well off the shore, and the 
mouth of the Magdalena river, farther back among the moun- 
tains, with the flat lands and swamps gradually forming around 
it. The whole structure of the valley seemed to indicate such 
developments. Alluvium growing deeper as one proceeded in- 
land, marls and fossils toward the sea, the even surface of the 
valley, its general outline and slight elevations, while the float. 
rock containing fossils similar to those well above the sources 
of the present rivers, was very suggestive. 

Material brought down by the Magdalena river might easily 
be considered sutlicient to form silt deposits that would gradu- 
ally make a series of swamps and lagoons where vegetable ma- 
terial could have accumulated, to be later covered by the residue 
from floods which would make the conditions necessary to car- 
bonize such accumulated masses. 

Fossils that were perhaps of late Cretaceous age were found 
in place on a denuded limestone lying on the surface of the 
valley toward the Sierra Nevada mountains, and northeast of 
the Cerrajon Peak. This indicated that salt water had once ex- 
tended thus far, and the alluvium and float rock gave evidence 
of a gradual encroachment of material brought down the valley 
by some agency which must have been much greater and more 
extensive than the present rivers, I looked along time, imagin- 
ing one thing or another till at last my guide warned me that it. 
was getting late. 

Next morning after the ascent of the mountain, we tried to 
work at the ledge of rock by the Cerrajon river, but were so 
hindered by the water that after three days we gave up all 
thought of further digging. The coal found was nearly like that. 
in other places. 

During the next week I examined all the valley to the divide 
west along the southern base of the Sierra Nevadas and on to 
the main channel of the Cesar. I found abundant outcroppings - 
of coal continuous along the base of the Black Andes till the 
clay and the shale deposits of the valley were lost under a su- 
perficial stratum of alluvium. Along the base of the Sierra 
Nevada mountains I noted numerous great boulders of red and 
white conglomerate and the older crystalline types, granite, 
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quartz, gneiss, etc., with indications of a porphyritic andesite 
and perhaps dolerites. 

On the way to the coast I noticed that a great deal of drift 
material at the foot of the Sierra Nevada mountains showed 
flattened surfaces with grooves across them like the marks of 
glacial ice. That glacial ice had once been at this point seemed 
hardly possible, yet the grooves were very much like it. In 
this locality the rains are excessive at one period of the year 
and the hot sun of the tropics exerts a weakening influence 
almost as active as the action of frost in northern countries. 
The mountains are usually steep along their southern exposure 
and the material lying below them indicates a heavy erosion and 
I think it probable that in place of glacial ice at this locality 
the broken material, on coming down the mountain, assisted by 
the heavy rains, wore grooves and smooth surfaces on the ex- 
posed rocks, parts of which were later broken or stripped from 
the steep mountain sides and brought down with the eroded 
material. 

The higher elevations of the Sierra Nevada mountains are 
covered with snow and ice with one or two glaciers, but to sup- 
pose that heavy material such as was lying at the foot of the 
abrupt steep ridges of the outer range of mountains had come 
from the interior glaciers is going a long way for an explanation. 

Further on I passed a small district almost opposite the Cer- 
rajon mountains where there were low ridges extending from 
the Sierra Nevadas. They were covered with float rock contain- 
ing fossils of Cretaceous age, notably large ammonites. These 
rocks were in many cases of broken, irregular shapes showing 
little trace of aqueous erosion, others were well-worn and were 
like the general float material of the valley. Much of the broken 
limestone at this point was of a darker gray and coarser texture 
than that in the other parts of the valley, and may indicate a 
Cretaceous system at the base of the Sierra Nevadas, but I found 
it apparently lying on a Tertiary deposit because the soft clay 
shales and lignite coals were all in place similar to and conform. 
able with the other parts of the valley. Cretaceous deposits might 
have been near by at the base of the mountain, and from there the 
material noted could easily have come. This and localities in 
the Black Andes were the only places in which I noticed fossils 
that appeared certainly older than Miocene. Parts of the Black 
Andes and some small deposits at the foot of the Sierra Nevada 
mountains have been reported on by other explorers as being of 
the Cretaceous system, and, as it is found on both sides of the 
valley,it is possible that the strata extend under it, indicating 
that this valley was a salt water bay in late Cretaceous times. 
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Beyond the valley towards the sea there is a broad stretch 
of low flat country, much of which I should consider as having 
originated in the Quarternary period, because at various places 
near the coast I found deposits of sand containing modern shells, 
which could not have been formed by the waters of to-day. They 
were too far back from the sea and, moreover, in this district the 
land is now being washed away by the strong steady current 
setting along the coast from east to west. At the Rio Hacha 
one side of a long street with its stores and warehouses has 
been totally washed out, yet in the old Spanish days this was 
one of the most active and well-known places in South America, 
and the houses were of that substantial mason work, which was 
used in the last century, when strength was all important. 
A further evidence that parts of the flat land between the 

valley of the Rancheria and the sea are of recent geological 
origin is the presence of human remains which are found under 
the most interesting conditions. 

About three miles in a direct line from the sea the Rio Ran- 
cheria cuts against a steep bank of sand and alluvium deposits, 
which are about thirty feet high. When the river is very low 
three distinct strata can be seen. First the superficial, recent 
alluvium and sand about ten feet deep; below this a clearly 
defined stratum of coarser sand also about ten feet deep, and 
still lower there is another stratum some eight or ten feet deep 
composed of hard compact sand compressed and cemented al- 
most to stone. Here the human remains are found lying near 
the bottom of this lowest stratum and resting nearly on the 
marls common to this section and generally underlying all the 
country. The stage in which these remains lie marks a com- 
pleted deposit of sediment; above them is another local stage, 
and overlying this is the superficial alluvium, indicating that 
these remains are historically of great antiquity. 

The remains are washed out by the erosion of the river and at 
times a number of them can be seen. They are entirely different 
from anything I have ever met. It is evidently an old burying 
ground. The human remains are packed in clay cylinders round- 
ed at the base and with a spreading cover for the top carefully 
fitted on and surmounted by a head possibly intended as an ef- 
figy of the deceased. In the cylinders the bones are nicely packed 
and to have crowded them into the narrow space must have neces- 
sitated their having been macerated or stripped of the flesh. On 
top of the cylinder the skull was placed with the cover carefully 
fitted over to protect it and to close the orifice. Many of these 
clay burial urns are still in good condition and are found in 
groups, each having what was perhaps a distinctive headdress. 
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With some it was a crown, with others plaited bands, and with 
still others what might be taken to represent plumes. This ap- 
pears to indicate that each family had its group of urns with 
special distinguishing marks, but what this may mean or 
whether my seeing them so placed was simply accident or co- 
incidence, would require careful investigation. 

It might reasonably be expected that bones placed in a tight 
clay cylinder and surrounded by compact sand would endure 
for a long period, but these are crumbling to pieces and are 
sometimes nothing but fragments mingled with dust. This fact, 
together with their position below the usual water line and with 
three sediments each marking a complete stage overlying them, 
argues a very great antiquity. It is a curious fact that less 
than half a mile from them and thence extending some distance 
back in the country there is a rising ground filled with beds of 
oyster shells that appear like a species of Titon, resembling one 
of the extinct Miocene types. 

These beds of fossils lie very near the human remains and 
topographically are above them, but to assume that they are 
stratigraphically so, would be a daring assertion. It is more 
probable that the human remains represent a subsidence at that 
point, and that the three overlying strata indicate changing con- 
ditions of sediment in filling the collapsed surfaces; and, as 
many such sediments are found along the river courses, it seems 
only reasonable to suppose that all these are of recent times 
geologically considered. 

The subsidence of considerable stretches of country in this 
part of the world has been forcibly illustrated in our times. 
During the great earthquake of 1893 I was in Rio Hacha. Con- 
trary to common belief in regard to such occurrences the day 
had been bright and pleasant. It was about nine o’clock in the 
evening and I had just determined to stop work, when a strange 
noise and sudden apprehensiveness filled the air. I hurried to 
the back of the Louse to see what it could mean, and then, noting 
that a large building near by was swaying, and hearing the 
church bells tolling with a deep unearthly sound and hesitating 
irregularly, I knew what was happening and hurried to the street. 
While crossing the rooms I could hardly stand, and, just as I 
reached the door, a final shudder seemed to run through all the 
earth, then an instant of bewildering silence, and life went on 
again. 
~Rio Hacha had had a lucky escape. For days afterward reports 

came telling of the destruction of life and property over hundred 
of miles of country. Later,a party of Indians coming in to trade, 
informed us that the little town of Laguna over toward the Ven- 
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ezuela border had, suddenly disappeared, during the earthquake, 
and that not a soul was leftalive. All had been swallowed by the 
sea. It wasonlya little hamlet far away from any city,and at a 
time when Caracas and Bogata were being shaken to their founda- 
tions its loss was passed by unnoticed. Here there was then a 
subsidence even in our times, and in earlier days such dis- 
turbances were possibly more frequent, and slight depressions 
could easily lead to irregular strata of sands and alluvium. From 
Rio Hacha I went east, examining the country, and found the 
same conditions as already described, and which seem to be 
general to all the lowlands of this part of the world. These 
lowlands extend to Cabo de Vela where a ridge of hills is found 
gradually increasing in height in an irregular disconnected chain 
till they reach the ranges of the Black Andes to the south. Be- 
yond these hills the same alluvium is found in all the country 
about Lake Maracaibo in Venezuela. At Cabo de Vela the hills 
are of basic eruptive rocks, distinctly crystalline at some places, 
at others they are of even texture, and these two merge into ir- 
regular zones in which all components are mingled together. 
This possibly indicates rapid cooling, and as they are not much 
eroded, or broken by seismic action, which at an early period 
must have been of great violence through all this section, I 
think these ridges are of comparatively recent intrusion. I 
noted the augite minerals and chlorite, and the rocks dolerites, 
and basalts, which later at places were amygdaloidal and had 
seams and secondary infiltrations. 

The irregular nature of this formation, with its soft seams and 
harder crystalline material makes these rocks particularly liable 
to erosion by the sea, and steep precipices, isolated rocks among 
the waves, and narrow fjords among the cliffs are common. Off 
Cabo de Vela the sea is very deep and the precipices descend 
directly into it, with scarcely any beach line, and at most places 
there is not even standing room. 

This ended my explorations on the flat country and I next 
turned my attention to the Sierra Nevada de Santa Marta moun- 
tains. I landed at Dibulla, a little place on the north coast of 
South America and, before proceeding to the mountains, made 
an examination of the lowlands between them and the sea. These 
are from four to twelve miles wide and are covered generally with 
alluvium. There are dense jungles, swamps and open meadows. 
Little could be noted on which to base calculations as to the 
period in which this strip of land was formed, but it seems to 
be the same as that of the other lowlands in this part of Co- 
lombia, with perhaps beds of Cretaceous limestone, or even earlier 
formations deposited by the action of the sea along the Sierra 
Nevada mountains. 
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In the foothills gold is found in all the streams and in the reg- 
ular gravel and sandy deposits which are mingled with alluvium, 
but the dense vegetation makes it improbable that hydraulicking 
could be established on a paying basis. I got some very pretty 
samples, however, and at another time hope to make a more 
careful examination of this district. 

To go up among the mountains from Dibulla is considered a 
very difficult trip, and I was told that the paths were so danger- 
ous that trained oxen would have to be used as pack animals, 
and it was proposed that I should ride a young bull, but I 
thought it would be more comfortable and just as safe to walk 
and so declined the offer, Fortunately some animals came down 
with merchandise that day, and it was possible to start the next 
morning. Our route lay along the beach, and then across the 
flat country to the foothills where we camped for the night. 

On entering the mountains next day it was evident that. we 
were on a very old land surface. There were residual clays, deep 
eravel deposits and immense ridges of what appeared to be 
arenaceous clays of decomposition. Such rocks as could be 
seen appeared to be of basic eruptive types, possibly pre-Cam- 
brian. In the foothills there were perhaps some limestones, and 
at one or two points I thought I detected old lava beds much 
covered with vegetation and most uncertainly defined. We 
crossed over the first ranges and on to the next, finding the trail 
very good. Traces of ancient pavements, with a single and, in 
some places, a double line of boulders, had evidently been laid 
out by the aborigines. 

As we proceeded inland the mountains became steeper, out- 
croppings were more plentiful, showing granites, granulites, feld- 
spathic rocks and other crystalline types. Before reaching the 
heart of the mountains we crossed a high ridge that was cov- 
ered with red and white clays which made rather diflicult climbing. 
The path wound up seemingly without end, but at last we came 
to a ridge that took us on to another mountain, and from there 
the trail led us down to a deep valley, where a water course com- 
ing from the mountains opened a path to the main range just 
outside the principal upheavals. 

The mountains now appeared like a bit of New England or 
northern New York in early summer. Granitic rocks were 
everywhere predominant. At Pueblo Viejo the coffee planters 
gave us a hearty welcome and preparations were at once begun 
for sending us on to the higher mountains which I could see 
far above us, the snowy ridges standing in bold outlines against 
the blue sky. On every side there were massive peaks, each one 
rising in succession above the others up to the sublime heights 
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of the main range. It was simply grand, a climate of perpetual 
spring amid the wildest mountains. On one side of the valley 
there was an isolated peak covered only with grass and different 
in formation from the others. It was of light colored rough 
decomposing material, a syenite or perhaps an andesite. I have 
occasion to remember it well. Toward evening I climbed up one 
of its lower spurs to see the sunset, stayed longer than I thought, 
and presently was in the dark. It appeared to be an easy 
thing to go down again but on the way | fell head first into a 
deep gully. Fortunately, I was more frightened than hurt, and 
on reaching a party who were out looking for me was told that 
there were openings in the mountains hundreds of feet deep. 
Next day I explored that mountain, and learned that there are 
indeed some pits and narrow gullies in it, but they are not hun- 
dreds of feet deep by any means. One near the top of the 
mountain might have been of considerable depth, and others 
were deep enough to make an end of any one who fell in them. 

The pit from which I had escaped was fifteen to twenty feet 
deep, quite sufficient to do serious damage, and, to my mind at 
least, was ample demonstration that at this point there were im- 
mense masses of decomposing material entirely different from 
the peaks and ridges of granite lying all about them. The pits 
and gullies are formed in this mountain by the erosion of exces- 
sive rains which make a superficial cut, and then find drainage 
through the decomposing material to a series of springs at the 
foot of the mountain. 

After stopping a short time with the coffee planters, we started 
on the road again for still higher places. 
We had a rough scramble over a mountain called El Barco, 

lying just beside the mountain of which I have spoken. It was 
composed of a somewhat similar material, with outcroppings of 
dark basic and granitic rocks along its sides. Crossing over El 
Barco we came to the high mountain valley of the Rio Ancho. 
Here everything was granite, and some of the peaks were great 
solid masses of this rock rising several thousand feet with places 
where there was hardly any irregularity, just smooth masses of 
rock almost to the top. 

To the west all the mountains were of this character, but to 
the east on the range connecting with El Barco and the moun- 
tain in which the openings were noted there were stretches of 
decomposing material, and lighter colored rocks, under varying 
conditions. Further up toward the Indian city of San Miguel 
all the mountains were of intensely hard crystalline types, granite 
predominating. 

The valley of the Rio Ancho extends to the very base of the 
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central ridge where water from the melting snows accumulates. 
To go up that far is not difficult, and we kept pushing on, 
though my guide was a little alarmed by the fact that all the 
Indians had disappeared, leaving only their empty houses behind 
them. This is the means by which they make it known that a 
stranger is not welcome; he can stay till he grows tired of it, 
but the Indians will never return till he has gone. Sometimes 
they are very hospitable, but this depends on a kind of a divina- 
tion practiced by the Mamas or Medicine men, who use black 
and-white pebbles and throw them from a gourd like dice. By 
this they tell whether an approaching stranger is good or bad. 
Unfortunately I came out bad,and saw very little of the Indians. 
We stopped one night at San Miguel, making use of the empty 
houses and the next day pushed on to Macatama Ariba, a single 
house the highest habitation in the Sierra Nevada mountains, 

The place was deserted and so we took possession. We were 
now well up among the higher ranges just below the snow line 
and it was cold. The rocks continued about the same, granite 
predominating, and there was more float material with angular 
gravel in some places. Across the narrow valley which was 
now little more than a mountain gorge, there was aregular band 
of well-worn gravel that could be distinctly seen about 150 to 
200 feet above the present river. It evidently marked an old 
channel showing that the river has cut its way down to the 
present level through masses of hard rock, and indicates a long 
period of erosion. The next day I continued my explorations, 
pushing on toward the top of the range. 

At one place I noticed red clay, probably of residual formation, 
and everywhere there were masses of granite. At the head of 
the river there was a curious knob of granite almost like a pyra- 
mid with a dome shaped top. It was a small mountain in itself 
and seemed to bar all further progress with its almost perpen- 
dicular sides. On reaching it I found that a way could be made 
around one side and, amid protests from my guide, I pushed on. 
Presently we passed it and came to a mass of broken rock at the 
foot of a small ledge. Here my guide sat down saying decidedly, 
“Senor, we go no further.” I made angry protests, but he 
would not move, declaring that we were above the highest point 
ever reached by man, that it was the parama, all bare rocks and 
unknown places, to lose the way was death. He could take me 
even higher at other places where trails had been make, but here 
everything was unknown, he would go no further. 
A dense white fog was slowly accumulating in the mountains 

below, a fog on the parama is really dangerous and I hesitated, 
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but above me the peaks stood clear cut against the sky; the snow 
was glistening in the sun, perhaps I could’never come again, so, 
telling my guide to sit where he was, that I might call to him as 
I came down, I pushed on alone. 

Cautiously making my way along the loose rocks I reached 
the ledge, and going on still further I found a place where I 
could get over and then made my way to a cliff projecting from 
the side of a mountain. I found I could go up along the base 
of this cliff and presently came to another ledge extending along 
the range. I clambered over this and, to my surprise, saw before 
me a sloping terrace, about three miles long, lying just at the 
bend in the mountains, where two ridges came together and at 
the top of this formation the naked rocks of the backbone of all 
the Sierra Nevadas stood easily accessible and it was only neces- 
sary to select the point I wished to examine and hurry on to it. 

The terrace had the appearance of an old boulder pavement 
without the rounding of the material, for there was no evidence 
of aqueous action, all the broken pieces being sharply angular. 
There was coarse grass growing among the scattered rocks and 
wild cattle were feeding there. Granite was everywhere, and I 
noted as I hurried on that many of the fragments were like flat 
irregular slabs of rock, yet there was not the slightest trace of 
schistose structure. 

I had almost reached the last rocky ledge when my attention 
was suddenly attracted to an uptilted deposit of gray sedimen- 
tary rock, in texture and appearance almost identical with a com- 
mon free stone, or the flagstones used on New York sidewalks, 
It was almost perpendicular, dipping only slightly to the south 
and striking nearly east and west. It was well defined and lay 
embedded in granite walls and, though not more than a few 
inches wide, extended some distance. It was not metamorphosed, 
indicating that the rocks between which it was folded were 
cooled before their upheaval and that at the time when the final 
uplift of these mountains occurred the sediments of a previous 
period had been deposited and turned to stone, indicating that 
there was land here before these mountains were intruded and 
that it was older than all the surrounding parts of South 
America. 

After examining this seam of rock I hurried on to the top of 
the range, found a place where I could climb up among the 
ledges and then sat down in solitude. To the west of where I 
was I could pitch stones down a deep triangular valley sur- 
rounded by precipices on two sides. It looked inky black, and 
I could not see the bottom, though from where I sat one leg was 
almost hanging over it. On the other side was the terrace and 
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all about me were sharp ridges of rock extending along the sum- 
mit of the range with peaks at intervals, some well above 
me, others that I could look down on. To the west, across the 
black valley, was a small glacier, and beyond this the white peak 
of the Horqueta shone and glistened in the sun. Just where I 
was the snow had melted, but there was plenty in the crevices 
and protected places. 

It was a grand experience and [I could have remained for 
hours, but it was getting unpleasantly cold, and presently the 
fog began to creep closer. I hastily retraced my steps and after 
a difficult scramble found my guide, and eventually returned in 
safety to Pueblo Viejo. 

Let me now call your attention to a map of Colombia, that I 
may make a brief summary of the things that especially at- 
tracted my attention. (Plate XV at end of volume.) 

The Sierra Nevada de Santa Marta mountains are seen on the 
north coast. The axis of these is almost at right angles to that 
of the Andes. 

Crystalline rocks are of great development in the Sierra Ne- 
vada as has been reported by other explorers in able accounts, 
but their intrusion through a sedimentary deposit has, I think, 
been previously overlooked. I noticed two series of physical 
conditions among the Sierra Nevadas. In the higher elevations 
there are bold, steep ridges along the great central uplift which 
are accompanied by broken masses, slabs of rock stripped from 
the exposed parts, and ledges terminating in bare, sharp crags, in- 
dicating plains of weakness and that the upheaval of these masses 
was accompanied by a grinding and a splintering as if they had 
been thrust through the overlying material. That there were such 
overlying formations is clearly shown by the seam of sedi- 
mentary rock on the Macatama. 

The southern exposures of these mountains are precipitous, 
but on the north they undulate through successive ridges to the 
‘sea. Among these undulating ridges I noted a second series of 
physical conditions quite different from those of the higher 
ranges. 

Massive crystalline rocks similar to taose on the main ridge 
formed the higher elevation in well defined zones projecting 
from the main uplift, and these were but little eroded ; with them 
were other ridges and hills made up of altered types, decom- 
posing material and trappean forms. Among these latter forms 
erosion has been extensive and the valleys are somewhat rounded. 
In the lower mountains these gradually replace the more crys- 
talline formations and compose the foothills, and at places this 
decomposing materia is found apparently overlying the intru- 
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sive crystalline formations toa line very near the main range. This 
may indicate two distinct periods in the formation of these 
mountains, the lower ridges on the north being the older, prob- 
ably pre-Cambrian, and the great central upheaval an intrusion 
through what was formerly the southern undulations of these 
older ranges, perhaps at a much later period though still in very 
remote times. 

Turning to the low country surrounding these mountains, the 
Cerrajon peak across the valley gives no evidence of having been 
intruded through the lowlands, but the foot hills along its base 
indicate a secondary movement in the valley which may have 
formed the watershed between the Rio Rancheria and the Rio 
Cesar, and but for this slight elevation a part of the waters of 
the Magdalena would find an outlet through the valley and 
would reach the sea near Rio Hacha. 

Going inland from the mouth of the Rio Rancheria marl and 
sand formations are first noticed, then as the road continues in- 
land, alluvium is encountered which deepens conformably and 
contains similar material growing coarser in texture right up to, 
and across the divide. 

This could not have been deposited by the Rio Rancheria or 
from the superficial drainage and debris from the surrounding 
mountains, and can only be accounted for by the presence of a 
considerable body of running water, and this could not have 
been anything but a branch of the Magdalena. 

Take away the alluvium at the delta of this river and the low 
lying swamps and deposits to the east of it, and you have the 
former conditions. The Sierra Nevada mountains would then be 
an island lying off a deep embayment that has been filled in 
by alluvium brought down by the Magdalena river, and by 
sand bars formed by the heavy currents setting along this coast 
from east to west. 
We have in this part of South America, possibly four, cer- 

tainly three, distinct successive stages of formation. The 
Sierra Nevada de Santa Marta mountains represent the 
very oldest developments; the upheaved masses of the main 
ridges of these mountains perhaps indicate a later stage, but 
still in very remote times; the Black Andes, with their beds of 
limestone which correspond to those along the base of the Sierra 
Nevada mountains, represent the Cretaceous system ; and the low 
lying valleys furnish the evidence of Tertiary and Quaternary 
times. These are all well defined and offer an attractive field for 
study, which may later claim the attention of others bis able 
to consider and work out the problems. 

Notes and reports on this region will be found:in the writings 
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of Herman Karsten, ‘ Geology of Venezuela, Colombia and 
Keuador ;” Reiss and Strubel ‘‘ Geological Studies in Colombia,” 
and in “Coal and Petroleum in Colombia,” published by the 
Bureau of American Republics. 

New York, December 21st, 1896. 

ANNUAL Business MEETING. 

February 22d, 1897. 

The Academy met with President STEvENson in the chair; 

nineteen persons present. 

The minutes of the last business meeting were read and 

approved. 

The reports of the officers of the Academy for the preceding 

year were then called for, beginning with that of the Secretary. 

REPORT OF THE RECORDING SECRETARY. 

The Academy has continued during the year past the pro- 

gressive course that characterized the previous year, and has be- 

come more and more a real force in the scientific thought of 

the city. 

During the year there have been held nine meetings of the 

Council; nine business meetings of the Academy ; nineteen 

stated meetings ; six public lectures; one public reception. 

The section of Astronomy and Physics has held eight meet- 

ings; the section of Biology eight, and that of Geology also 

eight. The average attendance at the first has been twenty- 

eight; at the second forty, and at the third twenty. The sub- 

section of Anthropology and Psychology has met four times 

with an average attendance of thirty. The subsection of 

Philology has met three times with an average of twenty-three. 

A total of ninety papers has been presented, not including 

public lectures. They may be ciassified as follows: 
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UH ALODTY: Si) <0 nee ieee or 2 Microscopy.) -%-eeene 1 

Anthropology......... 5 Mineralogy... ::).. aaa 8 

SEPONOMY 6 = 2c pene aa 9 Paleontology... 2.2% 8 

Botany. 22 i... eee 2 Philology,....... :hsis..aiteae 7 

Civil Engineering ..... 1 PD SICS 5... eee ee 15 

Kntomolocy..4)so0ee ee 1 Physiography ..:.. ae 2 

Geolocy.. (saree 17 Psychology -2... .. eee 

Mechanics.) snap aie 1 LOO toxin ae eee alah 

Forty-nine resident members have been elected, six have re- 

signed, and, so far as known, three have died. The net total on 

the Secretary’s list is two hundred and ninety-one, a gain of 

forty-five over last year. One fellow, one corresponding and 

four honorary members have been elected. 

The new section of Anthropology, Psychology and Philology, 

organized a year ago, immediately resolved itself into subsec- 

tions; one of Anthropology and Psychology, the other of Phil- 

ology. Their meetings have been well attended and much in- 

terest has been shown. 

The public reception last spring was a very gratifying success. 

and was thoroughly enjoyed by all present. The reception has. 

become an annual feature, and this year will, it is understood, 

be open one afternoon and two evenings. 

Of the Transactions Vol. XV has been delayed by the prepara- 

tion of a complete index of the first fifteen volumes. Everything 

has been in the printer’s hands for a month now and the volume 

should be issued at once. It is larger than that of last year, 

containing 356 pp. and xviii plates. It will have a list of mem- 

bers of all grades, corrected down to December 1, 1896. 

Of Vol. XVI., four signatures have been issued with six 

plates, two more are in press and MSS. is in hand for six more. 

Of the Annals Vol. [X. has been completed and Vol. X. begun. 

The Academy joined with the other scientific societies of the 

city in November, and extended a reception to Professor Henri 

Moissan which was very successful and was finely illustrated. 

Respectfully submitted, 

J. F. Kemp, 

Secretary. 
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The Treasurer’s Report was next read. 

REPORT OF THE TREASURER OF THE NEw YorRK ACADEMY OF 

SCIENCES FOR THE YEAR ENDING FEBRUARY 22d, 1897. 

RECEIPTS. 

Balance cash on hand as per last annual report,..... $3,306.62 

Balance of Publication Mund). ... «5.05.5... klbek 1,823.69 

balance OL Audubom Fund... cic. cicls. © aantalacwau os 1,797.25 

Proceeds of $4,100 United States Fours,........... 4,442.00 

$11,369.56 

Accrued interest on $3,800 United States Fours,.... 38.00 

Interest on Bond and Mortgage, account Per- 

BIEICTL SEIN. Oke es ae ee ie Ss Se else ws $305.40 

Interest on Bond and Mortgage, account 

eroliention: Womdise. hoon cnc .& fees eo 3 72.50 

Interest on Bond and Mortgage, account 

|e LUC I Te 23.00 400.90 

rurAR SIME OG a oo 5 <P rugoraratagh cha pedeld ei oe els i 250.00 

PifesMembership Mees; 2.2.6.5 e eee eases 500.00 

eNom yes: i) nt. eee Skee same ds ; 10.00 

BeiiiaGicmel ees Vad ce laters shila ciate eisai « 250.00 1,010.00 

PERM UIGS ALS YA) .1 des als coke 3 vals eee 30.00 

i oh Teh cI aN Dae it REE GASS Tap i ei ae an 70.00 

e pees OM We.8: valcaatatotshs iso 5ttene. ace suet 2,005.00 

- eA USO parenskcccc yt ialevstey es cee farsrcoe sncsese 40.00 2,145.00 

Collected for Huxley Memorial Fund, (Col- 

Betsy Lae Mckee 3) 1S) A ane 138.00 

$15,101.46 

DISBURSEMENTS. 

Invested in Bond and Mortgage at 5 per 

cent.,on house and lot No. 326 W. 113th st: 

For account Publication Fund, ..... $1,800 

For account Permanent Fund,...... 7,200 $9,000.00 
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Invested in Bond and Mortgage at 5 per 

cent., on house and lot on 141st street 

near Walnut avenue: 

For account Permanent Fund,...... 1,202.75 

For account Audubon Fund,....... 1,797.25 3,000.00 

Expenses of publishing Memoirs,.......... a ese 
KD S ss Annals ,... $751.28 

hess Salessi tac iaempace secre 20.75 730.53 

Expenses of publishing Transac- 
PLOWS Y | 105d cupola eto ep eREHENe, «a enone 619.27 

Thess Sales es-¢.1s aes cope 10.80 608.47 1,342.82 

Expenses of Recording Secretary,....... 166.01 
oi 6). PrEaSULely,\.cicectetacieius cuacicka: 43.70 

us $6 TAD RATIAN ocgetern cis ioctl tenses 79.21 288.92 

ut “ Lecture Committee,......... aces 53.20 
‘¢ Huxley Memorial Committee, 45.25 

is “ Third Annual Reception,.... - 403.38 

JanitorialiServices iz acs ci claim at octeiere 88.50 

Insuranee, 66cm. oo o deine amen 22.50 

Contribution to Scientific Alliance, account 

1VS95-6, ists ice kit > Mieco ean ee Rtoketene 69.00 

In full for 1896—7......2. 0. -nse eee 150.00 219.00 

Transmitted to Huxley Memorial Commit- 

tee, Londons) oo Suisse mee lee are eas 243.00 

Balance:Cash an Bank. see ee eee ees 349.89 
$15,101.46 

DETAILS OF PERMANENT FUND. 

Cash in Savings Bank as per last annual report,.... $2,994.03 

Proceeds of $4,100 United States Fours,.......... 4,442.00 

Patron’s Fee received during year,......... $250.00 

Life Membership Fees ‘“ rh oie eer bree 500.00 

Fellowship Fee - SRE A at Saher 10.00 

Initiation Fees ct er mbauiene tee alan 250.00 1,010.00 

ees 
Interest on Bond and Mortgage Investment,........ 305.40 

~ 8,751.43 
Less amount Invested in Bond and Mortgage,...... 8,402.75 

Balance to credit of this account,...........-. $348.68 



1897. ] NEW YORK ACADEMY OF SCIENCES. 185 

DETAILS OF PUBLICATION FUND, . 

Cash in Savings Bank as per last annual report,..... $1,823.69 

Interest on Bond and Mortgage Investment, ....... 72.50 

Income of Audubon Fund, transferred to this ac- 

(AULT EL SRF ac Asan 2 SEAS Cy ier id 23.00 

Deficiency supplied from General Income, ......... 1,223.63 

$3,142.82 
Less amount Invested in Bond and Mort- 

TOS yao ES Cicadas $1,800 

Expenses of publishing Memoirs,......... 3.82 

ee ee es ATINGIS, . seoreg osal ae 730.53 

as i Transactions,..... 608.47 $3,142.82 

DETAILS OF GENERAL INCOME ACCOUNT. 

‘Cash in Bank as per last annual report,..... $312.59 

Less held for Huxley Memorial Fund,.... 105.00 $207.59 

Interest on $3,800 United States Fours,........... 38.00 

Pama ees COUCCLEM ys cages > ae ee os oc eine ses 8s 2,145.00 

$2,390.59 
Less, General Expenses paid : 

Account Recording Secretary,... .... $166.01 

ie PP YCASUEEE erste che cictcts.cicle avsee 6! 43.70 

. PUTT NOE eerie coe Mare at's 080 19.21 

ee Lecture Committee,.......... 53.20 

Ge Huxley Memorial Committee, 45.25 

a Third Annual Reception, .... 403.38 

i Janitorial Services,.......... 88.50 

i UMS URAC OMS crs ncr ects snctcueies «6 22.50 

5 Scientific Alliance, 22.0.4... 219.00 

$1,120.75 

‘Transferred to Publication Fund,......... 1,223.63 2,344.38 

Balance to credit of this account, ............. $46.21 

Balance to credit Permanent Fund, ............... $348.68 

Balance to credit General Income, ..............- 46.21 

Total, Balance Cash in Bank,...........+-00+- $394.89 
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PRESENT ASSETS OF THE ACADEMY. 

©ash “in “Bank, as iabove@eiite see. so ee ota $394.89 

Investments in Bond and Mortgage at 5 per cent. 

Account Permanent Fund,............... $8.402.75 

as Publication Mundy ).cc-.2.c7-03-0cs cers 1,800.00 

o Audubon, Bundseons. rise sae 1,797.25 $12,000.00: 

Annual Dues in Arrears, 1895,............. 50.00 

Annual Dues:in Arrears, *1$96.-0 0.05 2.6 200.00 250.00 

$12,644.89: 

As against amount at last report,............. 11,687.5 

Respectfully submitted, ly 
C.F. Cam 

Treasurer. 

At the conclusion of the Treasurer’s Report it was moved 

and carried that it be referred to the Finance Committee for 

audit according to the usual custom. 

The Corresponding Secretary presented a formal report which 

merely concerned the routine work of the office during the year. 

The Librarian presented the following report: 

New York AcADEMY OF ScreNcES. Report oF LIBRARIAN, 

1896-97. 

All publications received were stamped with the Academy 

stamp and date of receipt, and were then turned over to the 

Columbia University library for recording and shelving, under 

the agreement made with the University. 

There have been received 59 domestic and 27 foreign requests 

for back numbers of the Academy’s publications or for informa- 

tion in regard to them. 

In response there have been sent out 26 domestic and 23 for- 

eign packages. The domestic packages were sent part by mail 

and part by express, according to size. The foreign express. 

packages were sent through the Smithsonian Bureau of Inter- 

national Exchanges. 

One hundred and sixty communications have been answered. 
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The following new exchanges have been effected : 

1. Roemer Museum, Hildersheim, Germany. 

2. Library, Office of Minister of Justice, Ottawa, Can. | 

3. Hopkins Seaside Laboratory, Stanford University, Cal. 

4. Annuaire Geologique et Mineralogique de la Russie, Nouvo 

Alexandria, Russia. 

5. Lackawanna Inst. History and Science, Scranton, Pa. 

6. Atti e Rendiconti dell Acad. di Sci. Lett. e Arti, dei 

Zelanti, Acireale, Italy. 

7. Musée Geologique de l’Univ. Imperiale de St. Petersbourg, 

Russia. 

8. Musée de La Plata, La Plata, Argentina. 

9. Museo Paulista, Sao Paulo, Brazil. 

10. Univ. of Minnescta, Minneapolis, Minn. 

11. Princely Library of Sophia, Bulgaria. 

A journal has been kept in which are entered all requests for 

back numbers, new exchanges, requests for information, etc., 

and all records of packages sent by mail, cash receipts, expenses, 

etc. Respectfully submitted, 

ARTHUR HOLLICK, 

Librarian. 

When the reading of the above reports had been finished, the 

President called for informal reports from the Secretaries of the 

several sections. 

Professor William Hallock reported for the Section of As- 

tronomy and Physies. ; 

As there was no representative of the Section of Biology, Pro- 

fessor J. J. Stevenson, Chairman of the Section of Geology and 

Mineralogy, next reported for it. 

Dr. Franz Boas described the work of the Section of Anthro- 

pology, Psychology and Philology. 

_ The Academy then proceeded to the election of officers. 

The following ticket was unanimously elected: President, 
John J. Stevenson; Ist Vice-President, Henry F. Osborn; 2d 

Vice-President, Nathanial L. Britton; Corresponding Secretary, 

William Hallock; Recording Secretary, James F. Kemp; 
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Treasurer, Charles F. Cox; Librarian, Arthur Hollick; Coun- 

cilors, J. A. Allen, Franz Boas, Richard E. Dodge, John K. 

Rees, William Stratford, Robert S. Woodward; Curators, 

Bashford Dean, Daniel W. Hering, G. F. Kunz, Morris Loeb, 

Heinrich Ries; Finance Committee, Henry Dudley, J. H. 
Hinton and Cornelius Van Brunt. 

When the result of the election had been declared, Professor 

R. E. Dodge presented some resolutions regarding the retire- 

ment of Professor D. S. Martin from an official position in the 

Academy. The resolutions referred to the long and valuable 

services which had been rendered the Academy by Professor 

Martin extending over a period of nearly thirty years. On mo- 

tion they were unanimously adopted. Professor Martin ac- 

knowledged the resolutions in a short speech. 

Professor R. E. Dodge reported progress on behalf of the Re- 

ception Committee and at its conclusion the Academy adjourned. 

J. F. Kemp, 

Secretary. 

Pousric LEctTURE. 

February 26th, 1897. 

The Academy met and was called to order by the President, 

Professor J. J. Stevenson, who proceeded at once to deliver the 

lecture of the evening, entitled “ A Talk on Coal.” The lecture 

was illustrated by the lantern, and was closely followed by the 

audience. About forty persons were present. 
J. F. Kemp, 

Secretary. 

REGULAR BustIness MEETING. 

March Ist, 1897. 

The Academy met with President STEVENSON in the chair. 21 

persons present. 
The minutes of the last business meeting were read and ap- 

proved. There being no further business, the section of As- 

tronomy and Physics immediately organized and was called to 
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order by the chairman, Prof. R. S. Woodward. 21 members and 

guests present. 

The first business in order was the election of officers of the 

section for the ensuing year 1897-8. The chair called for nomi- 

nations for Chairman and P. H. Dudley was nominated. There be- 

ing no other nominations and, no one objecting, the Secretary was 

authorized to cast a ballot for Mr. Dudley. This was done and 

Mr. Dudley was declared elected as Chairman for the coming year, 

R. Gordon was then nominated as Secretary and, there being 

no other nominations and no one objecting, the Secretary was 

authorized to cast a ballot for Mr. Gordon, who was reported as 

elected Secretary for the ensuing year. 

Upon the request of the Secretary and with the consent of the 

Section F. L. Tufts presented an abstract of work recently done 

by him in further testing the correctness of the results obtained 

with the original form of the Rood flicker photometer. By a 

very elaborate series of tests by various methods, he found that 

the true “ flicker” when the speed is just sufficient to give a 

uniform background is independent of color and depends only 

upon differences of luminosity. 

The paper was discussed by R. S. Woodward and W. Hallock. 

The paper appears in full on a subsequent page. W. Hallock 

described several forms of maximum thermometers used in sub- 

terranean temperature work and described a new form which, 

it is believed, will obviate some of the difficulties of the U.S. 

signal service form which has been hitherto used. 

Mr. Hallock also reported upon recent work on subterranean 

temperatures, referring especially to the Sperrenberg well near 

Berlin, 4,300 feet, the Wheeling, W. Va., well, 4,500 feet, the 

new Pittsburg well, 5,386 feet, the Schladabach well near Leip- 

zig, 5,740, and the incomplete well at Paruschowitch, near Reib- 

nik, which two years ago was 6,600 feet deep and was planned to 

go 2,700 meters (8,800 feet). The well at Pittsburg gave results 

practically identical with those obtained in the Wheeling well 

which is forty miles distant but in the same geological forma- 

tions. The observations at Pittsburg were preliminary, and 
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it is hoped that.a very complete and satisfactory series of tem- 

peratures can be obtained, owing to the generous public spirit 

of the Forest Oil Co., who have practically placed the well at 

the service of science. It is hoped to sink it still deeper. 

At 9:50 the Section adjourned. 
WintrAM HALUOcK, 

Secretary. 

THE NEW FLICKER PHOTOMETRY. 

By. F. tix Torts: 

CONTENTS. 
PAGE 

Historical In troduchionvee. cceseeccsseeccleeleciqne-sosetocncscuccecsedsansonesaee eee 190 
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The Measurement of the Luminosities of Colored Disks..................++++. 201 
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HisToRIcAL INTRODUCTION. 

The methods at present used to compare the luminosities of 
two sources of light nearly all depend upon the ability of the 
eye to detect very slight differences in the luminosities of two 
optically adjacent surfaces. The following is, in outline, the 
general method employed. 

Two optically adjacent surfaces are illuminated, the one by a 
source of light, A, the other by a source B, to be compared with 
A. The light radiated to its surface by B is then varied accord- 
ing to some known law until the two surfaces appear to the eye 
to be of the same luminosity. The ratio of the luminous in- 
tensity of B to that of A can then be calculated according to the 
law of variation used. 

The many forms of photometers in which the general method 
just outlined is used differ as to the nature and position of the 
luminous surfaces and also as to the method employed to vary 
the amount of light radiated to these surfaces. 

Bouger* used two white surfaces illuminated respectively 
by the two sources of light to be compared. The surfaces were 
at different distances from the observer, but so placed as to be 
optically adjacent. The distance between one of the surfaces 

* Hssai d’ Optique. 1729. 
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and its source of light was then varied until the two surfaces ap- 
peared to be of the same luminosity. The relative intensities of the 
two lights were then calculated by the law of inverse squares. 

Lambert * made use of the principle of two shadows to 
obtain two adjacent surfaces, one illuminated by a source A, the 
other by a source B, to be compared with A. The distance of 
the light B, from the screen was varied until the luminosities of 
the two shadows appeared to be the same. The ratio of the 
luminous intensities of the two lights could then be calculated 
by the law of inverse squares. 

Rumford + used the same principle as Lambert but made 
many improvements in its application. 

Potter {| modified Bouger’s photometer by replacing the 
opaque white screens by a single translucent one and putting the 
lights to be compared behind the screen. 

Richie§ made still further changes in the Bouger photometer. 
The lights to be compared were placed at opposite ends of a 
table and two mirrors forming a wedge, the faces of which were 
inclined at angles of forty-five degrees to the line connecting 
the lamps, reflected the light to a translucent screen placed in 
front of the wedge. The next modification in this form of pho- 
tometer was to replace the mirrors by a wedge of an angle of 
ninety degrees, covered with white paper. The two faces of 
the wedge occupied the positions of the two mirrors and the trans- 
lucent screen was dispensed with. 

In all the photometers above referred to, the dependence 
upon what I will call the principal of equal luminosities of ad- 
jacent surfaces is very evident. In nearly all the boundary be- 
tween the two surfaces is quite distinct even when equality of 
illumination is obtained. This detracts from the accuracy with 
which slight differences of luminosity can be detected. To avoid 
this source of error a number of devices have been resorted to, 
all of which more or less conceal the use of the principle of 
equal luminosities. A slight inspection of the photometer, how- 
ever reveals it. 

Pernot || increased the accuracy of the Rumford photometer 
by using a translucent screen and viewing the shadows from be- 
hind it. Instead of judging directly concerning the equality 
in luminosities of the two shadows, he brings a third source of 
light up from behind the screen and if both shadows disappear 

$$ es 

* Photometria Sine de Mensura et Gradibus Luminis, Colorum et Umbrz. 1760. 
+ Philosophical Transactions of the Royal Society of London. Vol. LXXXIVY. 1794. 
{Edinburgh Journal of Science. New Series, III], page 284. 
3 Annals of Philosophy. Third Series. Vol.I. Page174. 1826. 
| Dinglers Polytech. Journal, CXIX. 1851. 
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at the same time they are equally luminous. The shadows dis- 
appear when the difference of illumination between that por- 
tion of the screen occupied by them and the adjacent portion is 
inappreciable and the method evidently depends upon the ability 
of the eye to detect slight differences in luminosity. 

The Bunsen photometer is the type of a large number of 
photometers depending upon the disappearance of a spot on 
the illuminated surface when equality of illumination is ob- 
tained. The Bunsen screen originally consisted of a disk of 
white paper having a central translucent grease spot. As 
originally used, a compensating light was placed at a certain 
distance behind the screen. One of the two lights to be com- 
pared was placed in front of the screen at such a distance as 
to cause the central spot to vanish. The distance from the light 
to the screen having been measured, this light was replaced by 
the light to be compared with it and the distance adjusted until 
the spot again vanished. The relative intensities of the two 
lights can then be calculated from the law of inverse squares. 
The condition for the disappearance of the spot is, evidently, 
that that portion of the disk shall be of the same luminosity as 
the adjacent portions and the accuracy of the measurements de- 
pends upon the accuracy with which the eye can detect slight 
differences in luminosity. That it is a comparison of luminosi- 
ties is made very evident if the light on one side of the screen is 
of a different color from the light on the opposite side. Under 
this condition the spot can not be made to disappear. 

The polarization photometers of Arago,* Babinet,} and Wild { 
still further disguise the principle of equal luminosities. The 
following is a brief outline of the method employed in this class 
of photometers. 

The light from one of the sources is polarized in a given plane 
and the light from the other source in a plane perpendicular to- 
this. The two rays after polarization travel in the same direc- 
tion, and by viewing the combined ray with suitable apparatus, 
certain phenomena are observed which disappear when the quan- 
tities of light polarized in planes perpendicular to each other are 
equal. With photometers of this class, as with the other classes 
mentioned, the investigator seeks ultimately to obtain a uniform 
field, and it is, therefore, evident that the accuracy depends, as 
in the other photometers considered, upon the accuracy with 
which the eye can detect slight differences in luminosity. The 
polarization photometers are open to the same objection as the 

* Comptes Rendus, XIII., pages 840, 967. 1841. 
Comptes Rendus, XXXVII., page 774. 1853. 
Pogg. Ann., XCIX. 
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others when the two sources of light differ in color. Under this 
condition it is impossible to obtain a uniform field. 

The accuracy of the photometric methods, so far considered, 
is dependent upon the sensitiveness of the eye to slight inequal- 
ities of illumination. Various experiments * for the purpose of 
determining the degree of sensitiveness show that for white light 
the eye can detect differences in luminosity of from 3 per cent. 
to about 06 per cent. of the total luminosity of the field, the 
sensitiveness being less for high and low illuminations than for 
a field of medium luminosity. If, however, the surfaces compared 
are of different colors, a judgment concerning the equality of 
their luminosities is subject to a very much greater error. In- 
deed Helmholtz + remarks: 

“TI must explain that personally I put no confidence in my 
judgment concerning the equality in luminosity of differently 
colored surfaces. I admit, however, that of two differently 
colored fields one can be so much darkened that there remains 
no doubt that the other is brighter. 
“For myself I have the impression that in the comparison of 

the luminosities of differently colored fields I am not dealing 
with a single magnitude but with the effect of two, luminosity 
and color, for which I do not know how to form a simple sum, 
and which I cannot scientifically define.” 

There have, nevertheless, been many attempts made to com- 
pare directly the luminosities of differently colored surfaces. 
These attempts have, in general, led to slight modifications in 
the use or construction of the photometers belonging to the 
types already described. 

The difficulty of judging when two differently colored surfaces 
are of the same luminosity, a difficulty encountered in the use of 
photometers belonging to any of the classes above described, is, 
to some extent, obviated by taking the mean of two measure- 
ments. A measurement is taken when one of the surfaces is 
evidently more luminous than the other, another measurement 
when it is less luminous by the same amount. The average of 
the two measurements gives a determination of the luminosity. 
This method was employed by Professor O. N. Rood in measur- 
ing the luminosities of colored discs. 

Another method very commonly used is to continually vary 
the luminosity of one of the surfaces so that it will be alternately 
darker and lighter than the other, the amounts of the variation 
being gradually diminished. By this means the observer can 

* Grundztge der Physiologishen Optik yon Hermann Aubert. Page 488. 1876. 
+ Handbuch der Physiologishen Optik. Second edition, page 440. 
{American Journal of Science, 1878. 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XVI., Sig. 138, April 24, 1897. 
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more easily form a judgment concerning the equality of the two 
luminosities. 

Mace de Lepinay and Nicati in their experiments* used a 
Rumford photometer in which the surfaces to be compared were 
very small. The angle subtended by them at the eye was about 
forty-five minutes. They found that the accuracy with which 
the luminosities of differently colored surfaces could be com- 
pared was thus increased. The results, however, were now 
found to vary with the absolute size of the retinal image. 

Professor Mayer} uses the effect. of simultaneous contrast to 
destroy the difference in color between the two surfaces to be 
compared. ‘This method, however, is only applicable when the 
difference in color is not very creat. 

The methods of Virerordt{ and Draper§ avoid the necessity 
of comparing the luminosities of two differently colored surfaces. 
The validity of the methods, however, depend upon the assump- 
tion that the quantity of light which must be added to a lumi- 
nous, surface in order to be just perceptible is, under all condi- 
tions, the same fraction of the total luminosity. The assumption 
is no longer considered valid. 

I will now consider the photometric methods which do not 
depend upon what I have called the principle of equal or uni- 
form luminosity. The first of such methods used depended upon 
the extinction of the source of light by the introduction of 
translucent media. This method seems to have been employed 
as early as 1700 by Francois Marie. He introduced pieces of 
olass between the light and the observer until the light was ex- 
tinguished. The value of the luminosity was then judged by the 
number of pieces of glass used. The same method but with 
various refinements comes up again and again in the history of 
photometery. To all such photometers there is this serious 
objection, that the limit of sensitiveness of the eye to light is so 
variable that the error thus introduced may be three or more 
times the quantity to be measured. 

A photometric method depending upon the distinctness of 
vision was first suggested by Celsius (1701-1744). It has been 
very carefully worked up by Maci de Lepinay and Nicati.|| As 
a measure of visual acuteness (“accuete visuelle’’) they take 
the angle subtended at the eve by a black character, as a printed 

* Annales de Chimie et de Physique, 5th series, Vol. 380, page 151. 1883, 
+ American Journal of Science. Vol. 46. 1893. 
t Pogg. Ann. 1869. 
2 Phil. Mag. 5th series. Vol. VIII. 
| Annales de Chimie et de Physique. 5th series, Vol. 24, page 30, and Journal de 

Physique 1882-1883. : 
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letter, upon a white ground when seen with the greatest distinct- 
ness. In the first part of their research they regarded two 
quantities of light as equal if, when illuminating successively the 
same object (black udon a white ground) placed at the same 
distance from the observer, the details could be distinguished 
with the same minuteness. The ordinary definition of equality 
is, that two quantities of light are considered equal if, when 
illuminating two portions of a given white surface, the two por- 
tions appear of the same luminosity. Their investigations 
showed that the two definitions are not equivalent, therefore 
photometers in which the method of distinctness of vision is 
employed do not give correct results if we adopt the latter defini- 
tion of the equality of two lights. 

Schafhautl * introduces a still different factor in photometric 
measurements, viz., the time interval which may elapse between 
two equal light impulses without the eye noticing any interrup- 
tion. His photometer consists essentially of a pendulum to 
which is attached a black screen with a single opening in it. 
The source of light is placed behind the screen and the opening 
observed through a binocular tube. The light can only reach the 
eye when the epening in the screen is opposite one of the open- 
ings in the binocular tube. The interval of time elapsing between 
the two impressions can then be regulated by changing the 
effective length of the pendulum. The intensity of the source of 
light, he assumes, is inversely proportional to the square of the 
times of swing when there is no flickering, or to the fourth power 
of the length of the pendulum. No data were attainable from 
which the accuracy of the method could be determined. 

Charpantier + employs a method for determining the luminos- 
ity of colored lights which obviates the difficulties introduced 
by differences in color. He makes use of a phenomenon previ- 
ously pointed out by Landoit that any source of colored light, if 
sufficiently weakened, gives rise to a sensation of gray. Char- 
pantier decreases the illumination until all sensation of color 
vanishes and then compares the luminosities. It has, however, 
been pointed out by Purkinje that as the illumination is de- 
creased the luminosities of the colors in the more refrangible 
parts of the spectrum are increased relative to those in the less 
refrangible part, therefore determinations of relative luminosities 
made under feeble illumination would not hold under normal 
conditions of illumination. 

In the American Journal of Science for September, 1893, Pro- 
fessor Rood describes a photometric method which is indepen- 

*“Miinchener Abhandl. Vol. VII. 1855. 
+ Comptes Rendus, LXXXYVIII., page 301. 1879. 
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dent of color. The method depends upon the shock which the 
retina experiences when one surface is withdrawn from view and 
replaced by another of different luminosity. If, for example, a 
disk, one-half of which is of different luminosity from the other, 
is rotated before the eye a flickering is observed with appropriate 
rates of rotation. Professor Rood states that the flickering dis- 
appears if the two halves are of equal luminosity, no matter what 
their differences in color may be. For the determination of the 
luminosity of a colored disk a series of one hundred gray disks 
were used. The gray disks of the series varied quite uniformly 
in luminosity from the luminosity of white bristol board to the 
luminosity of lamp black. The luminosity of a given colored 
disk was then determined by successively combining it “ pair- 
wise ” with various gray disks until one would be found with 
which it would give no flicker on rotation. The luminosity of 
the gray disk could then be determined in the ordinary way and 
this would represent the luminosity of the colored disk. The 
number thus obtained to represent the luminosities of the differ- 
ent colored disks were controlled in the following way: Two 
disks of complementary colors were selected. Their luminosi- 
ties were measured by the flicker method. These disks were then 
combined so as to form a gray on rotation. The luminosity of 
this gray was then measured in the ordinary way and also cal- 
culated from its color equation. In all cases it was found that 
the measured luminosity of the gray agreed with the calculated 
luminosity, the latter being dependent upon the flicker, within 
two per cent. of the luminosity of white bristol board. 

The flicker method has been adapted to use on the optical 
bench by Frank P. Whitman.* In the summary of the results 
obtained by his investigations he remarks : 

“The flicker photometer used to compare lights of any color 
approximates in convenience and accuracy any of the ordinary 
photometric appliances used with lights of the same color. 
Different observers whose vision is normal obtain like results. 
‘The instrument gives a true measurement of the luminosity 

comparable with that obtained in other trustworthy ways.” 
The results obtained by Professor Rood and Mr. Whitman 

promise a solution of one of the most difficult problems of pho- 
tometry, viz., the comparison of the luminosities of differently 
colored surfaces. While the ordinary photometric methods have, 
in general, been most thoroughly worked over, the application of 
the phenomena of flickering to photometric measurements being 
entirely new opens a very promising field for investigation. 
The present research was undertaken at the suggestion of Pro- 

* Physical Review. Vol. III. No.4. Page 241. 1896. 
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fessor Rood for the purpose of studying more elaborately the 
phenomena of flickering and finding out, if possible, whether or 
not it is entirely independent of differences in color. 

Before the phenomenon of flickering is extensively used in 
photometric work it is necessary that the phenomenon should 
be elaborately studied with a view of distinguishing it from all 
allied phenomena with which it is at all likely to be confounded. 
It is also necessary that the effect, if there is any, of difference 
in color upon the phenomenon of flickering should be subjected 
to as rigorous experimental investigation as possible. And 
finally, the advantages of having results verified by more than a 
single pair of eyes should not be lost sight of. 

For the study of flicker phenomena there is perhaps no more 
convenient means than that afforded by a graduated series of 
gray disks and, as the experiments of Professor Rood had, so far 
as I knew, never been verified by another pair of eyes, a series 
of gray disks similar to the series used by Professor Rood was 
prepared and used throughout the following investigation. 

THE APPARATUS USED. 
Two graduated sets of gray disks were used, a large set five 

and one-half inches in diameter, and a small set three inches in 
diameter. The disks of the large set were numbered 7, 8, 9,.... 
etc., from the lightest to the darkest shades. The set included 
one hundred and twenty-nine disks. The disks of the small set 
were similarly numbered 7, 8, 9,....etc., and contained the same 
number of disks. The luminosities of these disks were deter- 
mined in the ordinary way by the use of a black and a white disk 
and are given as so many per cent. of the luminosity of white 
bristol board which is taken as one hundred per cent. The de- 
termined luminosity of the lightest disk of either set was 89 per 
cent., of the darkest disk, 4 per cent. Whenever in the succeed- 
ing portions of this article the difference in luminosity between 
two disks, gray or colored, is given as so many per cent., by that 
is meant a difference of so many per cent. of the luminosity of 
white bristol board. 

Two sets of colored disks of the same sizes as the gray disks 
were kindly furnished me by Professor Rood. As the correspond- 
ing large and small colored disks were cut from the same piece of 
paper, they are of the same tint and luminosity. 

Each disk was slit radially and perforated in the center (Fig. 
J. A.and B.). They could thus be combined pair-wise (Fig. I. 
C.) and placed on the axis of the rotation apparatus. The rota- 
tion machine was placed at a distance of about one and a-half 
meters from a window of southern exposure. The disks, when 
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A B C 
Pie. I. 

placed on the axis of the machine, were screened from all side 
illumination by black screens suitably adjusted. The observer 
was placed at a distance of about one meter in front of the rota- 
tion machine and so seated that his head was just below the 
level of the disks. 

The total luminosity of the window during observations was 
between one thousand and two thousand candle power. The 
variation in luminosity of the more refrangible colors with re- 
spect to the less refrangible ones, due to a variation in illumina- 
tion, an effect described by Purkinje,* was found to be inappre- 
ciable so long as the illumination did not vary beyond the above 
limits. 

THE PHENOMENON OF FLICKERING. 

If a white disk and a black disk or two gray disks differing by 
more than about 40 per cent. in luminosity are combined pair- 
wise, as in Fig. I. C., and are rotated, the following phenomena 
may be observed under good daylight illumination : 

ile 

With a rate of rotation between ten and twenty-five revolu- 
tions per second, the compound disk seems to be divided into a 
number of rotating sectors alternately light and dark. The ap- 
parent number of these sectors increases with the rate of rota- 
tion, and the phenomenon is rather trying on the eyes. 

If the two disks are of different colors, as well as of different 
luminosities, the rotating sectors will differ alternately in color 
as well as in luminosity. 

* Zur Physiologie der Sinne. Vol. II. Page 109. 
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Il. 

If the rate of rotation is greater than twenty-five but less than 
about forty revolutions per second, the changeable rotating sec- 
tors are no longer distinguishable. In their place there is an 
irregular changing or flashing of luminosity over the surface of 
the disk. 

With two colored disks or a colored and a gray disk there is 
an irregular changing or flashing of colors. ‘This phenomenon 
is observed whenever the disks differ considerably in color, even 
though there may be small or no difference in luminosities. 

di) ais 

With a rate of rotation between fortv and sixty revolutions 
per second the irregular flashing just described disappears, the 
disk assumes a background of a uniform hue, and over this uni- 
form background one notices a flickering very similar to that 
which is noticed by a person looking at a picket fence while 
running past it. 

If two disks of different colors are used, or a colored and a 
gray disk, the phenomenon of flickering is the same in all cases 
after the rotating compound disk has assumed a uniform back- 
ground. 

If the two disks differed in color but only slightly in lumi- 
nosity, it was found that there was very little true flicker after 
the background had become uniform. 

LY. 

If the speed is increased beyond about sixty revolutions per 
second the flickering disappears and we have only a uniformly 
tinted disk. 

It should be remarked that for the phenomena of rotating 
sectors described under I, and of flashing described under II, 
the disk has no background of uniform hue or luminosity. As 
soon, however, as the speed is sufficiently rapid to produce true 
flickering the disk assumes a background of uniform hue and 
luminosity. 

The transition from any one of the above phenomena to 
another is not in general very sharply defined. The transition 
from the flickering described under III. to the uniform back- 
ground without flicker described under IV. is, however, quite 
abrupt. Next in definiteness is the transition from flashing to 
flickering and this transition is much more sharply defined when 
the difference in luminosity is more than ten per cent. than 
when it is less. When the difference was very small (less than 
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five per cent ) it was found almost impossible to distinguish be- 
tween flashing and flickering when two gray disks were com- 
bined. If two disks differing considerably in color were com- 
bined pair-wise and rotated the transition from the flashing back- 
ground to a background of uniform hue with flicker was very 
well marked even when the difference in luminosity was as small 
as one or two per cent.* 

The experiments seemed to indicate that, while the phenomena 
described under I and II could be obtained for little or no dif- 
ference in luminosity provided the disks differed sufficiently in 
color, for the production of flickering it was necessary that there 
should be a difference in luminosity. 

The rates of rotation given in the above description of the 
various phenomena hold true only when the difference in lumi- 
nosity is more than about forty per cent. If the difference in 
luminosity between the two disks used is less than this amount 
the rates of rotation at which the various phenomena occur will, 
in general, be lower than the rates above given. 

In the application of the phenomenon of flickering to photo- 
metric work it may be of importance to know the rate of speed 
at which the disks must be revolved to give the most accurate 
results. The speed required for the greatest accuracy will evi- 
dently be the speed at which the true flickering due to very 
slight differences in luminosity is the most violent, and this, in 
general, was found to be the lowest rate at which true flickering 
could be observed. For the determination of this speed a num- 
ber of pairs of disks were selected so that the disks of each pair 
differed in color but did not differ in luminosity by more than 
two percent. It was found that if the illumination was very 
low, about sixteen candle power at a distance of one meter, the 
lowest speed at which the flashing vanished was about fourteen 
revolutions per second. The lowest speed at which the flicker 
disappeared was about twenty-five revolutions per second. The 
best speed, therefore, for observation at this illumination 
would be about fourteen revoJutions per second. When the il- 
lumination was about fifteen hundred candle power at a distance 
of one meter the lowest speed at which all flashing disappeared 
was about twenty-four revolutions per second and the lowest 
rate required to extinguish the flickering was about thirty-four 
revolutions per second. Therefore, under this illumination a 
speed of about twenty-four revolutions per second would give 
the best result. 

* For the methods employed in measuring the luminosities of colored disks see 

next section. 
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THe MEASUREMENT OF THE LUMINOSITIES OF COLORED DIsks. 

In this section the methods employed in measuring the lumi- 
nosities of colored disks will be described. The first method 
which I have called the method of Least Flicker is essentially the 
same as was described by Professor Rood in the American Jour- 
nal of Science for September, 1893. The validity of the method 
depends on the assumption that the violence of the flicker, 
observed when two disks are combined pair-wise and rotated 
before the eyes, decreases if the difference between the luminosi- 
ties of the two disks thus combined is diminished, no matter 
what the difference incolor may be, and that for zero difference 
in luminosity all flicker vanishes. 

In applying this method to the determination of the luminosity 
of a given colored disk various gray disks are successively com- 
bined pair-wise with the colored disk until one is found which on 
rotation gives no flicker. The luminosity of the gray disk can 
then be determined in the ordinary way and this will be the 
luminosity of the colored disk if the above assumption is cor- 
rect. In the practice of the method two difficulties will in 
general be encountered. 

First: As Professor Rood has pointed out, the entire series of 
gray disks may not contain one of exactly the same luminosity 
as the colored disk and we will on this account be unable to get 
rid of the last trace of the flicker. 

Second: Unless the gray disks are very carefully prepared, 
slight differences in the luminosities of different parts of the 
same disk may give rise to a greater flicker than that due to the 
difference in luminosity between the gray and the colored disk. 

On account of these two difficulties I was in general unable to 
find a gray disk which would give absolutely no flicker when 
rotated in a pair-wise combination with a colored disk and had, 
therefore, to be contented with the gray disk which gave the 
least flicker. The selection of the gray disk giving the least 
flicker with the colored disk was made as follows: 

A large gray disk giving only a slight flicker, when combined 
pair-wise with the colored disk and rotated, was selected. The 
flicker thus produced was used as a standard forcomparison and 
all the small gray disks giving a less violent flicker, when rotated 
in a pair-wise combination with the colored disk, were selected. 
From these small gray disks the one judged to give the least 
violent flicker with the colored disk was chosen, and this flicker 
used as a second standard for comparison in the selection of all 
large gray disks giving a less violent flicker with the colored 
disk. From the large gray disks thus selected the one judged 
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to give the least violent flicker with the colored disk was chosen, 
and this flicker used as a third standard for comparison in the 
second selection of small gray disks giving a less violent flicker 
with the colored disk. This method of successive selection of 
gray disks giving less violent flickers with the colored disk than 
preceding gray disks have given was continued till all but a. 
single large and small gray disk had been excluded. The lumi- 
nosities of these two disks were then measured and the average 
of the two luminosities taken as the luminosity of the colored 
disk. 

The comparison of the flicker given by a small gray disk com- 
bined pair-wise with the colored disk, with that given by a large 
gray disk similarly combined was made in the following way. 
The small gray disk was placed concentrically on the large gray 
disk as in Fig. II. A. and the two combined pair-wise with the 

Fie. Il. 

colored disk as in Fig. II. B. This combination could be placed 
on the axis of the rotation apparatus, rotated, and the flickers. 
inside and outside compared. The direct comparison of the 
relative violence of the two flickers was found very difficult to 
make. It was observed, however, that the flicker which required 
the highest rate of rotation to extinguish it was always, as near 
as could be judged, the most violent. In comparing the relative 
violence of the inside and outside flickers produced by such a. 
combination as is shown in Fig. II. B. the rate of rotation of the 
disks was increased till all flickering disappeared. The speed 
was then gradually diminished and the disk was observed care- 
fully so as to detect whether the flickefing began first on the in- 
side or outside. The flicker which appeared first was the most. 
violent. The flickering was observed through a rectangular 
opening cut in black cardboard, the cardboard being held im 
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such a position as to exclude from view all of the disk except the 
portion inclosed by the rectangle in Fig. If. B. 

The following is an example of the application of the method. 
It being desired to find the luminosity of a yellow disk, various 
large gray disks were successively combined pair-wise with it 
and rotated, and the large gray disk No. 40 was found to give 
only a slight flicker when rotated with the yellow disk. The 
small gray disks Nos. 44, 43, 39 and 37 respectively gave less 
violent flickers with the colored disk than the flicker given by the 
large gray disk, No. 40, and the colored disk. Of the small 
gray disks, No. 43 seemed to give the least flickering with the 
colored disk. Only one large gray disk, No. 39, was found to 
give as little flicker with the colored disk as the small gray disk, 
No. 43, had given. 

The measured luminosity of the large gray disk No. 39 was.....51.9 per cent. 
The measured luminosity of the small gray disk No. 34 was.....50.0 per cent. 

2)101.9 
The luminosity of the yellow disk is therefore..................... 50.9 per cent. 

Three other determinations of the luminosity of the same yel- 
low disk made in a similar way gave for its luminosity 49.5 per 
cent., 50.0 per cent. and 50.0 per cent. respectively. The mean 
of the four determinations is 50.1 per cent. 

The second method used in the determination of the luminosi- 
ties of colored disks, which was devised by myself, I will call 
the method of Equal Flickers. The validity of the method de- 
pends upon the assumption that the flicker produced by the ro- 
tation of a pair-wise combination of a gray and colored disk in 
which the gray disk is, to a moderate extent, more luminous than 
the colored disk, is of the same vioijence as the flicker produced 
by the rotation of a pair-wise combination of the same colored 
disk with a gray disk less luminous than the colored disk by the 
same amount. 

In the practice of the method a large gray disk is selected 
which is somewhat more luminous than the colored disk. This 
is combined pair-wise with the colored disk, and various small 
gray disks somewhat less luminous than the colored disk are 
successively combined with the large gray and colored disks, as 
in Fig II. B, until a combination is found which on rotation 
gives outside and inside flickers of equal violence. ‘The violence 
of the two flickers is compared in the way already described. 
When the two flickers are of the same violence the large gray disk 
should be as much more luminous than the colored disk as the 
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small gray disk is less luminous if the above assumption is cor- 
rect. Therefore the luminosity of the colored disk is found by 
taking the mean of the luminosities of the large and small gray 
disks, 

The application of this method to the determination of the 
luminosity of the yellow disk used in the previous method gave 
the following results. After a few trials it was found that the 
yellow disk, when combined pair-wise with the large gray disk 
No. 51, and the small gray disk No. 30 (see Fig. 2, A and B) 
and rotated, gave outside and inside flickers of equal violences. 

The measured luminosity of the large gray disk No. 51 was.....48.0 per cent. 
The measured luminosity of the small gray disk No. 30 was.....55.5 per cent. 

2)103.5 
The luminosity of the yellow disk is, therefore, according to 

this! Method! :335 0.5.5 ssavsececccocdasd dens thsecdsessasuscbessooecassenaces 51.7 per cent. 

The average of seven similar determinations gave 50.4 per cent. 
as the luminosity of the yellow disk. The luminosity obtained 
by the method of Least Flicker was 50.9 per cent. The maxi- 
mum difference between the mean of the seven determinations 
by the method of Equal Flickers and any one of them was about 
4.0 per cent. of the mean. 

A comparison of a large number of determinations, by the 
method of Equal Flickers of the luminosity of a given colored 
disk, in which the difference in luminosity between the large 
and small gray disks used varied from about 5 per cent. to about 
85 per cent., showed that so long as this difference was less than 
20 per cent., the luminosities obtained for the colored disk agreed 
with each other and with the luminosity obtained by the method 
of Least Flickers. For greater differences than about 30 per 
cent., the results did not show so good an agreement. So long, 
however, as the difference was kept less than 20 per cent., it was 
found that the figures obtained by the method of Equal Flickers 
for the luminosities of various colored disks agreed with those 
obtained by the method of Least Flicker, asis shown in the fol- 
lowing table : 

Description of the Luminosity of colored disks as determined by the 
colored disks. Method of Least Flicker. Method of Equal Flickers. 

Bright Red 16.1% 16.3% 

Dark Blue 6.6% 6.5% 
Green 46.5% 46.5 % 
Bright Yellow 50.1% 50.4% 

Light Orange 55.0% 54.6% 

Each of the luminosities given under the method of Least 
Flicker is the average of not less than two determinations and 
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each of the luminosities given under the method of Equal 
Flickers is the average of not less than five determinations. 
The difference between the iuminosities of a given color deter- 
mined by the two methods is in no case greater than 0.4 per 
‘cent. The advantage of the method of Equal Flickers over that 
of Least Flicker is that it enables one to work with a smaller 
number of gray disks. 

Since the preparation of a graduated series of gray disks in- 
volves considerable labor, every one wishing to carry on experi- 
ments in flicker photometry may not care to prepare them. Pro- 
fessor Rood in his article in the American Journal of Science for 
September, 1893, suggested that the luminosity of a given colored 
surface might be determined by matching the color using only a 
few standard disks, the luminosities of which had been previously 
carefully determined by someone possessing a graduated series 
of gray disks. In applying this method to the determination of 
the luminosities of colored surfaces I selected for my standard 
disks the following. 

Description of the Abbreviations used to Determined luminosities of 
standard disks. designate the standard disks. the standard disks, 

White Wiz 92.3% 
Black Bk. 4.5% 
Bright Yellow We 50.3% 
Dark Blue B. 6.5% 
Green G. 46.5% 
Bright Red R. 16.2% 

Experiments to test the applicability of the method were made 
upon the following four disks: a straw yellow, (S. Y. ), a light 
orange, (O.),a dark brown, (Br.), and a very dark green, 
(D.G.). Each of the following four color equations is the 
mean of ten determinations : 

100 per cent. S. Y. = 15.6 per cent. G. + 30.4 per cent. Y. +11.3 
per cent. R. + per 9.3 cent. W. -+ 33.4 per cent. Bk. 

The luminosity of the straw yellow disk calculated from this 
equation is 34.3 per cent. 

82.2 per cent. O.+ 17.8 per cent. Bk.= 40.5 per cent. R.+ 39.1 
per cent. Y.+ 20.4 per cent. W. 

The luminosity of the light orange disk calculated from this 
equation is 56.6 per cent. 

100 per cent. Br. = 18.0 per cent. R. + 27.0 per cent. Y. + 3.9 per 
cent. W. + 51.1 per cent. Bk. 

From which we obtain for the luminosity of the dark brown 
disk 23.0 per cent. 
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98.1 per cent. D. G.+1.9 per cent. W.=—15.3 per cent. G.+ 17.7 
per cent. B.+ 77.0 per cent. Bk. 

The luminosity of the dark green disk calculated from this 
equation is 9.6 per cent. 

The luminosity of each of the above four colored disks was 
then independently determined by the method of Equal Flickers, 
the average of six determinations for each disk being taken. The 
agreement between the results obtained by the two methods is 
shown in the following table. 

Description of the Luminosity determined by the Luminosity calculated from 
colored disks. method of Equal Flicker. the color equations. 

Straw Yellow 34.4% 34.3% 
Light Orange 54.6% 56.6% 
Dark Brown 23.2% ; 23.0% 
Dark Green 10.1% 9.6% 

The greatest difference between the luminosities of any one of 
the disks determined by the two methods is 1.1 per cent. 

The determination of the luminosity of a colored disk by 
matching it, using a few standard disks, is based upon the as- 
sumption that the luminosities obtained by the flicker method 
satisfy Grassman’s law for color mixtures. The experiments of 
Professor Rood * and Mr. Whitman + show that the assumption 
is correct within the experimental error which was about 2 per 
cent. of the luminosity of white bristol board. Similar experi- 
ments made by myself gave like results. The luminosities of 
several grays, formed by combinations of three colors, were 
measured in the ordinary way and also calculated from the color 
equations. The difference between the numbers obtained by the 
two methods for the luminosity of a given gray was in no case 
over two per cent. of the luminosity of white bristol board. The 
agreement between the luminosity of a given colored disk de- 
termined by the method of matching and the luminosity of the 
same disk determined directly by the flicker method is another 
proof of the correctness of the assumption. The experiments 
referred to in this paragraph constitute, so far as I know, the 
only experimental proofs so far given of the correctness of 
Grassman’s law for color mixtures. 

FLICKERING IS FOUND TO BE INDEPENDENT OF COLOR. 

In the preceding section it was stated that for the determina- 
tion of luminosities by means of the phenomenon of flicker- 
ing, the assumption must be made that the violence of the 

* American Journal of Science, September, 1893. 
+ Physical Review, Vol. III., No. 4. 1896. 
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flicker depends upon the difference in luminosity and is inde- 
pendent of difference in color. The agreement among the re- 
sults obtained by the three different methods employed would 
seem indirectly to warrant the assumption. The experiments 
now to be described were undertaken for the purpose of obtain- 
ing a direct proof. 

For each of four colored disks, yellow, green, blue and red, 
respectively, a large and small gray disk was selected of the same 
luminosity as the color. ‘The selection was made by the method 
of Least Flicker. In the experiments to be described both 
large and small colored disks were used, but since the large and 
the small disks of each color were cut from the same piece of 
paper they are of the same luminosity. The numbers of the 
large and small gray disks, and the colored disks of equal lumi- 
nosities are given in the following table. Gray and colored 
disks of the same luminosity are placed in the same horizontal 
line. 

Numbers of the Numbers of the small gray Colored disks of the same lumi- 
large gray disks. disks corresponding to the nosities as the gray disks. 

large in luminosity. 

120 123 Large and small red disk. 
39 36 Large and small yellow disk. 
50 51 Large and small green disk. 

129 122 Large and small blue disk. 

Various pair-wise combinations were made among the large 
and small disks respectively. The disks were so chosen that 
the difference in luminosity between two large disks combined 
pair-wise should be the same as the difference in luminosity be- 
tween two small disks similarly combined. In the following 
table the colors and numbers in the two columns on the left 
refer to the large colored and gray disks of different luminosities 
which were combined pair-wise. The corresponding colors and 
numbers in the two columns on the right refer to small colored 
and gray disks presenting an equal difference in luminosity. 
Thus: the luminosities of the disks referred to in column I. 
are the same as the luminosities of the corresponding disks of 
column III., the disks referred to in column II. are of the same 
luminosity as the corresponding disks referred to in column IV. 

Large colored and gray disks which Small colored and gray disks which 
were combined pair-wise. were combined pair-wise. 

1G Ii. III. IV. 
ils 120 and blue, red and blue. (See Fig. IIT) 
2. red and blue, 123 and 128. 
3. red and yellow, 123 and 36. 
4. 120 and 39, red and yellow. 
5. red and green, 123 and 50. : 
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6. 120 and green, red and green. 
le red and green, 123 and green. 
8. 39 and green, yellow and green. 
a blue and green, 128 and green. 

10. red and yellow, 123 and yellow. 

Each pair-wise combination of small disks was placed concen- 
trically upon the corresponding pair-wise combination of large 
disks. (See Fig. III.) The four disks thus combined were 
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placed upon the axis of the rotation machine and rotated at a 
sufliciently high speed to cause all flickering to vanish. The 
speed was then gradually diminished and in each case, as near as 
could be judged, the flickering began inside and outside simulta- 
neously. Now in each of the above combinations the difference 
in luminosity between the disks opposed pair-wise is practically 
the same for the small as for the large disks. On the one hand, 
however, the difference is between two differently colored disks, 
on the other hand, an equal difference in luminosity occurs be- 
tween two gray disks or between a gray and a colored disk. 

From these experiments we may, therefore, conclude that, 
under ordinary daylight illumination, the violence of a flicker, 
due to a combination of two gray disks of different luminosities, 
is not affected if for one or both of the gray disks a colored disk 
of equal luminosity is substituted. It will be seen that the 
above set of experiments constitute a rather severe test of the 
assumption that under ordinary daylight illumination flicker de- 
pends on luminosity and is independent of color. 

To further test the assumption the following experiments 
were made: From a number of colored disks the luminosities 
of which were unknown to me,I selected by the method of 
Least Flicker a number of pairs which gave only a very feeble 
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flickering when rotated in pair-wise combination. Now we 
would expect the differences in measured luminosity to be very 
small if the violence of the flicker is dependent on difference in 
luminosities. The luminosities of the disks were then measured 
by the method of Equal Flickers, the average of five determina- 
tions being taken for each disk, and the difference between the 
measured luminosities of the disks of each pair was found in no 
case to be over two per cent. The actual results were as follows: 
A red disk and a dark blue disk were found which gave very 

little flickering when rotated in pair-wise combination. Their 
measured difference in luminosity was 1.7 per cent. 
A yellow disk and a blue disk gave very little flicker when 

rotated in pair-wise combination. Their measured difference in 
luminosity was 1.6 per cent. 

A light green and a light blue disk gave less flicker than either 
of the above combinations. The measured difference in lumi- 
nosity was 1.2 per cent. 

A red and a yellow disk gave very little flicker. Their 
measured difference in luminosity was 1.0 per cent. 

A very dark red and a very dark green disk gave very little 
flicker. Their measured difference in luminosity was 1.1 per 
cent. 

The above results show that where the flickering between 
differently colored disks is very slight the measured difference 
in luminosity is small. Expressing the general result in a few 
words one can say that, in the matter of flicker, under daylight 
illumination differently colored disks behave in the same way 
with each other as they do with gray disks. 

To still further test the matter a number of combinations 
(See Figs. IV. to VI.) of colored disks, the luminosities of 
which had been determined, were so made that on the inside two 
colors of the same hue but of different luminosities were opposed, 
while on the outside two colors of different hues but having a 
less difference in their measured luminosities were opposed to 
each other. Each combination was then placed on the axis of 
the machine and rotated at such a speed that all flickering dis- 
appeared, Then, as the speed was gradually diminished, the disk 
was observed through a rectangular opening in black cardboard 
and the relative violence of the flickering outside and inside 
thus compared. The following is a record of the results obtained. 
A large green disk and a large blue disk which I will call 

Green 1. and Blue 1. respectively (See Fig. IV.) were opposed 
outside. Their measured difference in luminosity was 1.2 per 
cent. On the inside a small green disk, Green 2, was opposed 

TRANSACTIONS N. Y. ACAD Sc’., VOL. XVI., Sig. 14, April 28, 1397. 
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to the large green disk and the measured difference in luminosity 
was 4.4 per cent. This combination was rotated on the machine 
and the flickering inside was found to be more violent than the 

Fig. IV. 

flickering on the outside. We may, therefore, conclude that 
if the difference in color on the outside causes any flickering 
such flickering cannot amount to as much as the flickering due 
to a difference in luminosity of 4.4 per cent. —1.2 per cent. =3.2 
per cent. 

To find out if a more precise conclusion could not be drawn, 
the following experiment was tried. From my set of colored 
disks I selected a large yellow disk, Yellow 1 (See Fig. V.), and 
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a large blue disk, Blue 2, such that their measured difference in 
luminosity was 2.1 per cent. A small yellow disk, Yellow 2, 
was found such that the difference between the luminosity of it 
and that of Yellow 1. was 2.2 per cent. These three disks were 
combined as shown in Fig. V, rotated on the axis of the machine 
and the inside and outside flickers compared. We would ex- 
pect the inside flicker to be slightly more violent than the out- 
side flicker. It was found, however, that the outside flicker was 
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very slightly the more violent of the two. The discrepancy can 
be readily explained if we assume that the measured differences 
in luminosity are in error by a little less than one per cent. 
This error, since it can be distributed among the determined 
juminosities of the three disks, would give a probable error of 
less than 0.5 per cent. for the determined luminosity of each 
disk. This is within the accuracy claimed for the determined 
luminosities of the disks. 

That the above discrepancy is due to slight errors in the de- 
termined luminosities of the colors is shown by the following 
experiment. A large red disk, Red 1 (See Fig. VI.), and a large 
-blue disk, Blue 3, were selected so that the difference in their 
measured luminosities was 2.1 per cent. A small red disk, Red 
2, was found which differed in luminosity from the disk, Red 1, 
by 1.7 per cent. These three disks were combined as is shown 
in Fig. VI., and rotated on the axis of the machine. The inside 
flicker was found to be more violent than the outside flicker, al- 
though on the inside there is no difference in color and a less dif- 
ference in measured luminosity than on the outside. The discrep- 
ancy is, however, readily explained by the assumption of a slight 
error in the determined luminosities of each of the three disks. 

The last three experiments seem to show, beyond a doubt, that 
under daylight illumination, difference in color cannot, of itself, 
produce an appreciable flicker and that for the production of 
this phenomenon there must be a difference in luminosity. 

Pics Vi. 

SUMMARY. 

The results of the present research may be summed up briefly 
-as follows: 

In the application of the phenomenon of flickering to photo- 
metric measurements it was found necessary to distinguish care- 
fully between true flickering which occurs only on a background 
-of uniform hue and the allied phenomenon of flashing which pre- 
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sents no uniform background. True flickering was found to be 
no more tiring on the eyes than ordinary photometric work. 
The phenomenon of flashing, on the other hand, was quite painful. 

It has been proved that under ordinary daylight illumination 
true flickering cannot be produced by differences in color. For 
the production of this phenomenon a difference in luminosity 
was found to be necessary,and the experiments also showed that 
as the difference in luminosity was decreased the violence of the 
flicker was also diminished. 

Furthermore, the experiments showed that when two flickers 
are produced, the one by the rotation of a surface B, in combi- 
nation with a surface A, more luminous than B, the other by the 
rotation of the same surface B, in combination with a surface C, 
less luminous than B by the same amount, the two flickers will 
be of practically the same violence so long as the difference in 
luminosity between A and C is not greater than about 20 per 
cent. 

Upon the last two conclusions are based two general methods. 
for the application of the phenomenon of flickering directly to 
photometric work. The two methods are: the method of Least 
Flicker and the method of Equal Flickers, respectively. The re- 
sults obtained by the two methods have been shown to be har- 
monious. The relative advantages of the two methods will de- 
pend largely upon the nature of the work in hand. 

The experimental proof of Grassman’s law which the new 
flicker photometry enables one to make has been verified. The 
application of this law to the determination of the luminosities 
of colored surfaces by the aid of a few standardized disks was 
suggested but not tried by Professor Rood. This method was 
tested experimentally and found to give results which corre- 
sponded with those obtained by either of the direct flicker meth- 
ods. Consequently, investigators are enabled by the use of a few 
standard disks to determine the luminosity of any colored surface. 

The experiments also indirectly showed that tbe flicker 
method can, with great convenience and delicacy of results, be 
applied to the comparison of the luminosities of surfaces of the 
same color. In brief, the results of the experiments show tbat 
the new flicker photometry will enable us to compare the lumi- 
nosities of differently colored surfaces with the same ease and 
exactness as was previously only attainable in the comparison of 
surfaces of like hue. 

I wish here to express my thanks to Professor Rood and Pro- 
fessor Hallock for assistance very kindly furnished during the 
investigation. 

PHSYICAL LABORATORY OF COLUMBIA UNIVERSITY, 
April 2, 1897. 
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BIroLoaicaL SEcTION. 

March 8th, 1897. 

In the absence of regular business the section at once organ- 

ized, with a temporary chairman, Mr. C. F. Cox, and a temporary 

secretary, Dr. Bashford Dean, the regular officers of the section 

being absent. 

The first paper of the evening was by H. E. Crampton on 

“The Ascidian Half Embryo.” This paper will appear in full 

in the Annals. 

The second paper of the evening was by N. R. Harrington, 

entitled ‘‘ Nereids from Puget Sound (Pacific Coast) which live 

commensally with the hermit crab, Hupagurus armatus.” The 

paper appears in full below. 

The last paper of the evening was by Bashford Dean, entitled, 

“A Posthumus Memoir by Professor J. 8. Newberry.” This 

paper described new species and a new genus of North American 

fossil fishes, and discussed the genera Oracanthus, Dactylodus, 

Polyrhizodus, Sandalodus and Deltodus. 

Among the types were species of Cladodus, Oracanthus, 

Ctenacanthus, Stethacanthus, Asteroptychius, Dactylodus, Del- 

lodus, Sandalodus, Psephodus, Helodus, Ctenodus. Dinichthys 

corrugatus was taken as a type of a new genus, Stenognathus. 

At the conclusion of the papers, an election of sectional ofti- 

cers was held. Professor E. B. Wilson was elected chairman, 

and Professor C. L. Bristol, secretary. 

BAsHFoRD DEAN, 
Secretary pro tem. 
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ON NEREIDS COMMENSAL WITH HERMIT CRABS. 

By N. R. Harrineton. 

The annelids are not very generally addicted to commensal or 
parasitic habits. Many Polynoids, however, live on the houses. 
or bodies of their neighbors and a species of Polydora has been 
described * which tunnels for itself a house in snail shells in- 
habited by hermit crabs. This latter host has been known for 
several years to harbor a western European species, /Vereis 
Jucata, Sav. although it has only recently been shown + that this 
commensal mode of life is correlated with structural modifica- 
tions in the body of the worm. 

The purpose of this paper is to give a comparative description 
of two almost similar commensal forms from the Pacific coast. 
Although it has been necessary to make a new species of the 
Nereid, and although the hermit crab is regarded as a modifica- 
tion of the type form, { the general resembance of the commen- 
salists of the Old World to their respective representatives in 
the New, gives evidence of a common origin of this commensal 
habit. 

The agency of ocean currents in transporting long persisting 
larvee has generally been accepted as accounting for widely 
separated areas of distribution. § In the distribution of certain 
commensal forms this factor might be eliminated by different 
larval periods in two mutually dependent species. If, as we as- 
sume in the present case, the host is cosmopolitan, ocean cur- 
rents might still be a factor in the extension of the species of 
the guest. 

Aside from a comparative study of the commensal habit, this. 
paper deals with the sexual phases of the Nereid under discus- 
sion and some possible causes or factors in the sexual metamor- 
phism. 
Many valuabie suggestions and much useful information were 

given me by Prof. A. KE. Verrill, of Yale University. The ex- 
cellent drawing of the head of Nereis cyclurus was made by 
my friend, Mr. J. H. McGregor. J am indebted to Mr. A. Ryd- 

* Andrews in American Naturalist for 1892. 
+ Wiren Om en hos Eremitkriftor lefy. Annelid. in Kon. Sven. Veten. Akad. Hand- 

ling., Stockholm, 1888, Bi. 14. 
{It agrees most closely with Hupagurus armatus, Dana, as Iam informed by Mr. 

W. T. Colman, who has worked up the Crustacea of the expedition. At first erron- 
eously thought it 2. alaskensis. P 

2 Andrews, Johns Hopkins Cire. x. p. 96. 
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berg, Fellow in Botany, for assistance in translating the Swedish 
article of Wiren. 

I. INTRODUCTION. 

II. NATURE OF THE COMMENSALISM. 

III. HeTrERONEREIS AND NEREIS FORMS. 

IV. ReEvLaAtTIon oF OLD AND NEW WORLD TYPES. 

V. Derainep Description of Nereis cyclurus, n. sp. 

VI. N. fucata SAv., THE EUROPEAN SPECIES, 

I. INTRODUCTION. 

From depths of from ten to twenty fathoms in Puget Sound 
bays the dredge brings up Lunatiaa, Natica, Argobuccinum, 
Fusus and Pterenotus from bottoms covered with laminaria and 
various algz. The empty shells of these mollusks are inhabited 
by Lupagurus splendescens, E. tenuimanus, E. armatus and £, 
turgidus. Those of largest size are . armatus, Dana, which 
sometimes reach eight inches in length. As these crabs slowly ad- 
vance from their retreats, one or two or sometimes three beauti- 

fully striped Nereids will emerge from the opening of the shell, 
and, if the crab be feeding, will proceed to the mouth parts of the 
latter and share the feast. Exposed in this way for about 
twenty or thirty somites, their resemblance to the thoracic legs 
of the crab in color, size and action is very striking. If dis- 
turbed they withdraw with a sudden jerk to the innermost coils 
of the shell, where in old and crumbling shells of Lunatia they 
have a communication with the hollow umbilicus. They do not 
bore tunnels into the columnella as does Polydora commensalis. 
The large Nereids are usually restricted to Lunatia and Natica 
shells with #. armatus, but we have found them in Pterenotus 
shells, and a very small Nereid with H. termimanus. We have 
not as yet found any allied free-living Annelid, although the 
European species, NV. fucata, has (1) an atocous form which 
lives on the bottom gravel in shallow water, under stones, shells 
and laminaria—and (2) an epitocous form, ¢ , which is pelagic. 

II. NATURE OF THE COMMENSALISM. 

Nereis relies upon the hermit-crab for food, protection and 
locomotion as do the other members of the philozoic institution 
supported by Pagurids. The highly developed sense organs and 
weapons of offense of the annelid indicate that the Nereid 
furnishes something towards the household economy. The fol- 
lowing interesting experiment is recorded of the Swedish forms. 
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‘‘ When the hermit and crab and the annelid were taken out 
of the shell and both left in an aquarium in which there were 
empty snail shells, the worm did not deign to enter any until the 
crab had made its choice and taken possession of one. Then it 
immediately crawled up to and took its place in the same, with- 
out any hindrance on the part of the crab. Yet, without doubt 
the crab could have seized and devoured this worm as well as it 
had a Nereis diversicolor on a previous occasion.” The writer 
suggests that beside stinging and killing prey, the worm may 
also free the crab from larve of parasitic isopods or Rhizoceph- 
ala, That this last mission is not always accomplished is in- 
dicated by my having found on the companion of Nereis cyclurus 
a large and flourishing Argeia. The fact that the hermit-crab 
could distinguish between the two species N. fucata and N. 
diversicolor might be explained by the distastefulness of the 
former. From the above evidence, however, it seems safe to 
assume that the commensalism is mutualistic. In confinement, 
the Nereid outlives the crab, by many days. 

Ill. StructuraLt MopIFricATIONS ARISING FROM COMMENSAL LIFE. 

1. The posterior two-thirds of the worm being no longer needed 
for locomotion and protection, degeneration has taken place in 
the cuticular and muscular layers of this region as in N. fucata 
f inqutlina. There is further modification in the size and 
strength of the bristles. 

2. The body is pigmented only as far as the twenty-seventh 
somite and on the dorsal side alone. Wiren observes that this 
surface is all that is ever exposed to light. 

3. In spite of the degeneration of the posterior part of the 
body, the respiratory lobes on the parapodia of this region are 
fully developed. Inthe normal extended position assumed by 
worm and crab there is a constant current of water passing from 
the gills of the latter along these posterior appendages of the 
Nereid. 

4. The fact that of the adults, females alone are found, may be 
due to the effect of a highly nutritive and well-protected mode 
of life. That physiological factors have not a little to do with 
the determination of sex in annelids has been suggested by 
Wheeler in the account of the sexual phases of Myzostoma.* 
N. dumerillii possesses at least five different mature forms, 
some Heteronereis, some not, some living on the bottom, some 
at the surface. The relations of these forms to each other and 
the causes of sexual modifications, might by experiment be 
shown to depend upon different physiological conditions. 

*Mittheil. aus Zool. Stat. Napl., Vol. 15, 1896. 
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III. HETERONEREIS (EPITOCOUS) AND NEREIS FORMS. 

The terms Heteronereis and Nereis have been used to ex- 
press external morphological differences between the sexually 
mature and immature Nereid forms. Ehlers used instead the 
terms ‘“ epitoka and atoka distinguishing forms which bear eggs 
(or sperm) from those which do not. The two sets of terms are 
not synonomous as has been pointed out by Benham,* since the 
immature form (Nereis) may bear eggs or the mature form 
(Heteronereis) be found with immature eggs. The development 
of this knowledge by Claparede and Wistinghausen, necessitates 
our using the older and more familiar terms to designate the 
different structural forms, and likewise to restricting the terms 
epitocous and atocous so as to be descriptive of the condition 
of the reproductive organs alone. This nomenclature is used by 
me in the following description for the sake of simplicity and 
convenience. 

The following types of Nereis cyclurus have been found in 
Pterenotus, Fisus, and small Natica shells. 

a. Atocous Nereis forms, two to four inches long, superior upper lobes only 
slightly enlarged. Plate XVII., figs 4, 5, 6;—developes into: 

b. Epitocous Nereis form. Four to five inches long, carries eggs. Region 
posterior to 30th segment unpigmented. In this portion, superior lobe of 
upper part foot very. strongly developed, that of 50th somite over twice 
as large as that of 15th appendage. Eggs not found in parapods. AlI1 females. 
Plate XVII., figs. 1, 2, 3;—probably developes into : 

c. Epitocous Heteronereis form. Has accessory foliaceous appendages to dorsal 
-cirrus and neuropodium. Body has modified appendages from 25th or 30th 
somite back. Upper superior lobe 50th not twice as large as that of 15th, 
i. e., anterior appendages larger relatively than in 6. Parapods and body 
distended with enclosed eggs. Plate XVIII., figs. 1-5. 

Up to the present time we have not met with a male Nereid 
-of this species. Furthermore, every specimen of types } and c 
have been females, so that whether type a are young females or 
undifferentiated as to sex, it seems not improbable that the males 
may be found free-living. Although our evidence is not full 
enough on this point to be conclusive, yet we have examined 
some twenty or thirty specimens with the above results. 

Two very significant facts appear from a careful review of 

Wiren’s paper. (1) No male Nereis fucata 8 inquilina (the 

variety which lives in snail shells) has ever been found. After 

the work upon Nereis dumerillii in which two female Hetero- 

nereis forms occur, one at the surface and one at the bottom, 

while the only male epitocous form is pelagic, we have precedent 

for supposing that the male epitocous form of N. f. 3 inquilina 

* Cambridge Natural History. 
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might he found free-swimming. (2) No female epitocous form of 
N. fucata (type form) is known. Is not the form of N. fucata 
which lives in snail shells the female epitocous form? The 
characters upon which Wirén has decided that the latter is a 
different variety from the free living form are those peculiar to 
epitocous forms, such as our type b or c. These characters are 
(1) the modification of posterior end of body, and (2) enlarge- 
ment of upper lobe of upper part of foot. Aside from the 
physiological results from the commensal mode of life, variety 
B tnqutlina is not more widely different from the type atocous 
form than are epitocous forms generally. 

The observations on N. Dumerillii demonstrate that sexual 
garb and habits are not exactly correlated. Professor Verrill 
has kindly shown me in his museum a series from Nerevs to. 
Heteronereis forms illustrating all gradations in number and 
nature of metamorphosed parapodia and, after the finding of a 
Heteronereis type in N. cyclurus, the statement of Wiren does. 
not seem convincing, that an unchanged female NV. fuc. 8 inquilina 
necessarily presupposes (or excludes) a corresponding unchanged 
male 3 inquilina. This commensal variety of N. fucata, as we 
now know it, rests ultimately on morphological divergences of 
the female, incidental to a parasitic life. 

To sum up, commensal females, including immature adult and 
metamorphosed types, are the phases of Nereis cyclurus now 
known. The males are presumably free living. We venture 
the suggestion that since no male N. fucata 8 inquilina and 
no female epitocous type form of N. fucata are known, that the 
variety 3 may be the usual epitocous female form of the latter. 

IV. RELATION OF OLD AND NEw Worip CoMMENSAL NEREIDS.. 

Owing to lack of material of the European species I have not 
been able to make a careful comparison of the Crustacea in- 
volved in this commensalism. The western American hermit- 
crab, which is host to all large Nereids, agrees most closely with 
Dana’s species, armatus,* of the type Hupagurus bernhardus. 

A careful comparison of drawings with Wiren’s exhaustive 
description of N. fucata and a reéxamination of the material 
brings out the following general resemblances in the Nereids: 
(1) Those resulting from degeneration of posterior end of body. 
(2) Shape of antenne, palpiand jaws. (3) Characteristic large 
dorsal lobes of notopodium. 

The differences are: (1) Arrangement of paragnathi. (2) Com- 
plete difference in distribution of pigment. N. cyclurus has no- 

* Proc. Phil. Acad. N. S. 1051. 
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longitudinal bands, but each anterior somite, especially the first, 
bears a reddish, single, transverse stripe, over the yellow back- 
ground. (3) The enlarged first somite forms a very prominent 
collar. (4) No black spots occur regularly on parapodia. 

These differences are such as to exclude WN. cyclurus from the 
description of Nereis fucata Sav. The affinity of the two, on 
the other hand, is undoubted and, without entering upon the in- 
teresting problem of the widely separated distribution of these 
allied species, I offer the following detailed descriptions of the 
Pacific and the Scandinavian forms as the evidence for my con- 
clusions. 

V. DeEscrRIpTION OF NEREIS CYCLURUS, nN. Sp. 

Head, when fully visible, longer than broad. Tentacles from 
three-quarters to nearly tbe length of head, separated at base 
and divergent. Palpi large, closely appressed to tentacles, latter 
reaching about to the tips of the bosses. 

Paragnathi. (1) Maxillary median—generally three or four 
separated. equidistant and median points,—(sometimes small 
groups not arranged in median single line). (2) Lateral dorsal 
maxillary on each side of former—about 18 to 20 points in well 
defined prominent groups. (3) Median ventral maxillary— 
patches of small points—scattered. (4) Lateral adjoining last, 
large well defined group of prominent teeth (15-20). (5) 
Median dorsal proximal teeth —two points prominent in an 
ill-defined ring on proximal basal somite which is slightly strong- 
est at ventral side. Pl. XVLI., fig. 3. 

Maxillz brown, with a longitudinal crescentic ridge on ventral 
side, 10 teeth on each maxilla. 

First somite—forming a collar characteristic of species—twice 
as broad as succeeding somite, smooth above, longitudinal 
wrinkles below and laterally. Lateral flaps extending forward 
to cover proximal ring of proboscis when latter is extended. 
Collar bearing dull reddish pigment, except for a white trans- 
verse strip along dorsal anterior border. Flaring flaps of collar 
laterally and ventral not bearing dull red pigment. Dorsal sur- 
face head between eyes bearing band of pigment which reaches 
forward in two small streaks and is continued on to the lateral 
sides of palpi. Pl. XVI., fig. 3. 

Outer parts tentacles, and basal joints tentacular cirri, pig- 
mented. 

Eyes large, converging, far apart transversely; those on each 
side, near together antero-posteriorly. Pl. XVL, fig. 3. 

Ist parapod. Alike in types a,b,c. Prominent dorsal cir- 
rus twice as long as parapod. Upper part of superior lobe oval 
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in outline, constricted near insertion of cirrus. Two acicles, 
equal number of bristles from each. Ventral cirrus half as long 
as dorsal. Fig. 1. Pl. XVIII. 

10th parapod. In epitocous forms, upper part of superior lobe 
distended with eggs. Dorsal cirrus shorter than on 1st parapod. 
Upper side of superior lobe convex, lower concave. Ventral 
bristles stronger than dorsal. Dorsal acicle of epitocous form 
running far out into lower part of superior lobe. Fig. 1 and 4. 
Pl eV il ig. 2-) Bele xey ale 

20th parapod. Marked by dorsal extension of upper superior 
lobe for ova which in epitocous forms bears scattered pigment 
spots like preceding. Ventral cirrus stout, Pl. XVII., fig. 2 and 
Do. Pl) XVE foes: 

30th parapod. In epitocous forms partly transformed. Indica- 
ted by dropping out of old bristles and appearance of new, slen- 
der ones PI. XVII, fig. 7. Pl. XVIII, fig. 4. Marked lengthening 
of lower part superior lobe. Ventral cirrus bearing ventral irregu- 
larities or buddings, which in about the 40th parapodium develop 
to make accessory respiratory lobes of neuropodium; a dorsal 
accessory cirrus split off and lower part of 40th foot bearing 
large respiratory lobe. Pl. XVIIL., fig.5. Ventral acicle accom- 
panied by five or six of the large unmodified bristles, while dor- 
sal acicle is attended only by the new delicate bristles. Upper 
part of superior lobe enormously enlarged in epitocous form. 

All the parapods including first contain eggs which are shown 
outside in Fig. 5. 

The most striking features which readily distinguish this 
species from any other now known are: (1) Each of the first 
twenty somites bears on its anterior half a white stripe, on its 
posterior half a single (lighter at its most dorsal part) or a 
double transverse band of reddish pigment. (2) The first somite 
is wider and more elevated than preceding. (3) Paragnathi. (4) 
Degeneration of posterior part of body. 

VI. NEREIS FUCATA. 

The following is taken from the diagnosis made by Wirén for 
the epitocous male N. fucata Sav. This is given instead of a 
diagnosis of N. fucata B inqguilina for the following two reasons. 
First, because this is so exact a description of the commensal 
type that Wiren describes the head and appendages, paragnathi, 
eyes and bristles of latter by reference to the epitocous male. 
Second, because Nereis fucata has been said to occur in many re- 
gions on account of a supposed male epitocous form Heteronereis 
glaucopis, Malm. Verrill reports the latter off Watch Hill, New- 
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port. Hither there are two Heteronereid forms or,as Wirén states, 
the last named is not a form of NV. fucata but of N. zonata.* 

Number of segments is 94, first included, which as is usual lacks feet and 
bristles. The 22 bristle-bearing segments completely unchanged in respect 
to form of foot parts and relative size and to nature and distribution of 
bristles. (There are 27 in N. cyclurus.) 

Seven first bristle-bearing somites with, as is usual with males, the lower 
part of dorsal cirrus somewhat, though slightly, thickened. From the 24th 
segment, feet suddenly changed and in same manner as with most species 
when they reach maturity. Upper division of foot furnished with 3 blade- 
shaped appendages. The first rounded trapezoid, behind the base of dorsal 
cirrus. The second and third oblong, the upper being fastened behind 
bristles of upper foot branch, the lower under bristles but fastened on front 
side of foot branch. On upper lobe of foot branch, the hinder lamella grown 
out toa kidney shaped blade which reaches outside the points of bristles. 
Front lamella also somewhat enlarged. Lower lobe thickened and sharply 
shut off from upper by deep furrow. Dorsal cirrus bearing on under side 9 
wart-shaped papillz of which 2-3 are somewhat larger than the rest. Ven- 
tral cirrus unchanged, but from its base there is developed on upper side 
a cylindrical appendage furnished with annular constrictions and on under 
side, a kidney-shaped or semicircular blade. (Compare Plate XVIII, fig. 5 of 
N. cyeclurus, which does not show dorsal accessory blades. Many of these must: 
have swimming function.) Ail the blade-shaped appendages of the feet are 
unusually large, especially the large blade of lower foot, in comparison with 
other epitocous Nereis forms. 

Bristles exceedingly numerous—placed in several rows in front of each 
other and all knife or oar-shaped—‘‘sete cultrate.’’ Anal cirri wun- 
changed, but anus, beside these, surrounded by a large number of short 
cylindrical appendages. Color of specimen examined had nearly disappeared, 
only black spots on feet were preserved. 
The form N. fucata 3 inquilina which lives symbiotically with Eupagurus 

bernhardus corresponds with above except that the upper lobe of the para- 
podium is enlarged to hold eggs, the sexual garb is lacking, and muscular 
and cuticular layers, including pigment are feebly developed in posterior 
region of the body. 

For an admirable diagnosis of this species, the reader is referred to Wirén’s 
description of which we have given only the above abstract. 

ZOOLOGICAL DEPARTMENT. 
COLUMBIA UNIVERSITY, March 4, 1897. 

*For the benefit of any who may find trouble in reading the account in Swedish, I 
give the following translation from Wiren’s article, p. 8. 

“The feet of the unchanged part of Heteronereis glaucopis resemble not at all the 
corresponding feet of V. fucata. The most characteristic quality of the latter is the 
considerable size of the upper foot lobe compared with other parts of the foot. In 
Heteronereis glaucopis, on the contrary, the upper lobe of the superior foot part is 
neither longer nor higher than the next below. Likewise does the latter named form 
lack the dark spots on the ends of the foot part characteristic to N. fucata and even 
seen in old alcoholic specimens. Of all known atocous forms it seems to me that 
Nereis zonata is the one which resembles most Heteronereis glaucopis Malm. The 
geographical distribution of the former speaks evidently against the alliance of the 
two forms. But, perhaps, the individuals with sexual garb may be found far outside 
the region of distribution of the normal species. 

‘“‘Epitocous forms of VV. fucata have been found but once in Bohusliin where the col- 
lector, C. Kolthoff, took a very well developed male swimming at the surface together 
with epitocous JN. longissima and N. diversicolor. * * * It corresponds in the arma- 
ture of proboscis, head and appendages, completely with the atocous form, except that 
the eyes, as is generally the case in mature Nereid individuals, are larger and furnished 
with better lenses. However, they are not so large in this specimen as in most other 
epitocous Nereis forms.” 
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PLATE XVI. 

Illustrating the paper of N. R. Harrington, pp. 214-222. 
Fic. 1. Eupagurus alaskensis (Benedict), with commensal Nereis cyclurus 

n. sp., inhabiting Lunatia shell. 
Fic. 2. Lower coils of Lunatia shell, inhabited by hermit-crab, broken 

away, showing Nereis cyclurus in its normal retreat. 
Fic. 3. Head and anterior somites of Nereis cyclurus n. sp. This drawing 

was made by Mr. J. H. McGregor. Figures 1 and 2 are reproduced from 
photographs. 

PLATE XVII. 

Tllustrating paper of N. R. Harrington, pp. 214-222. Drawn by the author. 
Fic. 1, 2, 3. Parapodia of 10th, 20th, 30th somites Nereis cyclurus, n. sp. 

epitocous Nereis 2. 

Fia. 4, 5, 6. Parapodia 10th, 20th, 30th somites N. cyclurus, n. sp. ato- 
cous Nereis form sexually immature. 

Fic. 7. New bristle from epitocous Heteronereis form WN. cyclurus. 

PAE xey sell: 

Illustrating paper of N. R. Harrington, pp. 214-222. Drawn by the author. 
Fia. 1, 2, 3, 4, 5. Parapodia Ist, 10th, 20th, 30th and 50th somites of J. 

cyclurus, adult, epitocous Heteronereis form. Fic. 5. shows modified sexual 
form of parapodium with accessory respiratory lobes on ventral cirrus and 
neuropodium. All these appendages are distended with eggs even to the 
tips of lobes. Two ova are shown for relative size at side of Figure 5. 

STATED MEETING. 

March 15th, 1897. 

The Academy met with Presmpent STEVENSON in the chair. 

Twenty-one members were present. 

The minutes of the last meeting were read and approved. 

The nominations of Mr. Edward T. Adams and Professor J. 
J. McNulty were read and referred to the Council in the regular 

course. 

The Section of Geology and Mineralogy then formed and pro- 

ceeded to the election of officers for the ensuing year. President 

Stevenson declined the renomination as chairman and Professor 

James F. Kemp was nominated and elected. Professor Richard 

E. Dodge was nominated and elected secretary. 
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The first paper of the evening was by Mr. Heinrich Ries en- 

titled ‘‘ Mineralogical Notes.” Mr. Ries exhibited specimens of 

allanite crystals from Mineville, N. Y.; large specimens of 

fibrous gypsum from Newcastle, Wyoming; some very large 

specimens of childrenite crystals from Maine; and some speci- 

mens of amphibole crystals from the Arminius Mine, Virginia, 

showing terminal faces; also specimens of pseudomorphs of gold 

after sylvanite from Cripple Creek, Colo. He also spoke of a 

small but perfect beryl found by Gilbert van Ingen at First 

Avenue and Forty-ninth Street, which had many terminal faces 

and was a very valuable addition to the mineral occurrences of 

New York City. The paper appears in full in this volume on a 

subsequent page. The paper was discussed by Professor Kemp, 

who exhibited large hornblende crystals with terminal faces 

gathered at Franklin Furnace, N. J. 

The second paper of the evening was read in abstract by 

President Stevenson and was entitled ‘‘The Lancashire Coal 

Field of England” by Mr. Herbert Bolton. The paper appears 

in full below. It was discussed by Professor Kemp, who gave 

some historical notes of interest concerning the early use of coal 

in Great Britain. 

Third paper of the evening was read in abstract by Mr. Gilbert 

van Ingen and was entitled ‘The Batesville Sandstone of 

Arkansas ” by Stuart Weller. This paper appears in full below. 

It was discussed by President Stevenson and Professor Kemp. 

After the announcement that the next meeting of the Geolog- 

ical Section would be devoted to a reception to Sir Archibald 

Geikie, the Section adjourned. 
RicHarp E. Donae, 

Secretary. 
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THE LANCASHIRE COAL FIELD. 

By Hersert Bo.ton, F.R.S. E. 

Assistant Keeper, The Manchester Museum, Owens College. 
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TOPOGRAPHICAL FEATURES. 

The topographical features of the Lancashire Coal field are 
well marked. On the south and west it is bounded along a line 
of faulting, by the low Triassic plain of Cheshire and western 
Lancashire. Along the northern and eastern sides it is shut in 
by a series of lofty moorlands covered by extensive peat de- 
posits and overgrown with heather. 

The flanks of the moorlands are deeply gashed by narrow ra- 
vines called “cloughs,” the sides of which, clothed with the 
bracken and other ferns, lodge a few hardy trees and shrubs. 
Here and there the ravines have vertical walls of massive grits. 
The whole of this area consists of Millstone Grit rocks, which 
were elevated into anticlines during Mesozoic times. 

At the base of the highest moorlands are low rounded foot- 
hills whose sides and crests are clad with trees or mapped out 
into grazing farms. These hills consist of the upper members of 
the Millstone Grit, or of the Lower Coal Measures in which grit 
rocks are a strong feature. The hill slopes are usually steep. 
Most of the mining of the Lower Coal Measures is done by means 
of “ adits ” which pass into the sides of the hills or else by shal- 
low shafts which do not exceed 100 yards in depth. 

The southern fringe of the coal field might be described as 
a hummocky country, a series of shallow river valleys sepa- 
rated by low, broadly rounded hills. It is along this southern 
fringe that the rich Middle Coal Measures chiefly occur, only 
a few isolated patches being found in the northern half, the chief 
of which is known as the Burnley coal basin. 
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The large cotton and iron manufacturing towns of Lancashire 
lie along the lower parts of the valley systems, the rest of the 
country being occupied by grazing farms and quarries. 

On the south and west of the Lancashire coal field is the great 
Cheshire and west Lancashire plain of Triassic rocks. The dis- 
trict is almost entirely agricultural, flat and monotonous. 

SUPERFICIAL DEPOSITS. 

The subsoil of the coal field rests upon thick beds of clay en- 
closing lenticles of sand and heavily charged with ice-scratched 
boulders derived from country rocks and the volcanic series of 
the north of England lake district. The glacial clays are of 
considerable thickness in the valleys, thinning out upon the 
flanks of some of the hills, but sweeping over some others under- 
neath the peat. 

The solid geology is almost everywhere obscured by these de- 
posits except along the tracks of streams or where beds of grit 
have withstood denudation and stand out as mural masses along 
hill flanks. 

The mantle of stone-laden clay and sand is not so great a 
hindrance to a study of the solid geology as one might expect, 
since the heavy rainfall (44 inches per annum) and the rate of 
fall of the hill slopes have caused each tiny stream to cut through 
the clay and into the Coal Measures below, so much so that a 
continuous section of a mile in length can be easily examined in 
most stream courses. Streams are numerous and surface sec- 
tions can be correlated with a fair amount of ease. 

Minina History. 

Whether coal mining was practised by the ancient Britons is 
a point upon which there is no certain evidence. 

Previous to the time of the Roman occupation, Lancashire 
was largely forest and swamps, and the ease with which wood 
could be obtained discounts any theory of coal working by the 
Britons. 

That coal was mined and used as fuel by the Romans is very 
probable, for Whittaker, the Lancashire historian, has recorded 
that the evidence of a large coal fire and an abundance of ashes 
and scoriz were dug up in the “Castle Field” in the Roman 
centre of Mancunium or Manchester.* 

Whether coal was used in Lancashire by the Saxons is not 
known. | 

That the coal. was taken out at a remote period has been 

*‘* History of Manchester,’ Vol. I., p. 301. 

TRANSACTIONS N. Y. AcaD. ScI., VOL. XVI., Sig. 15, May: 20, 1397. - 
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proved by the finding of old workings and old implements of 
mining, such as oaken shovels tipped with iron, ete. 

Coal was mined in the Burnley area in the time of Henry 
VIII.,* but only since the commencement of the present century 
has mining became important, its progress being synchronous 
with the development of woolen, iron and cotton industries. 

The extent to which mining is now carried on is best shown 
by the accompanying statistics extracted from the Second An- 
nual General Report upon Mines and Quarries (1896), by Dr. C. 
Le Neve Foster: 

Total quantity of coal raised, 1894, 23,116,003 tons. 
Total quantity of coal raised, 1895, 22,014,515 tons. 
Coal raised in 1895, value at the mines, £7,059,782. 
Fireclay, 128,680 tons. 
Total number of persons employed in and around mines in 

Lancashire, 68,615. 

MILLSTONE GRIT SERIES. 

No description of the Lancashire Coal Measure would be 
complete without a reference to the Millstone Grit Series, which 
everywhere underlies the productive measures, and rises, as we 
have seen, into moorlands on the north and east. 

The Millstone Grit Series, as its name implies, consists of 
beds of hard quartzose grits often very coarse, and interbedded 
with bituminous shales and a few thin coals. In a few cases the 
coals have been worked to a limited extent, but they are gener- 
ally much too thin to pay for working. 

The grit rocks are largely quarried for flags, building stone, 
paving-stone and road-metal. The massively bedded rock bands 
furnish huge blocks used as engine beds, and supports for heavy 
machinery. 

The grits contain abundant impressions of plants, such as 
Sphenopteris and Alethopteris and occasionally large casts of 
Lepidodendron and Sigillarioid stems. An examination of the 
quarries in the Millstone Grits soon convinces the most sceptical 
that they are consolidated sand beds, which accumulated close 
in shore near a land area already supporting an abundant and 
luxuriant flora allied to that of the coal. 

On the other hand, the intervening shales contain brackish and 
marine forms of life more nearly related to those of the Yore- 
dale shales and Carboniferous limestone below. A species of 
Lingula is most common, but species of Productidx, Streptor- 
hynchus, Spirifera, Aviculopecten, Modiola, Posidoniella and 
Goniatites also occur. Fish remains are rare. 

* Hull’s Coal Fields of Great Britain, p. 220, 1891. 
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The Millstone Grit Series is separated into four divisions : 
First Grit or Rough Rock, Second Grit or Haslingden Flags, 
Third Grit, Fourth Grit or Kinder Scout Rock. 

The series reaches its maximum development in Lancashire, 
where it attains a thickness of 5,000 feet. 

First Grit or Rough Rock.—A massive coarsely felspathic grit, 
sometimes containing «a seam of coal eighteen inches thick. 

Second Grit or Haslingden Flags.—Well bedded, fine grained 
sandstones and flags extensively quarried for building stones, 
paving stones, flags, etc. 

Third Grit (Brooksbottom Series).—A very changeable series 
of sandstone and shales with a few thin coals. In some localities 
the sandstones swell out into massive bedded grit rocks, whilst 
in other cases they are insignificant and shales predominate. 

At Greens Clough (Beaters Clough of the Ordnance Maps), 
near Burnley, a bed of sandstone 60 feet thick, which belongs to 
this division, has been quarried. It is rich in casts of the trunks 
of Calamites, Sigillaria and Lepidodendra. Immediately above 
it occurs a 38-inch coal. 

Fourth Grit or Kinder Scout Rock.—Coarse sandstones and 
grits, with, in one case (Rawenstall, near Manchester), a 6-inch 
seam of coal. 

The grits occasionally become so coarse as to resemble con- 
glomerate. 

It must be borne in mind that the Millstone Grits of Lanca- 
shire form but a small portion of an extensive mass of sandstones 
and shales which occupy the high ground of the West-Riding of 
Yorkshire and stretch southwards and eastwards to the hill 
-country of Derbyshire. Taken as a whole, these grits and shales 
represent a period of great subaérial denudation of a Jand surface 
largely made up of the older crystalline rocks, and a correspond- 
ing sedimentation along the borders of the old Carboniferous 
limestone sea, producing a shallowing of that sea and eventually 
-a lagoon-like belt, upon which the later Coal Measure forests 
found a suitable place. 

The Lancashire Coal Measures which accumulated upon the 
‘substructure of grits and shales, are divided into the lower, 
middle and upper series, but the boundary lines are purely arbi- 
‘trary and drawn for convenience rather than as indicating any 
real change in the deposits or their contents. 

Speaking generally, the Lower Coal Measures are specially 
marked by shales containing supposed marine forms of life, thick 
beds of grit and but few and thin coals. The Middle Coal 
Measures form the productive measures, marine bands with a 
Single exception being absent. 
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The Upper Coal Measures contain a few coal seams in their 
lower half, the upper consisting of red shales and thin lime- 
stones. 

THe Lower Coat MEASURES. 

These Measures bound the northern side of the South Lan- 
shire coal field, and send three arms northwards through the Mill- 
stone Grit country to the Burnley coal field, which they com- 
pletely encircle. Immediately to the south of the latter coal field 
they cover a tract of country fifteen miles long from east to west 
and three to five miles broad from north to south. 

The Lower Coal Measures include all the beds lying between 
the Upper Rough Rock of the Millstone Grit Series and the 
floor of the Arley Mine (also known as “ Little Delf” at St. 
Helens, ‘‘ Riley Mine” at Bolton, and “ Dogstone Mine” at 
Bury). They consist mainly of shales, with thin bands of nodu- 
lar ironstone, sandstones, and thin coals, reaching in all a thick- 
ness of 1,200 feet along the line of the “ Rossendale Anticlinal.” 
Not more than six coal seams are present in the series, the total 
thickness rarely exceeding ten feet. 

The accompanying generalized section in the Rossendale area 
serves to illustrate the position and thickness of the seams. 

Ft. In. 

Strata ? 431 0 
Upper Mountain Mine.............. Coal 1 6 

Strata 36 0 
Coal 2 
Strata 56 0 

Upperboot Maneresecscesrsecresenre: Coal 8] Five Feet 
Strata 30 0 | Mine where 

Ganihister Mine2.J.c22.ce.8. setese se Coal 2 6) they unite. 
Strata 20 0 

Lower HootyMian erasers --ecceaees Coal 8 
Strata 40 0 

Bassey or Salts Mine................. Coai 23 0 
Strata 100 0 
Coal 10 
Rough Rock 

The coal seams are frequently termed ‘‘ Mountain Mines,” 
owing to their general occurrence in the high ground. But three 
are of commercial importance, viz.: The “ Gannister,” “ Yard” 
or “ Lower Mountain Mine;” the “ Upper Foot” or “ Bullion 
Mine,” and the “ Upper Mountain Mine.” The “ Bassey,” or 
“Salts Mine,” is a very impure coal and not much used. It is 
worked to some extent in the Blackburn area. The Upper 
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Mountain Mine and the Gannister seam have been largely 
worked by adits and shafts to supply the wants of the numerous 
cotton manufacturing towns of Lancashire and are still largely 
used. The chief coal supply from the Lower Coal Measures 
will, in the future, have to be drawn from a five-feet seam formed 
by a union of the Gannister and Upper Foot seams, which takes 
place along an irregular northwest and southeast line, a little to 
the north of the Rossendale anticlinal. Although up to the 
point of union the individual thicknesses of the two mines are 
but two feet six inches, and eight inches respectively, yet at 
their junction the united seams swell out to athickness of nearly 
8 feet, and the average over a great area is five feet. 

The special features of the union of these two seams were 
dealt with by J. Aitken, F. G. S.,in a paper read before the 
Manchester Geological Society (See TraAns., Vol. V.) and his ex- 
planation is probably the correct one; viz.: That a part of the 
Gannister area was one of subsidence, the submersion going on 
until a sufficient depth beneath water was obtained to allow of 
the deposition of sufficient detritus to form the rock mass over- 
lying that mine and separating it from the thin coal above. He 
goes on to say in his paper, ‘‘it would further appear that the 
surface over which the five feet coal was then in process of for- 
mation remained stationary and undisturbed, and that the oper- 
ations or nature were not in any way interrupted.” 

This view is supported by the fact that the coal of the Five 
Feet Mine is considerably thicker than the aggregate of the two 
mines while separate, the growth of vegetation over the area be- 
ing evidently continuous during the period in which the sub- 
merged portion was being silted up. When the latter had taken 
place the coal forest grew out over the shallows, giving rise to 
the thin ‘‘ Upper Foot ” coal, after which the whole area occu- 
pied by the Five Feet Mine and the Upper Foot coals was sub- 
merged, and a uniform deposit of mud took place, 

The coals are all bituminous and caking. Iron pyrites occur 
as nodules in some of the coals, and also as a thin film upon 
joint planes, in some cases (the upper seams) so abundantly as 
to seriously injure the usefulness of the coal. The demand for 
these coals is entirely local, and their use as fuel is restricted 
to engine boilers and the open fireplaces of the people. All the 
seat-earths or fireclays are much used in the manufacture of 
firebricks, gas retorts, chimney pots and drain pipes. 

The associated flagstones and massive bedded sandstones are 
quarried to a large extent for building purposes. The houses in 
many of the smaller towns are nearly all built of sandstone, 
bricks being used chiefly for inner walls. 



230 TRANSACTIONS OF THE [maR. 15, 

MippLteE Coat MEASURES. 

We have already alluded to the broken up character of these 
Measures, whereby small isolated portions have been dignified 
with the name of coal fields. The most southerly patch is the 
Manchester coal fields, a lanceolate area about four miles long 
from north-northwest to south-southeast and a mile and a-half 
broad across its greatest diameter. This coal field, whilst rela- 
tively insignificant and now unused, is of considerable geological 
importance, in that the Upper Coal Measures are here in place 
and well developed. The Middle Coal Measures are deep 
seated and scarcely touched, owing to the great thickening 
of the barren measures, below the Four Feet coal of Bradford 
and Clayton. This latter seam is supposed to be the equivalent 
of the Worsley Four Foot Seam, which marks the upper limit of 
the Middle Coal Measures in other parts of Lancashire. At- 
tempts to reach the thick coals of the latter have thus far failed* 
and will probably not be renewed until other portions of the 
south Lancashire coal field are exhausted. Professor Hull is of 
opinion that at least 616 yards of barren measures will have to 
be penetrated below the Bradford and Clayton Four Feet seam 
before a workable coal is reached. 

The Upper Coal Measures which have been worked in this 
coalfield will be dealt with elsewhere. 

South Lancashire Coal Field. 

This coal field, which is extremely irregular and much cut up 
by faults, can be best dealt with by a division into districts. 

As a whole, il covers a tract of country thirty-two miles long 
from east to west, and averaging six miles in breadth.f To the 
north it runs out upon the Lower Coal Measures, to the south it 
dips under a narrow band of Permian sandstones and marls, the 
whole being faulted down under the Trias of the Cheshire plain, 
which runs up into the margin of the coal field in a few broad 
triangular tongues. To the east as to the north, the measures 
run out upon the Lower Series, whilst to the west they are 
faulted down to a great depth under the Trias, which here forms 
a low flat maritime plain. 

Although it would thus appear that the coal field is compact, 
yet faulting and denudation have been so extensive that no 
complete correlation of the coals has yet been established. 
Whilst also some of the seams are fairly persistent, others thin 

* Mem. Geol. Survey. Geology of country around Oldham and Manchester, 1864, p. 
36, Professor Ed. Hull. 

+ Hull’s Coalfields of Great Britain, 4th Ed., 1881, p. 197. 
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or swell out, whilst hundreds of feet of shale in one place are 
represented by a few feet of sandstone in another, 

It is possible that some of the thickest and most valuable 
coals are persistent over the great part of the coal field, being 
known under different names in different districts and altering 
somewhat in their character. The extreme east of the coal field 
we may define as 

(a) Oldham and Dukinfield Area. 

The best general section of which is that given by Professor 
Hull, on page 24, of the Geological Survey Memoir of the 
Country around Oldham, and reproduced here. 

Coal Series of Oldham and Middleton. 

BARDSLEY COLLIERY. 

Ft. In. 
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GLODWICK COLLIERY. 
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Ft. In 

(top coal...... EGS als Sarr. 
(CLAY coe dasinles 0) ets Teal 

17) Great DANE) oea.o esos 20 COal ss hasase ¥ ys 6 * Fe aisctchameage sees 9 103 
CIBY;..soeceseses 0 cee | 

| bottom coal. 4 “ 0) “** J 
Sandstoneand shale, with shells.............sssss-scosscsecssececors BB) od 

OS Little) Coal «2 sassvencisosinwcejcde sun catoceswensnctemereoe css ceneneeeeereere 2 3 
Sandstone and shale, with fish remains.....................-ss00- 66 9 

20. Black Mine (the best.seam in the district)................0..s02-e00 4 2 
Shales, sometimes strong, with two coal Seams............0e0+6+ le 

( top coal....... 0 ft. _ in. 
21. Stone Mine. 4 stone.......... 1 costa i We “dark stone’) 3 4 

Lbottom coal. 1 ** 3 
Soapstone (sandy shale), witha band of white rock............ pala! 

225 Uppers Bent eincrmenteeeccesencdeedonemeosencreseencecnenecnessesceanete te tate 2° 2 
Hard soapstone, swith fernss.. meses celocnctogoddecs tee -ck sence eens 29 es 

23; Lower: Bent mine mecaeesaccse soe onc ccetoasns -octenieoc ance aececeneansecieectis 2s 
Stra baseeacins dete cemsanconsecmas teeters saat smeciooar enue seem racionces eer Bi (8 

QA. Hollingworth \Codlsjcsccccecsscensaescctseedecsecssnasesseaaaceceeecarnerseee dige 1(8 
SGT ats oa siacs cacceea sass vaaee cele vanenee tine tess piogeemieneeieee ne Ie aera e aee Dok) 20 

Page 1 (210 I LO OR eee pic bbccboar onbeoaoaccoocmaLsae nepal pasnednSocdmbbdouadceoddoccé ry (5 
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27. Royley Mine (with a parting of shale)...................sseseeeseseeees 4 0 

The two sections are practically continuous, the interval be- 
tween the base of the Bardsley Colliery section and the Blenfire 
rock of Glodwick being occupied by a series of shales and sand- 
stones, 

The chief coal seams of the Oldham area are about ten in num- 
ber. The most valuable and the one which has been most worked 
is the Black Mine, averaging four feet in thickness. Another 
seam of considerable importance is the “‘ New Mine” of the Ash- 
ton-under-Lyne district, which lies below the Black Mine and 
about 100 yards above the Royley or Arley seam. It may be 
equivalent to the Neddy Mine of Oldham or one of the thin seams 
below it. 

The Lower Bent Mine or Peacock coal is of good quality and 
much used. 

The “ Great Mine” of Oldham yields over eight feet of coal, 
but at Ashton-under-Lyne it includes dirt bands.* 

Higher in the series than any given in Professor Hull’s list are 
the Great and Roger Mines of Ashton-under-Lyne and Dukin- 
field. The former is six feet thick, the latter four feet and the 
interval is but 32 yards. 

Still higher in the series and at some 400 to 500 yards above 
the Great Mine is the Yard Mine of Moston, which is supposed 

*It must not be forgotten that the Oldham Middle Coal Measures are flanked to the 
north and east by ground in which coals of the Lower Series are extensiy ely mined. 
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to represent the Bradford four feet. If this be the case it marks 
the upper limit of the Middle Coal Measures. 

Nowhere in this area is the whole of the Middle series pres- 
ent from summit to base, unless it be to the south of Dunkinfield 
and at Moston. 

(b) Bolton and Bury Area. 

In this area the Middle Coal Measures reach fully a thousand 
yards in thickness and scarcely any portion remains untouched, 
mining being particularly active. 

The best generalized section of it is that of Professor Hull, 
curtailed from a much more detailed section published by J. 
Dickenson, Esq., late Her Majesty’s Inspector of Mines. 

Generalized Section Between Manchester and Bolton. 
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Ousleyph oti we Cet (COG Sastry ache ste rhe sc focdedddates seieens sesessce acest stencl take eo 
RSITTEZ 91S) CSR a Nanaia: GARE Ea, REC EHE GO r CE Tae E OCT Gaeta GOCE ORC ERC E Tenn ran 782 O 

JID. (COE epee BONO CEE TBBE CC CHER Bue UCSC CUED EEOC SO COCOCCBEICD SOS OCRCRECTER: ERP e De a 
SITRAY ED), GasuBeh daceat Bob ese CORE Eas abe boned 23858 roca ene ee CRCBGC Ee eee TOReeB AS vis) 

AMBER AEE Enso DS BOSSE OCI cbc ne BORE OEC COPE CCRT Rac Ob ac nOLEe Sane eee eee eee Sees 
SEIU UR eee aoe cree ale ciekictore te erate ce bintolalde sate ee wie oGlatwtiislesie 42 0 

“ODT OAR (ODT Seen es cdc onG OC BROCE CEE GE ANGER ccc ape ceE Eee D ALEC oRE Neer es £0 
Sireateees ee eee ot ee ek im 8 se eet aa eg cicte labios sleiaie’s'sd dats 144 5 

LES CLATESMEIILCIL CBRN Re rk See See cate eLolcieinisio nS ase ee ER cla olaloie SWeje dieje oleisieisinielew)asaia sicjayeis 5 16 
ASTER LEMP ee nae cto alte sc baice cee Semen etn nic aioe nowsleemiaieers op desieian car Oasys Ir 

pane: CAT os cucecnecbob coco ne cE BDOGCOGEE IG On BOOBS CDSE E GoBerE SERB EE OCC OpE Cae neEe 3) 
brabalececseeneuseee eo ROCHE ONOA ROBB Hen CES OBC ED DEC OELISC UE CERC CEE Pale 0) 

RELL COD Leta cac eae ee Toe eae REGR AoE calcining ides walteleleinn elnaiearcice Sen) 
RS tired Gen Reece woe ca cee meee nen cca soetie cctictclclisiaeinlias esse ese’ AST 0) 

Ofa! 10.Gye TOT gaat BORA Re aad: Rend SoH GC ECD SEC cBACC OE Pa Dao ota CHC EE TEE EREeC eo eee B®) 
Sadr Tig ones SRnpGs crdsasabcae he Boer coceebe Score Coron nice toncaner SeneSeecaanee ailks = i(0) 

ECMO LOMLETS 1 OOM Pree cotati a pis oes Giobe seals tee csiteeiasisee oa anlaweisle -i-(ees neces eee ont a6 
SHAVEN) e Sosesdeeus BE RMAC ena sas oes aA SCAN w eintcigona@eie<'g 266 O 

JURADO (ORT so Soo dck ode scOosOOBeA nO OO. Hon ape aCAC COTE See TELE IDAGEE EERE EEOne Dae 0 
COIL or roseconouo rice ccBOnr OCD CORE HOE D DEES ERIS ABCC ODOC EAE ee Hoey SrSaenere 1027 20 

Camel Drie. (Cannell only Giitts \ ance oc scldolee «cles enisles sn ccleececin cece oes 4 6 
SHS TELED) Bnnosdaos odaEe COLCA CCGaDE CABBAnE tite CERN a SCHR aEE BEE coConntS Gone EE mee BS TO 

RSA DNUI GO Uwe eka soe anine aces ae jeisiocl-/s aise tise ioelseis cobae wig sewarep cists sis sticlelsefos rire scl 4 0 
Dir bape yeernn eaten ke rae na waite Nanton Neale’ minesss de easing a/Siais Siameiajelae sy 107i 0 

LEAL OIEST RE (OWT so econ dR enc A SEAR EE ER OCS TEE CERO REA CASE FEE UBECREEDODEEO CEC AOE COOAECE ay 
SUED, inticbebbe depeche ge 4 sbsoDS da gbdnt tosdE aac nCOS SCC ec RE One aE ere aaannnn 114 O 

Wrath ICO bb cee Boba DBEE EC SOUDDIB EC DOCE CR BOOEE ESCC cca -abondn Tonge a atoee SAce 27 
SITET) ba Saaeasoncedl goon cut code DONDSESEDOCHOOC CE CEAcEETERCCDROSEEe I eMSREanCe 168 0O 

MUREE (TRG IW ODG: cocanonoteceannsSCeDoOonRepOCRO HE CHa ccae cs dSGD0NDAGood SSA RaGDaG Dae 0 
ISLA LID ccaded deco CSCC OEE CUS S CETGBOB EE DoH aBeE eRe OCs a mE NOL cupTecenranne 206 O 

PA LeN MIG Caemetaaat cee saree see sneecersh ries -raeoces se sccapesestesersesccesesscss: <= 4 0 

(Slightly modified from Hull’s Coal fields of Great Britain 1881, pp. 
202, 203.) 
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Fourteen seams are worked, yielding nominally about 60 feet. 
of coal; but from this must be deducted the thickness of shale 
partings, bass and dirt bands which frequently occur. 

The lowest bed of the series is the Arley Mine. 
The Cannel Mine, which occurs some way above it, is remark- 

able in that it consists of a basal layer of bituminous coal, and 
an upper layer of cannel which has a thickness of three feet at 
Wigan and thins away in all directions from it; the common 
coal thickens as the cannel diminishes. 

The Trencher Bone is of good quality in some parts of the 
area, whilst in others it contains so much dirt as to prove un- 
workable. It is in great demand as a house coal and large 
quantities are sent into Manchester and other towns. 

The Doe Mine and Rams Mine, are also good and in great. 
request. The Worsley four feet, which marks the upper limit. 
of the Middle Measures has been worked at Leigh, Pendleton 
and other places and is a good coal. <A great fault known as. 
the Irwell Valley Fault, cuts through this area from the Mill- 
stone Grit north of Bolton in a southerly direction to Manchester 
along the line of the valley of the river Irwell; the downthrow 
is to the northeast and is over one thousand yards. 

The various seams given on the section abut against the fault. 
in regular order from north to south on the upthrow side; on 
the downthrow side the seams are shifted to the northwards, 
and a narrow tongue of the Trias runs up into the middle of the 
coal field. 

(c) Wigan and St. Helens Area. 

In this area, as in the previous one, the Middle Coal Measures. 
are about one thousand yards in thickness. The St. Helens. 
district forms the most westerly section of the south Lancashire 
coal field, that of Wigan lying between it and the Bolton area. 

Notwithstanding their nearness, only two seams of St. Helens, 
the Little Delf and Rushyv Park have been directly correlated 
with two of Wigan, viz., the Arley Mine and Smith Coal. The 
remaining seams are not equally capable of correlation, owing to- 
the changing character of the coals themselves, alterations in 
thickness and character of the intervening non-productive meas- 
ures and the extensive faulting. 
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Comparative Coal Series at St. Helen’s and Wigan. 

St. Helen’s. iis) aa Wigan. Ft. In. 
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*Memoirs Geological SLD ey. “Geology of the Country around Wigan,”’ by Professor 
E. Hull, 1862, p. 12. 
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The best coals are those averaging from three to four feet. 
Seams which are thicker are usually of poorer quality and con- 
tain dirt bands. The cannel coal is of chief importance and, at 
Wigan, where it reaches its maximum thickness of three feet 
is extensively mined. From Wigan, as a centre, it thins out 
in all directions. It is of great value jn gas making. The coal 
itself has yielded numerous remains of fishes, teeth, spines, etc., 
as well as large Stigmarian rootlets. 

Northwards of St. Helens a great slice of the Middle Meas- 
ures is cut out by the great up-Holland Fault, which has a throw 
of 700 yards. This fault, like all great faults in the Lancashire 
area, ranges approximately N. N. W. andS. 8. E. and is roughly 
parallel to the Irwell Valley fault already mentioned. It brings 
in the Lower Coal Measures on its eastern side. 

(dq) Burnley Coal Field. 

This area of Middle Coal Measures surrounded by the lower 
series and overlaid by glacial clays and drifts,no upper series 
being present. The best section obtainable is that of Fulledge, 
which, omitting detail, is as follows: 

Fulledge Section. Ft. In, 
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Neglecting thin coals, the section shows about forty feet of 
coal lying in a dozen seams. Of these, the Arley Mine is most 
valuable and has the greatest development, outcropping around 
the whole coal field. When surveying the Burnley coal field 
prior to 1874, Professor Hull calculated the Arley Mine to have 
an area of about 23 square miles. Allowing 5,000 tons per acre, 
he estimated the total yield as 73,600,000 tons, of which about 
one-tenth had been extracted, leaving, after deduction for loss 
and waste, 65,000,000 tons to be mined in the future.* The total 
yield to 1874 of the whole coal field was estimated at 18,500,000 
tons, leaving 89,000,000 tons to be mined (Op. cit. p. 83). 

The basin-like area of this coal field causes the mines lying 
above the Arley to have a much diminished superficial area, so 
much so that Professor Hull calculates that the Gannister Mine, 
whick passes under the whole of the Middle Measures may yet 
be made to yield 100,000,000 tons, or more than the whole of the 
seams of the Middle Series. 

Upper Coan MEASURES. 

These measures are better developed in the Manchester area, 
than in any other part of England. The development is, how- 
ever, altogether local, the other areas of Upper Coal Measures in 
Lancashire being of insignificant proportions. 

A small patch of shales and flaggy sandstones in the Wigan 
area, overlying a coal supposed to be the Worsley Four Feet, 
belong probably to the lower part of the upper series. 

Another small patch occupies the southern border of the 
south Lancashire coal field in the neighborhood of Leigh, Wors- 
ley and Pendleton. <A portion of the same Measures forms a 
similar border to the middle series from Kingley to Prestwich, 
but has been carried to the northwards by the great Irwell 
valley fault. 

The Upper Coal Measures along the southern border are par- 
tially concealed by the overlap of Permian and Trias. Since 
they are mainly unproductive they have not been exploited. 
They consist of reddish shales, clays and sandstones with thin 
bands of limestone and a calcareous hematite worked at Patri- 
croft. They also contain a coal known as the Yard Coal of Pen- 
dleton. 

Manchester Coal Field. 

This small coal field has already been mentioned as one in 
which the Middle Coal Measures are still untouched, the rocks 
nearest the surface belonging solely to the upper series. 

* Memoirs Geolog. Survey. ‘Geology of the Burnley Coal field,” 1875, p. 76. 
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Considerabie light has been thrown upon these by the construc- 
tion of a new line of railway along the eastern outskirts of Man- 
chester in 1890-91. The succession of beds belonging to the 
Upper Coal Measures was exposed, as well as their junction with 
the Permian. Full details of the sections are to be found in 
papers of C. Roeder, C. E. DeRance and J. W. Brockbank.* 

The series as a whole consists of reddish mottled clays, shales 
and sandstones, with thin bands of limestone. 

At Ardwick, near the center of the coal field and in the rail- 
way section to the south, twelve beds of limestone are shown, the 
total thickness in the former case being 29 feet, in the latter 21 
feet 4 inches. 

The general dip is southwest, the lowest members of the 
series cropping in the northeast of the district, and being suc- 
ceeded regularly by others until the thin limestones of the upper 
part come in along the southwest border. 

Below the lowest limestone are about 200 yards of strata under 
which the following section was obtained at the Bradford Col- 
liery.+ 

Bradford and Clayton Coal Series. 
= a ‘mal 3 

Openshaw Mine .........c0cceeianscceerscnseeceenssecnceeenscnsccesenscscossenscans 3. «(C0 
Strata: about! iii tr cseccsctastnccsteee ocean atecctae onmne dais setae cneeceies 1352590 

Charlotte Dine 2ee Ben CIES Fcaaeterencicoo tanec nccoteate cena eres sseseeiss ye iW) 
Sia tars sc eee ewe neds i ce eee tac Aaa ca eR eee eae aoe re oeeea caavenes 210 - 0 

Three (Quarter PIMC o:cecta tes cena aeeeeeeneatoeeea dees se aeeeer apres erien eee hs gOS 7 
S Grate eas sak camepieniclnciecare aioe pe mosis toslsteceeecinebiaeie « cease aneaie cates Cee tranions alsy 7 

Four Beet Mane: <csvcassie cars oo jocadewaansuceeides see eases tance Cossaeasiwentotenenes 3a) 10 
Strata teas cee cece stn one nec ert ea ectennesiconesisauecnutseGecticanetucrmnae 108 0O 

Vand DN. 2.2 cS ae eae ae olson tee eon has bass oehee ( steerer ee y%4t 0 
rea BR ce Sa eA Rates SO ic RE EE ES eae ee ecto tere nceeees 210 O 

“Figo Feet Cod vss szledensicece secon cok aan Wasted « o Se alee aise saat Rep esceeehes 250 
Stirarbig os dcincgscrccecaceeee setowscicce tances ca tca oimeeetsincemessteb esse sticceite 120080 
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The total thickness will not fall far short of 2,000 feet. 
All the seams have now been worked out, but twenty years 

ago several collieries were busily engaged. 
It must not be supposed however, that the coal field is exhaus- 

ted, for underneath the 2,000 feet of Upper Measures is a rich 
Middle Series similar to that of Oldham, Ashton-under-Lyne and 
Dukinfield, and it is very probable that these will eventually be 
sought for and mined. 

*Trans. Manch. Geol. Soc., Vol. XXI., 1890-1-2, and Proc. Literary and Philosophica 
Society of Manchester for the same year. 

+ Memoirs Geol. Survey. Geology of Country around Oldham, including Manches- 
ter and its suburbs, 1864, p. 35. 
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Should this ever be the case and the Middle Coal Measures be 
reached, another 80 feet of coal, spread over nearly 4 square 

miles, will be added to the coal resources of Lancashire. 

Post CARBONIFEROUS CHANGES. 

The causes which have operated in altering the character of 
the Lancashire Coal Measures since their deposition are of three 
kinds, viz: flexures or folding, denudation and faulting. 

Formation of Synclines and Anticlines. 

1. Careful mapping has shown that the whole of the Carbon. 
iferous system of Lancashire has been thrown into a number of 
anticlines and synclines along a line running west of north anc 
east of south, the axes of the folds being north of east and 
south of west. This folding caused the separation of the Burn- 
ley coal field from that of south Lancashire, the crest of the in- 
tervening arch, “tbe Rossendale Anticlinal,’’ being afterwards 
denuded down to the Millstone Grit Series. The former field 
owes its preservation to the formation at this time of the Pendle 
Hill Range, in which the lower beds are brought up again to the 
north of the coal field in a line parallel to the Rossendale anti- 
clinal. 

The approximate age of this system of folds is indicated by 
the occurrence of Permian deposits in the Pendle range, lying 
upon the upturned and denuded edges of the Coal Measures and 
even overlapping on to the Millstone Grit.* 

This evidence shows that the development was post-Carbon- 
iferous and Pre-Permian, and that denudation of the Coal Meas- 
ures preceded the deposition of the Permian. 

2. The high ground on the east of the Lancashire coal field 
in which the Millstone Grit Series outcrop owes its origin to a 
simple fold formed subsequent to those we have considered, and 
developed along a north and south line. The folds, as a whole, 
gave origin to the Pennine chain of hills now forming the main 
axis of elevation in the north of England. 

This huge fold cuts off the Lancashire coal field on the west 
from that of Yorkshire on the east. That the two were formerly 
continuous is abundantly proved by the close correlation which 
can be established between them, and the regularity of succes- 
sion upon each side of the axis of upheaval. 

The age of this north and south flexure is not by any means 
clearly determinable. That it was formed before the deposition 

* Hull, ‘Observations on the Relative Ages of the Leading Physical Features and 
Lines of Elevation of the Carboniferous District of Lancashire and Yorkshire. Quart- 
erly Journal Geol. Soc., vol. 24. 1868. 
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of the Trias is proved by the latter lying upon the Lower Car- 
boniferous along the southern extremity of the Derbyshire hills 
(op. cit., p. 329) but that it was post-Permian, as is supposed by 
Professor Hull, rests upon the belief that a great anticlinal fault 
traversing Lancashire and contemporaneous in its development 
with the upheaval of the Pennine chain is older than a second 
fault which it meets to the south in Staffordshire. The anti- 
clinal fault fractures the coal measures and passes under the 
Trias in Staffordshire without fracturing them, but the second 
fault which it joins fractures both. 

Immediately to the south of the Lancashire coal field the anti- 
clinal fault is accompanied by a parallel series, one of which, 
known as the “ Red Rock Fault,” throws in the Permian sand- 
stone against the Carboniferous. 

If the anticlinal fault and the parallel system mentioned are 
of the same age as seems most probable, it follows that the 
former, as well as the latter, is of post-Permian age and, since the 
anticlinal fault is directly connected with the upheaval of the 
Pennine chain, the age of the latter appears to be established as 
post-Permian and pre-Triassie. 

It would thus appear that the dominant features of the topog- 
raphy of Lancashire were determined by two systems of folds 
and the denudation of their crests before the commencement of 
the Mesozoic. 

Faulting. 

3. The third change which was induced in the Lancashire Coal 
Measures was caused by the great system of faults which strike 
across the coal field from N. N. W.to S.S. E. That these are 
post-Triassic is shown by their continuance into the Trias of the 
Cheshire plain. That they are possibly post-Jurassic is assumed, 
because the continuity of deposition was not interfered with 
from the top of the Trias to the close of the Jurassic so far as 
is known. 

The more important of these faults will be dealt with under 
their respective districts. 

Oldham District. 

Several faults start in the neighborhood of Ashton-under-Lyne 
and range northwest as far as Rochdale and Heywood, with 
downthrows of from 100 to 200 yards. 

Immediately to the east of this district in the Millstone Grit 
country runs the great Pennine fault, passing almost north and 
south and bringing up the Yoredale shales against the Mill- 
stone Grits. 
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Bolton and Bury Area. 

The chief fault is that known as the great Irwell valley fault, 
having a downthrow to the east of over 1,000 yards, and crossing 
the whole of south Lancashire. Further to the south it is con- 
tinued into the Trias of Cheshire. 

A great fault bounds the northeast border of the Manchester 
coal field and, passing N. N. W. across the Trias, runs fairly 
parallel to the Irwell valley fault, across the coal field to a 
little west of Bury. 

Wigan and St. Helens District. 

The main faults of this district are the great Upholland fault 
with a downthrow of 650 yards and a set of five faults at nearly 
equal distance of 1,460 yards from one another. These are: 

1. Great Pemberton Fault. 
2. Great Shevington Fault. 
3. Giants Hall Fault. 
4. Great Standish Fault. 
5. Great Haigh Fault. 
All the faults mentioned thus far belong to the N. N. W. or 

post-Jurassic System. They are accompanied by smaller faults 
which run out from them at acute angles or remain parallel, and 
by a system of east and west faults of less importance which 
break up the ground between them. This latter series was 
doubtless in part developed when the Pendle range system of 
folds were formed. 

CoaL MEASURE FLORA. 

The flora of the Lancashire Coal Measures has long been 
famous, largely because of the excellent preservation of vegetable 
tissues in nodules overlying the Bullion Seam or Upper Foot 
Coal. These nodules supplied material to Binney, Carruthers, 
Williamson, Lindley, Hutton, Brongniart, Solms, Laubach and 
Hick, whereby they were enabled to throw a flood of light upon 
the structure and relationship of the Coal Flora. 

The study of the minute structure of coal plants has also been 
a favorite subject with the miners, and many can be found to-day 
with valuable cabinets of coal slides and all the machinery neces- 
sary for their production. Their knowledge of the structure of 
these plants is considerable, and Williamson and others have 
testified repeatedly to the energy and skill with which these men 
have prosecuted their studies and produced valuable results. 

The study of the external features of coal plants has not 
been followed so assiduously, probably because of a perplexing 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XVI., Sig. 16, July 17, 1897. 
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synonomy and the want of books dealing with this section of the 
subject. Asa result the published list of coal plants is by no 
means complete. 

The great bulk of the Coal Flora consisted of ferns and Lyco- 
podiacez, the latter, however, not restricted to the Coal Measures, 
the casts of large trunks being not unfrequently found in the 
sandstone of the Millstone Grits. 

The shale roofs of the coal seams are the repositories of fossil 
plants; ferns, Calamites and Lepidodendra occurring in abund- 
ance. All the under clays or seat rocks contain Stigmaria, whilst 
the roof of the Bullion Seam contains the irregularly rounded 
nodules already mentioned in which, amidst a tangle of broken 
up vegetable matter are found stems, twigs, and fruit of Cala- 
mites and Lepidodendron, with their minute structure perfectly 
preserved. 

In addition to the shale roofs, plant fossils are found in some 
of the shales and sandstones. 

In some cases ironstone nodules occur in the shales containing 
well preserved ferns and Lepidostrobi, especially in the shales 
under the Doe Mine of the Middle Coal Measures of Pendleton. 

The sandstones often contain casts of trunks and faint im- 
pression of leaves and ferns covered by a thin layer of carbon. 

Ferns are most abundant so far as regards species in the shales 
of the Middle Coal Measures, where they are better preserved 
than those of the lower series. The stems of Calamites and 
Lepidodendra are also less crushed. 

Plant remains of any description are scarce in the Upper Coal 
Measures, Neuropteris and Sphenopteris being the most common, 

The following isa fairly complete list of coal plants determin- 
able by their external form so far as it can be now obtained. 

It is a modification of the list published by Mr. R. Kidston.* 

Lower Coat MEASURES. 
CALAMARI. 

Jalamitina (Calamites) approximata Brongt. 
Stylocalamites ( Calamites) Suckowii Brongt. 

ve a undulatus Sternb. 
i w Cistii. 

FILICACES. 

Sphenopteris Schillingsti Andre. 
Mariopteris muricata Schl. 
Alethopteris lonchitica Schl. 

_ *Trans. Manchester Geol. Soc., Vol. XXI., 1890-1-2. ‘* Notes on some Fossil Plants 
from the Lancashire Coal Measures by R. Kidston, p, 401. 
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LYCOPODIACE. 

Lepidodendron obovatum Sternb. 
es aculeatum Sternb. 

Lepidophyllum majus Brongt. 
Sigillaria elegans Sternb. 

i tesselata Brongt. 
mammilaris Brongt. 

Stigmaria ficoides Sternb. 
Rootlets. 

Pinnularia capillacea Lind. & Hutt. 

Paracalamostachys Williamsoniana Weiss, is recorded from 
the ‘“ Brooksbottom Coal” and erroneously assigned to the 
Lower Coal Measures by Kidston. The Brooksbottom Series is 
in the Millstone Grit. 

ce 

MippLe Coat MEASURES. 
CALAMARI. ; 

Calamitina (Calamites) varians Sternb. 
Eucalamites aS ramosus Artis. 
Stylocalamites Suckovii Brong. 

a “yar. undulata Sternb. 

a3 

Calamocladus equisetiformis Schl. 

FILICACE2. 

Sphenopteris furcata Brongt. 
trifoliolata Artis. 

ee Footneri Marrat. 
a multifida Lind. & Hutt. 

Neuropteris heterophylla Brongt. 
obliqua. 

Hg osmunde Artis. 
gigantea Sternb. 

Odontopteris Britannica Gutbier. 
Mariopteri is muricata Schl. 

oe var. nervosa Brongt. 
Pecopteris Miltoni Artis. 
Alethopteris decurrens Artis. 

oF lonehitica Schl. 
Serlii Brongt. 

ee valida Boulay. 
Schizopteris anomala Brongt. 
Sphyropteris sp. 

SPHENOPHYLLES. 
Sphenophyllum cuneifolium Sternb. 

LYCOPODIACE. 

Lepidodendr on ophiurus Brongt. 
Haidingeri Ett. 
obovatum Sternb. 
aculeatum ‘‘ 

Lepidostrobus variabilis Lind. & Hutt. 
ay ornatus a eee 

Halonia regularis 

ce 

79 

(75 

oe a3 
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Lepidophyllum majus Brongt. 
Bothrodendron minutifolium Boulay. 
Sigillaria tessellata Brongt. 

*¢ elegans Sternb. 
ovata Sauveur. 

Ulodendron minus Lind. & Hutt. 
3 majus GG) “GG “c 

Sigillariostrobus sp. 
Stigmaria ficoides Sternb. 

CoRDAITEX. 
Cordaites* 

CONIFERA. 
Sternbergia approximata Brongt. 

FRUITS. 
Tri igonocarpon oliveforme Lind. & Hutt. 

Dawesit cr Rae 
Neeggerathi Sternb. 

Carpolithus inflatus Lesqx. 
HY Wildi Kidst. 

a3 

ce 

ROOTLETS ? 

Pinnularia capillacea Lind. & Hutt. 

Upper CoA MEASURES, 

Neuropteris gigantea Sternb. 
Sphenopteris sp. 
Asterophyllites longifolius Lind. & Hutt. 
Palostachys pedunculata Weiss. 

Additional species determined by minute structure and de- 
scribed by Binney, Carruthers, Williamson, Hick, Scott and 
others. 

CALAMARIZ. 

Calamodendron commune Binney. 
Calamostachys Binneyana Schimp. 
Volkmannia Dawsonii Will. 

me (2?) parvula Will. 
FILICACE2. 

Rachiopteris aspera Will. 
Oldhamia Will. 

os duplex Will. 
oe Lacattii. 
a corrugata Will. 
uF gleiche. 
3 di-upsilon Will. 
a hirsuta Will. 
ee ramosa Will. 

Myelopteris sp. 
Psaronius Renaulti Will. 
Astromyelon Williamsoni. 
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LYCOPODIACE. 

Lepidodendron fuliginosum Lind. & Hutt. 
vasculare Binney. 
selaginoides Will. 

Sigillaria vascularis Binney. 
Favularia sp. 
Diploxylon. 

FUNGI. 

Peronosponites antiquarius Worth. Smith. 

CoRDAITE. 
Polypterospermum (from the Upper Coal Measures). 
Cordiocarpon Butterworthi Will. 

- compressum Will. 
Lagenostoma ovoides Will. 
Conostoma oblonga Will. 

cc 

DOUBTFUL FORMS. 

Kaloxylon Hookeri Csh. 
Lyginodendron (2?) anomalum. 

Oldhamianum Will. 

Most, if not all, of the plants described from a study of their 
minute structure have been obtained from the coal balls or ‘“bul- 
lions” found in the roof of the Bullion or Upper Foot Seam.) 

FAUNA. 

The fauna of the Lancashire Coal Measures has not been 
studied with the same enthusiasm as the flora. The great preva- 
lence of Anthracosia through the Lower and Middle Measures 
and of Aviculopecten papyraceus in the Lower has masked to 
some extent the occurrence of other forms, and has led to the 
fauna’s being considered scanty. The supposed paucity of an- 
imal remains arises, there is reason to believe, from insufficient 
search and from the need of paleontologists to devote attention 
to the collections already made. Animal remains are almost in- 
variably found in the shales, and most often in those immedi- 
ately above the coal seams. The roofs of certain seams, for ex- 
ample, the cannel mine of Wigan and the thin bed, or California 
mine, of Burnley, are remarkably rich in fish remains. The dis- 
tribution must be much greater than is commonly supposed, for 
very little search has been made upon outcrops, in order to de- 
termine the upward range through the shales which lie upon the 
coal seams. 

The coal itself rarely contains fossils; but one exception to 
this rule is the cannel seam of Wigan in which the coal has 
yielded scales, teeth, bones and spines of fishes in fair quantity. 
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Mollusca usually occur in bands or layers in the shale, and are 
best preserved in the irregularly-shaped ironstone nodules. An- 
thracosia robusta occurs in such profusion in certain of the 
shales as to form thin limestone known as ‘“‘ mussel bands.”’ 

Nearly all the sandstones are marked by worm-burrows and 
tracks, but no specific determination of these is possible. 

The few species of Brachiopoda which occur are to be re- 
garded rather as persistent examples of the older Carboniferous 
limestone fauna than as true Coal Measure forms. 

Arthropoda are rare, and few of the species are represented 
by more than half a dozen individuals. 

The Pelecypoda are beginning to receive attention, and it is 
quite possible that the number of species may be doubled within 
the next few years. . 

Our knowledge of the Gasteropoda is in a lamentable condi- 
tion, those having been described and figured in such a fashion 
fifty years ago that few forms can be determined with certainty, 
whilst the difficulty of knowing what was meant by some of the 
old workers acts as a deterrent to those who now wish to take 
up the study. 

The Cephalopoda have suffered in much the same way, but the 
admirable catalogues of the British Museum by Messrs. Crick 
and Foord are clearing the ground, and making known a number 
of new species. At least half a dozen new forms will need to 
be added to those here recorded when Volume III of the Cepha- 
lopoda Catalogue is published. 

Fishes, the dominant forms of life, existed in great numbers, 
certain species having also a great range in point of time. At 
least thirty-nine species are known, and there is good reason to 
believe that the number will be considerably increased as the 
result of researches I am now carrying on. It is interesting to 
note that within the last year and a-half I have found two ex- 
amples of Listracanthus,a genus not hitherto known in England, 
but characteristic of the American Carboniferous. Amphibia 
are exceedingly rare; only three specimens are known. 

As to what were marine forms, what brackish and what fresh- 
water, I do not care to discuss at present. My own observations 
have led me to believe that no hard and fast rule of what forms 
are truly marine, etc., can be yet drawn. The question of asso- 
ciation of species has not been fully considered, nor is it at all 
certain that many species were restricted to one habitat. 
My conclusions at present are that many forms supposed to 

be brackish water and others supposed to be marine forms are 
identical and could live under either conditions, whilst not a 
few of the fishes could penetrate to great distances along water- 
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ways in the Coal Measure lagoons where the water must have 
been comparatively fresh. 

The general belief is that the Lower Coal Measures are marked 
by a preponderance of marine forms which are unknown in the 
Middle Coal Measures excepting in a remarkable bed exposed 
in the river Tame at Dukinfield, in the eastern portion of the 
south Lancashire coal field. 

The Middle and Upper Coal Measures are regarded as con- 
taining brackish and fresh-water forms. 

Lower Coan MEASuRE FAUNA. 

ANNELIDA. 

Arenicola carbonarius, Binney. 
Spirorbis pusillus, Martin. 

BRACHIOPODA. 

Chonetes Hardrensis, Phillips. 
Productus scabriculus, Martin. 

By semireticulatus, Martin. 
Discina nitida, Phillips. 

‘* ~ orbicularis, Bolton. 
Lingula mytiloides, Sowerby. 

*¢  squamiformis, Phillips. 
‘  Credneri, Geinitz. 

ARTHROPODA. 

PHYLLOPODA. 

Estheria tenella, Jordan. 
MACRURA. 

Pygocephalus Cooperi, Huxley. 
Anthrapalemon Etheridgii, Peach. 

XIPHOSURA. 

Cyclus Scotti, N. Wood. 

MOLLUSCA. 
PELECYPODA. 

Anthracosia robusta, Sowerby. 
ss rugosa. Brown. 

acuta, Sowerby. 
nucularis, Hind. 
subrotunda, Brown. 
aquilina, Sowerby. 

Anthracomya Williamsoni. 
oe Wardi, Salters. 
o bellula, Bolton. 

Anthracoptera modiolaris, Sowerby. 
He quadrata, Sowerby. 

crassa, Fleming. 
Tellinomya robusta, Bolton. 
Posidoniella levis, Brown. 

4 minor, Brown. 
Aviculopecten papyraceus, Sowerby. 

ce 

ce 

“ee 

ce 

cc 
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GASTEROPODA. 
Bellerophon Urii, Fleming. 

: hiulcus, Martin. 
Vaticopsis globularis, Bolton. 

Raphistoma (?) ornata, Bolton. 
Melanidex (several undescribed species). 

CEPHALOPODA. 
Nautilus precox, Salter. 

a3 sp. 
Celonautilus subsulcatus, Phillips. 
Discites falcatus, Sowerby. 
Orthoceras giganteum, (?) De Kon. 

a cinctum, Sowerby. 
ee obtusum, Brown 
pe (several species not defined ). 

Goniatites Listeri, Martin. 
oe carbonarius, Goldfuss. 
= atratus, Goldfuss. 
a reticulatus, Phillips. 
ss bilinguis, Salter. 

Pisces. 

As many species range all through the Lower and Middle 
Coal Measures, we have placed a single list after the Middle 
Coal Measure Mollusca in which all the known species are 
placed. 

MIDDLE Coat MEASURE FAUNA. 

ANNELIDA. 

Spirorbis pusillus, Martin. 

BRACHIOPODA. 

Productus scabriculus, Martin. 
Discina orbicularis, Bolton. 

ARTHROPODA. 

OSTRACODA. 

Beyrichia arcuata, Bean. 
% Binneyana, Jones. 

XIPHOSURA. 

Prestwichia rotundata, Prestwich. 
ss Birtwelli, H. Wood. 

Cyclus Johnsoni, H. Wood. 

MYRIAPODA. 

Euphorberia Browni, H. Wood. 

ARACHNOIDEA. 

Architarbus subovalis, H. Wood. 
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MOLLUSCA. 
PELECYPODA. 

Anthracosia robusta, Sowerby. 
fs acuta, Sowerby. 
or angulata, Hind. 
ny obtusa, Hind. 
: aquilina, Sowerby. 

Anthracomya dolabrata, Sowerby. 
modiolaris, Sowerby. 
minima, Ludwig. 

a oe var. carinata, Hind. 
var. scotica, Dawson. 

Anthracoptera modiolaris, Sowerby. 
Bs trigonalis. 

Schizodus sulcatus, Sowerby. 
deltoides, Phillips. 

Aviculopecten jibrillosus, Salter. 
Cairnsii, Bolton. 

Ctenodonta, sp. 

GASTROPODA. 

Bellerophon Urii, Fleming (Several undescribed species of various genera). 

CEPHALOPODA. 

Nautilus precox, Salter. 
Discites falcatus, Salter. 

ce ce 

PISCES. 
RHIZODONTIDZ. 

Rhizodopsis sauroides, Will, L. C. M., M. C. M. 
Strepsodus sauroides, Binney, L. C. M., M. C. M. 

OSTEOLEPIDA. 

Megalichtiys Hibberti, Agass., L. C. M., M.C. M., U. C. M. 
inter medius, A.S. Woodw., M. C. M., WC: 
pygmeus, Traquair, M. C. ‘M., U. C. M. ind 

PHLACANTHID. 

Cxlacanthus elegans, Newberry, L. C. M., M. C. M. 

PALZONISCID#. 

Rhadinichthys Wardi, Traquair, M. Cy MM. 
sf monensis, Egerton, M. C. M.? 
ne Planti, Traquair, ih M., M. C. M. 

Elonichtiys semistriatus, Traquair, L. C. M., MC eT 
a Aitkeni, Traquair, L. C. M., M. C. M. 
os Egertoni, Agass., L. C. M., M. C. M., U. C. M. 

PLATYSOMID&#. 

Cheirodus granulosus, Young, M. C. M. 
Platysomus parvulus, Agass., M. C. M., U. C. M. 

PLEURACANTHID. 

Pleuracanthus levissimus, Agass., L. C. ue a Cc. M. 
cylindricus, Agass. s5 NE. C: 
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Pleuracanthus ndulatus, Davis, M. C. M. 
oe erectus, Davis, M. C. M. 
ee denticulatus, Davis, M. C. M. 

Diplodus gibbosus, Binney, L. C. M., M. C. M., U.C. M. 
‘© tenuis, A. S. Woodw, M. C. M. 

Stemmadotus, St. Jobn and Worthen, M. C. M. 

PETALODONTID#. 
Ctenoptychius apicalis, Agass., M. C. M. 

lobatus, Woodw., M. C. M. 
Callopristodus pectinatus, Agass., M. C. M. 

CoCHLIODONTID®. 
Helodus simplex, Agass., M.C. M. 
Pleuroplax rankinei, Agass., M. C. M. 
Attheyi, Barker, M. C. M. 

CESTRACIONTID. 
Sphenacanthus hybodoides, Egerton, M. C. M. 

ACANTHODID®. 

Acanthodes Wardi, Egerton, L. C. M., M. C. M. 

ICHTHYODORULITES. 

Lepracanthus colei, Egerton, L. C. M. 
Gyracanthus formosus, Agass., L. C. M., M. C. M 
Oracanthus milleri, Agass. >) les C. M. 
Listracanthus spinatus, Bolton, L. C. M. 

Woon WE (Ob wile 

CTENODONTID#. 
Ctenodus cristatus, Agass., M. C. M. 

a murchisoni, Agass., U. C. M. 
s sp. Wh Ch WE 

Sagenodus inequalis, Owen, M.C. M. 
Hybodopsis wardi, Barkas., M. C. M. 

AMPHIBIA. 

Hylonomus wildi, N. A. S. Woodw., L. C. M. 
Archegosaurus sp. M. C. M. and U. C. M. 

Upper CoaL MEASURES FAUNA. 

ARTHROPODA. 

PHYLLOPODA. 

Leaia leidyi var. Williamsoni, Jones. 

OSTRACODA. 

Bairdia mucronata, Reuss. 
Carbonia fabulina, Jones & Kirkby. 

bairdiodes, Jones & Kirkby. 
roederiana, Jones & Kirkby. 
pungens, Jones & Kirkby. 
secans, Jones & Kirkby. 
Rankiniana, Jones & Kirkby. 
Salteriana, Jones. 

[MAR. 15, 
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MOLLUSCA. 
PELECYPODA. 

Anthracomya Phillipsi, Will. 
cf levis var. scotica. 

PISCES. 
See preceding list. 

THE BATESVILLE SANDSTONE OF ARKANSAS. 

By Stuart WELLER. 
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Part I. 

Introduction. 

The present study of the Batesville sandstone and its fauna is 
based primarily upon a collection of fossils secured during the 
past summer by the author while collecting for the Walker 
Museum of the University of Chicago. The types of all the 
newly described species are in the paleontologie collection of 
the museum. 

The study of the Batesville sandstone fauna was begun some 
years since in the laboratory of Prof. H. S. Williams, at Yale 
University, and it is the author’s desire to here express his sin- 
cere appreciation of the constant aid and encouragement received 
from Professor Williams during the progress of the investigation. 

Although the more recently secured collection is much the 
superior, a few of the species are represented by more perfectly 
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preserved specimens in the United States Geological Survey 
collection in the hands of Professor Williams, and these have 
been kindly loaned for illustration. 

Heretofore little or no effort has been made toward a determi- 
nation of the exact equivalents, in the typical Mississippian sec- 
tion, of the formations of the same series in northern Arkansas. 
The base of the series has been generally recognized by the Ar- 
kansas geologists, as has also been the Millstone Grit or basal 
conglomerate of the coal measure series. The intermediate for- 
mations have been more or less thoroughly described lithologi- 
cally and have been given local names, but the results of thor- 
ough investigations of the successive fossil faunas, have yet to 
be published. The importance, for the correlation of the whole 
series, of definitely fixing the horizon of some midway stratum 
in the series, can readily be recognized. 

The Batesville sandstone is an easily recognized formation 
at about the middle of the series, and it has been selected for 
a more detailed study, with special reference to its exact corre- 
lation with the formations of the typical Mississippian section. 
The formation is well developed in the region of Batesville in 
Independence county, from which town it takes its name. It is 
a light yellow or buff colored rock, sometimes shading into a 
deep brown; fine grained and homogeneous in texture, generally 
hard and sometimes slightly micaceous. The greater portion of 
the formation is heavy bedded and hard, though it is more 
thinly bedded and softer near the base. It is used extensively 
for building purposes in Batesville, where there are large 
quarries. In some localities the sandstone is interbedded with 
lenticular layers of dark shale which are sometimes of consider- 
able extent. 

Fossils are abundant in the lowermost, softer layers of the 
sandstone, but in the dense, higher beds they are entirely absent. 
The collections upon which the present study is based are from 
two localities. The first and most important locality is at 
Ramsey’s Ferry, about one-half mile southeast of Batesville. 
The fossiliferous beds found here are situated on the north bank 
of White river, just east of a small gulley a few rods east of the 
ford. The greater number of species were secured from this 
place, where they occur in the better state of preservation. The 
second locality is along the White river branch of the St. L. I. 
M. & S. R. R., near Spring creek, about two miles west of 
Batesville. At several points the railroad cuts into the sand- 
stone. For half a mile the track is ballasted with the broken 
sandstone, and most of the fossils from. the locality were secured 
from these broken masses. 
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Historical Sketch of the Batesville Sandstone. 

1858.—During this year the following section of the strata in 
Independence county, Arkansas, was published by E. T. Cox.* 

TeV beLyyOLn) Of UACCIDATIY STAVE li cuccce cece sesiscesseceesesecens eosaeecneaeer 10 ft. 
7. Coarse ferruginous quaternary sandstone... .2....c.-2.0c++2sceeesesenees 1S 
i. Conglomerate and millstone grit, with intercalated shale and schis- 

LOSEUSATIG SEONG teased os ois notes ites den aet he somm uae n antes nee seeileatentees 480 ‘* 
jee lackrentrochitall LimieStONG:, 53.5 2505 soeci-ecns sate ssc cane seeaswesenecsceee the 20) 
g- Place of dark shale, usually under the black limestone................. 20?‘ 
jf. Buft-colored fossiliferous sandstone, with intercalated, dark shale; 

lower part thin-bedded and schistose..................ecscesssceeseeeees SOR 
MEE ACK: DAGIENEM OS SIMIC sob cecacetea ava venewscudewenees dan tnotesersuteseen ee coee Sone 
d. Subcarboniferous or cavernous limestone, with intercalations of 

sandstone and shale; containing large deposits of manganese, 
SOM CuironyaM dy COP PEL: PYLUGES) <6- Jal. se eeiec teen cloeisele eBewsnacceosseceietenes 400 ‘* 

Gre MASSIVE: SaecarOldall SANGSTONE®...3255ccsscs0scvcerenadsonersecotswescosanee sens Citta: 
b. Light-colored earthy-looking limestone, ‘‘ white-rock ’’...............4. eri 
a. Magnesian limestone containing galena, blende, carbonate of zinc 

BNA SOMES COPPER UP YTUCES eee eewadosaas te csesad- vsessccle dee adatcaseceaceetees 40 ‘* 

In this section the stratum /, is described as follows: “ sand- 
stone (f) is buff-colored and rather soft; usually in prismatic 
blocks near the base, and contains casts of subcarboniferous 
fossils belonging to the genera spirifer, orthis, lingula, productus, 
nucula and bellerophon, also fragments of trilobites.” From the 
localities given and the distribution of the beds, there can be no 
doubt in referring the formation here described to the Batesville 
sandstone of later investigators. The thickness of the formation 
is sail by Cox to vary from a few feet to 180 feet or more. 

1891.—During this vear two reports mentioning the Batesville 
sandstone were published by the Geological Survey of Arkansas, 
this provisional name having been applied to the formation by 
Dr, J. C. Branner, the State Geologist. 

In Dr. Penrose’s + report the formation is described as “a 
sandstone formation with lenticular beds of gray, black or brown 
shale. * * * It consists of a brown or buff-colored, fine 
grained sandstone, generally soft, though sometimes hard. It 
splits easily along the lines of bedding, in slabs varying from a 
few inches to three or four feet in thickness, and is extensively 
worked for structural purposes at Bartlett’s quarry in Batesville. 
The shales in the sandstone occur as lenticular deposits, often 
ending very abruptly, though sometimes traceable for severa] 

* First Report of a Geological Reconnoisance of the northern counties of Arkansas, 
made during the years 1857 and 1858, by David Dale Owen, praca geologist, assisted 
by William Elderhorst, chemical assistant, and Edward T . Cox, assistant geologist. 
Little Rock, 1858. Pp. 216-219. 

7 Manganese: Its Uses, Ores and Deposits. By R. A. F. Penrose, Jr,, Ph.D., Ann 
Rep. Geol. Surv. Ark. for 1890, Vol. I., Little Rock, 1891, p. 139. 
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miles. They and the sandstone appear, in many places, to be 
mutually replaceable. The thickness of the Batesville sandstone 
is very changeable, varying from twenty or thirty feet to almost 
two hundred feet.” 

In Professor Symond’s* report a sandstone formation in 
Washington county, Arkansas, is referred to the Batesville sand- 
stone on wholly stratigraphic and structural evidence. In Dr. 
Branner’s introduction to this report, on page 138, in a table on 
“The Formations of Washington County,” the Batesville sand- 
stone is placed, on the authority of Professor H. 8. Williams, as 
the uppermost member of the Osage group. This was the first 
attempt made to correlate the formation, and it is only just to 
Professor Williams to state that this determination of its posi- 
tion was made upon a limited examination of the fossils. 

1893.—During this year appeared the report of Mr. T. C. Hop- 
kins} on the marbles of Arkansas. On page 10 of this report is-a 
table showing the ‘‘ General classification of the rocks of north 
Arkansas,”’ So far as the Carboniferous beds are concerned, 
this table is in substance a reproduction of Dr. Branner’s table 
in the Washington county report, the Batesville sandstone being 
assigned to a position at the top of the Osage group. 

1894.—In the report on the geology of Benton county, by F. 
W. Symonds and T. C. Hopkins,{ the same formation is de- 
scribed, which was referred to the Batesville sandstone in the 
Washington county report. The formation is treated structur- 
ally, stratigraphically and economically only, and nothing new is 
shown as to its exact position in the Mississippian series. 

1895.—During this year, in a paper entitled “ On the recur-. 
rence of Devonian fossils in strata of Carboniferous age,” Pro- 
fessor H. S. Williams § referred to the Batesville sandstone as 
belonging to the ‘“‘ Chester-St. Louis horizon.” 

Part IJ. Descriprion OF SPECIES. 

MOLLUSCOIDEA. 

POLYZOA. 

There are in the collection several species of Polyzoa repre- 
senting several genera. In the condition of preservation, how- 

ever, as impressions in the sandstone, the details of structure 
are too poorly shown to allow of accurate identification. 

*The Geology of Washinton county, by F. W. Symonds, Ph. D., Assistant Geologist: 
Ann. Rep. Geol. Sury. Ark. for 1888, Vol. IV., Little Rock, 1891. Pp. 49-53. 

+Marbles and other limestones, by T. C. Hopkins. Ann. Rep. Geol. Sury. Ark. for 
1890, Vol. IV., Little Rock, 1893. 

t The Geology of Benton county, by F. W. Symonds and T. C, Hopkins. Ann. Rep. 
Geol. Surv. Ark for 1891, Vol. II. 

2Am. Jour. Sci. (3), Vol. LIX., pp. 94-101. 
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BRACHIOPODA. 

ORBICULOIDEA BATESVILLENSIS sp. noy. 

Pl. XIX., figs. 4-5. 
Shell subcircular or longitudinally subelliptical in outline. 

Brachial valve depressed conical, with the apex situated at a 
point a little more than one-half the distance from the center 
to the posterior margin, and directed backward. 

Surface ornamented with faint concentric lines of growth. 

This species is similar to O. newberry7, Hall,* from the Cuya- 
hoga shale of Ohio, but is less circular and much larger. 

STREPTORHYNCHUS WILLIAMSI sp. nov. 

Pl. XIX., figs. 1-3. 
Shell large, irregularly subcircular or transversely sub-ellipti- 

cal in outline. Hinge-line shorter than the greatest width of the 
shell. 

Pedicle valve irregularly convex, a little wider than long. 
Beak elevated, distorted, inclined posteriorly at an angle of 
about 45°. Dental lamelle reduced to rounded ridges which 
bound the delthyrium laterally. Median septum absent. 

Brachial valve wider than long, regularly convex, the greatest 
convexity being well towards the beak. Cardinal process promi- 
nent, more or less deeply bilobed. 

Surface ornamented with numerous, fine, bifurcating, radiating 
strie. Strong, irregular wrinkles of growth are present on the 
pedicle valve, but are lacking on all the specimens of the brachial 
valve which have been examined. 

In the genus Streptorhynchus, as restricted by Hall and Clark} 
to include only those streptorhynchoid shells possessing a promi- 
nent bifid cardinal process in the brachial valve, and no median 
septum in the pedicle valve, only a single American species has 
heretofore been recognized, S. ulrichi, H. & C.{ This species 
is not perfectly known, but S. williamsi may be readily dis- 
tinguished from it on account of its much greater size. 

Unfortunately all the Arkansas specimens are more or less frag- 
mentary, two of the most perfectly preserved ones being figured. 
No specimen shows the beak of the pedicle valve complete, but 
enough is preserved to show that no median septum is present. 
The form of the cardinal process is extremely variable. Figure 

*Pal., N. Y., Vol. IV., p. es Pl. 1., figs. 10-11, 
+ Pal. N. 2 Vol. 8, pt. al 
HeealeNe », Vol. 8, pt. 1, i ot Bip Baie to. 
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3 is drawn from a wax impression of one of the most prominent 
and most deeply bifid specimens; it ranges from this form to a 
comparatively low process with the bifurcation almost obsolete. 

The species is named in honor of Prof. H. S. Williams. 

PRODUCTUS CESTRIENSIS Wortihen.* 

Pl. XX), fies. 7-9: 

1855. Productus elegans, Norwood and Pratten, Jour. Acad. Nat. 
Sci. Phil. (2), Vol. 3, p. 13, Pl. 1, figs. Ta-c. (Name pre- 
occupied. ) 

1860. Produetus cestriensis, Worthen, Trans. St. Louis Acad. 
Sci Viol lepson0: 

1891. Productus elegans, Whitfield, Ann. N. Y. Acad. Sci., Vol. 
5, p- 581, Pl. 13, fies. 15-16. 

1895. Productus elegans, Whitfield, Geol. Surv. Ohio, Vol. 7, p. 
669, Pl. 9, fies. 15-16. 

Shell of medium size, subelliptical in outline, hinge line 
straight, very short. 

Pedicle valve strongly arcuate, much broader towards the 
front than along the hinge-line, with almost no auricular depres- 
sions at the extremity of the cardinal line. Beak rather large 
and obtuse. A shallow, ill-defined mesial sinus extends from 
near the beak to the anterior margin. Surface ornamented with 
from thirty to fifty, fine, longitudinal, bifurcating plications 
which often become fasciculated towards the anterior margin, 
giving that portion of the shell a wrinkled appearance. In the 
older shells the pedicle valve is often broadly and rather abruptly 
expanded towards the margin. 

Brachial valve flattened throughout the greater part of its 
surface, but abruptly bending upward near the margin. 

Though this species is exceedingly variable in many respects, 
it possesses some remarkabiy constant characters. The most 
noticeable of these is the shortness of the hinge-line as compared 
with the width of the shell towards the front, with the obsolete 
or nearly obsolete auriculations at its extremities. The striking 
quadrangular appearance of the shell when viewed posteriorly 
is also a noticeable characteristic, though not so pronounced in 
the Batesville specimens as in those from some other localities. 
The specimen illustrated in the accompanying figures shows this 
characteristic much less than do many others, due to the more 
rapid expansion of the shell towards the front. 

“A complete list of references to the species here described is not always given. In 
a Bibliographic Index of American Carboniferous Invertebrates, now in preparation 
by the author, a complete list of references with geographic distribution will be given 
of all American Carboniferous invertebrates. 
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RHYNCHONELLA MUTATA Hall. (?) 

Pl. XX. figs. 13—15. 

1858. Rhynchonella mutata, Hall, Geol. Iowa, Vol. 1, pt. 2, p. 
658, Pl. 23, figs. 2a—b. 

1882. Rhynchonella mutata, Whitfield, Bull. Am. Mus. Nat. 
Hist., Vol. 1, p. 52, Pl. 6, figs: 48-45. 

1883. Rhynchonella mutata, Hall, 12th Ann. Rep. Geol. Surv. 
Ind., p. 332, Pl. 29, figs. 43-45. 

Shell small, subcircular in outline. 
Pedicle valve flattened toward the beak, ornamented by thir- 

teen angular plications, three of which are contained in the 
mesial sinus, which is deeply impressed toward the front of the 
shell. 

Brachial valve more ventricose than the pedicle, most rotund 
on the umbo, ornamented with plications corresponding to those 
in the pedicle valve. 

There is some doubt about the identification of this species, 
as it is represented by a limited number of specimens, most of 
which are fragmentary. 

SPIRIFER KEoKUK Hall. 

Pl. XIX., figs. 10-12. 

1858. Spirifer Keokuk, Hall, Geol. Iowa, Vol. 1, pt.2,p. 642, PI. 
20, figs. 8a—d, 2d. 

1858. Spirifer Keokuk, var. Hall, Geol. Iowa, Vol. 1, pt, 2, p. 
676, Pl. 24, figs. 4a—d. 

1891. Spirifera Rockymontana ? Whitfield, Ann. N. Y. Acad. 
Sei., Vol. 5, p. 584, Pl. 13; fig. 30. 

1895. Spirifera Rockymontana ? Whitfield, Geol. Surv. Ohio, 
Vol. i, p. 4711, P19; fie. 20: 

1895. Spirifer Keokuk, Hall and Clarke, Pal. N. Y., Vol. 8, pt. 
2, Pl. 30, tigs. 21-24. 

Shell of medium size, variable in outline, from subcircular to 
transversely subtrigonal. Hinge-line straight, relative length 
variable, from shorter than the width of the shell below to much 
extended into more or less mucronate extremities. 

Pedicle valve gibbous in the umbonal region, compressed to- 
wards the cardinal extremities. Area moderately broad, sharply 
defined, concave towards the beak, which is moderately incurved. 
Mesial sinus sharply defined, moderately deep and regularly 
rounded, including three rounded plications, of which the middle 
one is the largest; in some cases two additional plications are pres- 

TRANSACTIONS N. Y. AcCaD Sc1., VOL. XVI., Sig. 17, July 19, 1897. 
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ent near the anterior margin, being intercalated next the outer 
boundaries of the sinus. Each side of the valve, outside the 
sinus, ornamented with from six to twelve rounded plications, of 
which the one bounding the sinus is the largest, the others succes- 
sively becoming smaller. Shell thick in the umbonal region, the 
muscular scars being prominent on the internal casts. 

Brachial less gibbous than the pedicle valve, compressed to- 
wards the cardinal extremities. Mesial fold highly elevated in 
front, rounded or subangular, including four rounded plications 
of which the two middle ones are generally, but not always, the 
largest. In some cases two additional plications are present on 
the fold as in the sinus. Sides of the valve ornamented with 
plications as in the pedicle valve. Shell thinner than that of the 
pedicle valve. 

This species is one of the most variable of Carboniferous 
shells, the extreme variations as exhibited in the Batesville 
specimens being shown in the accompanying figures. It has 
sometimes been considered as identical with S. rockymontana, 
Marcou,* but differs from the typical form as figured by Mar- 
cou, in having coarser and fewer plications on the body of the 
shell and on the fold and sinus, and in having a less angular 
fold and sinus. SS. rockymontana must undoubtedly be con- 
sidered the successor of S. keokuk. All intermediate variations 
occur in the higher beds of the Carboniferous, but these earlier 
forms are constantly distinct from the typical S. rockymontana. 
S. increbescens H. is another species which is also separated 
with difficulty from S. keokuk, and may be merely a larger form 
of the same species. 

SPIRIFERINA Sp. ? 

A single imperfect specimen belonging to this genus is present 
in the collection. It is an internal cast of the pedicle valve, in 
which the impressions of the median septum and dental lamellze 
are well shown. The general form of the specimen as it is 
preserved, is that of S. spinosa N. and P., but the characteristic 
external markings of that species can not be seen in the Bates- 
ville specimen. 

ATHYRIS SUBQUADRATA Hall. 

Pl. XIX., fig. 16. 
1858. Athyris subquadrata, Hall, Geol. Iowa, Vol. 1, pt. 2, p 

103, Pl. 27, figs. 2a—d. 

*Geol. N. A., p. 50, Pl. 7, figs. 44e. 
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1891. Athyris subquadrata, Whitfield, Ann. N. Y. Acad. Sci., 
Vol..5, p: 585, Pl. 14, figs. 1-3. 

1895. Athyris subquadrata, Whitfield, Geol. Surv. Ohio, Vol. 
T, p. 472, Pl., 10, figs. 1-3. 

Shell of medium size or less, subquadrate in outline and 
strongly trilobate, proportional length and breadth varying from 
longer than wide to wider than long. 

Pedicle valve most ventricose, beak prolonged and incurved, 
extremity truncated and perforated by a circular foramen of con- 
siderable size. Mesial sinus subangular, deeply impressed to- 
ward the front, where the shell is bent dorsally in a lingual ex- 
tension, bounded laterally by rounded ridges and extending to 
the beak, though faintly marked in the posterior portion of its 
length. 

Brachial valve most rotund on the umbo, beak obscure, in- 
curved. The middle of the valve strongly elevated in ftont, form- 
ing an abrupt rounded mesial fold, which is scarcely defined pos- 
terior to the middle point of the length of the valve. Sides of 
the shell impressed on each side of the fold, forming a well- 
marked sinus on each side and giving the valve a strongly tri- 
lobed appearance. 

Surface marked by concentric lines of growth which are con- 
fined to the anterior portion and are often crowded toward the 
margin. 

As this species occurs in the Batesville beds it is in the form 
of internal casts in which the dental lamellz are represented by 
a pair of curved slits, which converge both posteriorly and an- 
teriorly. The specimen figured is from the U. 8. Geological 
Survey collection and has been loaned for illustration by Pro- 
fessor H. S. Williams. 

EUMETRIA VERNEUILANA Hall. 

1856. Retzia verneuilana, Hall, Trans. Albany Inst., Vol. 4, p. 9. 
1858. Retzia verneuilana, Hall, Geol. Iowa, Vol. 1, pt. 2, p. 657, 

Pl. 23, figs. la—d. 
1882. Humetria verneuilana, Whitfield, Bull. Am. Mus. Nat. 

Hist., Vol. 1, p. 50, Pl. 6, figs. 28-30. 
1883. Humetria verneuilana, Hall, 12th Rep. Geol. Surv. Ind., 

p. 335, Pl. 29, figs. 28-30. 
1895. Humetria verneuilana, Hall and Clarke, Pal. N. Y., Vol. 8, 

pt. 2, Pl. 51, figs. 13-26, 34-35, Pl. 83, figs. 26-277. 
Shell longitudinally ovate, valves almost equally convex, 

hinge-line very short. 
Pedicle valve most convex towards the beak, which is elevated 
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and incurved so as to bring the circular foramen nearly on a line 
with the margins of the valves. Area small, triangular, bounded 
by a distinct angular margin. 

Brachial valve smaller than the pedicle valve, beak small, 
scarcely projecting beyond the cardinal margin. 

Surface ornamented with about fifty simple, rounded, longi- 
tudinal plications. 

None of the specimens of this shell in the collection are perfect 
enough to figure. So far as preserved they agree exactly with 
Hall’s and Whitfield’s figures of the species. 

DIELASMA TURGIDA Hall, var. ELONGATA var. nov. 

RIX fig-/G: 

Shell small, elongate, sub-fusiform, as thick as broad. The 
valves rather strongly convex, their junction obtuse, emarginate 
in front. Surface smooth. 

Pedicle valve furnished with a deep median sinus throughout 
nearly its entire length, growing shallower as it approaches the 
beak. Beak narrow, slightly incurved. 

Brachial valve less convex than the pedicle valve, provided 
with a median sinus, but shallower than that in the pedicle valve. 

This shell is distinguished from the typical D. turgida H.,* 
from the Spergen Hill beds in Indiana, by being more elon- 
gate and less ventricose. The European shell D. sacculus is a 
closely allied form, but is more nearly like the typical D. tur- 
gida than the Arkansas variety. 

MOLLUSCA. 

PELECYPODA. 

PINNA ARKANSANA Sp. NOV. 

Pl. XX., figs. 1-2 

Shell acutely triangular in outline. Towards the beak, regular- 
ly convex from the hinge-line to the ventral margin, depressed 
posteriorly. 

Hinge-line straight, equal to the greatest length of the shell. 
Just below the hinge-line and parallel to it is a well-defined 
but shallow furrow, separating a low rounded marginal ridge 
from the body of the shell. Ventral margin straight or but 
slightly arcuate towards the beak, meeting the hinge-line ante- 

* Terebratula turgida, Hall, Trans. Alb. Inst., Vol. 4, p. 6 
y Terebratula turgida, Whitfield, Bull. Am. Mus. Nat. Hist., Vol.d; p. 4, Pl 6; 
gs. 58-58. 
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riorly at an angle of about 27°. Posterior margin incomplete in 
all the speeimens examined, but judging from the lines of 
growth, meeting the hinge-line at a right angle or less than a 
right angle. ; 

Surface ornamented with simple, indistinct radiating plica- 
tions and with even less distinct concentric wrinkles of growth. 
The radiating plications are least distinct towards the ventral 
border, while the concentric markings grow more distinct in 
this region. 

This species is similar to P. maxvillensis, Whitfield,* but may 
be distinguished by the well-defined longitudinal depression just 
below the hinge-line, which Professor Whitfield definitely states 
is not present in his species, and by the much fainter radiating 
and concentric plications. The Arkansas shell is also larger 
than P. mazxvillensis if Whitfield’s figure may be taken as repre- 
senting the ordinary size; its maximum length, as determined 
by projecting the edges of the broadest of the incomplete speci- 
mens, is about five inches. It differs from P. flexicostata, Mc- 
Coy,+ with which Whitfield compares P. maazvillensis, in hav- 
ing less distinct plications. P. missouriensis, Swallow,{ is 
apparently an allied form, but it has never been figured, and the 
original description is so meagre that no comparison is_ practi- 
cable without authentic specimens. 

PTERONITES HOPKINSI sp. nov. 

PEON, fis. 10. 

Shell, exclusive of the posterior wing, obliquely sub-ovate. 
Very convex anteriorly, somewhat depressed posteriorly. Pos- 
terior wing large, moderately depressed, not sharply separated 
from the body of the shell. Valves sub-equal, the left one 
slightly more convex and with a slightly larger beak. Beaks 
terminal. 

The hinge-line straight, nearly equal to tbe greatest posterior 
extension of the shell below. The antero-ventral margin, judging 
from the lines of growth, forms a semi-oval curve, becoming 
more abrupt posteriorly where it bends up to meet the posterior 
margin. Posterior margin slighlty sinuate below its junction 
with the cardinal line, meeting the antero-ventral margin in a 
sub-semi-circular curve. 

Surface ornamented with radial plications which are strongest 

*Ann. N. Y. Aead. Sci., Vol. 5, p. 586, Pl. 14, fig. 5, and Geol. Sury. Ohio, Vol. 7, p. 
474, Pl. 10, fig. 5. 

+ British Pal. Foss., p. 499, P!. 3E, figs. 11-13. 
t Trans. St. Louis Acad. Sc1., Vol>2, p 97. 



262 TRANSACTIONS OF THE [MAR. 15, 

on the central portion of the shell, and with coneentric lines of 
growth. 

All the specimens of this shell in the collection are imperfect, 
so that the marginal contour has been determined chiefly by the 
lines of growth. One specimen shows both right and left valves 
partially open, and it is the left valve of this specimen which 
has been figured. It does not resemble any of the heretofore 
described American species of the genus. 

The species is named in honor of Mr. T. C. Hopkins, a mem- 
ber of the late Geological Survey of Arkansas, who did much 
valuable work on the stratigraphy in northern Arkansas. 

PTERONITES LEVIS sp. nov. 

Pl. XX.,; figs. 11—) 2: 

Shell subovate in outline, convex anteriorly, moderately de- 
pressed posteriorly. Posterior wing ill-defined, not sharply 
seperated from the body of the shell. Beaks terminal. 

Hinge-line straight, shorter than the most posterior extension 
of the shell below. Antero-ventral margin forming a semi-oval 
curve, bending regularly upward posteriorly, into the posterior 
margin which meets the cardinal line at an oblique angle. 

Surface smooth except for a few indistinct lines of growth 
which are often obsolete. 

In general form this species is similar to P. hopkinsi, but 
differs from that species in its smaller size and in its unorna- 
mented shell. 

MYALINA ARKANSANA Sp. NOV. 

Pl. XX., figs. 16-17. 

Shell below medium size, oblique, the greatest length about 
equal to twice the greatest width. Valves strongly convex in 
the umbonal region, compressed posteriorly. Beaks depressed, 
in the younger specimens almost terminal, in the older ones at 
a little distance from the anterior extremity. A shallow de- 
pression extends from the beak obliquely to the ventral pais 
in front of the unbonal ridge. 

Hinge-line straight, equal to about two-thirds the entire 
length « of the shell. Anterior mar gin obtusely rounded, ventral 
margin slightly arcuate, regularly “rounded upward posteriorly 
into the posterior margin, which curves forward if an arcuate 
line or is nearly straight, meeting the hinge line at an obtuse 
angle of about 135°. 
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Surface nearly smooth, but showing a few obscure lines of 
growth. 

This species somewhat resembles J. swallovi, McChesney, a 
common coal measure species, but is more oblique, with a less 
prominent umbonal ridge which curves dorsally rather than 
ventrally towards the posterior extremity, and has an arcuate 
rather than a sinuate ventral margin. 

LITHOPHAGA ? BATESVILLENSIS sp. nov. 

Pl. XX., figs. 14-15. 
Shell of medium size or less, elongate ovate in outline. Very 

convex anteriorly, somewhat depressed posteriorly. Beaks ter- 
minal, depressed. 

Hinge-line straight, about three-fifths the total length of the 
shell. Anterior margin sharply rounded. Ventral margin gently 
arcuate with the curvature increasing towards the extremities, 
bending upward and sharply rounded posteriorly into the poste- 
rior margin, which curves forward, meeting the cardinal line at 
an obtusely rounded angle. 

Surface nearly smooth, a few inconspicuous lines of growth 
being distinguishable. 

The species most nearly allied to this is L. pertenuis,M. & W.,* 
described from the Warsaw beds of the St. Louis limestone. 
The Arkansas specimens constantly differ from that species in 
having the greatest posterior extension of the shell nearer the 
ventral margin. 

AVICULOPECTEN BATESVILLENSIS Sp. Nov. 

Pl. XX., figs. 3—4. 

Right valve unknown. Left valve of medium size. Exclusive 
of the wings, broadly sub-ovate in outline, nearly equilateral. 
Length and breadth about equal, the greatest convexity at a 
point about one-third the distance from the beak to the ven- 
tral margin, equal to about one-fourth the length. Beak moder- 
ately elevated above the hinge-line and situated a little anterior 
to its middle point. 

Hinge-line edad to the ereatest breadth of the shell below. 
Anterior, ventral and posterior margins, to the junction with 
the wings, sub-circular in outline. 

Wings subequal, anterior one being somewhat the smaller, 
flat and triangular, abruptly compressed from the umbonal slope. 

*Geol. Surv. I1] , Vol. 5, p. 539, Pl. 22, fiz. 1. 
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The anterior margin meeting the hinge-line at nearly arightangle, 
the angle sometimes rounded; separated from the margin below 
by a rather abruptly rounded or angular byssal sinus, which is 
more pronounced in the younger shells. Posterior wing less 
compressed, not sharply separated from the umbonal slope, pos- 
terior cardinal angle acute, posterior margin concave, joining 
the postero- -ventral margin by a gentle curve. 

Surface of the shell ornamented with simple radiating plica- 
tions arranged in pairs, obsolete towards the beak and on the 
younger specimens, though they would probably be present on 
the exterior of the shell. 

This species resembles A. coranus M. & W.,* from the coal 
measures, but differs from it in its larger size and greater con- 
vexity. It differs from A. winchelli Meek,t of the Ohio 
Waverly group. in its smaller size, greater convexity and rela- 
tively longer hinge line. It differs from both these species 
in having the posterior wing less flattened than the anterior and 
much less sharply separated from the umbonal slope. It re- 
sembles A. monroensis, Worthen, { from the St. Louis group, but 
is less oblique than that species. 

AVICULOPECTEN ? sp. 

Pl XX., fig: 

Shell small, exclusive of the hinge-line subovate in outline, 
oblique, moderately convex, longer than wide. Beak moderately 
elevated above the hinge-line. 

Hinge-line a little shorter than the width of the shell below. 
Anterior margin of the shell sinuate at the point where the an- 
terior ear joins the body of the shell, sharply rounded above the 
sinuation and gently arcuate below. Ventral margin regularly 
rounded. Posterior margin arcuate below, nearly straight 
above, meeting the hinge-line at an obtuse angle. 

Wings subequal, not sharply compressed from the body of the 
shell. 

Surface ornamented with radiating plications, faintly shown 
in the specimen as preserved, and obsolete towards the beak. 

Only a single specimen of this little species is present in the 
collection. It may prove to be new, but for the present, in con- 
sideration of the limited amount of material at hand, it is thought 
best to leave it without a specific designation. 

* Geol. Surv., Ill., Vol. 2, p. 326, Pl, XXVL., figs. 6a-b. 
+ Pal., Ohio, Vol. 2, p. 296, Pl. XV., fig. 5a-b. 
t Geol. Surv., Ill., Vol. 8, p. 114, Pl. XXIL., figs. 8-9a. 
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ALLORISMA WALKERI Sp. nov. 

Pl. XX., figs. 6-7. 

Shell longitudinally sub-elliptical in outline. with the dorsal 
and ventral margins sub-parallel. Valves moderately convex, 
the greatest convexity being about the middle, somewhat com- 
pressed posteriorly. Umbonal ridge ill-defined or obsolete, 
often flattened, giving the appearance of two indistinct ridges 
extending from the beak to the postero-ventral margin. Beaks 
of moderate size, projecting slightly above the hinge-line, in- 
curved, directed anteriorly and situated at about one-fourth the 
length of the shell from the anterior end. 

Cardinal line straight, extending three-fourths the length of 
the shell backward from the beaks, anterior end short, sloping 
forward from between the beaks at an angle of forty-five degrees 
or less, to about the middle of the height of the shell, then 
gently curving downward to form the sub-semi-circular anterior 
margin of the shell. Ventral margin nearly straight or slightly 
arcuate from a point directly below the beaks to one-half the 
distance from this point to the posterior extremity; posteriorly 
the margin curves regularly upward and then forward, forming 
the nearly semi-circular posterior margin. 

Anterior end of the shell witha small but weil defined lunule. 
Surface ornamented with strong, irregular, concentric undula- 
tions. In some specimens a broad, shallow, ill-defined, almost 
imperceptible sulcus passes from the beak to about the middle 
of the ventral margin; in other specimens this sulcus is obso- 
lete. 

This species is allied to A. maxvillensis, Whitfield,* from the 
Maxville limestone of Ohio, but is much larger and the beaks 
are situated farther from the anterior end of the shell. 

The species is named in honor of Mr. Geo. C. Walker, the 
founder of Walker Museum, University of Chicago. 

ALLORISMA ARKANSANA sp. Nov. 

Pl. XX., figs. 4-5. 
Shell longitudinally sub-elliptical in outline. Equivalve, the 

valves rather strongly convex in the umbonal region, compressed 
posteriorly. Umbonal ridge ill-defined, rounded, becoming 
nearly obsolete posteriorly. Beaks prominent, incurved, pro- 
jecting considerably above the hinge-line, situated at a point 

*Ann. N. Y. Acad. Sci., Vol. 5, p. 588, Pl. 14, figs. 7, 8, and Geol. Surv. Ohio, Vol. 
7, p, 476, Pl. 10, figs. 7, 8. 
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about one-fourth, or less, the length of the shell from the an- 
terior end. 

Hinge-line straight or slightly arcuate. Anterior margin of 
the shell sub-semi-circular. Ventral margin nearly straight or 
slightly arcuate, converging posteriorly towards the dorsal mar- 
gin. Posterior margin rather sharply rounded at the most pos- 
terior projection of the shell, which is about midway of the 
height, arcuate above and below this point. 

Surface, anterior to the beak, ornamented with moderately 
fine, regular, concentric wrinkles, which become obsolete poste- 
riorly. Shell smooth posterior to the beaks. 

This species differs from dA. walkeri in its posteriorly converg- 
ing dorsaland ventral margins, in the more sharply rounded pos- 
terior extremity, in the sharper and more elevated beaks, and in 
the finer and more regular ‘concentric wrinkles which are con- 
fined to the region anterior to the beaks. 

ScHIZODUS BATESVILLENSIS Sp. nov. 

Pl. XX., figs. 8-9. 
Shell of medium size, longitudinally subovate in outline, 

valves moderately convex. Beaks prominent and incurved, 
situated at about one-third the length of the shell from the 
anterior end. Greatest convexity of the shell immediately be- 
low the beak, at about one-third the distance from the point 
of the beak to the ventral margin. Umbonal ridge arcuate, 
rounded and ill-defined, posterior umbonal slope concave. 

Hinge line straight, reaching about two-thirds the distance 
from the beak to the posterior point of the shell. Anterior 
margin regularly rounded. Ventral margin arcuate, curving ab- 
ruptly upward posteriorly, to meet the posterior margin. Poste- 
rior margin more or less arcuate, forming a rather abrupt angle 
with the ventral margin at the most posterior point of the shell, 
and meeting the hinge-line at a more or less distinct obtuse angle. 

Surface smooth, except on the anterior slope, which is orna- 
mented with fine concentric lines, which can be seen only upon 
the best preserved specimens and when held in a strong light. 

The shellis similar to and probably identical with the one de- 
scribed from the Maxville limestone by Whitfield,* as S. chester- 
ensis, M. & W. In his description he states, however, that it 
may become necessary to separate the Maxville limestone speci- 
mens from S. chesterensis as a distinct species. S. batesvillensis 

*Am.N. Y. Acad. Sci., Vol. 5, p. 587, Pl. XIV., fig. 4, and Geol. Sury., Ohio, Vol. 7, 
p. 475, Pl. X., fig. 4. 
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differs from S. chesterensis, as figured by Meek and Worthen, * 
in having the beaks situated nearer the center of the shell and 
in having the greatest posterior extension of the shell situated 
more ventrally. 

ScHIZODUS DEPRESsuS Worthen. (7) 

Pl XXL, fies. 1-8: 

1884. Schizodus depressus, Worthen, Bull. No. 2, Ill. State Mus. 
Nat. Hist., p. 11. 

1890. Schizodus depressus, Worthen, Geol. Surv. Ill., Vol. 8, p. 
109, Pl. 18, figs. 8-8a. 

Shell below medium size, sub-triangular in outline, slightly 
convex, greatest convexity along the umbonal ridge. Umbonal 
ridge angular, extending from the beak to the most posterior 
extension of the shell, sub-parallel with the nearly straight upper 
portion of the posterior margin of the shell. Beak depressed, 
obtuse, situated a little anterior to the middle of the shell. 

Hinge-line short. Anterior margin of the shell nearly straight 
above, sloping ventrally, regularly rounded below. Ventral 
margin arcuate. Posterior margin sharply rounded below at 
the most posterior extension of the shell, straight or slightly 
arcuate above, sloping upward toa point just posterior to the 
beak. 

The specimens of this species are not well preserved, but as 
they agree in general form with Schizodus depressus, as described 
and figured by Worthen, they are provisionally referred to this 
species. They differ from Worthen’s figures chiefly in the more 
obtuse beaks. 

Scuizopus? sp. 

| ls @.@). Gye Toe p 

Shell below medium size, sub-elliptical in outline, slightly 
convex in the umbonal region, compressed posteriorly. Beak 
situated at a little less than one-third the distance from the 
anterior to the posterior extremity, incurved and elevated above 
the hinge-line. Posteriorly from the beak and parallel with the 
hinge-line is a sharp ridge, the dorsal side of which is a narrow 
band-like area meeting the hinge-line nearly vertical to the plane 
of the shell. 

Hinge-line straight, extending from the beak nearly to the 
posterior extremity.. Anterior margin rather sharply but regu- 
larly rounded; ventral margin gently arcuate, bending upward 

* Geol. Surv., Ill., Vol. 2, p. 301, Pl. XXIII., fig. 6. 



268 TRANSACTIONS OF THE [MaAR. 15, 

more rapidly posteriorly into the posterior margin, which is 
sharply rounded dorsally. 

Surface nearly smooth, but showing some inconspicuous 
wrinkles of growth. 

This specimen is almost certainly not a Schizodus, but as it 
seems difficult to place it inany genus with certainty it is placed 
here provisionally. 

SANGUINOLITES? sp? 

PLS OX aie. (6: 

Shell elongate sub-ovate in outline, moderately convex along 
the umbonal ridge. Beaks depressed, situated at a point about 
one-fourth the distance from the anterior to the posterior ex- 
tremities of the shell. 

Hinge-line straight, about two-thirds the length of the shell. 
Anterior margin of the shell sinuate just below the beaks, regu- 
larly rounded below. Ventral margin straight or slightly arcu- 
ate. Posterior margin rather sharply rounded. 

Surface smooth except for some indistinct concentric lines of 
growth. 

This species occurs rather abundantly, but the specimens are 
all so poorly preserved that the characters can be but imper- 
fectly recognized. The specimens are placed provisionally in 
the genus Sanguinolites, but more perfect materialmust be studied 
for the accurate determination of their characters. 

GASTROPODA. 

CAPULUS ACUTIROSTRIS Hall. 

1856. Capulus acutirostris, Hall,Trans. Albany Inst.,Vol. 4, p. 31. 
1858. Capulus acutirostris, Hall, Geol. Lowa, Vol. 1, pt. 2, p. 

665, Pl. 23, figs. 14a—b. 
1882. Platyceras acutirostris, Whitfield, Bull. Am. Mus. Nat. 

Hist.; Vol. lops6tp Pils? figs.“13=15. 
1883. Platyceras acutirostris, Hall, 12th Rep. Geol. Surv. Ind., 

p. 370, Pl. 31, figs 13-15. 
1890. Capulus acutirostris, Keyes, Proc. Acad. Nat. Sci., Phil., 

p10: ; 
1894. Orthonychia acutirostre, Keyes, Mo. Geol. Surv., Vol. 5, 

p. 190, Pl. 54, figs. 2a—c. 
A single specimen in the collection agrees well with the fig- 

ures and descriptions of Capulus acutirostris. It is imperfectly 
preserved, but seems referable to this species. 
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BELLEROPHON SUBLAEVIS Hall. 

Pl. eX, fos 10: 

1856. Bellerophon sublaevis, Hall, Trans. Albany Inst., Vol. 4 
Dimou. 

1858. Bellerophon sublaevis, Hall, Geol. Iowa, Vol. 1, pt. 2, p. 
666, Pl. 23, fig. 5. 

1882. Bellerophon sublaevis, Whitfield, Bull. Am. Mus. Nat. 
Est ool): 89: bl.. 8. fiess 67: 

1882. Bellerophon sublaevis, White, 11th Rep. Geol. Surv. Ind., 
p. 359, Pl. 40, fies. 5-7. 

1883. Bellerophon sublaevis, Hall, 12th Rep. Geol. Surv. Ind., p. 
Sule iol tes, 6=T. 

1891. Bellerophon sublaevis, Whitfield, Ann. N. Y. Acad. Sci., 
Vol. 5, p. 592, Pl. 14, figs. 20-21. 

1894. Bellerophon sublaevis, Keyes, Mo. Geol. Surv. Vol. 5, p. 
148, 

The Arkansas specimens of this shell are all imperfectly pre- 
served and in the form of internal casts. There seems to be no 
doubt, however, as to the accuracy of their identification. But 
little can be said in the way of description of the specimens, ex- 
cept that they are sub-globular in form with a smooth surface. 

All the specimens of this species in the Walker Museum col- 
lection are so much crushed and distorted as to be unfit for il- 
lustration. The figure on plate 3 is from a specimen in the U. 8. 
G. S. collection loaned for illustration by Professor Williams. 

’ 

BELLEROPHON BRANNERI Sp. nov. 

Pl. XXII fig. 9. 

Inner volutions of the shell small, closely coiled. Outer 
volution broadly expanding toward the aperture, subangulate 
along the dorsum. Aperture large, sub-circular in outline, with 
a slightly sinuate dorsal margin. Shell ornamented with rather 
remote transverse undulations. 

This species is represented in the collection by a single im- 
perfect example, but it is so distinct from every other Car- 
boniferous species that it is given a specific designation. The 
figure is drawn from a wax cast of the mould of the speci- 
men in the sandstone. It is similar to the Devonian species BP. 
natator, Hall,* but differs from it in having a shallower and less 
sharply sinuate dorsal margin in the aperture, and in having a 
less angular dorsum. The transverse undulations are also more 
remote in the Arkansas species. 

*Palo Ne.) Ol. 9; Dt. 2) Dp. 108, El. 24, fig. 1. 
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Named in honor of Dr. J. C. Branner, late State Geologist of 
Arkansas. 

STRAPAROLLUS SIMILIS Meek and Worthen. (7) 

1861. Straparollus similis, Meek and Worthen, Proc. Acad. Nat. 
Sci. Phil., p. 145. 

1866. Straparollus similis, Meek and Worthen, Geol. Sury. IIL, 
Vol. 2, p. 285, Pl. 19, figs. 4a—b. 

1891. Straparollus similis, Whitfield, Ann. N. Y. Acad. Sci., 
Vol. 5, p. 589, Pl. 14, figs. 9-11. 

1895. Straparollus similis, Whitfield, Geol. Surv. Ohio, Vol. 7, 
p. 476, PI. 10, figs. 9-11. 

There is in the collection a single impression of the under 
side of the coil of a small species of Straparollus. The speci- 
men is about one-half inch in diameter and the characters so far 
as preserved, agree with S. similis. 

STRAPAROLLUS SP. ? 

A single imperfect specimen of a species of this genus, too 
incomplete for identification, is present in the collection. It is 
much depressed and nearly disk-form and when perfect must 
have been one and one-half inches in diameter. The aperture 
is apparently sub-elliptical in outline and nearly twice as broad 
as high. 

CEPHALOPODA. 

ORTHOCERAS EUREKENSIS Walcott. (7) 

Pl. XX1., figs. 3-3a. 

1884. Orthoceras eurekensis, Walcott, Pal. Eureka Dist., p. 265, 
Pl. 28, figs. 2-2a. 

Shell straight, gradually and regularly tapering, transverse 
section elliptical. Living chamber unknown. Septa situated 
at distances of about 4 mm., moderately concave. Siphuncle 
small, excentric towards one of the longer sides of the elliptical 
cross section. 

Walcott’s figure shows a shell of about twice the length of the 
Batesville specimen, and is distinctly curved. Except for this 
curvature, the Batesville specimen, so far as its characters are 
preserved, agrees with the one described from the Eureka district 
of Nevada. 

The specimen here figured is from the U. S. Geological Survey 
collection and was kindly loaned to the author by Professor H. 
S. Williams. 
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GLYPHIOCERAS SPHa&RICUS Martin. (7) 

PE XX figs 1=2: 

1809. Conchyliolithus Nautilites (sphericus), Martin, Petrif. 
Derb., Pl. 7, figs. 3-5. 

1812. Ammonites sphericus, Sowerby, Min. Couch, Vol. 1, p. 
116, Tab. 538, fig. 2. 

1836. Goniatites sphericus, Phillips, Geol. Yorks., pt. 2, p. 234, 
Pl. 19, figs. 4-6. 

1880. Goniatites sphericus, de Konnick, Faune de Cale. Carb. 
de la Belg., pt. 2, p. 47, Pl. 47, figs. 3-5. 

1882. Gontatites crenistria, Barrois, Rech. Sur les. Ferr. Anc. 
des Ast. et de la Gal., p- 292 “ae 14, fig. 1. 

Shell compressed elobular, umbilicus small. Surface orna- 
mented with longitudinal lines to the number of about nine in 
the space of one-fourth of an inch. 

Ventral lobe of the suture minute and feriele angular, situ- 
ated in the apex of a larger ventral saddle, which is thus divided 
at its apex into two small and acute siphonal saddles. Primary 
lateral lobes acutely angular with more or less undulating sides. 
Primary lateral saddles large and acute, much higher than the 
two small siphonal saddles, the base broad, about two-thirds 
the height, the point slightly inclined towards the umbilicus. 
The second lateral lobes much larger than the first, as large or 
larger than the primary lateral saddles, the sides undulating. 
The second latera] saddles regularly rounded or with a single 
undulation, extending to the umbilicus. 

All the Batesville specimens are imperfect and more or less 
crushed, but so far as the suture is concerned they agree exactly 
with the figures and descriptions of European examples, ex- 
cept that the bifid ventral saddle is narrower and more elevated. 
The Arkansas specimens also differ from the latter, in being more 
compressed laterally and less globose. In Professor Bar- 
rois’* notes on the species from Spain, he mentions its varia- 
bility in this respect and says that all intermediate stages occur 
between the globose and the compressed forms. The Arkansas 
specimens exhibit considerable variation in this respect, but none 
of them attain the extreme globosity of the European speci- 
mens. 

The species is also closely related to Goniatites kentuckiensis 

* Barrois describes the species under the name Goniaitites crenestria, considering 
that to be synonymous with G. sphericus. Whether he is right or not is of no conse- 
quence here, but it would seem that in any case Martin’s name, published in 1809, 
would take precedence over Phillips’, which was not published until 1836. 
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Miller,* described from the St. Louis group in Kentucky. It 
differs from Miller’s species as figured, in the more acute lobes 
and saddles and in being less globose, though his latest figures 
represent a shell more compressed than does his original figure 
and description. 

In none of the specimens studied is the body chamber pre- 
served, so that the true size of the shells cannot be estimated ; 
but the larger specimens, as preserved, are from one and one- 
half to two inches in diameter. 

CRUSTACEA. 

PHILLIPSIA SP. 

PLES fio Ae 

Several imperfect pygidia of a trilobite belonging to the genus 
Phillipsia are contained in the collection. The specimens are 
too poorly preserved to admit of specific determination. 

Part III. CoRRELATION. 

PALEONTOLOGIC CORRELATION. 

Fossil evidence of the age of the Batesville Sandstone. 
In this section of the paper each of the species recorded from 

the Batesville Sandstone will be considered separately, and 
whatever evidence it affords, if any at all, as to the age of the 
formation will be discussed. 

1. Orbiculoidea batesvillensis. 

The members of this genus have a wide range in time, and as 
the specific characters are generally more or less obscure the 
occurrence of an undescribed species in the fauna signifies little 
or nothing as to its age. 

2. Streptorhynchus williamsi. 

In the genus Streptorhynchus, as restricted, but a single 
American species has been recorded, S. ulrichi, from the Kas- 
kaskia Group in Kentucky. The evidence afforded by the 
present species is, therefore, in favor of the Kaskaskia age of 
the Batesville Sandstone. 

3. Productus cestriensis. 

This species is one of the most characteric of Kaskaskia fossils 

*N. A. Geol. and Pal., p. 439, 440, fig. 740, and Bull. No. 11, Ill. State Mus. Nat. Hist.’ 
D. 20 p, cee ae 
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at the typical localities, and is likewise the most abundant 
species collected from the Batesville Sandstone. 

4. Rhynchonella mutata. 

This species is of a type abundant in the Devonian and lower 
Carboniferous rocks. The evidence afforded by its occurrence 
in the Batesville Sandstone points toward the St. Louis age of 
the formation. 

5. Spirifer keokuk. 

This species, as it is known from other localities, ranges 
through the Osage group to the Coal Measures, The Batesville 
Specimens most resemble the species as it occurs in the St. 
Louis group. 

6. Spiriferina sp. 

Species of this genus, similar to the one here recorded, range 
from the Burlington Limestone to the Coal Measures. Its 
presence in the Batesville Sandstone fauna affords no definite 
evidence as to its age. 

T. Athyris subquadrata. 

This species is typically a Kaskaskia form. The Batesville 
specimens do not differ essentially from those in the Kaskaskia 
group at its various localities. 

8. Humetria verneutlana. 

The species of this genus range from the Osage group through 
the Mississippian series, the later forms becoming more coarsely 
plicate. The Batesville Sandstone specimens are indistinguish- 
able from the typical #. verneuilana as it occurs in the St. 
Louis group. 

9. Dielasma turgida var. elongata. 

The typical D. turgida is a St. Louis group species. 

10. Pinna arkansana, 

This species is most closely related to P. maxvillensis from 
the Maxville Limestone of Ohio. The exact age of this forma- 
tion has never been accurately determined, but it has been re- 
ferred to the St. Louis-Kaskaskia horizon. P. missouriensis, 
described from the Kaskaskia group, is apparently an allied 
species, and the evidence of P. arkansana is towards the Kas- 
kaskia age of the formation rather than the St. Louis. 

TRANSACTIONS N. Y. ACAD. Scr., VoL. XVI., Sig. 18, June 19, 1897. 
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ll. Pteronites hopkinst. 

This heretofore undescribed species is not similar to any de- 
scribed American species, and its evidence is nothing. 

12. Pteronites levis. 

Like the preceding species, this one affords no evidence as to 
the age of the formation. 

13. Myalina arkansana. 

The genus Myalina is more typically characteristic of the 
upper Carboniferous faunas, though it is present in the Osage 
and St. Louis groups. The evidence afforded by the species is 
slight, but is towards the Kaskaskia rather than the St. Louis 
age of the formation. 

14. Lithophaga 2 batesvillensis. 

The most closely allied species of the genus is L. pertenuis, 
described from the Warsaw beds of the St. Louis group. 

15. Aviculopecten batesvillensis. 

This species is quite distinct from any other American species 
of the genus, and affords evidence toward neither of the forma- 
tions in question. 

16. Aviculopecten sp. 

This species affords no evidence bearing upon the present 
problem. 

17. Allorisma walkeri. 

This species, though very much larger, is similar to A. 
maxvillensis from the Maxville Limestone. It is not closely 
allied to any species of the typical St. Louis or Kaskaskia form- 
ations. 

18. Allorisma arkansana. 

This species affords no evidence of the age of the fauna in 
which it occurs. 

19. Sehizodus batesvillensis. 

The most closely allied species is S. chesterensis, one of the 
most characteristic species of the upper beds of the Kaskaskia 
group. A species referred to S. chesterensis by Whitfield oc- 
curs in the Maxville Limestone, and the Batesville specimens 
more closely agree with the Maxville Limestone specimens than 
with the typical S. chesterensis. 
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20. Schizodus depressus ? 

This species was originally described from the oolite bed of 
the St. Louis group in Monroe county, II. 

21. Schizodus?? sp. 

This species affords no evidence bearing on the age of the 
fauna in which it occurs. 

22. Sanguinolites ? sp. 

Like the preceding, this apecies affords no evidence in the 
problem. 

23. Capulus acuttrostris. 

This species, originally described from the St. Louis group, 
also occurs in the Osage group below. The bearing of its evi- 
dence is towards the St. Louis age of the fauna. 

24. Bellerophon sublevis. 

This species is typically from the St. Louis group, where it is 
a characteristic form. 

25. Bellerophon branneri. 

This new species is not similar to any heretofore described 
Carboniferous species and affords no evidence in the case. 

26. Straparollus similis ? 

This species was originally described from the St. Louis group. 

27. Straparollus sp. 

This fragmentary species affords no evidence in the present 
problem. 

28. Orthoceras eurekensis ? 

This species was described from Nevada, and its presence in 
the Batesville Sandstone fauna van have no bearing upon the age 
of the formation. 

29. Glyphioceras sphericus. 

This species has not heretofore been recorded from America. 
The nearest American ally is G. kentuckiensis from the St. 
Louis group in Kentucky. 

30. Phillipsia sp. 

The members of this genus range from the Kinderhook group 
to the Coal Measures, and the presence of an indeterminable 
species in the fauna affords no evidence as to its age. 
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Tabulation of the Facts. 

The facts set forth in the preceding notes on the species are 
here given in tabular form. The species are arranged in three 
groups, those whose evidence points to the St. Louis age of the 
formation, those whose evidence points to its Kaskaskia age, 
and those whose evidence is indeterminate. 

The following symbols are used to indicate the relative abun- 
dance of the species: (a)=abundant; (c)=common; (r)=rare ; 
(vr)=represented by single or a very limited number of speci- 
mens. 

| 

LIsT OF SPECIES. Sr. Louis. | KASKAS- | INDETER- 
| KIA. | MINATE. 

1. Orbiculoidea batesvillensis........... (r.)| x 
2. Streptorhynchus williamsi........... (ce) << 
Se) ETOUUCLUSICCSUGICNSIS acs cenetantectenenes (a. ) ree 
4. Rhynchonella mutata ? ...........0+5- (r.) < 
Sr ISPUNUersiCOloUlorcseateccesesseccncn sense (a. ) < 
GLI SPURL CNUs Deerrodcecesereeeceser ee Gr) x< 
7 Athyris subquadrata .............-- (v.r. ) S< 
8. Eumetria vernewilana...........0.0+. (9) < 
9. Dielasma turgida var. elongata...(1.r. ) x 

OP Pinna Onrkansang eacsereee eset tee (c. ) x 
dal Pteronitesinopkinsix...-csessoeseeees (rir) x 
ON IANA UBZOPS cocaopoonnoopoessDsosoc (en) DK 
13. Myalina arkansanda. ..........000-000- (6%) x 
14. Lithophaga? batesvillensis........... (c) “< 
15. Aviculopecten batesvillensis ......... (c. ) << 
GPA DICULODECLEMIS eerenenterae eeceee (Gesins x 
Ase Allomisma nual kertentcsssscesteeste sees (ce. ) x 
18. Allorisma arkansand............0++++ (c. ) >< 
19. Schizodus batesvillensis............+. (c. ) SK 
20. Schizodus depressus ?2.........+.+.0++- (a. ) x< 
21, Schizodus,? 2. ep :hsanmccmssescneee ae p< 
22. SAnguinolites.? (Sp. ....csseenoseersnce- (¢. x 
23. Capulus acutinostris:.:......-.+.+-- (Gone) x 
24. Bellerophon sublevis..............++ (es) < 
25. Bellerophon branneri........0-..+++ Git) S< 
26. Straparollus similis ?..........0.0+ (72.385) SK 
Pie SRT MH RMUTRS G06 conbeeoncconccoboncee (ran) >< 
28. Orthoceras eurekensis ? ........+++- (ee) x 
29. Glyphioceras sphxricus ......0-0666 Ate: a 
SOME pSia! Spi tester oondceetaceue tees (a x 

SROPAIS: (canis 25eseelprmeonenoees neces 10 6 14 
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Summation of the evidence. 

From the foregoing table it will be seen that of the thirty spe- 
cies recognized in the Batesville Sandstone fauna, ten point 
to the St. Louis age of the formation, six to its Kaskaskia age, 
and fourteen species are present whose evidence is indeterminate. 
After setting aside the fourteen species that afford no evidence, 
and considering the relative number of species alone, it 1s seen 
that 624% of the evidence points toward the St. Louis age and 
374% toward the Kaskaskia age of the formation. 

In making a just estimate of the evidence of the age of the 
fauna, however, it is necessary to take into account not only the 
relative number of species, but also the relative abundance of 
the species. The most abundant species of the fauna, Produc- 
tus cestriensis, is characteristically a Kaskaskia form, and of the 
six Kaskaskia species only one is marked (r.) and one (rr.), four 
being common or abundant forms. Of the St. Louis species 
four only are common, three are marked (rr.) and three (r.). From 
this it will be seen that when only the abundant or common spe- 
cies are considered, the evidence of the age of the formation lies 
equally between the St. Louis and the Kaskaskia. 

From a consideration of the paleontologic evidence alone, 
without any reference to the stratigraphy, the Batesville Sand- 
stone should be correlated with the base of the Kaskaskia group. 
The presence of the numerous Kaskaskia species establishes the 
Kaskaskia age of the fauna, while the association with them of 
the numerous species typically belonging to the St. Louis group, 
fixes its horizon in the basal portion of the Kaskaskia. 

Relation between the faunas of the Batesville Sandstone and the 

Masxville Limestone. 

The Maxville Limestone is a formation in Ohio, about twenty- 
five feet in thickness, and lies immediately above the Logan 
group, the uppermost subdivision of the Waverly series. Its 
fauna has been made known by Whitfield.* It consists of a 
mingling of St. Louis and Kaskaskia species, and the limestone 
is spoken of by Prof. Whitfield as “the equivalent of the 
St. Louis and Chester + Limestones of the Mississippi Valley.” 
Such a thin stratum can scarcely be considered as representing 
the whole of the great thickness of the St. Louis and Kaskaskia 
groups as developed in. the Mississippi Valley, and it has been 

*Ann. N. Y. Acad. Sci., Vol. 5, pp. 576-595, and Geol. Surv. Ohio, Vol. 7, pp 465-481. 
+ The names Chester and Kaskaskia are synonomous, Kaskaskia being the earliest 

of the two referred to the formations. 
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the custom of Ohio geologists to refer the Maxville Limestone 
to the Kaskaskia group, though its exact horizon has never 
been definitely pointed out. 

The fauna of the Batesville Sandstone is remarkably like 
that of the Maxville Limestone, particularly so when the 
diverse lithologic characters of the two formations are consid- 
ered. In both cases the fauna is a mingling of St. Louis and 
Kaskaskia species, and from the paleontologic evidence alone, 
the two formations may well be correlated. 

The following nine Batesville Sandstone species are present, 
or have their nearest allies, in the Maxville Limestone. 

Productus cestriensts. 
Spirifer keokuk., 
Athyris subquadrata. 
Dielasma turgida, var. elongata. 
Pinna arkansana. 
Allorisma walkert. 
Schizodus batesvillensis. 
Bellerophon sublevis. 
Straparollus similis ? 

STRATIGRAPHIC CORRELATION. 

Stratigraphy of the Mississippian Series in the Batesville 
Region. 

The following section of the Mississippian rocks in the Bates- 
ville region of Arkansas is compiled from the published reports 
of the Geological Survey of Arkansas and from the field obser- 
vations of the author. The formations are discussed consecu- 
tively, beginning with the lowermost. 

1. Sylamore Sandstone.—This formation is irregular in its 
distribution, sometimes being absent and at other times reach- 
ing a thickness of from thirty to forty feet. It is more exten- 
sively developed in the counties further west than in the im- 
mediate Batesville region. It is a bed of brown, yellow or gray 
sandstone, often with interstratified green or black shaly layers, 
and frequently containing small flat or rounded ferruginous 
concretions. In some localities the sandstone is wholly re- 
placed by a black shale. 

2. St. Joe Marble.—This formation is ordinarily a red erys- 
talline limestone with an average thickness of from twenty-five 
to forty feet. In many localities the red fades through a 
mottled to a bluish gray color. Chert bands are often inter- 
stratified. Fossils are not abundant but such as are present 
point to the Kinderhook age of the formation. 
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3. Boone Chert.—This formation consists of a series of inter- 
bedded strata of chert and limestone, three hundred to three 
hundred and fifty feet in thickness, the two materials differing 
greatly in relative amounts in different localities. The lime- 
stone is generally a light colored crystalline rock composed 
largely of crinoidal fragments. The whole formation agrees 
well with the Osage group as developed further north, except 
that the relative amount of chert is greater. 

4. Spring Creek Limestone and Shale.—This formation has 
heretofore been referred to the Fayetteville Shale by the Ar- 
kansas geologists. In the region of its typical development, in 
the western part of the state, the Fayetteville Shale is separated 
from the Boone Chert by the Wyman Sandstone, a formation 
which is absent in the Batesville region. Since the correlation 
of the black shales and limestones in the Batesville region with 
the Fayetteville Shale is based wholly on the stratigraphy, and 
as the stratigraphic column is somewhat dissimilar in the two 
regions, it is thought best to assign a distinctive name to the 
formation in the Batesville region, until a comparative investiga- 
tion of the faunas in the two regions proves it to be wholly or 
in part the equivalent of the more western formation. 

The Spring Creek Limestone, as typically developed on 
Spring Creek, two miles west of Batesville, is a black fetid 
limestone abounding in fossils. East of Batesville, in the vicin- 
ity of Moorefield, it is more shaly and attains a thickness of 
three hundred feet. 

The fauna of the Spring Creek Limestone is unique, and the re- 
sults of a preliminary study of it have been published by Pro- 
fessor H. S. Williams.* It contains, besides the remarkable 
Devonian types mentioned by Professor Williams, a large pro- 
portion of species which are typically of St. Louis age. 

5. Batesville sandstone. This formation is a buff, yellow or 
brown, rather fine grained homogeneous sandstone, ranging in 
thickness from a few feet to nearly two hundred feet. Fossils 
are comparatively abundant in its lowermost layers, but in the 
upper portions it is apparently barren of organic remains. 

6. Boston Group.—Lying between the Batesville Sandstone 
below and the Millstone Grit above, is a series of interbedded 
strata of shales, limestones, and sandstones, that attains a thick- 
ness of seven or eight hundred feet. The different beds are more 
or less constant in their development, and a portion of them are 
fossiliferous, but the faunas have not yet been investigated. 

*On the recurrence of Devonian fossils in strata of Carboniferous age, by H. S. 
Williams. Am. Jour. Sci. (3), Vol. 49, pp. 94-101. 
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Stratigraphy of the Typical Mississippian Section. 

The typical Mississippian section, as developed in Iowa, 
Missouriand Illinois, will here be treated after the same manner 
in which the Batesville section has been discussed,in order that 
a comparison of the two sections may be made. 

1. At the base of the Mississippian series in Missouri there is 
often present a stratum of sandstone containing numerous small 
ferruginous pebbles or concretionary masses, similar to those in 
the Sylamore Sandstone. This bed is well exhibited on the 
Mississippi River, near Sulphur Springs, Mo., and also in the 
southwestern part of the State, near Springfield. The thickness 
of the stratum has never been observed to be more than one 
foot and is often altogether absent. 

2. Kinderhook Group.—In its typical outcrops in Illinois, 
Missouri and Iowa this group is three-fold in its development, 
a limestone member below and another above, with an inter- 
mediate series of shales and sandstone. In southern Missouri, 
near the shore-line of the ancient Ozark Island, this three-fold 
development is well marked, but southward from this shore- 
line the intermediate sandy ‘and shaly member thins out and 
disappears, leaving the Kinderhook beds to consist wholly of 
1 limestone: formation. This calcareous development of the 
Kinderhook is well seen in Christian county, Missouri. At one 
locality south of St. Louis the Kinderhook beds have the red 
color of the St. Joe Marble. The Kinderhook group attains an 
average thickness of about one hundred feet. ‘ 

3. Osage Group.*—This is one of the most conspicuous mem- 
bers of the Mississippian series. It consists largely of a very 
pure, light-colored, crystalline limestone almost entirely com- 
posed of crinoidal fragments. Included in the limestone are 
interstratified beds and concretionary masses of chert. The en- 
tire formation attains a thickness of from two hundred to three 
hundred feet. 

*Some confusion has been introduced into the nomenclature of the Mississippian 
formations in the adoption, by the Geological Surveys of Iowa and Missouri,.of the 
term Augusta in place of Osage, for this series of strata. The name Osage was first 
proposed by Williams in 1891 (Bull. U. S. Geol. Sury. No. 80, p. 409) to include the Bur- 
lington and Keokuk groups of earlier authors. In 1892 Keyes (Bull. Geol. Soc. Am., 
Vol. 3. p. 298) adopted the same name, giving it the same significance, but in 1893 he 
proposed the name Augusta (Iowa Geol. Sury., Vol. 1, p. 59) for the same series of 
strata. At the time of the proposal of the name Augusta it was recognized by its author 
as synonymous with Williams’ term Osage; the only excuse offered for the adoption 
of the new name was that at the localities on the Osage River, from which the name 
Osage was derived, only a portion of the whole series of strata are present. while at 
Augusta, Ia., a more complete section isexposed. This is, of course, an invalid reason 
for the introduction of such a synonym into geologic nomenclature. Other series of 
geologic strata have been named from localities where only a portion of the whole 
series isexposed. The Chemung group is a well established division in the New York 
series, yet at the typical locality, Chemung Narrows, only a small portion of the whole 
formation is exposed. Other instances of the same kind could be mentioned, but 
this is enough to show that such a precedent has been established. 
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4. St. Louis Limestone.—This is a widely distributed forma- 
tion consisting of a more or less pure limestone, variable in its 

characters, often oolitic and sometimes wholly or partially re- 
placed by marly deposits. The St. Louis Limestone varies in 
thickness from fifty to two hundred feet. 

5. Aux Vases Sandstone.—This name has been applied by 
Keyes * to the basal sandstone member of the Kaskaskia group. 
It is generally a thick-bedded sandstone, fine-grained and homo- 
geneous in texture; it is iron-stained and has a soft brown color 
oris mottled in appearance. In southern Illinois, where this 
formation is typically developed, it is one hundred or more feet 
in thickness. No fossils have ever been found in it. 

6. Kaskaskia Limestones and Shales. — Between the Aux 
Vases Sandstone below and the basal conglomerate of the Coal 
Measures above there is a series of from five to eight hundred 
feet of interbedded limestones, shales and sandstones, as the 
formation is typically developed in southern Illinois. 

Comparison of the two Sections. 

On a critical comparison of these two Mississippian sections 
their similiarity is most striking, and in the following table may 
be seen the equivalent strata in the two sections. 

BATESVILLE SECTION. | TYPICAL SECTION. 

. Basal Sandstone of the Kinderhook 
Group. 

. Kinderhook Group. 
Osage Group. 

. St. Louis Lime-tone. 

. Aux Vases Sandstone. 

. Kaskaskia Limestone and Shales. 

. Sylamore Sandstone. 

St. Joe Marble. 
. Boone Chert. 
. Spring Creek Limestone and Shale. 
. Batesville Sandstone. 
. Boston Group. Qoupww Oopwrm 

The Batesville Sandstone has the same stratigraphic position 
in the Batesville section which the Aux Vases Sandstone occu- 
pies in the typical section, and the lithologic characters of the two 
formations are similar. No fossils have as yet been found in 
the Aux Vases Sandstone, but if a fauna were found, a ming- 
ling of St. Louis and Kaskaskia species, such as are present in 
the Batesville Sandstone fauna, would be looked for. 

The strata of the Batesville section were deposited off the 
southern shore of the same land, from whose eastern shore 
the strata of the typical section were laid down; hence, it is not 
surprising to find the sequence of the strata almost identical in 
the two sections. 

* Bull. Geol. Soc. Am., Vol. 3, p. 295, and Geol. Sury. Mo., Vol. 4, p. 72. 
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The Mississippian series was typically deposited not only 
along the line of the present Mississippi River, but off the 
shores and wholly surrounding the ancient Ozark Island. The 
deposition varied more or less off the different shores of the 
island, especially during the latter half of the period, when the 
body of land ceased to be entirely surrounded by water, by be- 
ing partially or wholly joined tothe mainland toward the north ; 
the lower formations, however, included in the Kinderhook and 
Osage groups, may be expected to have a similar development 
on all sides of the ancient island. 

CONCLUSION. 

After a careful investigation of both the palzontologic and 
the stratigraphic evidence, it is believed that the position of the 
Batesville Sandstone is definitely established as the equivalent 
of the Aux Vases Sandstones of southern Illinois and south- 
eastern Missouri. 

The paleontologic evidence also points to the equivalence of 
the Batesville Sandstone and the Maxville Limestone of Ohio, 
but in this case the evidence can not be strengthened by a com 
parison of the stratigraphy of the two regions involved. 

WALKER MUSEUM, UNIVERSITY OF CHICAGO, 
January 13, 1897. 

NEW SPECIES AND A NEW GENUS OF AMERICAN 

PALHOZOIC FISHES, TOGETHER WITH NOTES 

ON THE GENERA ORACANTHUS, DACTYLODUS, 

POLYRHIZODUS, SANDALODUS, DELTODUS. 

By JoHn Strona NEWBERRY. 

[From a nearly completed MS. (1890-1891), edited by Bashford Dean. ] 

INTRODUCTION. 

Professor Newberry was enabled to almost conclude his ex- 
tended investigations upon the fossil fishes of North America 
by the publication of his monographs on the Paleozoic * and 
Triassic } fishes. During the last few years of his life he de- 
voted almost his entire attention to the study of the plants of the 

* Monograph XVI., U.S. Geol. Sury., 1889. 
+ Monograph XIV., U.S. Geol. Surv., 1888. 
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Cretaceous, and he was deeply engaged in the preparation of 
an extended work * on this subject at the time of his final 
illness. 

The only MS. relating to fossil fishes which was found among 
his papers by Professor Kemp, his successor in the University, 
is the one which is now presented. This was probably written 
between the months of March, 1890, and June, 1891. The MS. 
was shown the present editor during the fall of 1892, on his re- 
turn from abroad, but it was at that time his impression that the 
paper had been published. His unfortunate error in this regard 
was discovered only recently. 

The MS. of the present paper proved in essential regards a 
complete one, as far, at all events, as the letterpress was con- 
cerned. It required but rearrangement and the insertion of 
references. The editor’s greatest difficulty was encountered 
on the side of illustrations; the figures of a number of the spe- 
cies were lacking, and in nearly every case the drawings were 
detached and unaccompanied by definite labels. In the identifi- 
cation of these figures the greatest care became, therefore, 
necessary before the plates could be prepared. In two instances 
it was found best to omit the species entirely on account of 
this uncertainty. On the other hand two species have been de- 
fined in spite of the lack of figures, the characters given in the 
description appearing distinctive. The following figures are 
from drawings of Miss Mary A. Knight, Pl. XXII., figs. 4, 5; 
Pl. XXIIL., figs. 1, 5-11; Pi. XXIV., figs. 12, 24-28. It should 
also be stated that the MS. contained the description of two 
species of Ptycodus then believed to be new, but now shown 
definitely, thanks to a fine series of these dental plates in Har- 
vard Museum, to be but variational forms of P. calceolatus, N. 
& W. On this account these pages have been omitted. Of 
Pl. XXII., figs. 1, 2, 2a,6 and of Pl. XXIII., 2, 3, 4 are by 
Mr. Arthur Hollick. The remainder are from photographs by 
the editor. 

For information in this matter, as well as for other notes 
regarding questionable points in the paper, the editor has 
been greatly indebted to his friend, Dr. C. R. Eastman, of Har- 
vard University. As far, however, as the personal views of Dr. 
Newberry were concerned, as for example regarding the sepa- 
rateness of the genera Dactylodus and Deltodus, the editor has 
been careful to insert every note that the MS has yielded—be- 
lieving that the author’s long experience with a vast material of 
these forms has given his views upon these points an especial 
weight. 

* This monograph has recently been published (Washington, 1897), thanks to the care 
and labor which its editor, Mr. Arthur Hollick, has devoted to it. 
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The present paper includes descriptions of new species of 
palaeozoic fishes, together with critical notes upon several gen- 
era. These may be summarized as follows: 
Cladodus splendens, 0. 8. 

‘¢  mortifer, n. s. 
Oracanthus vetustus, Leidy, discussion of. 

S pugniunculus, St. J. & W., discussion of. 
ut lineatus, n. Ss. 

Ctenacanthus gurleyi, n. s. (Not figured.) 
‘ depressus, D. 8. 

Stethacanthus productus, n. s. 
compressus, 0. Ss. 

Asteroptychius gracilis, nu. s. (Not figured.) 
Dactylodus princeps, N. & W., discussion of. 

Si latus, nN. Ss. 
rectus, 0. 8S. 

Deltodus grandis, N. & W., discussion of. 
‘¢  inornatus, n. s. 
‘* — complanatus, N. & W., discussion of. 
‘<  spatulatus, N. & W. 

Sandalodus ellipticus, n. s. 
Psephodus ( Helodus) politus, n. s. 
Helodus coxanus, 0. s. 
Ctenodus fleisheri, n. s. 

‘¢  angustus, 1. Ss. 
Stenognathus corrugatus, n. g. (= Dinichthys corrugatus, N.) 

ce 

CLADODUS SPLENDENS, Newb. 

Pl. XXIL, fig. 1. 
Teeth of moderate or large size, robust, average specimen one 

and a half inches broad at base, one and a quarter inches high, 
central cone robust, ancipital, anterior surface highly polished, 
and splendent, lateral cones two on each side of nearly equal 
size, like the central cone tumid and highly polished, posterior 
surface of central and lateral cones faintly striated. 

This splendid tooth has a marked resemblance to those of C. 
elegans of the St. Louis limestone and I should not hesitate to 
consider them identical, ifit were not that in C. elegans the entire 
front and rear surfaces of the central and lateral cones are covered 
with strongly marked raised lines. In fact no other species with 
which I am familiar is more strongly striated; whereas in C. 
splendens the whole surface is smooth and brilliantly polished. 
The form of the teeth in the two species is, however, very similar, 
the lateral cones of C. elegans,two on each side, are relatively 
large and nearly equal as in C. splendens, but in the former 
species they are more divergent, less compressed and are strongly 
striated, while in C. splendens they are nearly erect and the sur- 
faces are smooth and brilliantly polished. 
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The figure and description of C. elegans published in the 
fourth volume of the report of the Geological Survey of Illinois 
are wrong in representing the exterior lateral cones as much 
larger than the median. The specimen upon which the descrip- 
tion was based was imperfectly preserved and abnormal. Better 
specimens recently received from Mr. McAdams, of Alton, III, 
show that the teeth are more robust, less compressed and have 
the lateral denticles more nearly equal in size than was the case 
in the type specimen. 

Formation and locality, Kinderhook group, Burlington, Iowa. 
Type in the cabinet of Mr. William F. E. Gurley, of Danville, III. 

CLADODUS MoRTIFER, N. & W. 

Pl, XOX; fies. 2, 2a: 

In the second volume of the Geological Survey of Illinois were 
published a description and a figure of a very imperfect tooth 
which was taken as a type of this species. Since that time 
numerous specimens have been found in the Coal Measures of 
I}linois and Indiana and I am now able to give a figure of one 
of these which is practically complete and affords a far more 
satisfactory view of the species. The restored figure, 5, plate I. 
of the volume cited accurately represents the normal form, but 
the surface markings which are quite strong are not seen in it. 
Both the central and lateral cones are conspicuously striated and 

_the former is much flattened and sharply double-edged so as to 
penetrate flesh with greater facility. The lateral cones are rela- 
tively large, the base broad and strong so that it has a decidedly 
bristling and hostile appearance. A diagnostic mark of the 
species is formed by two raised pads or cushions on the upper 
surface of the base; these are irregularly rounded, about a 
quarter of an inch in diameter, and are situated about opposite 
the internal pair of lateral cones. 

The specimen now figured is from the Lower Coal Measures 
near Newport, Indiana. 

GENUS ORACANTHUS, Agassiz. 

ORACANTHUS VETUsTUS, P]. XXII., fig 3. 

In 1833 in his “ Poissons Fossiles ” Professor Louis Agassiz 
described and figured, under the name of Oracanthus, certain 
broad, compressed Elasmobranch spines found in the Carbon- 
iferous limestone of England and Ireland. Of these he formed 
four species, O. Milleri, O. minor, O. pustulosus and Q. con- 
Jluens. Of these the first three were described, the last mentioned 
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only by name. Subsequent writers as Giebel, Bronn, McCoy, 
and Morris have enumerated or redescribed these species and 
have based upon irregular fragments of them descriptions of 
supposed species of Coccosteus, Asterolepis and Platygnathus. 
The spines of Oracanthus are generally broadly triangular, com- 
pressed, thin-walled, and the surface tuberculated ; hence they 
were frequently found broken and the fragments were erroneously 
referred to other genera. 

The bibliography of the genus has been recently worked out 
with much care by Mr. J. W. Davis in his “ Fossil Fishes of the 
Carboniferous Limestone ” (page 525) and he has given several 
striking figures which illustrate the protean forms and singular 
character of these spines, some of which were of enormous size. 
One specimen figured by Davis is eight inches broad at the base 
and must have been nearly a foot and a-half in length. Others 
are broad triangles, two or three inches in length and in breadth 
of base, very thin walled, mere shells in fact, which are much 
compressed, distorted and broken. Such differences have sug- 
gested to Mr. Davis that only a portion of these spines were dor- 
sal and that others were set on different parts of the body, after 
the manner of the spines of Climatius. 

In our own country the first species of Oracanthus was de- 
scribed by Professor Joseph Leidy in the Journal of the Academy 
of Natural Sciences of Philadelphia, Second Series, p. 161, pl. 16, 
figs. 1-3 (1856). The type specimen of the species, which he named 
O. vetustus, was obtained from some unknown locality in “ Mis- 
souri Territory ’’ and was supposed to be from the Carboniferous 
formation. It is about five inches in length, three inches broad 
at base, very much compressed, its surfaces rather sparsely cov- 
ered with tubercles, on one side arranged in transverse broken 
lines, much as in O. Milleri, on the other side somewhat irregu- 
larly scattered. 

In 1866 I described in the second volume of the Geological 
Survey of Illinois (p. 117, Pl. XII., fig. 3), a small broadly tri- 
angular spine covered with scattered tubercles and having the 
general character of Oracanthus, to which I gave the name of 
O. pnigeus. This was from the Keokuk limestone. Similar 
spines which occur in the Corniferous limestone of Ohio I had 
previously described in the Bulletin of the National Institute, 
1857, under the names of O. fragilis, O. granulatus, O. abbrevi- 
atus and O. multiseriatus. 

In 1875 Mr. Orestes St. John took my Oracanthus pnigeus as 
the type of a new genus to which he gave the name of Pnigea- 
canthus (Geology of Illinois, Vol. VI., p. 480), giving to the 
type species the name of P. deltoides. Later he added another 
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species, which he called P. trigonalis and described and figured 
it in the Report of the Geological Survey of Illinois (Vol. VIL., 
p. 259, Pl. XXIV., fig. 4). The considerations which influenced 
him in separating these spines from Oracanthus are not very 
plain, since they have so much the form, structure and orna- 
mentation of that genus. However, nothing positive can be 
said for or against the separation until more and better speci- 
mens shall afford means of comparison. The distinction which 
he suggests on page 479, Volume VI., viz., that the spines of 
Pnigeacanthus are more like dermal scutes than dorsal spines is 
also true of some specimens of Oracanthus Milleri, as shown 
from the plates and text of Mr. J. W. Davis’ description of that 
species. 

In volume VI. of the Report of the Geological Survey of 
Illinois (pp. 477, 478) Mr. St. John describes two additional 
species of Oracanthus, viz., O.? obliquus and O. consimilis. The 
specimens on which the descriptions are based are only frag- 
ments, and later (Vol. VII., p. 255) he unites O. consimilis with 
O. vetustus of Leidy. In this last mentioned volume (p. 257) 
he describes and figures (Pl. XXYV., fig. 3) still another species 
of Oracanthus, which he calls O. rectus. The specimen is but a 
fragment and hardly affords material for comparison, but it 
comes from the Chester limestone and may very well be distinct. 

In the same volume, (Pl. XXIV.) is figured a spine of Ora- 
canthus that before the discovery of that which forms the sub- 
ject of this memoir would have been regarded as a splendid one, 
inasmuch as it shows the termination and the ornamentation 
much more distinctly than any before known, This he regards 
as identical with Leidy’s O. vetustus which is perhaps true, as 
that is probably a very variable species, and yet the question 
may be open to doubt, the ornamentation is so different in char- 
acter and arrangement. 
A spine of Oracanthus has recently been sent to me for ex- 

amination by Mr. William F. E. Gurley, of Danville, Ill., which 
throws a flood of light on the structure of the spines of this 
genus and shows that we have had a very imperfect idea of their 
real nature. This is so well shown in the present figure, Pl. I., 
fig. 3, that no lengthy description is needed. It is practically 
complete, only a small portion of the tip being wanting, and it 
shows, what has been before unknown, the entire base of the 
spine which was buried in the integument. This is nearly as 
long as the exposed portion and is an elongated arch or half 
tube of bone which must have served as a firm support to resist 
all strains upon the spine from the front backward. The orna- 
mented portion is below thickly crowded with relatively large 
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tubercles which are beautifully sculptured and are, toward the 
front edge, arranged in curved lines parallel with that edge. Above 
they are more sparsely set and, as so often seen in the genus, 
are arranged in oblique lines passing downward from the front 
edge, then running transversely and again curving downward. 
In all probability this is specifically identical with the specimen 
before alluded to, from the St. Louis limestone, figured by St. 
John and Worthen and regarded as the same with Leidy’s 
O. vetustus. That specimen was obtained from the St. Louis 
limestone, at St. Louis, and is now in the museum of Washing- 
ton University. Mr. Gurley’s splendid spine is from the Kinder- 
hook group. It is quite symmetrical, was unquestionably set on 
the middle line of the back and has not been much compressed. 

The exposed portion is seven inches in vertical height and 
was once perhaps half an inch higher. The base is ten inches 
long, measured from front to rear, and beneath the ornamented 
portion shows a smooth and slightly incurved band which is so 
frequently seen in spines of Oracanthus which show the base. 
The shortness of this buried portion has been a puzzle, since it 
seemed to prove that the spines were set in the integument of 
the surface to a very shallow depth and therefore could have had 
little firmness. But the specimen now before us shows that, on 
the contrary, by the anterior projection of the base, the spine was 
prepared to endure a greater strain coming from the front than 
any other of which we have knowledge. 

Considering the difference of form and ornamentation between 
this spine and Leidy’s type I should have promptly decided that 
they represent different species, but Mr. Gurley sends me another 
specimen from the Kinderhook group which is certainly not dis- 
tinct from the large one we have been considering and yet is as 
much compressed as the type of Dr, Leidy’s species. The orna- 
mentation is much more crowded than in the type specimen, and, 
like that on the spine already described, has a far more distinct 
arrangement in vertical lines, but the ornamentation in this 
genus is peculiarly variable, as may be seen in the specimens 
described by Agassiz and Davis. Possibly the accumulation of 
more material will show that these spines from the Kinderhook 
group are specifically different from that described by Dr. Leidy, 
but in the absence of any positive diagnostic features I have hesi- 
tated to separate them. 

ORACANTHUS PUGIUNCULUS, St. J. & W. 

Pl. XXIL,, fig. 4. 
Ctencanthus pugiunculus, St. J. & W., Paleontology of Illinois’ 

Vol. VI., p. 430, pl. 21, figs. 9-9c. 
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This peculiar spine has heretofore been known only by Mr. 
St. John’s figure and description cited above. Unfortunately 
the type specimen was so embedded in the rock as to expose 
only the posterior face. An enlarged view is given in figure 9 ¢ 
of a portion of the anterior surface which shows numerous 
parallel costz surmounted by tubercles separated by intervals 
of four or five times their diameter. This is the normal surface 
of Oracanthus and yet it does not tell the whole story in regard 
to this species. 

Recently I have received a specimen from the St. Louis lime- 
stone of Alton, Ill., collected by Mr. William McAdams, which 
is almost the counterpart of that described by Mr. St. John, 
except that it shows the anterior face from near the base to the 
summit. The ornamentation of this surface exhibits some re- 
markable characters; below it is like that in the figure cited 
above, but from the middle of the spine upward the longitudinal 
costz become almost obsolete and the surface is occupied by 
rows of relatively large rounded button-like tubercles somewhat 
scattered where they first appear, but closely approximated 
above. A fragment of the upper part of the spine seen by itself 
would never be referred to Oracanthus, but would be regarded 
as a portion of a spine of Xystriacanthus, Drepanacanthus or 
Asteroptychius,all of which have somewhat similar ornamentation. 

There is little doubt that these small, straight, nearly cylindri- 
cal spines with this compound ornamentation will, when other 
specimens shall be procured that will show the base—wanting in 
the two now known—be assigned a separate genus. 

ORACANTHUS LINEATUS, 0. Sp. 

Pl. XXIL,, fig. 5. 
Spine three and a-half inches in length, broadly conical in 

form, originally transversely thick, now much compressed, 
summit abruptly brought to an acute point, sides set with rela- 
tively large, conical, obtuse, striated tubercies arranged in verti- 
cal rows; on the anterior margin these tubercles are higher and 
in part acute, posterior margin formed by two smooth or striated 
edges which originally bordered a pulp cavity that reached 
nearly to the summit. One of the sides reaches back much 
further from the anterior margin than the other and it is evident 
the spine was never symmetrical, was not set on the dorsal line, 
but was sunk obliquely into the integument somewhere on the 
side like the modified scales, the spinous scutes of Gasterosteus, 
Climatius, Diplacanthus, etc. 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XVI., Sig. 19, July 20, 1897. 
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The spine which is the basis of the foregoing description be- 
longs to the group which Mr. St. John has associated in his 
genus Pnigeacanthus, but which in my judgment represents only 
the body spines of the sharks of which the typical Oracanthus 
was the dorsal spine. These abnormal spines are triangular in 
outline, frequently thin shells, compressed flat in fossilization. In 
this group we have Oracanthus pnigeus N. & W., from the 
Keokuk limestone, O. abbreviatus N., from the Devonian lime- 
stone of Ohio and Mr. J. W. Davis has figured several such as 
forms of Oracanthus Milleri in his ‘‘ Fossil Fishes of the Car- 
boniferous Limestone Series of Great Britain.”” From the great 
variety of forms assumed by these defenses in O. Milleri, it is 
evident that they were not all fin-spines, but that some of them 
were scutes somewhat like those of the sturgeon. A part of 
them, however, viz.: such as that now described, and those 
figured by Mr. Davis in the work cited above, Pl. LXIL., figs. 
3,7, were probably fin-spines, but not from the back. They are 
all conical, comparatively short, have a deep sulcus behind, 
which reaches nearly to the summit, and are unsymmetrical. 
Hence I infer that they are the defenses of the ventral fins, like 
the short spines of Stethacanthus described in this paper. They 
might be thought to be pectoral spines like the large and normal 
spines of Stethacanthus, with which I have found the fin pre- 
served in place, but they are not large enough. Oracanthus 
Milleri was a large fish of which the dorsal spines were some- 
times nearly two feet in length, and if the pectoral fins were 
provided with spines they must have been much larger than 
those under consideration. 

CTENACANTHUS GUBLEYI, 0. sp. 

(Of this species no figure has been given.—Ed.) 

Spine of large size, ten to twelve inches in length by three to 
four inches in breadth at the base of the ornamented portion ; 
section compressed, greatest thickness little more than an inch, 
enameled surface entirely occupied by longitudinal ridges which 
are of nearly uniform breadth and closely pectinated. 
Up to the present time we have only fragmentary specimens 

of these great spines. They are manifestly distinct from any 
species hitherto described and are distinguished above all by 
their large size, great breadth, flattened sides and numerous sub- 
equal, closely pectinated costz. The unornamented portion is 
remarkably smooth, but its form and dimensions are not shown 
in the specimens before us. The posterior surface above the 
opening is flattened with a strong, central, rounded keel. 
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Formation and locality, St. Louis Beds, Salem, Indiana. 
Types in the cabinet of Mr. Gurley. 

CTENACANTHUS DEPRESSUS, Nl. Sp. 

Pip XR | flee: 
Spines eight inches or more in length by one inch in breadth, 

moderately compressed, gently curved backward, posterior face 
flattened, sides marked with about thirty longitudinal ridges, 
simple except just at the base where they are forked, subequal 
except near the posterior margin where they are finer; base 
smooth or longitudinally striated, line of demarcation between 
base and ornamented portion extremely oblique, the plain sur- 
face reaching to the upper third of the length of the spine. 
This shows that the spine was set in the back at a very low angle 
and, as a necessary consequence, the posterior opening reaches 
to and beyond the middle. The tuberculation of the ornamented 
surface is inconspicuous; along the anterior border the ridges 
are set with closely approximated simple and plain tubercles; 
on the sides the longitudinal ribs are nearly or quite smooth. 

The nearest approach to this spine in form and structure 
among described species is perhaps Clenacanthus Buttersi, St. 
J. & W. (Report of the Geol. Surv., of Ill., Vol. VII., p. 240, PI. 
XXII., fig. 2), but it is very much larger than that species, oc- 
curs ata different horizon and shows nothing of the curvature 
of the ribs as they approach the smooth base. Hence it is 
specifically quite distinct, but the general form of the two 
species must have been similar and they were alike in being in- 
clined at a very low angle so that the line of insertion runs far 
up toward the point. 

Formation and locality, Kinderhook group, Le Grande, Iowa. 
Type in the cabinet of Mr. William F. E. Gurley, Danville, Ill. 

STETHACANTHUS PRODUCTUS, 0. sp. 

PIV eX, fies: 1-2. 

Pectoral spines of large size, eight inches or more in length by 
two and one-half inches in breadth at base and one and a-quarter 
inches in thickness, dorsal margin gently curved, dorsal tuber- 
osity relatively low and narrow, section near summit triangular. 

Several large spines of Stethacanthus are contained in the col- 
lection of Mr. Gurley. They are, as is so common in the spines 
of this genus, quite imperfect and yet enough is shown of their 
form to indicate that they are distinct from the allied large 
species, S. altonensis and S. tumidus. From the former species 
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they may be distinguished by being more narrow, less curved 
and having the summit prolonged into a relatively slender and 
acute point. In S. tumidus the spine is broader and more 
curved and the dorsal prominence is more elevated and were 
perfectly bilobed. From the smaller spines of Stethacanthus found 
in the same beds and described in this paper (S. compressus) 
these may be distinguished by their much greater size, lesser cur- 
vature, greater relative thickness and different form of the dorsal 
prominence. 

In the same beds with the spines of Stethacanthus productus 
are found certain anomalous fin-spines, which are at first sight 
very different from Stethacanthus, and yet while different in form 
they are composed of the same peculiar osseous material ‘and 
have the same smooth, unornamented surface, show the same 
want of symmetry and have a similar cleft or sulcus along the 
back. They are about four inches long by one inch or more in 
width, robust, straight, triangular in outline with the base slop- 
ing backward. The cleft along the posterior margin is similar 
to that of several species of Stethacanthus and reaches quite to 
the summit, which is obtuse. The margins which border the 
posterior fissure are of unequal width, making the spines un- 
symmetrical and showing that they were not set on the median 
line. As I have shown, all the spines of Stethacanthus hitherto 
described were attached to the pectoral fins, the bases of which 
were inserted in its posterior clefts. In like manner, as it seems 
to me, the short, straight spines I have described were connected 
with the other paired fins, the ventrals. It is scarcely probable 
that we shall ever find in the Burlington limestone the complete 
fins of Stethacanthus, as we have done in the Waverley shales of 
Ohio, and so will always want the demonstration which the Ohio 
specimens furnished, and yet the structure of these short, 
straight spines is so entirely what it would have been if the ven- 
tral fins of Stethacanthus had been provided with spines, that I 
think we may fairly infer that such was their character. 

Formation and locality, Burlington limestone, Burlington, 
Iowa. Type in the cabinet of Mr. W. F. E. Gurley, of Danville, 
Illinois. 

STETHACANTHUS COMPRESSUS, 0. Sp. 

Pl. XXIII, figs. 3-4. 
Pectoral spines of small size, three to five inches long, one 

inch wide at base, very much compressed, extremity long, 
pointed, dorsal prominence relatively large, rising at a high 
angle, oval, flattened, with acute edges. Beneath this promin- 
ence the spine is compressed to an acute edge. 
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These small spines are somewhat different in form from any of 
the group to which they belong, being relatively broader toward 
the base and more slender and acute at the summit, while the 
body is much compressed. The dorsal prominence is peculiar 
in its breadth and acute edges. These spines are all quite un- 
symmetrical, the thin margin which borders the posterior sulcus 
being much broader on one side than on the other. In size and 
general form they are not unlike those figured by St. John and 
Worthen in Vol. VI. of the Geological Survey of Illinois, Pl. 18, 
figs. 7,8 a and which are erroneously referred to Physonemus 
gigas, N. & W. ‘The spines before us are, however, more com- 
pressed than those referred to, are broader at the base and the 
dorsal prominence is more flattened. By comparing the figures 
now given with those contained in the volume cited, it will be 
seen that the differences from any form there described are such 
as to require them to be regarded as forming a distinct species. 

In my notes on Sfethacanthus contained in Monograph XVI. 
of the U. S. Geol. Survey, I have shown that all the spines 
similar to Physonemus altonensis, St. J. & W., are generically 
distinct from Physonemus, that the surface was never orna- 
mented with tubercles and that they were certainly spines of the 
pectoral fins. Both the latter points are proven by the discovery 
of two spines in the fine argillaceous shale with the fins still at- 
tached and the surfaces perfectly smooth. 

Formation and locality, Burlington limestone, Burlington, 
Iowa. Type specimen in the cabinet of Mr. W. F. E. Gurley, 
Danville, Ill. 

ASTEROPTYCHIUS GRACILIS, Newb. 

(No figure of this species has been found.— Ed.) 

Spines of small size, straight and extremely slender, about four 
inches long by one-fifth inch in breadth at base; buried portion 
relatively long (one inch in the type specimen) conical in 
form, regularly and finely striated throughout ; ornamented por- 
tion nearly circular in section, traversed by a few strong, pol- 
ished ridges, 4 or 5 at base, 2 near summit, separated by striated, 
depressed bands. On the anterior margin near the base are set 
several conical tubercles. The posterior face carries two rows 
of relatively large, conical, subacute denticles which are turned 
upward, unless at the tip, which is wanting in the type specimen. 

This slender and distinctly marked spine is most like Aster- 
optychius St. Ludovici, St. J. & W., described in Vol. VI. of the 
Report of the Geological Survey of Illinois, p. 437, Pl. 16, figs. 
3a to 4¢, but it is less curved, more slender, less compressed, has 
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fewer cost and tubercles and the denticles of the posterior face 
are more remote and more generally turned upward. It is from 
the same horizon, but is a very distinct species. 

Formation and locality, St. Louis limestone, Alton, [llinois. 
Collected by Mr. Wm. McAdams. 

Genus Dactytopus, N. & W. 

In 1866 this genus was defined in the Report of the Geologi- 
cal Survey of Illinois, Vol. II., p. 33. It was based upon a 
Petalodont tooth nearly two inches in length and one and a-half 
in width, of which the crown had the general form of that of 
Petalodus, but was quite obtuse, was without the enameled folds 
at the anterior base and the root instead of being spatulate or 
tongue-shaped as in Petalodus was divided into a number of 
well-defined rootlets. This tooth was called Dactylodus princeps. 
Two other species of this genus were also described (D. lobatus 
and D. inflexus), one from the St. Louis limestone and another 
from the Chester beds having the same general character as D. 
princeps, but much smaller. Subsequently Mr. Orestes St. John 
described in Vol. VI. of the Geological Report of Illinois three 
other species, D. excavatus, D. concavus and D. minimus, all 
small, two from the St. Louis limestone at Alton and one from 
the Chester limestone. 

In 1888 Mr. A. von Inostranzeff described and figured in the 
“ Travaux de la Société des Naturalistes de St. Pétersbourg, 
Vol. XIX.,” another species of Dactylodus from the Mountain 
Limestone of Moscow which he calls D. Rossicus. Meantime 
(1883), Mr. J. W. Davis had published his paper on * The Fossil 
Fishes of the Carboniferous Limestone Series of Great Britain,” 
in which he gives figures of a species of Dactylodus which he 
calls Polyrhizodus colet and he considers Dactylodus but a 
variety of Polyrhizodus. The same view is taken in ‘ The Cata- 
logue of British Fossil Vertebrata’ by Arthur Smith Woodward 
and Charles Davies Sherborn, London, January, 1890, where, on 
p. 158, Dactylodus, N. & W. is described as a synonym of Poly- 
rhizodus. From this decision I venture toappeal. The species 
upon which the genus Polyrhizodus was founded by McCoy, 
P. magnus [ Ann. Mag. Nat. Hist. (2), Vol. II., p. 126], has low, 
broad, arched, obtuse and triturating teeth without cutting edge 
in which the root is divided into a large number of small radi- 
cals; whereas the teeth of which Dactylodus princeps may be 
considered as the type are much more nearly like those of Peta- 
lodus, differing from them in having the edge of the crown less 
acute and wanting the folds of enamel along the anterior base. 
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The affinity of these teeth to Petalodus is also shown by one of 
Mr. Davis’ figures of Petalodus acuminatus, Ag. in the work 
cited above, Pl. LIX., in which the root is divided like that of 
Dactylodus. We must look for the counterpart of McCoy’s 
Polyrhizodus magnus in such teeth as P. borosus, N. & W. 
(Report of Geological Survey of Illinois; Vol. II., p. 49, Pl. 3, 
fig. 9), and in the multitude of broad, low, many rooted teeth 
such as P. dentatus and P. ponticulus, N., P. Littoni, P. arcuatus 
and P. carbonarius, St. J. & W. There are certainly resemblances 
among all these teeth, for they are members of one family, the 
Petalodontidz, but the group to which we have given the name 
Dactylodus and of which so many fine examples are now shown 
well deserves to be distinguished by a special generic name. 

DACTYLODUS PRINCEPS, N. & W. 

Pl. XXIII., figs. 5,5 a, 6 (? #d.). 

In 1888 a figure and description of a very complete, but then 
unique tooth was given in Vol. II. of the Report of the Geologi- 
cal Survey of Illinois (p. 45, Pl. 3, figs. 6, 6 a, 6 b) to which the 
name Dactylodus princeps was given, and it was made the 
type of the genus. Since then a large number of similar teeth 
have come into my possession which enable me to give a some- 
what more detailed description of the species than has been 
hitherto possible. The specimen which was made the type is 
a little larger than the average and yet it represents the species 
well but some old and much worn teeth which I refer to it are 
more massive. The variation in the many teeth which I have is 
interesting, but they are alike in this that they are all unsymme- 
trical, as is the type specimen, they have the anterior face 
strongly arched in both directions and there is no ridge or 
enamel fold at its base; the upper margin is generally quite 
obtuse and, except just along the abraided edge, the anterior face 
is black. The posterior face is light gray, the enameled band 
quite strong and usually gently arched, without a sinus. 

An unusually symmetrical tooth from the St. Louis beds at 
Greencastle, Indiana, exhibits an interesting feature in a broad 
and deep cavity worn at the base of the posterior face of the 
crown by the opposing tooth. This is a character that would 
doubtless appear in the teeth of this species more frequently, 
if the tenacious matrix were removed from their posterior faces. 

All my specimens are from the St. Louis limestone and most 
of them were collected by Mr. William McAdams at Alton, III. 
(These specimens are now in the collection of Columbia Univer- 
sity. d.). 
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DaAcTYLODUS LATUS, Nn. sp. 

Pl. XXIII, figs. 7-7 a. 

Teeth broad, relatively light and thin; crown from one and 
a-half to two inches broad, one and a-quarter inches high on the 
posterior fave, three-quarters of an inch on the anterior; roots 
about four in number, relatively short, enamel folds of posterior 
face distinct, forming a broad sinus in the middle and connect- 
ing with a less distinctly marked but continuous elevated band 
at the base of the anterior face, which also forms a deep sinus in 
the middle; anterior face of crown light in color, smooth, gently 
arched laterally, straight vertically ; posterior face straight later- 
ally, slightly concave vertically ; superior margin subacute. 

The teeth which form this group are well represented in the 
accompanying figures. Their most distinctive features are their 
great relative breadth and lightness, the vertically straight, 
smooth, light colored anterior face of crown, the sinuses of the 
enameled ridges before and behind. In general form and _ pro- 
portions they most resemble the tooth (D. lobatus, N. & W..,) 
described in Vol. II. of the Report of the Geological Survey of 
Illinois, p. 47, Pl. 3, fig. 7, but they are very much larger and 
have the sinuses of the enameled bands more pronounced. It is 
quite possible, however, that they may be only the mature teeth of 
the same species. The accumulation of more material will alone 
decide that question. 

Formation and locality, St. Louis limestone, Alton IIL, 
Type specimen in the cabinet of Columbia University. 

DACTYLODUS RECTUS, Nn. Sp. 

Pll exXC fies, S589; 

Teeth of medium or small size, mostly about one inch in 
breadth by three-fourths of an inch in height; crown broad and 
low, anterior surface nearly flat, inclined to the perpendicular at 
an angle of about 45°, black and highly polished, terminating 
below in a broad, cupid’s-bow, subacute margin without enamel 
folds; root relatively short and broad, composed of four to seven 
rootlets ; posterior face transversely elliptical with acute ends, 
vertically slightly concave, horizontally nearly straight, enamel 
folds at base prominent, forming a simple curve without sinus. 

The above description is based upon a number of teeth of 
nearly the same size and having somewhat special characters in 
their broad form, flat, highly polished crown without enamel 
folds on the anterior face. The posterior face is nearly plane, 



1897. ] NEW YORK ACADEMY OF SCIENCES. 297 

vertically and laterally. One larger tooth in mv collection 
shares these characters except that the root is relatively longer 
and I am inclined to think it is an old and worn specimen, but 
the discovery of others may possibly show that it is only mature. 
All these teeth differ from those of D. princeps in being broader 
and lighter, the crown lower and flatter; the anterior face of the 
crown in D. princeps being strongly arched laterally and some- 
times vertically. 

In form these teeth resemble most those of D. inflexus,N. & W. 
from the Chester limestone, but in that species the anterior face 
of the crown is almost at right angles with the vertical, present- 
ing a flat top by which the summit of the tooth is much 
thickened. 

Formation and locality, St. Louis limestone, Alton, Ill. Type 
specimens in the cabinet of the Columbia University. 

DELTODUS GRANDIS, N. & W. 

In the second volume of the Report of the Illinois Geological 
Survey (p. 101) was described a large Cochliodont tooth, to 
which the above name was given. In the seventh volume of the 
Report (p. 186) Messrs. St. John and Worthen, referring to 
Sandalodus levissimus, unite with it S. grandis, N. & W. 
Against this view I have no facts to offer, and cheerfully con- 
cede that the large amount of new material in the possession of 
Messrs. St. John and Worthen made them better judges in 1883 
than we were in 1866 as to the relations of these closely allied, 
if not identical species, but I must protest against the union of 
Deltodus grandis with them. Within the last twenty years I 
have obtained a large number of teeth which are certainly iden- 
tical with that named by Mr. Worthen and myself, D. grandis. 
In the light of that material it is impossible for me to accept 
the view that this species should be united with Sandalodus. 
The teeth we have called Deltodus grandis are, in my judgment, 
typical representatives of the genus, and if it should be proved 
that they were once associated with such teeth as those named 
Sandalodus levissimus, then the genus Sandalodus must be 
abandoned. Yet the proposed union of the two genera seems 
to me highly improbable from the fact that in many localities 
and formations the teeth called Deltodus are not uncommon, 
while no straight teeth, like the type species of Sandalodus, are 
present. Nothing but the evidence of these diverse forms of 
teeth found in apposition and plainly the parts of one dentition 
could persuade me that they are not generically different. 
Messrs. St. John and Worthen had no such proof, on the con- 
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trary, aS appears on p. 187 (op. cit.), the union is made upon no 
better ground than a suspicion, 

In regard to the union of Sandalodus grandis, N. & W., with 
Cochliodus ? crassus, N. & W., Psammodus ? semicylindricus, N. 
& W.,and P.? rhomboideus, N. & W., they say, “ these names 
were applied to abnormally worn and otherwise imperfect ex- 
amples of the maxillary posterior form (tooth?) of this species.” 
This statement I am quite unable to accept. That such a tooth 
as that represented by figure 9, Plate X., Vol. II., Geological 
Survey of Illinois, could ever be worn or distorted into such 
forms as figures 4,5 and 6 of Plate XI. (op. cit.) seems to me 
quite impossible. The teeth represented by the latter figures 
were placed in Psammodus only provisionally and with a query. 
I shall be very glad when, in the light of new material, they 
may be referred to their proper genera, but I cannot say that 
I think it has yet been done. 

DELTODUS INORNATUS, 0. Sp. 

Pl. XXIIL, figs. 10-11. 
Maxillary posterior tooth long-triangular in outline, four 

inches long by one and a-half inches wide, strongly twisted, 
surface smooth, without angles or traversed folds; posterior 
margin rounded; mandibular posterior tooth similar to that of 
the upper jaw in general character, but shorter and broader, two 
and three-quarter inches in length, by one and three-quarter 
inches wide. The tooth is thick and ponderous, its surfaces 
plain, its angles rounded. 

These teeth are nearly of the size and form of those of Deltodus 
grandis N. & W., but are distinguishable at a glance by their 
smooth surfaces and rounded outlines; the crown enamel is 
punctate as usual, but there are no longitudinal or transverse 
eee or ridges and the whole aspect is exceedingly modest and 
plain. 

Formation and locality, Kinderhook group, Le Grande, iowa. 
Type in the collection of William F. E. Gurley, Danville, Ill. 

DELTODUS COMPLANATUS, N. & W. 

Pl. XXIV., figs. 1-7. 
In Vol. II. of the Illinois Geological Survey, p. 98, Pl. IX.» 

fig. 4 is published a description of a tooth to which this name 
was given. It was somewhat imperfect and had been crushed 
and flattened. This was from the Burlington limestone, and in 
the same volume (p. 112, Pl. XI., figs. 8-9) were described and 
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figured two teeth from this formation, having triangular outlines 
and different forms of crown from any before known. To these 
the generic name Trigonodus was given. Subsequently Mr. 
Orestes St. John, having access to the magnificent collections of 
fish teeth belonging to Mr. Van Horne, Mr. Wachsmuth and Mr. 
Springer, was able to bring into their relations many of the 
scattered teeth of the Lower Carboniferous limestone and recon- 
struct the dentition of the ancient sharks much more completely 
than had been before possible. 

Referring to Deltodus complanatus, in Vol. VII. of the Report 
of the Geological Survey of Illinois, p. 184, he calls it a Sanda- 
lodus and unites with it Trigonodus major. The latter union is 
doubtless well founded, but Iam unable to accept his views in 
regard to the generic relations of the species to which both forms 
of teeth belong. I have recently received from Mr. W. F. E. 
Gurley, of Danville, Ill., a large collection of the remains of 
Elasmobranch fishes. Among these are many teeth of Deltodus 
complanatus which prove beyond question that this should be 
considered a Deltodus and not a Sandalodus. [In order that 
some of this evidence shall be judged by others I publish here- 
with a number of figures photographed from specimens in Mr. 
Gurley’s collection. I think it will be agreed by all that they 
represent teeth of Deltodus and not Sandalodus. Indeed among 
all the fish teeth from the Burlington limestone which I have 
yet seen I have not detected a tooth of Sandalodus. 

DELTODUS sSPATULATUS, N. & W. 

Pl. XXIV., figs. 8-11. 

(Among the specimens in the Gurley collection were a number 
of well preserved dental plates which Dr. Newberry referred to 
Deltodus spatulatus (Burlington group). (N. & W., 1866, Geol. 
Survey of Illinois, Vol. II., p. 100.) A number of figures of 
these plates were prepared for publication in the present paper ; 
but the editor can find none of Dr. Newberry’s notes relating to 
them. He has accordingly selected but four of these figures 
for comparison with D. complanatus. They may at the same 
time serve to illustrate the author’s views regarding the varia- 
tional characters of this species.— Ld. ) 

SANDALODUS ELLIPTICUS, 0. sp. 

PROXY, fig. 12. 

Terminal tooth long-elliptical in outline, one and three-quarter 
inches long by threé- -quarters of an inch wide, strongly arched 
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transversely, gently arched longitudinally, ends rounded ; sur- 
face without folds, uniformly and finely punctate. 

The generic relations of these teeth are somewhat obscure, 
but they approach most nearly those described in the 4th volume 
of the Geological Report of Illinois, p. 369, Pl IV., fig. 3, with 
the name Sandalodus crassus; the teeth of that species are, 

however, longer, narrower at the anterior extremity and less 
symmetrically arched behind. Among a large number of teeth 
of Sandalodus crassus recently received from Mr. William Me- 
Adams, Alton, Ill.,are some which are quite complete, and these 
show a prominent point extended from the straight side beyond 
the crown surface, a feature which does not appear in the fig- 
ure cited. Probably such a point or angle projected from the 
posterior end of the teeth before us, so that the general outline 
was less elliptical than that of the crown surface. 

Mr. Orestes St. John has transferred Sandalodus crassus to 
his genus Orthopleurodus, perhaps with reason, though it is sep- 
arated somewhat widely from O. carbonarius of the Coal Meas- 
ures. The teeth under consideration could not follow Sandalo- 
dus crassus into Orthopleurodus, as the anterior extremity is 
broader and rounder and neither side is straight. 

With the nearly complete tooth now figured is a fragment of 
another which was apparently about the same size and shape and 
is evidently the corresponding tooth from the other side of the 
mouth. Taken by itself this fragment might readily be mis- 
taken for the posterior extremity of a tooth of average size of 
Sandalodus crassus, but the anterior portion is wanting. Ifthe 
more complete tooth has suffered no injury, its rounded extrem- 
ity separates it widely fromall species of Sandalodus and brings 
it nearer in form to the tooth which I obtained from the Keokuk 
group in central Kentucky and described in Vol. II. of the Pale- 
ontology of Ohio, p. 38, and named Platyodus lineatus. Since 
then Mr, St. John has described, in Vol. VII. of the Report of 
the Geological Survey of Illinois, p. 82,a large though imperfect 
tooth from the Kinderhook; group, which may have had some- 
what the form of those now under consideration, and is, perhaps, 
referable to the same genus. This tooth he has called Vaticino- 
dus vetustus. Unfortunately all the anterior portion of the tooth 
is lacking, and therefore satisfactory comparisons cannot be made. 
All these teeth have a general resemblance in their oblong or 
elliptical outline and low arched crown to the tooth of Platyodus 
referred to above, and yet the linear punctation of that tooth in- 
dicates differences that. are probably ‘generic. 

With more material it may be necessary to give the teeth now 
described a new generic name, but without such material it would 
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hardly be possible to give the full and accurate generic defini- 
tions which are desirable to avoid adding to the great mass of 
synonymy in Paleontology. 

Formation and locality, Kinderhook group, Le Grand, Iowa. 
Type in the cabinet of Mr. William F. E. Gurley. 

PsEpHODUS (HELODUS) POLITUS, D. sp. 

PS XO, figs. 1323; 

Teeth of various forms and sizes, generally oblong with 
rounded ends, more or less arched in both directions; root low, 
parallel with the crown, smooth and often polished below, one 
side sloping to the edge of the crown, on the other higher, verti- 
cal, strongly striated ; crown highly polished, uniformly punc- 
tate, sometimes low and broadly arched in both directions, in 
other and narrower teeth strongly arched and rising into a 
rounded boss; one lateral margin of the crown projecting be- 
yond the root and terminating in an obtuse edge, on the other 
side coarsely crenulated. 

The smaller, narrower and more highly arched of these teeth 
would be accepted as typical specimens of Helodus which are 
undoubtedly the anterior teeth of various Cochliodont fishes, a 
good example being Helodus nobilis, the central teeth of Coch- 
liodus nobilis, N. & W. described in Vol. II., of the Geological 
Survey of Illinois, p. 88, Pl. VI., both forms occurring in juxta- 
position. 

With these smaller teeth occur others larger, less strongly 
arched and in form approaching nearer to those of Psephodus 
and evidently to be classed generically with Helodus placenta, 
N. & W., from the Kinderhook group a form which Mr. St. 
John makes the type of his Psephodus placenta. But the 
teeth which are now figured and which are alike in the peculiar 
character of their highly polished and punctate enamel include 
none that have much affinity with the teeth of Psephodus magnus, 
Ag. or those of its generic associate Psephodus crenulatus, N. 
& W., from the Chester limestone of Illinois. I am, there- 
fore, very doubtful whether they should be included in the same 
genus, and yet more material will be necessary before this ques- 
tion can be definitely settled. 

Formation and locality, Burlington limestone, Burlington, III. 
Type in the cabinet of Mr. William F. E. Gurley. 

HEtLopus CoxANUs, n. sp. 

PY XEXT WV) fio. 24. 

Median teeth, five or more in a linear series, increasing in size 
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from behind forward; crowns triangular, conical, compressed, 
obtuse, smooth, in anterior and largest tooth crown about half 
an inch long and high, two-fifths of an inch wide, teeth of first 
lateral series broader than high, crown four-fifths of an inch wide 
by half an inch high, elliptical in outline, rising into a central 
cone or boss, which is obtuse, smooth and, like the central 
series, uniformly punctate and jet black; second lateral series 
compressed from front to rear, one inch or more in breadth, 
crown bearing an obtuse cone near the interior end. 

The teeth of this group apparently form sympkysial rows on 
the jaws of some Cochliodont fish of which the broader lateral 
teeth are unknown or have not yet been connected with them. 
Probably the dentition was similar to that of Cochliodus nobilis, 
described and figured in Vol. II. of the Geological Report of Il- 
linois, pp. 88, Pl. VI., VII. and VIII. Doubtless some future 
discovery will show the general characters of the dentition more 
fully and permit of the association of these central teeth with the 
lateral ones; until this shall be done, however, it will be neces- 
sary to designate the central teeth by a provisional name, such 
as is now given to them. 

Formation and locality, Keokuk limestone, Keokuk, Iowa, 
where the fine series of teeth represented in Pl. XXIV., fig. 24, 
was discovered by Mr. L. A. Cox, to whom the species is dedi- 
cated. Types in the cabinet of Mr. William F. H. Gurley. 

CTENODUS FLEISHERI, Nn. Sp. 

Pl. XXIV., fig. 25. 

Upper palate teeth triangular in outline, concave, the crown 
traversed by five rows of rounded, obtuse tubercles which are 
traceable to the apex of the triangle. Here mere lines of dots 
represent the diminished tubercles. 

Only one tooth of this species has yet been found and 
that is imperfect, but its characters are sufficiently well pre- 
served to show that it is specifically distinct. The radia- 
ting rows of the tubercles which traverse the surface of the 
crown are not unlike those of Ctenodus flabelliformis of the 
Chemung, but are less crowded and the tooth is larger than any 
specimen of that species yet known. So too the character of the 
tuberculation recalls that of Heliodus Lesleyi from the Chemung 
and it is evident that during the time of the deposition of the 
Chemung and Catskill rocks a group of Dipnoan fishes inhabited 
the waters of eastern North America which were closely related 
one with another and yet quite distinct from any of their con- 
geners inhabiting other parts of the world. Whatever peculiari- 
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ties these American Dipnoans possessed, their teeth are alike in 
their flattened or slightly arched form and the rounded smooth 
obtuse tubercles which formed rows on the crown surface. 

The unique specimen upon which the above description was 
based was found in the Catskill formation by Mr. Daniel Fleish- 
er, Principal of the.High School at Troy, Bradford county, Pa. 
But a single specimen of the genus was before known in this 
formation, P. arcuatus,Newb., from Tioga county, Pa. That 
species, however, is much smaller and is to be distinguished 
from this by the ridges of the crown, which are radiately curved, 
while in this they are straight. 

Crenopus [Sacenopus (Hd.)] ANGUSTUS, nN. sp. 

Pl. XXIV., fig. 26. 

Right mandibular tooth one inch in length by one-fourth of an 
inch in width, not including the projecting points of the salient 
ridges. Crown surface smooth and polished throughout; radi- 
ating ridges five in number, the posterior two very short, obtuse ; 
anterior three long-pointed, acute; surface plain or slightly 
waved; the anterior ridge widely divergent from the others and 
having a direction nearly parallel with the axis of the head. 
The specimen on which the above description is based is from 

the Catskill rocks near Troy, Bradford county, Pennsylvania, 
where it was associated with Ctenodus fleisheri, a species from 
which it differs as widely as any two members of the genus. 
The striking features of this tooth are its narrow, elongated form 
and the three divergent, produced and pointed ridges of the 
anterior extremity. The crown surface of the whole tooth is 
highly polished. The ridges are rounded over without distinct 
tubercles, all giving it a peculiar smoothness. In this respect it 
resembles Ctenodus levis from the Chemung, but the form is 
widely different. Like the species which bears his name this 
was collected by Mr. Daniel Fleisher, near Leroy, Bradford 
county, Pa. 

STENOGNATHUS, nN, gen. 

Pl. XXIV., figs. 27-28. 

Many years ago Mr. J. Terrell found in the Cleveland shale at 
Sheftield, Ohio, a small and imperfect jaw which is figured in 
U.S. Geol. Survey Monograph XVL., p. 151, Pl. VII., figs. 3 
and 8 aand described under the name Dinichthys corrugatus. 
Since the publication of that volume I have received from Mr. 
Terrell another and much more complete jaw which shows that 
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the fish it belonged to, though one of the Dinichthyidx could 
hardly have belonged to the type genus. The dentary bone, the 
only portion yet known, turns up at the end to form a strong 
tooth as in Dinichthys and this tooth interlocked with a sheathing 
premaxillary by which its extremity is much worn. In Dinich- 
thys, behind the prominent anterior tooth is a second and lower 
one which terminates below in a ridge that crosses the inner face 
of the dentary bone. In the jaw before us no such tooth or in- 
ternal ridge is found, and it is evident that this characteristic of 
Dinichthys is wanting. The posterior extremity of the dentary 
bone in Dinichthys is flattened and spatulate, was once buried in 
cartilage, and is longer than the exposed portion of the jaw. In 
the fossil before us, however, no such spatulate extremity has 
ever been present. The exposed portion of the jaw is narrowed 
behind and thinned to a wedge-shaped point; it was also appar- 
ently cleft vertically and thus spliced on to the cartilaginous 
posterior portion, the size and form of which we have no means 
of knowing. The figures now given of the inner and outer 
aspects of the jaw of Stenognathus will supplement the verbal 
description and give a clear idea of its character. 

As the two left dentary bones are the only remains yet known 
of this fish, it is apparent we have yet much to learn in regard 
to its structure. Possibly other parts have been made known 
to the public under other names. In the same localities and 
strata where these jaws were found a number of highly orna- 
mented dermal plates have been obtained by Mr. Terrell and to 
these I have given the name of Glyptaspis. It is possible that 
the jaws of Stenognathus formed parts of the same fish, but of 
this there is no evidence and no indication except the want of 
jaws for Glyptaspis. Other jaws, however, are found in the 
same formation—those described as Mylostoma—which have not 
yet been associated with any cranial bones, and these are better 
proportioned in size to the plates of Glyptaspis. 

StatTeD MEETING. 

March 22d, 1897. 

The Academy met with President STEVENSON in the chair. 

The minutes of the last meeting were read and approved. 

The following papers were read by title: “The Serpentines 

near New York City,” by D. H. Newland. “The Trenton Strata 

in the Valley of Lake Champlain,” by T. G. White. The publica- 

tion of these papers was unavoidably postponad to a later volume. 
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The Sub-section of Philology then organized. 

Professor Thomas R. Price, Columbia University, was unani- 

mously elected Chairman of the Section. 

Professor Lawrence A. McLouth, New York University, was 

elected Secretary of the Sub-section of Philology. 

Dr. Chas. B. Bliss, New York University, was elected Secre- 

tary of the Sub-section of Anthropology and Psychology. 

The following papers were then read: ‘“ Early Maps and Views 

of Athens,” Professor James R. Wheeler, Columbia University. 

“The Constructive Plan of Ibsen’s Catiline,’ Professor 

Thomas R. Price. 

Upon request of Mr. Franz Boas, his paper was postponed 

till next meeting. 
LAwRENCcE A. McLours, 

Secretary. 

STATED MEETING. 

March 29th, 1897. 

The Academy met and listened to the public lecture for March, 

which was delivered by J. K. Rees, Professor of Astronomy in 

Columbia Universitv, upon the subject of the “ Discovery and 

Care of the Minor Planets.” 

About fifty persons were present. 

At the close of the lecture, a vote of thanks was extended to 

the speaker. 

The Academy then adjourned. 
J. F. Kemp, 

Secretary. 

April 5th and 6th, 1897. 

The fourth annual Reception and Exhibition was opened on 

April 5th, in the Hall of Mammals at the American Museum of 

Natural History, and took the place of the regular business 

meeting of the Academy. During the evening, from eight to ten 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XVI., Sig. 20, August 20, 1897. 
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o'clock, the reception was limited to members of the Academy. 

On Tuesday, April 6th, from three to five o’clock p. m. pro- 

fessors and students from the colleges of the city and teachers 

and scholars from the other educational institutions were ad- 

mitted. From eight to eleven o’clock in the evening the ex- 

hibition was thrown open to members of the Academy and 

their friends. In all, about 4,000 persons were present, and 

the exhibition proved to be the most successful in the history 

of the Academy. During the second evening, addresses were 

made by President J. J. Stevenson of the Academy, Mr. Morris 

K. Jesup, of the American Museum, and Mr. Nikola Tesla. 

REGULAR Business MEETING. 

April 12th, 1897. 

The Academy was called to order by President STEVENSON. 

Twenty persons were present. 

The minutes of the last business meeting were read and ap- 

proved. 

The following persons were nominated as resident members : 

A. A. Anderson, 93 Fifth Ave.; Gary N. Calkins, The Beres- 

ford (8lst West); W. H. Daily, Brown Palace Hotel, Den- 

ver, Colo.; W. B. Devereux, Hotel San Remo; Robert B. Flem- 

ming, 76 Montgomery St., Jersey City; Frederic Gallatin, 670 

Fifth Ave.; Max Heller, 76 E. 90th St.; Alexander Maitland, 

45 Broadway; T. Commerford Martin, The Monterey, 114 St. 

and Morningside Park; Geo. F. Miller, 811 Madison Ave.; Frank 

Russak, 46 Exchange Place; Wm. I. Sommerfield, 32 West 13th 

St.; C. E. Trippler, 40 West 77th St.; Alfred A. Whitman, 305 

W. 78th St.; Charles T. Wills, 156 Fifth Avenue, City. 

The section of Biology then organized, Professor E. B. Wilson, 

chairman, presiding. The following papers were read: 

H. F. Osborn, ‘‘ Notes on Mammalian Paleontology.” 

B. B. Griffin, “Chromatin Reduction in Thallasema and 

Zirphea.” 



1897.] NEW YORK ACADEMY OF SCIENCES. 807 

J. H. McGregor, ‘The Formation of the Spermatozoa in 
Amphiuma.” 

F. E. Lloyd, “ On the Mechanisms in certain boring Lamelli- 

branch Molluscs.” 

At the conclusion of the papers, there being no further busi- 

ness, the Academy adjourned. 
J. F. Kemp, 

Secretary. 

C. L. Briston, 

Secretary of Section. 

[Puget Sound Zodlogy, Columbia University Contributions No. 5. ] 

ON THE MECHANISMS IN CERTAIN LAMELLI- 

BRANCH BORING MOLLUSCS. 

By Francis Ernest Luoyp. 

[PLATES XXY. and XXYVI.] 

A short account of certain peculiar structural changes under- 
gone by Pholadidea has already been given. (In foot-note, 
Science, Vol. XIV., No. 85, 1896.) The object of this paper is 
to extend that account and to discuss the correlated structures 
in certain allied forms. The forms, which have been studied 
in addition to Pholadidea penita, are Zirphea crispata, Para- 
pholas, Teredo and Adula falcata. These forms occur on the 
Oregon and Washington coast and on the shores of Puget 
Sound, though they are not confined to these regions alone. 
Zirphea crispata is found digging into the blue clay (till) to 

a depth of 40-50 cm. Large specimens measuring 30 cm. were 
found just north of Point Wilson. These forms are capable of 
stretching their siphons enormously, so that, while the shell is 
but 8 cm. long, they are able to reach to the surface from the 
above named depth. The holes which they make into the tena- 
cious till are found to be quite roomy, and the elbow room, so to 
speak, is taken up by fine black silt and sand. As the siphonal 
openings indicate, the clam does not maintain a constant posi- 
tion with reference to the open waters as in the case of the razor 
clam (Siliqgua). The latter is always so placed that the dorsal 
or exhalent aperture is nearer the sea and this I have obseryed 
to be true even when it occurs on bars near the mouths of bays. 
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It is of great interest to watch Zirphea feeding. As the 
large numbers of diatoms and other small organisms are floated 
about by the receding or more especially by the encroaching 
waves, they are caught in a little vortex of water which may be 
seen pouring in at the inhalent opening, the margin of which, 
with its large papille, is extended funnel shaped. One can not 
doubt that this is dinner time for the prisoner below. 

Pholadidea is found associated with Zirphea, but here in the 
clay it does not seem to get along in life so well. It prefers the 
shales and sandstones of the open coast where the breakers dash. 
The largest specimens found in the clay were quite small 
(2-5 cm.) as compared with those found in other and more pre- 
ferred habitats. 

The closely allied genus Parapholas is also found on Puget 
Sound. The writer is indebted to Professor I. C. Russell of the 
United States Geological Survey for a specimen of the shell 
found in soft sandstone at Pt. Blakely and to Mr. Trevor Kincaid 
of the University of Washington for a complete specimen of the 
same. Here it lives in the rock and is very much like Pholadidea 
in its habit. The structural differences will be referred to later. 

Teredo (sp. und.) is abundant in the pilings of wharfs, and in 
driftwood. 

Adula falcata may be found associated with the above men- 
tioned forms (excepting Yeredo) and attached to the sides of 
burrows near their mouths by means of a byssus. This form is 
related rather to the mussels than the clams. 

In Zirphea the two valves of the shell articulate on the umbo, 
and there is thus formed a double ball joint about which the 
valves are free to move mutually in any plane. Anteriorly the 
shell gapes above (the antero-dorsal opening) and below (the 
antero-ventral opening). Through the antero-dorsal opening 
protrudes a thickened lobe of the mantle, and below through the 
antero-ventral opening is thrust the foot. 

The valves meet about midway their ventral length, and gape 
again posteriorly for the accommodation of the monstrous 
siphon. Externally each valve may be seen to be divided by an 
oblique line running downwards and backwards from the umbo 
into two areas, a forward triangular area marked obliquely with 
the prominent ridges of successive shell accretions and a pos- 
terior smoother area. A greenish “ epidermis ”’ is present but is 
only fragmentary, because of wear and tear. 

Externally about the umbo is a roughish nacreous patch de- 
posited by the antero-dorsal mantle lobe and serves for the at- 
tachment of the anterior adductor muscle, which is found at this 
point imbedded in the antero-dorsal mantle-lobe. 
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Allowing for certain minor differences this description holds 
good for what I have heretofore called the working form of 
Pholadidea and there seems to be no doubt that Parapholas 
passes through a stage of growth marked by like characters. 
In Pholadidea, however, the antero-dorsal mantle-lobe is some- 
what larger than in Zirphea. 

The shell of the resting forms of both Pholadidea and Para- 
pholas correspond in a very high degree and are characterized 
by the presence of the antero-dorsal and antero-ventral plates. 
Pholadidea differs only in the greater posterior extent of shell 
and the leathery flaps. 

The mantle of the working forms of Pholadidea and Para- 
pholas and of Zirphea is fused throughout its length excepting 
at the antero-ventral region where there is an opening sufficiently 
large for the protrusion of a muscular cylindrical foot. The size 
of the mantle opening at this point is regulated by a sphincter 
muscle, the fibres of which are arranged tangentially. While 
this condition obtains in Zirphea throughout life a marked 
change comes over the other two. With the cessation of their 
task of providing a home for themselves in the rocky matrix, 
the muscular foot degenerates and the mantle opening becomes 
smaller, leaving but a small slit-shaped pore at the extreme an- 
terior end. This opening may be called the anterior mantle 
pore. This pore is provided internally with a two lipped valve 
by means of which egress of water may be prevented, and serves 
for the indraught of silt and other debris which may chance to 
collect at the bottom of the animal’s burrow. Subsequently this 
material is expelled from the mantle cavity through the siphon. 
The anterior mantle pad is naked during the working state, but 
is protected by the antero-dorsal plates. In Zirpheza it is naked 
throughout life. 

The anterior adductor is made up of two masses of tissues, a 
posterior portion encircling the umbones dorsally, and extend- 
ing backwards and forwards of the same, and au anterior portion 
(accessory anterior adductor) which appears to be made up of 
pallial muscles running transversely from valve to valve. This 
portion antagonizes the posterior adductor while the posterior 
portion is the opposite of a ventral adductor which is made up 
of transverse fibres from the pallial muscles at the end of the 
lower limb of the pallial sinus. There are thus, it will be seen, 
four separate adductor muscles instead of three as I stated ina 
previous paper. The action of these muscles will be discussed 
a little further on. 

The foot of the working forms of Pholadidea and Parapholas 
and of Zirphza is cylindrical and strongly muscled. The pcints 
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of attachment of the foot muscles are the spoon shaped pro- 
cesses, one for each valve, attached at the umbo on its inner 
side. The shape and position of these two processes are such as 
to bring the center of the mechanical system nearer to the longi- 
tudinal axis of the burrow, and this is mechanically an advan- 
tage. 

The burrow being completed (Pholadidea and Parapholas) the 
foot which is no longer fcr use, atrophies until not a trace of its. 
musculature remains, so that in every part of the abdomen, the 
abdominal wall is so thin that the genitalia can be seen. So en- 
tirely lost is the musculature that the crystalline style bulges out. 
the abdominal wall where once there was a large mass of muscle. 
Concurrently the anterior plates (callum) have been secreted, 
the dorsal by the antero-dorsal mantle pad which surrounds the 
anterior adductor muscle and the ventral by the thick and now 
fusing edges of the anterior mantle opening. 

But the question arises, namely, why do not the adductor 
muscles, which are clearly correlated with the work of drilling, 
atrophy as does the foot. The answer to this will be found in 
the fact that the animal still uses all the muscles in moving the 
valves of his shell both for the indraught and expulsion of 
water, the anterior adductor taking the place of the hinge liga- 
ment which is entirely absent in all three forms. 

It is evident from the foregoing discussion that the Pholadt- 
dea and Parapholas pass through a Zirphea stage which I have 
called the working form, during which the animals have an active 
vigorous existence. Upon the cessation of their activity follows 
degeneracy,* so that the relation between Pholadidea and 
Zirphea is parallel in a high degree to that between the oyster 
and its more energetic cousin, the clam. ‘The oyster, however, 
tires of an active existence much sooner than the piddock, 
which rests from his labors only when a safe retreat is made for 
himself. 

In Teredo the shell presents in general the same features as 
the forms already considered. It is, however, much contracted 
antero-posteriorly. The valves articulate at the umbones, from 
the inner surface of which spring the very long curved pro- 
cesses already referred to in the other forms. At the extreme 
ventral part of each valve is a tubercle, and at this point too, 
the valves meet and articulate. A line passing through these 
two points constitutes an axis of motion for the valves. In 
front of this axis is the anterior adductor which extends above 
and in front of the umbo, but not back of it. Behind the axis 
is the large posterior adductor, whose homology with that muscle 

*A, Lang: Text-Book of Comp. Anat., Eng. Ed., Vol. II., p. 115. 
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in other dimyarians is questioned. The view urged by Mr. J. 
T. Cunningham is that the posterior adductor should be looked 
for near the parieto-splancnic ganglion, and this is hard to con- 
trovert. The passage of the rectum upward in front of this 
muscle and then backward dorsal to it is a fact that must be 
taken into consideration, however, together with the fact that 
the anal opening occurs immediately posterior to it. There 
seems to be no good reason why this muscle should not have 
arisen dorsallly to the digestive tract if it is not the homologue 
of the posterior adductor. 

The external surface of each valve is divided into two regions 
by the axis of motion, an anterior and posterior: The anterior 
area is again divided into two areas, each triangular in outline. 
The layers of shell accretion in the posterior triangle are parallel 
to the axis of motion, and their margins are protruded into nu- 
merous fine teeth which cut wood and even ivory when moved 
in a direction perpendicular to the aforesaid axis. The anterior 
triangle has its accretion layers plaited into a multitude of sharp 
angular ridges whose cutting direction is the same as that of the 
teeth of the posterior triangle. The accretion layers themselves 
are very regular and hard. 

It is not necessary to discuss further the anatomy of Teredo, 
since we have to do simply with the mechanical arrangements 
correlated with the boring habit. 

The portion of the shell posterior to the axis of motion is 
smooth. An epidermis is present in the Pholadidx and Teredo 
except over the anterior part of the shell from which it is worn 
away. 

The burrow of the Pholadidx has the shape of an elongate 
cone, rounded at the base. The wall very frequently presents to 
view short scratches which are segregated in series. Those ina 
given series are parallel to each other and are clearly made by 
the teeth of the valves. I have sometimes found, however, that 

besides these there are other scratches confined to a small cir- 
cular patch at the very basal extremity of the burrow. These 
are made, it seems probable, by sand which gets between the 
disk of the foot and the wall. The direction of the scratches is 
such as to suggest a shearing twist on the part of the foot, and 
it is hard to avoid the conclusion that the foot to some extent 
aids in the attrition of the rocky wall by a drill-like action, using 
sand as a cutting material. 

The burrow of Teredo is so well known that there is no need 
of description, It is sutlicient to quote Quatrefages, who says 
the burrow ‘appears to me to have every mark of a direct me- 
chanical activity.” 
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Very much has been written about the method of boring. In 
1888* it was maintained that in Pholas and Lithodomus the foot 
was reinforced by siliceous particles. Many have looked to the 
action of chemical agents secreted by the animal, but these have 
failed of detection. It is now very generally thought, and it 
may be maintained with surety, that the boring is purely a me- 
chanical process, at least in the ZVeredo, Pholadidx, Parapholas 
and their allies, and that siliceous particles play no part. I can- 
not speak of the habits of Lzthodomus from personal observation, 
but the facts in the case of Adula falcata would seem to throw 
doubt on the ability of Lithodomus to bore. It is commonly 
supposed that Adula is a borer, and the circumstantial evidence 
partly supports the view. However, if the animal is examined 
in its home, it will be found to occupy the burrows of Pholadidz 
or other boring clams and to by no means fill the burrow. It is 
moreover always attached by a byssus to the wall of the burrow 
near its open end, out of which the posterior end of the valves 
protrude. Furthermore, Adula has a musculature and siphon in 
every way comparable to that of the mussels, and it, like the 
latter, has a reduced foot which is in no way comparable to that 
of the piddock. Nor does the shell present any such characters 
as those which are codrdinate with the musculature of the 
Pholadidex, but is covered with a thick and unbroken’ perios- 
tracum. That it does, however, make use of the excavated 
homes of other forms is undoubted, and it is not improbable that 
it sometimes usurps the right of the owner and finally causes its 
death by starvation. So very similar to the structure of Adula 
is that of Lithodomus that the suspicion is raised that the latter 
may not burrow at all. At any rate, the matter should be further 
studied. 

The tools for boring in the Pholads consist of the foot and 
four adductor muscles as the seats of motor power; and the an- 
terior part of the shell, as cutting instrument. The successive 
layers of the fore part of the shell are plaited into tooth-like pro- 
jections which in the younger specimens of Zirphea are fine but 
strong. 

In the work of boring the first movement is the extension of 
the foot so as to apply it toa part of the base of the burrow. 
Clinging as a sucking disc, the contraction of the foot muscles 
now causes the anterior region of the shell to be closely applied 
to the wallof the burrow. This movement is anticipated by the 
contraction of the anterior part of the anterior adductor and of 
the ventral adductor, the result of which is to approximate the 
front margins of the shell. The teeth are now in a position 

*Vogt & Young, ‘' Traite d’Anatomie Comparee Pratique.’”’ Paris, 1888. 
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preparatory to cutting which is done during the contraction of 
the posterior adductor and the posterior portion of the anterior 
adductor. The motion so produced is, in general, upward and 
backward, though as a matter of fact the axis of motion which 
passes through the umbo, swings with the latter as a center, from 
the ventral adductor to the posterior and back again with one 
round of attack. 

The separate action of the adductor muscles may be easily de- 
termined in fresh specimens by cutting through the different 
muscles and watching the results. 

The mechanism of boring in Yeredo warrants the conclusion 
that the process has many points of similarity to that just de- 
scribed. The absence of the ventral adductor is compensated 
for by the size and position of the so-called posterior adductor, 
the contraction of which sets in action the rasps of the anterior 
portion of the shell. The view of Deshayes that the musculature 
is not fitted to set a boring apparatus in action must be dis- 
sented from. Nor is it necessary to be satisfied, with Quatre- 
fages, that a weak musculature is sufficient for cutting water- 
soaked wood. The fact is that the posterior adductor is much 
larger and stronger relatively than the same muscle in the oyster 
and pecten. The ratio in Pecten of the inner surface of the 
shell to the area of muscle attachment’ is, on a liberal calcula- 
tion, as 9 to 1, while in the oyster the ratio is very nearly the 
same. In Zeredo it is as 5 to] (in young specimens as much 
as 3 to 1), and Yeredo has the anterior adductor to boot. 
This fact, together with that of the sharpness and number of 
teeth, is evidence that the apparatus is very efficient. 

As has been pointed out, the axis of motion passes dorsi-ven- 
trally through the umbo, and swinging upon their mutual axis, 
the valves separate in front in answer to the contraction of the 
posterior adductor. During this motion the teeth of the front 
part of the shell come into full play in the direction of their 
greatest efficiency. Previously, of course, the contraction of 
the pedal muscles has caused the application of the front of the 
shell against the wood which is being attacked ; this as in the 
Pholads proper. The wood is rasped into very finely divided 
particles which pass into the mouth and through the digestive 
tract, into the cloaca and so out. The length of the internal 
processes is such as to bring the point for attachment of the 
pedal muscles to either side of the center of the spherical shell. 
It will be seen that this is a matter of much importance, for 
otherwise the pressure of the shell upon the wood would be un- 

~ even and we should then have a good tool poorly handled. 
The animal is able, on account of the spherical shape of the 
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shell, to change the position of the same, now here and now 
there, so as to make atube of sufficient roominess. It is further- 
more able to change the direction of the burrow with great 
readiness, the shape of the shell offering no obstacle. 

The mechanisms of the molluscs which form the subject of 
this paper atford an interesting and important contribution to 
the discussion in regard to the origin of the adductor muscles 
in the pelecypod molluscs as set forth in the chapter on Kineto- 
genesis in Professor E. D. Cope’s latest work “‘ Primary Factors 
of Organic Evolution.” .Professor Cope here quotes Dr. R. T. 
Jackson at length. Dr. Jackson points out the facts in the or- 
dinary dimyarians, of which Mya may be taken as a type, and 
in the derivative monomyarians (Ostrea, Pecten). According 
to this authority, if the axis passing through the two adductor 
muscles (the antero-posterior axis) is parallel to the longitudinal 
axis of the hinge ligament, which coincides with the axis of mo- 
tion in these forms, the adductor muscles are about equal in size. 
As the antero-posterior axis rotates the anterior adductor dimin- 
ishes in size, and the posterior adductor, which is now between 
and ina line with the hinge ligament and the posterior adductor, 
comes into a position of poor mechanical advantage and “ disap- 
pears from disuse and atrophy.” This is the condition in which 
the monomyarian oyster and pecten are found. 

In the piddocks another condition of affairs obtains. The 
antero-posterior axis has rotated so as to intersect the hinge axis, 
but here the point of contact of the valves has passed between 
the anterior and posterior adductors, which are still synergetic 
but with the effect of opening the shell in front and below in- 
stead of closing it. The opponents of these muscles are the 
ventral adductor and the anterior portion of the anterior adduc- 
tor, respectively, and these are likewise synergetic with the 
effect of closing the valves in front and below. It must be 
understood that the contractions of these muscles are probably 
not exactly synchronous, but serial. This does not, however, 
alter the mechanical conditions. In otber words, the axis of 
motion, which maintains a constant position in such forms as 
Mya and Pecten, swings in the manner already described. 
By reference to the figures it will be seen that the four ad- 

ductor muscles form a quadrangle within which is found the 
point of contact. The diagonal passing through the anterior ad- 
ductor and the ventral adductor passes through the point of 
contact and constitutes an axis of motion for the adductor 
muscles on either side of it. The other diagonal would play the 
same part for the anterior and ventral adductors. It is evident 
that these-two lines mark the limits between which the actual 
axis of motion swings. 
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Now the result of the change in the position of the antero- 
posterior axis and of the axis of motion has made a mechanical 
demand for opponents to the anterior and posterior adductors, 
and the important observation is that such muscles have arisen 
by adaptation of pallial muscles at just the points where one 
would expect that they would arise. This fact gives very strong 
support to the opinion that the adductors of Mya and the like 
have arisen in just this way. 

Conversely, in Zeredo, in which the axis of motion is con- 
stant in a dorsi-ventral position, and in which the anterior ad- 
ductor is wholly anterior to the axis of motion, and, therefore, 
to the umbonal point of contact, there has been no demand for 
a ventral adductor and none for an accessory anterior adductor ; 
and neither of theseis found. I have said that the posterior adduc- 
tor, by its extent, partly compensates for the absence of the ven- 
tral adductor, but this is true only in that it gives to the valves 
a mutual stability which the ventral adductor gives in the other 
forms. 

A remarkable character which is codrdinate with the presence 
of this musculature is the absence of the hinge ligament. This 
structure is to be found only in lamellibranchs in which the 
axis of motion is constant in position, and its function, as is 
well known, is to cause the gaping of the valves, or in other 
words, to oppose the adductor muscles. It is evident that the 
presence of the hinge ligament in the piddocks would render im- 
possible the sea-saw movement of the valves about an axis of 
motion having a dorsi-ventral position. Not only this, for on 
account of the passive character of the same it would be useless 
in boring; for the amount of latent force in the compressed liga- 
ment is by no means as great as that which a muscle of equiva- 
lent size is capable of exerting. 

Now the absence of the hinge ligament is more than compen- 
sated for by the presence of the anterior adductor muscle, which 
is attached to the outside of the shell surrounding the umbones. 
The muscle is preceded in its passage from the interior to the 
exterior of the shell by an outgrowth of the mantle which over- 
lays the rough exterior of the shell with a mother-of-pearl layer, 
and secretes at its posterior extremity the triangular accessory 
piece. It would seem that this change of position is effected by 
the addition of muscle fibers to that side of the muscle which is 
of maximum use in the animal’s endeavor to produce such a 
motion of the valves as has been described, and by their atrophy 
on the opposite side. In this way the complete homology is 
preserved. It may be, however, that an entirely new mass of 
muscular tissue arises in the mantle distinct from the original 
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adductor, but this seems less probable. It is a matter which 
needs further study. 

I wish to express my hearty thanks to Professor E. B. Wil- 
son for the loan of specimens, and to Mr. Bradney B. Griffin for 
his very generous assistance in looking up literature for me. 

SECTION OF GEOLOGY. 

April 19, 1897. 

The evening of the regular monthly meeting of the Section 

was devoted to a reception on behalf of the Academy to Sir 

Archibald Geikie, Director-General of H. M. Geological Survey 

of Great Britain. The exercises took place at the rooms of the 

Academy of Medicine. After an informal reception, the meet- 

ing was opened by a brief address by President Stevenson who 

extended the welcome of the Academy to its guest. He was 

followed by Professor Kemp, who spoke of the work of 

Sir Archibald Geikie as a general geologist and as a student 

of petrography. Professor Dodge followed, speaking from the 

standpoint of a teacher and a student of physiography. The 

last address of welcome was by Professor Angelo Heilprin, of 

the Philadelphia Academy of Sciences, who as a representative 

of the oldest American scientific society, spoke from the point of 

view of the traveler and student of geology of the world at large. 

In reply Sir Archibald Geikie extended his thanks to ‘he 

Academy, paid a warm tribute to the work and worth of New- 

berry, Dana, Cope, Leidy and Hayden, and spoke of the work 

of the United States Geological Survey and the American 

geologists in advancing the cause of the science. 

At the close of the more formal meeting, an informal reception 

was held at which all present had an opportunity io meet the 

guest of the evening, the members of the Academy and the 

several visiting geologists from a distance. The occasion was 

in every way a success. 
RicHarD HE, DopeGe, 

Secretary. 
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SpecrAL MEETING OF THE SECTION OF GEOLOGY AND MINERALOGY. 

April 23, 1897. 

The Section met in the Law School lecture room of Co- 

lumbia University, Professor J. F. Kemp, Chairman, presiding: 

About 125 persons present. 

The minutes of the previous meeting were omitted. The 

meeting was a joint one with the New York Microscopical So- 

ciety and the New York Mineralogical Club. 

Professor F. C. Van Dyck, of Rutger’s College, briefly ex- 

plained his improved apparatus for projecting microscopic sec- 

tions of rocks and minerals with polarized light, using the are 

lantern. . 

The lantern was then set in operation and large series of thin 

sections of rocks were thrown upon the screen and were de- 

scribed by Mr. John H. Caswell. 

When the projections of the thin sections were concluded, a 

vote of thanks was unanimously passed to Messrs. Van Dyck 

and Caswell. 

The Academy then adjourned. 
R. E. Dovce, 

Secretary of Section. 

April 80, 1897. 

The regular public lecture for April was delivered by Mr. 

William Niven on ‘“ Recent Archeological Explorations in the 

State of Guerrero, Mexico.”’ About forty persons were presents 

At the conclusion of the lecture a vote of thanks to Mr. Nevin 

was passed. 
J. F. Kemp, 

Secretary. 

REGULAR Bustness MeEetinc, May 3d, 1897. 

The Academy met with President STeveNson in the chair; 

twenty-five persons present. The minutes of the last meeting 
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were read and approved. The Secretary presented the follow- 

ing nominations for resident membership from the Council and 

they were thereupon elected. 

A, A. Anderson, Gary N. Calkins, W. H. Daily, W. B. Dev- 

ereux, Robert E. Flemming, Frederic Gallatin, Max Heller, 

Alexander Maitland, T. Commerford Martin, Geo. N. Miller, 

Frank Russak, Wm. I. Sommerfield, C. E. Trippler, Alfred A. 

Whitman, Charles T. Wills. 

Mr. Herbert Bolton, Assistant Keeper of the Museum of 

Owens College, Manchester, England, was elected Correspond- 

ing Member. On motion the back dues of Mr. Arthur Willey 

were remitted because of distinguished services to science, and 

he was changed from active to corresponding membership. 

The Section of Astronomy and Physics then organized and 

was called to order by the Chairman, Mr. P. H. Dudley. ‘Twenty- 

five members and guests being present. At the request of the 

Chairman, the minutes of the previous meeting were read and ap- 

proved. 

Wm. Hallock then presented a paper on “ An Hydraulic 

Working Model of the Wheatstone Bridge,” which showed by 

means of a simple manometer, the function of a galvanometer or 

electrometer in the electrical circuit. The effect of self-induc. 

tion, and that of capacity was also clearly shown. 

J. K. Rees then showed enlarged prints made from negatives 

of the moon obtained at Lick Observatory, and added brief re- 

marks about them. He also showed the drawings made at the 

Lowell Observatory, City of Mexico, of certain markings on 

Mars, Venus and Mercury, 

These markings and their probable causes were discussed by 

William Hallock, J. K. Rees and C. A. Post. 

J. K. Rees, Harold Jacoby, and H. 8. Davis then presented a 

paper on the “ Variation of the Latitude and Determination of 

the Constant of Aberration.” They gave the value of 20.457/’ 

to this constant, with a probable error of .013. The value as- 

signed by the Paris Conference of 1896 was 20.47.’ 



1897. ] NEW YORK ACADEMY OF SCIENCES. 319 

H. Jacoby explained more fully the meaning of “‘ Constant of 

Aberration,” and stated that he desired to go on record with 

the statement that when the reduction of the observations made 

by J. K. Rees, H. S. Davis and himself is completed, it will 

confirm the result adopted by the Paris Congress. 

The final paper was presented by H. 8. Davis on the “ Parallax 

of 61 Cygni etc.” and gave a value of the parallax of 36.015./” 

J. K. Rees made a few remarks about the measurement and 

reduction of the Rutherfurd star plates. 

The section then adjourned. 
J. F. Kemp, 

Secretary. 

R. Gorpvon, 

Secretary of Section. 

STATED MEETING. 

May 10, 1897. 

The Academy was called to order by the Chairman of the 

Section of Biology, Professor E. B. Wilson, and in the absence 

of regular business the section at once organized ; fifteen per- 

sons present. 

Mr. Gary N. Calkins, of Columbia’ University, was elected 

Secretary. 

In the absence of Dr. Dyar, Chairman of the Committee ap- 

pointed to consider the question of postage on Natural History 

sj; ecimens, Professor Stratford reported that the Postmaster Gen- 

eral had been notified, and that the matter had received due con- 

sideration. 

Upon behalf of the Committee appointed to draw up a resolu- 

tion relating to the death of Professor E. D. Cope, Professor 

Osborn submitted the following resolution : 

The members of the New York Academy of Sciences desire 

to record their admiration of the noble services to Science of 

the late Professor Edward D. Cope. Since 1859, when he of- 
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fered his first contribution to the Philadelphia Academy of 

Sciences, at the age of nineteen, he has been a devoted and bril- 

liant investigator in five great branches of Natural History, 

ichthyology, herpetology of the batrachians and reptiles, mam- 

malian paleontology, historical geology atid philosophy. In 

each he has long been an acknowledged leader, and his combined 

knowledge of all has given his researches a philosophical 

breadth, grasp and permanence, which place him among the 

great masters of Comparative Anatomy, Cuvier, Owen and 

Huxley. We deeply regret that his untimely death has cut 

short his life work, and feel that the loss of his keen, critical 

and productive faculty deals a blow to the cause of comparative 

anatomy of the vertebrata throughout the world, which can 

hardly be measured. We tender to the American Philosophical 

Society and to the Academy of Natural Sciences of Philadel- 

phia, of which Professor Cope was a life long member, an ex- 

pression of our deep regret at their loss, and of our readiness 

to codperate with them in the establishment of some suitable 

memorial. 

(Signed) Henry F. Ossorn, 

J. L. WortTMAN. 

Mr. H. E. Crampton, Jr., gave a brief extract of a paper by 

F. C. Baker on‘ Notes on Variations in the Apex of Gasteropod 

Molluses.” The paper will be found in full in the Annals, Vol. X. 

Professor Bashford Dean and Mr. F. P. Sumner reported on 

“The spawning habitsof the brook Lamprey Petromyzon Wildert” 

at Van Cortlandt Pond. The paper appears in full below. 

Mr. H. E. Crampton, Jr., reported on some “ Coalescence-Ex- 

periments with Lepidoptera.” 

A paper on the ‘‘ Vertical Distribution of Plankton in Deep- 

Sea Collections from Puget Sound” by Professor James I. Peck 

and Mr. N. R. Harrington was read by title. 

Gary N. CALKINS, 

Secretary. 
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NOTES ON THE SPAWNING HABITS OF THE BROOK. 

LAMPREY (Petromyzon wildert). 

By BAsHrorD DEAN AND FRANCIS B. SUMNER. 

Plate XX VII. 

The following notes add a few details to the account of the 
spawning habits of marsipobranchs given in 1893 by Professor 
Gage in his admirable work on the lampreys of the Cayuga and 
Seneca Lake region.* The present observations were made in 
the uppermost part of New York City upon the brook lamprey, 
Petromyzon (Lampetra) wilderi, Gage. The specimens were 
identified by comparison with topotypes kindly loaned by Pro- 
fessor Gage. 

The spawning locality was at Lincoln Park, a few rods from the 
station of the New York and Putnam Railroad at a point where 
Tibbit’s Brook passes under a stone-arch wagon-bridge. Van 
Cortlandt Lake, into which the brook flows, lies about a mile to 
the southward. In this direction the lampreys are thus shut off 
from communication with the brackish water below, by the dam, 
ten or twelve feet in height, at the mouth of the lake. Nor can 
they well pass into neighboring waterways, as the brook arises 
from springs in the vicinity of Bryn Mawr station, east of Glen- 
wood. It is very probable, therefore, that the lampreys, like 
those described by Gage, spend most of the year in a lake, as- 
cending the brook at spawning time. 

The only spawning-ground noted was in the shade of the stone 
archway where the brook finds its last stretch of gravelly bottom. 
Above and below this point, the bottom was muddy and the 
stream on the whole more sluggish. Here on April 16th, three 
or four dozen lampreys were observed within a few square yards. 
Many of these were engaged in spawning and nest-building. 
Three spawning parties were noted, one of which was allowed to 
remain undisturbed that the process could be closely followed. 

The spawning season of our local lamprey is thus found to be 
nearly a month earlier than that at Cayuga Lake. Professor 
Gage states that in the latter region, the process lasts approxi- 
mately from May 8th to May 20th. 

The appearance of the iampreys at the time of spawning is 
shown in the accompanying plate (Plate XX VII) from a pencil 
sketch made on the spot. Their “ nest’ was asmall gravel-filled 

*The Lake and Brook Lampreys of New York, especially those of Cayuga and 
peore Lakes. The Wilder Quarter-Century Book. Ithaca, 1893. Pp. 421-493, Pls. 

TRANSACTIONS N. Y. ACAD Scr., VOL. XVI., Sig. 21, December 9, 1897. 



322 TRANSACTIONS OF THE [may 10, 

pocket, less than a foot in diameter, lying between a number of 
large rounded stones. The water, 66° F. in temperature, was 
sweeping across it in a moderately strong current. The tem- 
perature of the air at the time was 70° F. The water-depth in 
the nest was about ten inches. 

The lampreys were in constant movement, sometimes crowd- 
ing closely together, ten or twelve in number, now and again 
scattering, many leaving the nest and others returning. Oc- 
casionally the nest would be almost deserted. The greatest 
number was observed about noon-time. The entire party seemed 
to devote its attention to transporting gravel: the spawning 
process occurred at irregular intervals and was of very short 
duration. At first it proved difficult to distinguish males and 
females. They are almost equal in size and thickness, and the 
slight differences in fin-characters could not well be seen when the 
animal was in motion. So too, the erected urinogenital papilla of 
the male was only occasionally distinguishable. It was later evi- 
dent, however, that the males were by far the more numerous. 
Examination of the lampreys taken from this neighborhood, but 
not from the nest alone, showed that the proportion of males to 
females was about 5 to 1. It is a reasonable inference, therefore, 
that this species is polyandrous although this could not be veri- 
fied in the present instance, the active movements of the animals 
preventing the observer from following the male till its return to 
the same female. The mode of mating could, however, be 
clearly followed. The female, after many circlings about the 
nest, attaches to a stone and is apparently struggling to move it. 
Then a male, which up to this point has been diligently stone- 
moving and is now close by, suddenly seizes his mate ‘ some- 
where near the head, he then winds himself half way round the 
female whereupon the two bend their tails downward and stir up 
the sand by the most vigorous movements ” (Gage). 

The actual position of a pair during copulation is shown in 
the plate. The male attaches the oral disc to the back of the 
head of a female, somewhat in front of the eye and slightly on 
the right side. The back of the male is then instantly arched 
and the tail region wound around the hinder trunk of the female, 
forming one turn of a left handed spiral. Its increasing curve 
toward the tail causes the body of the male to here lie at right 
angles to that of the female. This position was verified in 
eleven instances. In only one case the body of the male 
appeared to be wound in the reverse direction. During this 
process, the body of the male is so rotated that the urino, 
genital papilla becomes apposed to the cloaca of the female- 
this result being aided by an upward arching of the latter’s body. 
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The extrusion of eggs and milt which instantly follows is ac- 
companied by rapid vibration of the hinder body region of both 
male and female, the tails directed brush-like against the sand. 
The number of vibrations was estimated to beabout ten or twelve 
in the brief time of pairing, about three seconds. Few eggs re- 

‘latively could, therefore, be extruded at a time. At this mo- 
ment they may be seen in the water, but they speedily sink with 
the flurry of sand. The total number of eggs found in one well- 
distended female was calculated to be 860. 

The milt is nearly colorless, causing no cloud in the water at 
the time of emission. The great length of the slender papilla 
(4 mm.) suggests that an actual intromission occurs, but of this 
there appears to be no evidence. The short duration of mating 
and the immediate outcasting of the eggs are, it is evident, de- 
cidedly opposed to this method of fertilization. But to deter- 
mine by direct observation that no intromission occurs is ex- 
ceedingly difficult; the pairing takes place unexpectedly and 
terminates suddenly and during the few intervening seconds the 
observer is confused by the rapidity of the movement. Ina single 
favorable instance, at the close of the vibration, the papilla was 
seen to be separate from the cloacal opening of the female. 
Probably, therefore, the papilla serves to direct the milt upon the 
discharging eggs rather than as an intromittent organ. In the 
present nest ovulation took place at irregular intervals, in one 
case after a lapse of two minutes, but usually after a longer 
time. In one instance a male attached for a moment to another 
male, and frequently one would be seen to suddenly seize and 
pull another away from where it happened to be. Copulation 
was later observed among lampreys which had been placed in 
an aquarium. It was here also noticed that the papille of the 
males sometimes remained protruded for many minutes; and in 
separate individuals, probably of both sexes, the vibratory move- 
ment of the tail was frequently observed when no copulation oc- 
curred. 

Gage notes that lampreys of this species ‘‘ are somewhat com- 
munistic or gregarious and join in considerable numbers, some- 
times eight to ten, to make a common nest.” <A few details as 
to the utilization of the common nest were observed in the pres- 
ent instance. The females did not return to exactly the same 
spot in the nest when ovulating; they seemed in fact to deposit 
eggs during intermission of stone-carrying, wherever they then 
happened to be—usually, however, near the margin of the nest. 
The eggs then often became attached to the sides of the large 
stones in the neighborhood. No definite mass of rock fragments 
was accumulated, for although the same lamprey would for a 
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time at least carry stones to}a particular part of the nest, the 
rest of the spawning party would be as diligently carrying them 
in other directions, often borrowing their neighbors’ supplies. 
Their common result, however, was to stir up the sand and to 
cause the eggs to be speedily hidden. Stones were collected 
without apparent regard to the direction of the water current. 
Gage notes that the lampreys do not join forces to move a large 
stone. And the present writers, confirming this observation, 
add that they show a surprising lack of judgment as workers. 
Their immediate mission is to move stones, and this they do with 
greater energy than discretion; they occasionally fasten to rocks 
of great size and do their best to transport them, turning on 
their sides and struggling violently. An example of this wasted 
effort is seen at the right of the plate. 

Usually, in such a case, the lamprey, finding that its first at- 
tempt does not stir the rock, will relax its hold and proceed to 
the next stone with the same, or perhaps better results. Some- 
times, however, as if less easily convinced, it will retain its hold, 
rest a moment, then recommence the struggle. In one case, a 
single lamprey, remaining in the nest, tried again and again to 
move objects which were out of all proportion to its efforts, in- 
stinct appearing to lead it to seize any rock surface which af- 
forded him a good attachment, but to avoid at once reattaching 
in case the stone could not be moved. It seemed, therefore, an 
evidence of weak memory when in the next circling around the 
nest the attempt would be made to moye the same stones. On 
another day, similar actions were observed in the case of a 
solitary male, who for several hours busied himself in a very 
aimless way, sometimes taking stones from one side of the 
nest and depositing them on the other, sometimes reversing 
the process as if forgetful. 

The spawning was observed on April 16th. The eggs col- 
lected on that day from the sand of the nest were of such a stage 
that they must have been deposited the same morning. On this 
day about twenty-five lampreys were captured. On April 18th, 
nine more specimens were taken but no spawning observed. 
Some of these latter lampreys were found in another gravelly 
section of the brook nearly a mile to the northward. Ten days 
later, no lampreys could be found, nor was a fourth search more 
successful on May 5th. 

PLATE XXVII. 

The spawning of the Brook Lamprey, Petromyzon wilderi, Gage. From 

drawing made at Lincoln Park, April 16, 1897, by Bashford Dean. x 4 V. 

pp. 321-323. 
CO 
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SECTION OF GEOLOGY. 

May i7th, 1897. 

Meeting was called to order at eight o’clock, with thirty mem- 

bers present, President StEVENson in the chair. Minutes of the 

previous meeting were read and approved. Nominations of 

Messrs. E. N. Dickerson and Luther Kountze were made and 

referred to the Council under the rules. There being no other 

business, the Section of Geology was organized and proceeded to 

the business of the evening. - 

First paper was read by Mr. D. H. Newland, on the “ Occur- 

rence and Origin of the Serpentines near New York.’’ Mr. 

Newland discussed the mineralogical characteristics and the 

geographical position of the Serpentines of Staten Island; 

Castle Point, Hoboken; New Rochelle and Port Chester, and 

suggested that as regards origin they could be divided into two 

classes; first those of Staten Island, which contain olivine, 

diopside and tremolite and which have been probably derived 

from some igneous rock, that had been metamorphosed before the 

alteration to serpentine began. Second, one including the other 

localities mentioned, whose serpentine has been apparently pro- 

duced in the alteration of some form of sedimentary rock. 

The paper was discussed by Dr. Ries, Dr. Martin and Professor 

Kemp. It will appear in full in the Annals. 

The second paper of the evening was by Professor Kemp, en- 

titled ‘‘ Notes on Butte, Montana, and its Ore Deposits.” Pro- 

fessor Kemp described the development of the copper mining at 

Butte, which .has now assumed first rank in the United States. 

He traced the geological position of the mining districts, both 

_ those containing copper with silver and those containing silver 

alone. The rocks of the region consist of two kinds of granite, 

the older a dark basic granite which weathers easily, and the 

second a light acidic granite. These rocks are pierced by later 

intrusions of rhyolites, which also cut the silver veins. The 

paper was illustrated by a large number of specimens and by a 

series of pictures of Butte, and the surrounding region. 



326 TRANSACTIONS OF THE [may 17, 

The third paper was by Professor Kemp, entitled ‘ Notes on 

the Geology of the Trail from Red Rock, Montana, to and be- 

yond Leesburg, Idaho.”’ This paper consisted of a series of 

notes upon the rocks that appear along the trail mentioned, one 

hundred miles or so of which had never been previously de- 

scribed from a geological standpoint. The highlands consist 

of ancient Cambrian or pre-Cambrian quartzite, which is cut near 

the Idaho line by rhyolites. The valleys of the Lemhi and the 

Salmon rivers near Salmon City are occupied by Tertiary lake 

beds, with terraces showing lignites. West from Salmon City 

there is much hydraulic mining for gold at the old camp of 

Loesburgh. The region visited connected with that traversed 

by G. H. Eldredge and lapped over it west of Salmon City, 

but not east of that place. (See ‘A Reconnaissance across 

Idaho,” XVI. Ann. Rep. Dir. U. 8. Geol. Survey.) 

The last paper was by Professor C. A. Doremus, entitled ‘‘ An 

Exhibition of the Metals, Carbides, etc., obtained by M. Moissan 

with the Electric Furnace.” Dr. Doremus exhibited some fifteen 

specimens of metals and their carbides which had just been re- 

ceived from M. Moissan, for placement in the National Museum 

at Washington, D.C. These metals represent the best results 

attained by M. Moissan in his experiments with the electric fur- 

nace, and include among the metals, chromium, titanium, whose 

chemical affinity varies in accordance with the amperage of the 

furnace; tungsten, molybdenum, vanadium, uranium. ‘The car- 

bides shown were those of aluminium, calcium and cerium. The 

borides of carbon, iron and cobalt were also exhibited. 

Meeting adjourned at 10:45. 
RicuarD EK. Dopee, 

Secretary. 
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ALLANITE CRYSTALS FROM MINEVILLE, ESSEX 

COUNTY Ne Y¥: 

By Hernricu Riss. 

(Read March 15, 1897.) 

The crystals described below were recently collected by Prof. 
J. F. Kemp, at the dumps of the now abandoned Cook shaft, 
near Mineville, Essex Co., N. Y.,* and were kindly loaned to 
the writer for description. They occur in a very coarse peg- 
matite of quartz and orthoclase, but are themselves, as a rule, 
embedded in a matrix of milky quartz. Although allanite is a 
comparatively rare mineral, it is found at this locality in great 
abundance and in crystals of exceptional size. The large crys- 
tals, as a rule of rude outline, may reach an inch in thickness 
(25 mm.) and a length of five or six inches {(12.5-15.0 cm.). 
Even larger ones were reported by W. P. Blake, in September, 

Ere. 1. 

1858, from the Sanford ore bed (now called the Old Bed) that is 
about a mile distant from the Cook shaft,+ but so far as can be 
learned the old locality has either been destroyed in mining or 

*J.F.Kemp. The Geology of the Magnetites near Port Henry, N. Y., and especially 
those of Mineville. :Trans. Amer. Inst. Min. Eng., Chicago meeting, February, 1897. 
Reprint pp. 26, 51 and Plate 43. 

tSee American Journal of Science, September, 1858, p. 245. 
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is now inaccessible. Prof. James Hall, however, preserved one 
superb crystal, that is now in the Peabody Museum at Yale 
University, and that has been described and figured by E. S. 
Dana.* 

The mining operations at Cook shaft evidently cut the pegma- 
tite, which was thrown on the dump, where it has remained for 
some years past. The crystals suitable for study and measure- 
ment are obtained in cracking up the quartz, a lucky stroke oc- 
casionally laying bare a promising crystal, which can then be 
dug out. The one measured by the reflecting goniometer, as 

Fie. 2. 

tabulated below, projected into a cavity, which later became 
filled with calcite, a rare phenomenon at this locality. Some 
very large crystals, not yet detached from the matrix have 
been deposited in the mineralogical collections of Columbia 
University, one mass of pegmatite being nearly 200 lbs., and 
largely allanite, but the crystals studied were, as a rule, + to 4 
inches (6-12 mm.) long, and about the same in thickness. The 
faces present were mostly orthodomes, smooth but not brightly 
lustrous. Next in abundance were prism faces, while pyramids 
were rare. The small crystal referred to above, was about 5}, in. 

*See American Journal of Science, June, 1884, p. 479. System of Mineralogy, 1893, 
p. 522. 
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(1.5 mm.) in length, and showed all the faces noted below, as 
determined by the reflecting goniometer. 

a(100) n(111) 
c(001) r(101) 

m(110) 1(201) 
u(210) e(101) 

q(221) 7(102) 
d(111) m(102) 

The simplest combination of forms observed was that shown 

in Fig. 1 and composed of a(100), 7(101), m(110), ¢(001). 
Another crystal, Fig. 2, which was one of the three best de- 

veloped showed a(100), u(210), m(110), d(111), 7(201), r(101), 
and c(001). The smallest crystal of the lot had all the faces 
noted. While this series of allanite crystals is on the whole 
not as perfectly developed as those found by Professor Kemp at 
Franklin Furnace and described by Dr. Eakle,* still many of the 
crystals are larger, and no such large masses were found in the 
Franklin Furnace material. 

CoLUMBIA UNIVERSITY. 

NOTE ON A BERYL CRYSTAL FROM NEW YORK 

CURRY. 

By Hernricu Ries. 

(Read March 15, 1897.) 

Beryl is not an uncommon mineral of the granite and pegma- 
tite veins of Manhattan Island, but the crystals, although fre- 
quently of large size, seldom show more than the prism faces. 

The crystal described below was found by Mr. Gilbert van 
Ingen at Forth-ninth Street and First Avenue, and shows an un- 
usually perfect development of terminal planes. It is a small 
transparent individual, not more than ;!, inch long, with faces of 
sufficient brightness to permit their determination with the Fuess 
goniometer, and the angles read agreed quite closely with the 
calculated ones. 

“® Trans. N. Y. Acad. Sci., XIII., 102. 
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The following is the list of faces determined : 

m(1011) I u(2021) 2 
n(3141) 4-4 p(i0l)) 1 
(2131) 3-8 c(0001) 0 

These planes are shown in the accompanying 
figure. There were in addition several very 
small planes which evidently belong to a pyra- 
mid of the second order, but the readings ob- 
tained were not satisfactory. 

The following is the list of angles measured 
and calculated : 

Measured. Caculated. 

m:n Boon G4 29° 00’ 
pip 28° 45/ 28° 544’ 
ORT 44° 30/ 44° 997 
Mm:v ei (hee) aT og! 
Cou 48° 56’ 49° git 

Fie. 3. e:p ACM! 14° 27/ 

The crystal is not unlike some of those found in Alexander 
county, N. C., and figured in Dana’s System of Mineralogy, p. 
405. 

STATED MEETING. 

May 24, 1897. 

The Academy was called to order by the Chairman of the Sec- 

tion of Philology, Professor T. R. Price. There being no other 

business, the section at once organized. 

The minutes of the last meeting were read and approved, and 

the following papers were then presented and discussed : 

Professor T. R. Price, ‘‘ Pope’s System of Ceesura.”’ 

Professor A. V. W. Jackson, “ Notes Descriptive of some 

Parsi Ceremonies.” 

The chairman announced that Dr. Boas was unable to be 

present to read his paper, as he had already started for Alaska. 

The section then adjourned. L. A. McLours, 

Secretary. 
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REGULAR Pusiic LECTURE. 

‘May 28, 1897. 

The Academy met and was called to order by the Secretary. 

As Chairman of the Lecture Committee, he then introduced Dr. 

Harwood Huntington, Ph.D., who gave the lecture of the even- 

ing upon the “ Technology of Cotton Cloth.” The lecture was 

profusely illustrated by numerous samples of fibres, dyes, cloths, 

etc. It was attentively listened to, and at its conclusion, a vote 

of thanks was passed to the speaker. About 30 persons were 

present. J. F. Kemp, 

Secretary. 

REGULAR BusINess MEETING. 

June 7, 1897. 

The Academy was called to order by the Secretary in the 

absence of the President, in the Lecture Room of the Depart- 

ment of Physics in Hamilton Hall Columbia University. Fif- 

teen persons present. P.H. Dudley was nominated and elected 

chairman for the evening. 

The minutes of the last meeting were read and approved. 

The Secretary then. presented the following names from the 

Council, which had been approved as resident members : 

EK, N. Dickerson, Frederick E. Hyde and Luther Kountze. 

On motion the secretary was instructed to cast a ballot for these 

nominees. Dr. Heinrich Ries was nominated and elected as dele- 

gate of the Academy to the International Congress of Geolo- 
gists, to be held in August at St. Petersburg, Russia. Professors 

R. E. Dodge and J. F. Kemp were appointed delegates to the 

British Association for the Advancement of Science at its meet- 

ing in Toronto in August. On motion the delegates were em- 

powered to appoint alternates in case they were unable to go. 

The section of Physics and Astronomy tben organized. 
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The first paper of the evening was by Professor Wm. Hallock 

in “ An Improved Method of Projecting Views of the Moon.” 

The paper was discussed by Messrs. Martin, Kemp and 

Dudley. It will appear in an early issue of Science. 

Miss F. R. M. Hitchcock then read a paper entitled “‘ Notes on 

the Atomic Mass of Tungsteu.” 

NOTES ON THE ATOMIC MASS OF TUNGSTEN.* 

By Fanny R. M. HitcHcock. 

From work previously done the author had reason to think 
that tungsten was not a simple element. In that case, assuming 
that the elements composing it had atomic weights which dif- 
fered considerably among themselves, it should be possible, by 
fractionating tungstic oxide, to obtain a series of atomic weights 
for the so-called metallic tungsten which would differ widely from 
each other. 

In accordance with this idea a series of experiments was made, 
and a summary of the principal results obtained is given below. 
Some of the results obtained are not given, as they were so un- 
expected that it is deemed desirable before publication to repeat 
the experiments which led to them, as, while there seemed no 
reason to doubt the results themselves, the conditions under 
which they were produced are not perfectly understood. 

The methods used in preparing the acid and in fractionating 
the same will be given together with details of all the work done 
and a discussion of the same,in a paper to be published as soon 
as certain investigations now under way are concluded. 

The acid, before fractionating, was tested for and found free 
from alkalis, alkali earths, aluminum, iron, manganese, silica, 
columbic, tantalic and molybdic oxides. It was transformed 
into ammonium salts and fractionated by different methods. 
The atomic weights of two series of fractions are given below. 
The acids used in the two series had been subjected previously 
to different treatment. The quantity of material used at any 
one time varied from 1.5 to 5 grams. Throughout the whole 

* Abstract in axe of work done by the author ‘in connection with Dr. Carl Freid- 
heim, at the Laboratory of Dr. Freidheim and Dr. Rosenheim, in Berlin, Germany, 
during the year ending April 15, 1896. 
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work reductions and oxidations were continued to constant 
weight. 

A B 

1 182.34 182.34 

2 182.77 174.63 

3 179.92 181.87 

4 183.45 181.79 

4a ——— 174.87 
5 fase 177.87 
5a —— 176.79 

Another portion of the trioxide fractionated by a different 
method (hydrogen chloride gas) gave with successive reductions 
and oxidations of the same portion the following weights: 

Reductions Oxidations 
At. Wt. At. Wt. 

182.68 184.65 
177.25 185.26 

174.00 191.61 

A large number of reductions and oxidations were made using 
porcelain, glass and platinum tubes, and porcelain and platinum 
boats. After each reduction the tubes were examined and wher- 
ever there was the slightest indication that a loss had occurred, 
either mechanically or by volatilization, the results were re- 
jected. As tungsten forms an alloy with platinum, any vol- 
atilization which took place could not be detected in a plati- 
num tube as in a porcelain or glass; and for this reason a 
certain amount of suspicion attached to the results obtained with 
the platinum tube. A record, however, was kept of all losses in 
both the accepted and rejected reductions, so that the amount in 
excess of the theoretical loss was known for the total material 
used. An accident to the tube enabled us to make an analysis 
which showed that only a third of the actual loss could be ac- 
counted for by the quantity of the tungsten alloyed with the tube. 

The atomic weights obtained varied from 154.064 to 191.61, 
the total loss being ascribed to oxygen. The numbers are re- 
ferred to O= 16, but are not reduced to vacuno. 

Attempts were made to determine the water formed in reduc- 
tion, but such discordant results were obtained that the method 
was temporarily abandoned. 
A series of experiments* was made showing that in what- 

ever way tungsten trioxide was prepared nitrogen was present, 

* Made in part at University College, London, in Dr. Ramsay’s laboratory. 
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even after repeated reductions and oxidations. An examination 
of Wolframite showed that it contains hydrogen and nitrogen in 
considerable quantities, while Scheelite yielded a comparatively 
large quantity of nitrogen. The hydrogen is probably present 
also, and the gas from Scheelite will, shortly, be analyzed quanti- 
tatively. 
We were unable to detect either argon or helium in the gases 

obtained from Wolframite or Scheelite, but Professor Runge, of 
Hanover, informed me that on heating Wolframite very strongly 
is a platinum tube both were developed and could be detected 
by means of the spectroscepe. 

That varying atomic weights can be obtained for tungsten by 
fractionating the acid and varying the conditions of the reduc- 
tion, can scarcely be doubted. A consideration of the condi- 
tions under which the experiments were conducted seems to 
indicate that several explanations are possible, any one of which 
would appear to be theoretically satisfactory. It becomes neces- 
sary, therefore, to determine which is the true one, and a further 
series of investigation has, accordingly, been undertaken which, 
it is hoped, will settle the question. 
Among the interesting facts noted it may be mentioned that 

not only metallic tungsten but also the brown oxide decom- 
poses carbon dioxide, with formation of carbon monoxide. 

The Academy then adjourned till October. 
J. F. Kemp, 

Secretary. 

REGULAR BusinEss MEETING. 

October 4th, 1897. 

The Academy met with President SrEVENSON in the Chair. 

The minutes of the last meeting were read and approved, 

The Secretary presented the following nominations of new 

members : 

Professor Lucien M. Underwood, Columbia University. 

Professor Henry M. Howe, Columbia University. 

The Section of Astronomy and Physics then organized. 

The paper of the evening was by R. 8. Woodward on the 

Mass of the Earth’s Atmosphere. This was given as the result 
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of a research extending over several years, and the author dis- 

cussed the question on four assumptions : 

1. That the atmosphere has a constant density. 

2. That it obeys Boyle’s law. 

3. That it obeys the adiabatic law. 

4. That it obeys the law of a perfect gas. 

A very fuli mathematical expression was given for each case. 

The paper was discussed by W. Hallock and J. F. Kemp. It 

will appear in the Bulletin of the U. S. Weather Bureau. 

The Section then adjourned. 

J. F. Kemp, REGINALD GoRDON, 

Secretary. Secretary of Section. 

[Read January 11, 1897. | 

CONTRIBUTION TO THE MYOLOGY OF LEMUR 

BRUNE US. 

By Gero. 8. HuntTINGTON. ' 

The position of the Lemuroidea in the zoological series, and 
the question of their relation to the line of descent of the higher 
Primates, impart peculiar interest to the comparative anatomy 
of the suborder. Weare fortunate in possessing a very thor- 
ough and careful memoir on the myology of the Lemuridz by 
Murie and Mivart, published in 1866 in Vol. VII of the Trans- 
actions of the London Zoological Society. The authors of this 
able paper base their conclusions on the examination of eight 
species, viz.: Lemur catia, L. varius, L. niger, L. xanthomys- 
tax, L. nigrifrons, Galago crassicaudatus, G. garnettii and G. 
allenti. They also refer to the monographs and special memoirs 
by J. Van der Hoefen and F. A. W. Van Campen on the Potto, 
J. L. C. Schroeder Van der Kolk and Vrolick on Stenops, Bur- 
meister on Jarsius, Kingma on Otolicnus peli, Owen and Peters 
on Cheiromys, and Huxley on Arctocebus. 

The recent examination of a full-grown male specimen of 
Lemur bruneus (body weight 1,505 grms., brain weight 26 grms.; 
identified by Dr. W. A. Conklin, late Director of the Zoological 
Collection, Central Park) has revealed many points of differ- 
ence from the description of Murie and Mivart, which applies 
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especially to Lemur catta. For this reason, and because the 
species is not included in the list of those examined by the 
above named authors, I present some of the results of our dis- 
sections for the consideration of the section. I am, moreover, 
fully persuaded of the necessity of multiplying careful and ac- 
curate observations in comparative myology, in order to obtain 
a satisfactory knowledge of the structure of any given family 
or species. Our observations on a fairly large number of cyno- 
morphous monkeys have convinced me that for purposes of gen- 
eralization the results obtained by the examination of one or 
two specimens are frequently misleading, as a not inconsiderable 
range of variation is encountered in these forms. 

The present paper deals with some of the muscles of the 
trunk, and of the scapulo-humeral and brachial groups. 

1. PECTORALS. 

Mm. Pectoralis major and minor (Ectopectoral and Ento- 
pectoral, Wilder) are both present. 

A. M. Precroratis Mason, EcroPEcTORAL. 

Pl. XX VITI.-X XXII. incl.) Pl. XXXIL.o Vig 1.) Pl Xe 

Origin.—Sternal extremity of clavicle,’ventral surface,*for 4 
cm.; ventral surface of sterno-clavicular articulation ; obliquely 
across presternum to midsternal line; in close connection with 
the muscle of the opposite side, by short tendinous fibres from 
the middle of the ventral surface of the mesosternum along the 
entire length of the bone (Pl. XXVIII. and XXXIV.) 

At the junction of meso- and poststernum the line of attach- 
ment is deflected laterad, and the muscie arises from the dense 
sheath of the abdominal Rectus and from the aponeurosis of the 
External oblique muscle. This abdominal origin extends caudad 
to the junction of the middle and posterior third of the cephalo- 
caudal body measurement. It forms a sharply defined, slightly 
notched line, concave cephalad, curving dorsad and caudad from 
the poststernal articulation, the muscular fibres arising directly 
from the abdominal aponeurosis (Pl. XXVIII and XXXIV.) 
There is no approach to the formation of the thin musculo-ten- 
dinous plane so characteristic of the abdominal Pectoral in Apes, 
which can be reflected nearly to the median line between post- 
sternum and umbilicus. In Lemur the abdominal portion of the 
muscle arises directly by strong muscular fibres from the exter- 
nal oblique aponeurosis along the line indicated. 

There is a cellular interval, forming a narrow cleft, between 
the clavicular and sternal divisions of the muscle. Insertion 
will be considered with that of the Pectoralis minor (/nto- 
pectoral), with which it is in part combined. 
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B. M. PEcTORALIS MINOR, ENTOPECTORAL, 

(PI. XXXVIII. and XXXIV.) 

Origin.—Ventral surfaces and cephalic borders of 2d, 3d, 4th, 
5th and 6th costal cartilages, and lateral margin of mesosternum 
in the corresponding intercostal spaces. 

The origin from the 2d to the 5th costal cartilage is placed 
close to the sterno-chondral junction, lying between the Ecto- 
pectoral and the Supracostal muscle. Between the 5th and 6th 
cartilages the line of attachment descends obliquely across the 
ventral portion of the 5th intercostal space, the muscle being 
attached to the External Intercostal fascia and to the lateral 
extremity of the 6th costal cartilage, close to the medial margin 
of the Rectus abdominis. The origin throughout is almost di- 
rectly muscular, only in the caudal portion by means of a deli- 
cate tendinous lamella. The Entopectoral forms a muscle of 
considerable size, the fibres converging somewhat to the humeral 
insertion. 

INSERTION OF PECTORAL MUSCLES. 

CE Sel RX SOOT incl, Pye. fio. 1.) 

Clavicular portion of Ectopectoral is closely united with the 
Deltoid, the two muscles fusing along their adjacent margins. 
The insertion is by a tendon, which fuses with the superficial 
surface of the main pectoral tendon (see below). (Pl. XXX., 
feel. PL OXX XI. fic. 1 Pl, XXXL, fig: 1.) 

The entire Pectoral insertion occupies the strongly developed 
lateral humeral crest, extending from the lateral tuberosity to 
nearly the middle of the shaft of the bone, on a level with the 
union of the bicipital heads. 

Connected with the Pectoral insertion is the Axillary Arch 
(Pl. XXIX.; Pl. XXX., fig. 1.) derived from the caudal border 
and ventral surface of the Latissimus dorsi. It forms a rounded 
and slender muscular slip, lying upon the tendon of the Latissi- 
mus dorsi, cephalad of the ventral origin of the Dorso-Epitroch- 

learis, and terminates in a slender tendon, which fuses with the 
deep surface of the Ectopectoral tendon (Pl. XXIX.,), hav- 
ing crossed the Coraco-Brachialis and short head of the Biceps, 
without being connected with the fascia investing these muscles. 

The abdominal portion of the Ectopectoral constitutes a sep- 
arate division (Pl. XXX.; Pl. XXXI., fig. 2; Pl. XXXII, 
fig. 1.), turning laterad underneath the sternal portion, the fibres 
of the two divisions crossing each other at an acute angle. It 
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terminates in a flat, tendinous lamella, which joins the tendon 
of insertion of the Ento-pectoral along the caudal margin (Pl. 
2... ir) 

The tendon of the Entopectoral passes underneath that of the 
Supraspinatus (Pl. XXX., fig. 2; Pl. XXXI., fig. 1) and ex- 
pands into the cephalic and lateral portions of the humero- 
scapular capsule, reaching the lateral humeral tuberosity and 
covering the intra-capsular portion of the long tendon of the 
Biceps. 

Main Tendon of Insertion of Ectopectoral. 

After separating the abdomidal slip from the remainder of the 
Ectopectoral—which can be accomplished without dividing 
muscular fibres—the main tendon of insertion is seen folded on 
itself (Pl. XXXI., fig. 2) so as to form two lamelle of unequal 
width, united caudad, open cephalad. The superficial lamella de- 
rived from the cephalic and middle sternal origin of the muscle,ex- 
tends from the lateral humeral tuberosity to the distal extrem- 
ity of the lateral bicipital crest, overlapping cephalad the com- 
bined insertion of the Entopectoral and abdominal portion of 
Kcetopectoral. 

The caudal sternal fibres of the muscle, passing successively 
underneath the caudal margin of the preceding, form the deeper 
lamella, only one-half as wide as the superficial, the direction of 
the tendon fibres intersecting obliquely. 

The analysis of the entire pectoral insertion, therefore, results 
in establishing the following five divisions or layers, proceeding 
from the deep to the superficial parts : 

1. Axillary arch tendon from Latissimus dorsi (Pl. XXIX.). 
2. Tendon of Entopectoral and abdominal portion of Ecto- 

pectoral, constituting a separate layer (Pl. XXX., fig. 2). 
3. Fibres from the caudal sternal origin of the Ectopectoral 

develop the deep lamella of the main Pectoral tendon (PI. 
XXXL, fig. 2). 
Continuous with this along the caudal border is 

4. The superficial lamella of the Ectopectoral insertion, de- 
rived from the muscular fibres which arise from the cephalic and 
middle sternal attachment (Pl. XX X1I., fig. 2). 

5. On the superficial aspect of this tendon the clavicular por- 
tion of the Ectopectoral finds its insertion, closely fused with 
the adjacent margin of the Deltoid (Pl. XX XII., fig. 1). 

The published descriptions of the anatomy of the Pectoral 
group in the Lemuroidea do not agree in some main points with 
the conditions found in our species. 

Murie and Mivart (1, p. 25), describing the Ectopectoral of 
Lemur catta, distinguish the three portions of the muscle, in re- 
spect to their origin, as clavicular, sternal and abdominal. 
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The insertion of the clavicular portion is described as into 
the ulnar side of the Deltoid ridge, not connected with the re- 
mainder of the muscle, but “ dipping somewhat underneath the 
Deltoid.” The sternal portion is said to have “a broad tendi- 
nous insertion into the margin of the bicipital groove, in close 
juxtaposition to the insertion of the first portion.” No mention 
is made of any doubling of the tendon of insertion of the 
sternal portion, which undoubtedly did not exist in the species 
examined. The authors find that in LZ. catta the abdominal por- 
tion of the muscle has “ an aponeurotic insertion beneath and in 
close union with the insertion of the second (sternal) portion,” 
the union of this division with the tendon of the Entopectoral 
apparently not having occurred in the species described. 

The same authors (1, p. 26) find the general arrangement of 
the Ectopectoral in Lemur varius very nearly the same as in L. 
catta, differing, however, in having no clavicular portion. 

Cuvier (11, Pl. LX VIII.) delineates the Pectoral muscles of L. 
varius, indicating a distinct clavicular portion and representing 
the union, at the insertion, of acutaneous muscular slip with the 
second or sternal portion of the muscle (cf. infra, axillary arch). 

According to Murie and Mivart (1, p., 26, Pl. II., III, 1V., 
figs. 3,5, 13 and 14, P. ma.) the Ectopectoral in Galago crassi- 
caudatus and G. allenii does not present the separation of the 
origin into the three portions, the clavicular and posterior 
(caudal) origins being reduced. 

They find, however, that the general arrangement of the in- 
sertion in Galago agrees with that described for L. catta. 
Kingma (7, p. 21) describes the Ectopectoral of Galago 

peli as consisting of two layers, one being derived from the 
clavicle, the other from the sterno-costal articulation, both in- 
serted into the great tuberosity of the humerus. 

Cuvier (11, Pl. LXVILI., fig. 2, 7 and 7’) shows the third or 
abdominal part of the musclein Loris gracilis as being relatively 
larger than in Lemur catta, and as extending up beneath the 
superficial portion to a higher point. The Ectopectoral does 
not appear to have a clavicular origin in this form. Nycticebus 
also lacks the clavicular portion. 
Van Campen (8, p. 27, Pl. II., fig. 10, 1.) describes the Ecto- 

pectoral in Perodicticus (Potto) as composed of two bundles, 
and Burmeister (6, p. 50, tab. 4, figs. 2,17 and 15) says that in 
Tarsius the muscle presents only two portions; one, the smaller, 
arising from the clavicle and sternum; the other larger portion 
from the sternum and cartilages of the ribs to the ninth. The 
insertions of the two portions are said to be much as in the Le- 
murs. 
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Owen (8, p. 60, Pl. XXII. and XXIII., figs. 1, 17) describes 
only two portions in Cheiromys; the same arrangement was 
found in this animal by Murie end Mivart, but in this specimen 
the clavicular portion arose by a tendon from the sternal end of 
the clavicle. 

Luce (12, p. 27) in his monograph on Lemur macaco gives 
a brief description and a delineation of the Pectoral group. He 
states nothing regarding a separation of Ento- and Eetopectoral. 
He describes the Pectoralis (Ectopectoral? P. major?) as 
having two divisions; the anterior (cephalic) smaller divi- 
sion arises from the sternal end of the clavicle, cartilage of 
first rib and manubrium of sternum, and descends, connected 
with the Deltoid, over the upper third of the humerus. The 
posterior (caudal) larger division is described as arising 
from the entire length of the sternum and the cartilages of the 
anterior (cephalic) ribs, and as being inserted underneath the 
preceding portion, into the head of the humerus and the Cora- 
coid process (1) This is the only instance mentioned{in the 
descriptions of the various genera in which the Pectoral fibres 
are said to have obtained an attachment to the coracoid process. 
Further reports on the arrangement of the Pectoral group in 
i. macaco are desirable, as Lucz’s account is neither full nor 
explicit. 

Allen (18, p. 42) describes the Ectopectoral of Tarsius 
Juscus as “small and composed of two fascicles. The sheet is 
not folded. The superficial fascicle consists of an upper and 
lower congeries of fibres, which are distinguished by their trend 
rather than by relation. The fibres of insertion are continuous 
inferiorly with the Deltoideus.” He does not mention the En- 
topectoral. 

The Entopectoral of Lemur catta is described by Murie and 
Mivart (1, p. 27) as a strong, thick muscle arising from the 
sternum beneath the Ectopectoral, the origin extending from 
the second to the sixth rib inclusive. The insertion is into the 
capsular ligament of the humerus. 

The extent of the origin (second to sixth rib inclusive) agrees 
with the arrangement of the muscle in ZL. bruneus, but in the 
latter species the main points of origin are from the costal car- 
lilages, only a few fibres arising from the lateral margin of the 
sternum in the corresponding intercostal spaces. 

Cuvier (11, Pl. LX VIIL., fig. 1,7?) figures the musclein Z. va- 
rius. Murie and Mivart (4, p. 27) find it of large size in Galago 
crassicaudatus, and state that the arrangement of the muscle is 
the same as in J. catta. They failed to detect any trace of an 
Entopectoral muscle in Galago allenii. 
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Van der Kolk and Vrolick (4, p. 44) state that the muscle 
is present in Loris, its fibres intermingling with those of the 
Ectopectoral. In this species the muscle is said to be inserted 
into ‘the internal (”) tubercle of the humerus, previously pass- 
ing before the coracoid process.” 

Cuvier (11, Pl. LXVIL., fig. 2, 7?) represents it as very small 
in Loris gracilis. 

Murie and Mivart (1, p. 27) find it distinct in Nycticebus 
tardigradus. 

Van Campen (8, p. 27, Pl. II., fig. 10,2) describes the muscle 
as broad in Perodicticus, inserted into the greater tuberosity of 
the humerus. 

Burmeister (6, p. 51, tab. 4, figs. 2,18) describes the muscle 
as well developed in Tarsius, ‘“ arising from the second to the 
seventh rib, inserted into the sharp outer edge of the bicipital 
groove and ridge,” close to the Ectopectoral. 

Owen (8, p. 60) describes the muscle in Cheiromys as aris- 
ing from the side of the presternum, and from the sternal 
ends of the first to the fifth ribs. The insertion is by a strong 
tendon which spreads over the head of the humerus, to be at- 
tached to the great tuberosity. 

Murie and Mivart ( , p. 27) in their specimen of Cheiromys 
found the muscle arising from the cartilages of the 4th, 5th, 6th 
and 7th ribs. 

In comparing the observations cited with the results of the 
dissection of the Pectoral muscles in Lemur bruneus the follow- 
ing considerations suggest themselves : 

1. The connection of the Pectoral insertion with the tendon 
of an axillary arch from Latissimus dorsi has not before been 
observed in any of the Lemuroidea. The arrangement of the 
arch in our species is in accord with the conditions presented by 
the majority of the lower monkeys, especially the Cynomorpha. 
The only point of difference to be noted is the complete union of 
the tendon of the arch with the Pectoral tendon. In the Cyno- 
morpha the tendon usually expands more into the deep brachial 
fascia over the Coraco-brachialis and short head of the Biceps. 
This corresponds tothe condition usually found in man, although 
the arrangement presented by the little muscular slip in Lemur 
bruneus, zt. e., union with the deep surface of the Pectoralis ten- 
don, constitutes a distinct variety of the human axillary arch. 

The muscular slips described and figured by Murie and Mivart 
(1, Pl IIL, fig. 5, Pe.) in the Grand Galago, and by Luce (12, 
p-. 26, tab. 2, 22) in Lemur macaco, as humeral portions of the 
paniculus carnosus are undoubtedly homologous with the ax- 
illary slip from the Latissimus dorsi which our species presented. 
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In regard to this muscle, therefore, Lemur bruneus offers a 
more advanced condition, compared with the remaining Lemur- 
oidea. Whereas in these latter the cutaneous muscular panicu- 
lus in the thoracic and axillary regions presents still the ar- 
rangement found in many of the lower mammalia, the axillary 
slip from Latissimus dorsi in Lemur bruneus marks the redue- 
tion of the muscular cutaneous bundles, and the more complete 
and definite separation of Ectopectoral and Latissimus, all con- 
ditions which are characteristically developed in the higher 
Primates, and which appear in man as a distinct series of mus- 
cular variations in the lateral thoracic, axillary and internal 
brachial regions. 

2. The union of the abdominal division. of the Ectopectoral 
at the insertion with the tendon of the Entopectoral has also not 
been described before in any of the memoirs on the various 
genera and species of the sub-order. This arrangement again is 
a strong indication of Simian affinity. In nearly all the lower 
monkeys the abdominal Pectoral slip unites more or less com- 
pletely with the Entopectoral, either in the axilla or at the in- 
sertion into the humerus. 

It is only necessary to refer in this connection to the corre- 
sponding muscular variation in man, where the caudal Pectoral 
fibres—representing the Abdominal Pectoral—either follow, as 
M. Chondro-coracoideus, the Entopectoral to its secondary at- 
tachment to the coracoid process, or, as M. Chondro-humeralis, 
preserve their original direction and expand into the deep brach- 
ial fascia over the Coraco-brachialis and short head of the Biceps. 

3. The folding of the sternal portion of the Ectopectoral at 
the humeral insertion has apparently not been noted before in 
any of the Lemuroidea. Allen (13, p. 42) states distinctly in re- 
gard tothe muscle in Jarsius fuscus that‘ the sheet is not folded.” 

The arrangement presented by the muscle in Lemur bruneus 
reproduces exactly the disposition of the sterno-costal portion 
of the Ectopectoral at the insertion in Man and the higher Pri- 
mates generally. This folding of the Ectopectoral tendon of 
insertion is in direct relation to the diminished extent of 
brachial attachment which is to be observed in tracing the 
muscle from the lower to the higher forms. 

Whereas in many of the lower Mammalia (Dasypus, Tatusia, 
Phoca, Felidzx, etc.) the Pectoralis has an extensive humeral at- 
tachment, as well as a fascial insertion into the aponeurosis of 
the arm and forearm, we find a marked regression of the inser- 
tion among Primates, the muscle travelling cephalad toward the 
proximal extremity of the humerus. That this process is not 
associated with a reduction of the mass of muscular fibres as a 



1897. ] NEW YORK ACADEMY OF SCIENCES. 343 

whole, with the exception of the abdominal portion,is best illus- 
trated by Man himself. The extensive clavicular and sterno- 
costal origin necessitates, however, the crowding together and 
folding of the resulting muscular sheet, which finds expression, 
at the comparatively short line of the humeral insertion, in the 
reduplications and layers of the terminal tendon. 

4. The fusion of the tendon of the clavicular portion with the 
superficial surface of the tendon of the sternal division also cor- 
responds exactly to the arrangement of the muscle in Man, and 
the union of the clavicular Pectoral and Deltoid repeats the con- 
dition presented by most monkeys and by man as a variation. 

The entire Pectoral group expresses the intermediate position 
of the Lemuroidea, as standing between the higher Primates 
and lower mammalia. In Lemur bruneus the development of 
Primate characters appears to have proceeded further than in 
the other forms examined. ‘This is especially so in regard to 
the insertion of the Pectoral group; but even at the origin, 
while the Ectopectoral is in its central portion still confined en- 
tirely to the Sternum, the deeper Entopectoral has already as- 
sumed in part the costal origin characteristic of the higher 
forms. The lateral deviation of the abdominal origin of the 
Ectopectoral has a similar significance. 

2. SUBCLAVIUS. 

CPT XOX LE) 

This is a fairly well developed muscie, arising from the ven- 
tral surface of the first costal cartilage, just lateral to the sterno- 
clavicular articulation, between it and the attachments to the 

first rib of the Rectus, Supracostalis and Scalenus (Pl. XX VITT). 
The muscle is inserted into the dorsal grooved surface of the 

middle third of the clavicle. 
The Subclavius appears to be constant throughout the sub- 

order, and only differs in the various genera in reference to the 
extent of the attachment to the clavicle. 

Murie and Mivart (1, p. 27) describe it in Lemur catia as 
inserted into the outer two-thirds of the clavicle, and especially 
into the “concavity in the hinder (under) surface of the bone 
toward its distal or outer end.” 

Cuvier (11, Pl. LX VIII, fig. 1, h) represents the insertion in 
L. varius as extending outward but little beyond the middle of 
the clavicle. 

Murie and Mivart (1. p. 27, Pl. III., fig. 5, Sb.) describe and 
figure the muscle as relatively stronger in Galago crassicauda- 
tus and in G@. allenii, and as inserted only into the middle third 
of the clavicle. 
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The same authors also find the muscle well developed in 
Cheiromys, corresponding to the arrangement in L. catta. 
Van Campen (3, p. 28, Pl. II., fig. 10, 3) states that the 

muscle is small in the Potto. 
Burmeister (6, p. 51, tab. 4, fig. 2, 19) describes the inser- 

tion in Zarsius as occupying the whole inferior surface of the 
clavicle. 

Luce in his account of Z. macaco does not mention the mus- 
cle, but, as his descriptions are in the main superficial and in- 
complete, there is no reason for supposing that the muscle is 
absent in the species in question. 

Allen also does not describe the muscle in his account of 
Tarsius fuscus. 
The constant occurrence and nearly uniform arrangement of 

the Subclavius throughout the Lemuroidea again emphasizes 
the close assimilation of the thoraco-appendicular muscular 
group to the type presented by the higher Primates. 

3. SERRATUS ANTERIOR 

(Pl. XXVIII. and XXXIV.) 

This muscle is continuous cephalad with the Levator scapule. 
which arises from the transverse processes of all the cervical ver- 
tebre. The Serratus arises by digitations from the Ist to the 
8th rib inclusive. The origin from the first rib is continuous 
with the caudal portion of the Levator scapule, and takes place 
under cover of the lateral thocacic prolongation of the Scalenus, 
The second digitation is broad; it and the third are likewise 
under cover of the medial portion of the Scalenus at their origin. 

The fourth digitation is covered by the mesal part, and in 
turn, in proceeding laterad, overlaps the lateral portion of the 
thoracic Scalenus at the insertion of the latter muscle into the 
fourth rib. 

The fifth digitation fits into the interval between the first and 
second digitation of the External Oblique and the lateral mar- 
gin of the Scalenus. The origins from the 6th, 7th and 8th ribs 
interdigitate with the slips of the External Oblique. The inser- 
tion occupies the entire ventral border of the vertebral margin 
of the Scapula, caudad of the insertion of the Levator scapulex, 
and ventrad to the scapular attachment of the Rhomboideus. 

The close connection between the Serratus anterior and the 
Levator scapule appears to be a widely distributed myological 
character throughout the Lemuroidea. 

Murie and Mivart (1, p. 57) describe the Levator as the 
cervical portion of the Serratus in Z. catta, mentioning an origin 
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from the first eight ribs for the latter muscle, and an insertion 
into the entire vertebral border of the Scapula, ‘ posterior to 
the insertion of the Levator portion.” 

Cuvier (11, Pl. LXIX., fig. 2, and Pl. LXXI., figs. 1, 2, 3, 9) 
indicates the two muscles by one letter in Z. catta and L. varius. 

Murie and Mivart (1, p. 57) state that in Z. varius the Ser- 
ratus anterior (magnus) appears to have attachments to the en- 
tire series of Cervical vertebre, evidently referring to the conti- 
nuity of the muscle with the Levator scapule. 

The same authors (p. 57) state that in Z. xanthomystax the 
Serratus is “in union with the second slip of the Scalenus,” 
possibly referring to the interdigitation of the fourth slip of 
the Serratus with the thoracic prolongation of the Scalenus, as 
described above in L. bruneus. 

The authors quoted find that in Galago crassicaudatus (p. 57, 
Peis 3; Pll irl., figs. >and 6;PETV., figs: 13 and 14; Pl. 
V., fig. 16, Smg.) the combined Serratus and Levator arises from 
all the transverse processes of the Cervical vertebrze and from 
the first eight ribs, and that the muscle is inserted into the 
vertebral border of the Scapula. In Gallago allenii (1, p. 57) 
the muscle arises from the first seven ribs; in Nycticebus from 
the first ten ribs. 

Van Campen (8, p. 28) finds that the muscle in Perodictt- 
cus arises from eleven ribs, and Burmeister (6, p. 48, tab. 3, 
figs. 1-8) describes the same in Tarsius as arising by eight 
digitations from the 2d to the 9th rib. Allen (13, p. 43) 
mentions, but does not describe, the Serratus in Tarsius fucsus ; 
he finds that in this species the Levator scapule “arises from 
the transverse processes of the fifth to the seventh cervical ver- 
tebre, and is inserted on the superior angle of the Scapula.” 

Murie and Mivart (], p. 57) find that the muscle in Cheir- 
omys corresponds to the arrangement presented by Lemur catta. 
Luce (12, pp. 29 and 30), who describes both muscles under 
the name of ‘‘Serratus anticus major,” states that in Lemur 
macaco the origin occupies the transverse processes of the sec- 
ond to the seventh cervical vertebra and the lateral surfaces of 
the seven anterior ribs. The insertion is on the“ inner surface of 
the Scapula,” beneath the Rhomboideus. 

The significance of the above detailed arrangement of the Ser- 
ratus anterior will be considered in connection with that of the 
remaining deep muscles on the ventraland lateral aspects of the 
thorax. Taken together the group in question presents a strik- 
ing carnivore affinity. 
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4, M. SuPRACOSTALIS. 

(Pl. XXVIII. and XXXTYV.) 

_ Origin: First rib, lateral surface and caudal border, ventrad 
and caudad of attachment of Scalenus. 

Insertion: By a thin, strong tendinous lamina, closely con- 
nected with the origin of the Entopectoral, some fibres of which 
arise from it, into the sternum opposite the middle of the sec- 
ond intercostal space, and into the cartilages of the third, fourth 
and fifth ribs close to the sternum. The muscle crosses obliquely 
over the subjacent upper prolongation of the Rectus muscle, 
which reaches to the first rib. 

Murie and Mivart (1, p. 50) describe two small but very dis- 
tinct muscles in ZL. catta, situated on each side of the thorax, 
“between the long insertion of the Scaleni and the origin of the 
Pectorals, but superficial to the intercostal muscles.” ‘‘ The 
first Supracostal muscle in ZL. catia arises by tendinous fibres 
from the cartilages of the fourth, fifth, sixth and seventh ribs, 
and is inserted into the first rib, just external to the origin of 
the Subclavius, crossing over the anterior end of the Rectus. 
The second Supracostal muscle in the same animal arises from 
the fourth and fifth digitations of the Serratus magnus. It is 
inserted by a distinct and delicate tendon into the first rib.” 

Van Campen (3, p. 27, Pl. IL., fig. 10) describes and figures the 
same muscle in Perodicticus. Cuvier (11, Pl. LXIX., fig. 2, 18) 
figures a single but very large Supracostal muscle in L. varius, 
under the name of Sterno-costal. Murie and Mivart (1, p. 51) 
found the muscle absent in their specimen of ZL. varius, and, if 
at all present, not distinct in L. nigrifrons. 

The same authors found the same muscle as described in L. 
catta present in L. xanthomystaxz, with nearly the same attach- 
ments. They are doubtful about the representative of the 
second Supracostal muscle in this animal. They found a second 
small slip on the right side only, but consider it possible that 
this was merely a portion of the sternal prolongation of the 
Rectus muscle, as it lay rather to the inner side. 

In Galago crassicaudatus and G. allenit the same authors 
found only a few fibres passing forward and outward over the 
anterior prolongation of the Rectus from the third to the first 
rib; they consider this slip as corresponding to the first Supra- 
costal muscle of Lemur catta. 

In Nycticebus tardigradus Murie and Mivart describe a Supra- 
costal muscle as passing from the third to the first rib. 

Burmeister does not mention the muscle in Tarsius spectrum, 
nor Allen in 7. fuscus, or Owen in Cheiromys. 
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Murie and Mivart describe in their specimen of Cheiromys one 
large Supracostal muscle, arising from the cartilage of the third 
rib close to the sternum and inserted into the first rib just ex- 
ternal to the attachment of the Subclavius, and just over the ex- 
ternal half of the insertion of the Rectus, the Scalenus lying 
immediately to the outer side. 

Luce neither describes nor figures the muscle in Lemur ma- 
caco. 

The Supracostal muscle in Mammalia presents numerous vari- 
ations as regards occurrence, extent, mode of origin and insertion, 
and number. This variability is well shown by the differences 
just quoted, which the muscle exhibits in the various genera of 
Lemuroidea,as well as by the above detailed instances of its ab- 
sence. 

Comparing the Lemurs with the remaining Mammalia on the 
one hand, and with the higher Primates on the other,it becomes 
apparent that the frequent occurrence of the muscle in the differ- 
ent genera of the suborder is to be taken as an indication of the 
transitional position occupied by the Lemurs, as intermediate 
between the lower mammalian groups and the higher Primates. 

If we sum up our knowledge concerning the supracostal mus- 
cle in tabular form the following results are obtained. (See p. 
348.) 

This by no means comprehensive review of the muscle in 
mammalia shows that its occurrance is fairly constant in nearly 
all orders until the Prosimians are reached. Here the muscle 
becomes irregular in its arrangement, occasionally defaulting en- 
tirely. In the cynomorphous monkeys among Primates it is 
still encountered, at least in the instances examined. There is 

great need of more extended investigation of this muscle in the 
lower monkeys, the old world forms as well as the Hapalide 
and Cebidze, and I propose to pursue such investigatiou shortly 
on material sufliciently extensive to afford conclusive results. 

In the Anthropomorpha and Man the muscle is absent, occur- 
ring, however, at times as a rare variation in the latter. Undoubt- 
edly the migration of the attachment of the Entopectoral from the 
sternal line to the lateral surfaces of the ribs has played an im- 
portant part in the displacement of the Supracostal muscle in 
Man and the highest Apes, the Pectoral group actually occupy- 
ing the region usually assigned to the muscle in the lower forms. 
A tendency to lateral recession of the caudal origin of the Hnto- 
pectoral has been noted above in Lemur bruneus, and it is 
possible that further investigations of the myology of the Cyno- 
morpha, Arctopithecini and Platyrrhini will confirm the impres- 
sion that the Supracostal muscle of the Lemuroidea represents 
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the transition stage from the regular occurrence in the lower 
mammalian orders to the absence in the highest Primates. 

5. M. ScaALeEnvs. 

(Pl. XXVIII. and XXXIV.) 

The Scalenus group lies entirely dorsad of the axillary ves- 
sels and brachial plexus, as these structures cross the first rib. 

The ventral portion of the muscle (Scalenus anticus) is small, 
inserted into the ventral margin of the first rib, just cephalad of 
the attachment of the lateral portion of the Supracostal muscle. 

The remainder of the muscle (Scalenus medius and posticus) 
descends over the lateral surface of the thorax in two bundles, 
a mesal and a lateral. The former is inserted into the cephalic 
border and ectal surface of the fifth rib, having passed beneath 
the cephalic digitation of the External Oblique muscle, just 
mesad of the origin of the Serratus anterior from the fifth rib 
(Pl. XXVIII. and XXXIV.) The lateral division of the Scale- 
nus passes beneath the fourth digitation of the Serratus to be in- 
serted into the cephalic margin and ectal surface of the fourth 
rib (Pl. XXVIII. and XXXIV). The thoracic extension of the 
Scaleni, and the situation of the muscles dorsad of the vessels 
and nerves of the forelimb in their passage over the first rib, ap- 
pear to be characteristic throughout the Lemuroidea. 

Murie and Mivart (1, p. 22) describe the muscle in Lemur 
catta as consisting of two masses, ‘the posterior (dorsal) of 
which is perforated by the External Thoracic (‘ Respiratory ’) 
nerve.” They describe the anterior (ventral) of these divisions 
as extending further caudad, being inserted into the second and 
third ribs (according to Meckel also into the fourth rib), in con- 
tact with part of the Serratus anterior. They find the same ar- 
rangement in J. varius, only in this animal the long anterior 
(ventral) portion descends as far as the fourth rib. 

The same authors describe three or four Scaleniin Lemur 
zanthomystax (1, p. 22) as follows: ‘ The longest slip springs 
from the fourth rib close to the cartilage; it proceeds forwards 
(upwards) and about the posterior (lower) third of the neck is 
joined by another slip which comes from the second and third 
ribs, in proximity and partial union with the Serratus magnus. 

These two portions of Scaleni are inserted by two tendons 
into the transverse processes of the second and fourth cervical 
vertebre. A third portion of the Scaleni comes from the ante- 
rior (upper) border of the first rib, and is inserted by two ten- 
dons into the transverse processes of the sixth and fifth cervical 
vertebre. All these portions are placed outside the brachial 
plexus’ 
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This arrangement seems to correspond most closely to that 
found by usin L. bruneus, except that in this animal the thoracic 
prolongation of the muscle caudad of the first rib extends to the 
fourth and fifth ribs, whereas in LZ. canthomystax it occupies the 
second, third and fourth ribs. 

Galago crassicaudatus, according to Murie and Mivart (J, p. 
23), agrees with JL. varius. 

In Galago allenii the authors found a small anterior Scalenus 
passing to the first rib in front (ventrad) of the lowest nerve of 
the Brachial plexus; also a Scalenus medius and posticus, arising 
from the fourth to the sixth cervical transverse processes (costal 
attachment is not described). 

Burmeister (6, p. 37, tab. 4, fig. 9, c,c,¢,) describes three 
Scaleniin Yarsius spectrum, arising from the first three ribs and 
going to the sixth to the first cervical vertebra. 

Allen (13, p. 41) mentions, but does not describe, the muscle 
in Tarsius fuscus. Murie and Mivart find that in Cheiromys the 
muscle is arranged as in JL. catta, except that the ‘“ anterior ’’ 
portion extends “ back” to the fourth rib. (It is difficult to 
see what is meant by “anterior” in this connection, whether 
the ventral or cephalic portion of the muscle. In a foot-note it 
is stated that the muscle is the “Scalenus posticus ” of Meckel, 
p. 159.) 

Luce (12, p. 35, tab. II, 19) describes and figures a 
‘“Sealenus minor” in Lemur macaco as a strong, broad muscle, 
arising from the first rib and passing to the transverse processes 
of the six lower vertebre; also a “Scalenus major,” united 
above with the minor and descending as a slender muscle on the 
lateral aspect of the thorax to the fourth rib, external to the 
Rectus muscle. Between these two muscles the cords of the 
Brachial plexus emerge. 

This is the only instance described among Lemurs in which 
the relation of the Scalenus group to the fore-limb nerves is the 
same as in the higher Primates, although the condition found in 
this animal is foreshadowed by the small anterior scalenus of 
Galago allenti, passing ventrad of the lowest nerve of the 
Brachial plexus. 

6. M. Osriquus ExtTerNus ABDOMINIS. 

(Pl. XXVIII. and XXXIV.) 

Origin: Ketal surface and caudal margin of the nine caudal 
ribs, the five cephalic slips interdigitating with the Serratus an- 
terior. Also from the strong lumbar aponeurosis and from the 
ventral end of the iliac crest. 
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Insertion: By a strong aponeurotic lamella into the linea 
alba, from the poststernum to the pubes, mesad and ventrad of 
the Rectus muscle (Pl. XXXV., fig. 1). 

The formation of the External Abdominal Ring, transmitting 
a large spermatic cord with well-developed Cremaster muscle, is 
peculiar. In approaching the pubes the fibres of the External 
Oblique aponeurosis diverge to form the large external abdomi- 
nal ring, dividing as usual into a medial and lateral pillar. The 

lateral pillar passes underneath the spermatic cord, receiving the 
same in a shallow groove, and is inserted into the lateral part of 
the cephalic surface of the pubic ramus. 

The medial pillar of each side, on approaching the median 
line, divides into two well marked and perfectly distinct tendons. 

The lateral tendons of each side decussate on the cephalic 
border of the pubic symphysis, the left tendon being superficial, 
and are inserted into the bone on each side of the median line 
and into the ventral surface of the pubic symphysis. 

The medial tendon of the left side passes through a wide and 
patent slit between the lateral and medial divisions of the right 
internal pillar, without uniting with the same, and is inserted into 
the cephalic margin of the right superior pubic ramus, behind 
the abdominal ring and spermatic cord, constituting a T’rian- 
gular Ligament ( Colles’ ligament) of considerable strength and 
width. The same arrangement exists on the opposite side, on a 
somewhat deeper plane, the medial division of the right tendon 
passing behind that of the left to form the triangular ligament of 
the opposite side. 

The order in which the decussation occurs from before back- 
wards is therefore: 

1. Lateral division of Left Internal pillar. 
2. Lateral division of Right Internal pillar. 
3. Medial division of Left Internal pillar. 
4. Medial division of Right Internal pillar. 
The medial tendon of the Left internal pillar passes entirely 

free through the slit between the medial and lateral tendons of 
the right pillar, no adhesion or intermingling of the aponeurotic 
fibres taking place. The arrangement just detailed suggests the 
correct interpretation of the Triangular Ligament or Ligament 
of Colles of Anthropotomy. The derivation of this ligament, 
forming the background of the External abdominal ring, from 
the aponeurosis of the External Oblique of the opposite side, not 
from a reflexion of Gimbernat’s ligament, cannot be doubted in 
face of the arrangement of the corresponding parts in this 
Lemur. Malgaigne and Cruveilhier have so described the 
human triangular ligament, and their interpretation is unques- 
tionably correct. 
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It is interesting to note that in the Cynomorphous monkeys, 
and in those of the New World, the usual human arrangement of 
the external abdominal ring obtains. Pl. XXXYV., fig. 2, shows 
the inguinal region in a specimen of Cebus subcristatus, Gray, 
the Bonnet Sapajou (Body weight 2,630 grms., Brain weight, 80 
grms. Identified by Professor J. A. Allen, December 17, 1895). 
In this animal the type common to man and the higher apes is 
already fully developed. The External oblique aponeurosis di- 
vides to form a large ring, the medial pillars interlacing closely 
in the median line and forming a triangular plate, whose pointed 
apex is inserted into the ventral surface of the pubic symphysis. 

In the published descriptions the above arrangement of the 
External oblique aponeurosis has not been mentioned as occur- 
ring in other Lemurs. 

Murie and Mivart (1, p. 51) describe the External oblique in 
Lemur catta as a very elongated muscle, arising by digitations 
from the fifth to the twelfth rib incl., the three upper digitations 
being interposed between corresponding ones of the Serratus 
anterior ; also arising from the lumbar fascia beneath the Latis- 
simus dorsi, and behind (below) that muscle, and from the an- 
terior superior spine of the ilium. Insertion“ into the Aponeu- 
rosis of the abdomen,” closely connected anteriorly (above), at 
its inner border, with the Rectus. 

The authors quoted describe the external abdominal ring of 
L. catta as follows: “ The fascia forms a wide and rather elon- 
gated abdominal ring, the inner pillar of which is much the 
stronger, and is inserted into the anterior margin of the pubis. 
The fibres composing the external pillar are more delicate, and 
interlace with those covering the Cremaster, which muscle is 
much developed.” The authors figure the muscle in Galago 
crassicaudatus (1, Pl. IL., fig. 3, Pl. ITI., figs. 5 and 6, and PI. 
IV., fig. 9, Ex. O.) and state (lc. p. 52) that in “ Nycticebus 
tardigradus there is no variety in its attachment.” 

In Perodicticus Van Campen (8, p. 28) describes the muscle 
as arising from the eight lower ribs. 

Burmeister (6, p. 45, tab. 3, fig. 1, No. 1) finds that in Tarsius 
spectrum the muscle arises from all {the rib-cartilages up to the 
third. 

Allen (13) does not describe the muscle in Tarstus fuscus. 
Luce (12, p. 35) merely states that in Lemur macaco the 

abdominal muscle (?) presents nothing deserving special notice, 
only remarking that the Rectus arises by a strong tendon from 
the first rib and passes to the symphysis. 
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7. ScapuLaAR MUSCLES. 

(Pl. XXX., fig. 2; Pl. XXXI. and Pl. XXXIT., fig. 1.) 

A. M. SUPRASPINATUS 

Is a strong bipenniform muscle, covered by a dense fascial 
aponeurosis. 

Origin: Medial three fourths of supraspinous fossa and of 
deep surface of investing aponeurosis; along the cephalic border 
of the scapula the adjacent margins of the Supraspinatus and 
Subscapularis project beyond the bone, and arise from a strong 
intermuscular septum common to both. 

Insertion: By a strong tendon into radial tuberosity of 
humerus. The tendon passes beneath the acromion and over 
the tendon of the Entopectoral, with which it is blended. 

Murie and Mivart (1, p. 29) describe the muscle in Lemur 

catta as arising not only from the supraspinous fossa, but also 
slightly from the posterior (inferior) side of the spine of the 
scapula towards its acromial end. 

B. M. INFRASPINATUS 

(Cel Sp. O-O. 0 Gl dy) 

Is a narrow thick muscle, arising from the medial two thirds 
of the infraspinous fossa and from the caudal surface of the 
spine of the scapula, as far laterad as the acromion process. It 
is inserted into the middle of the radial tuberosity of the 
humerus. The tendon of insertion is closely united with those 
of the Supraspinatus and Teres minor. 

C. M. Terres Mrnor. 

(Xe MT) 

Origin: Lateral third of axillary border of Scapula in front 
of the attachment of the long head of Triceps. Insertion into 
lower part of radial tuberosity of humerus, and into the shaft of 
the bone immediately below the tuberosity. It is a slender fusi- 
form muscle. 

Murie and Mivart (1, p. 30) state that the muscle is very small 
and inconspicuous in JZ. catta, in which species it presents the 
same arrangement as in ZL. bruneus. The same authors find the 
muscle of moderate size in Galago crassicaudatus, attached quite 
to the neck of the scapula, and slightly covered by the Infra- 
spinatus. 

In Galago allenii they found the Teres minor comparatively 
larger than in D. catéa, the fibres also arising more superficially 
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upon the dorsum of the Infraspinatus, partly attached to the 
lower border of the spine of the scapula. 

The muscle in Nycticebus tardigradus is small and has the 
same general arrangement as in Lemur. 

Burmeister (6, p. 48, tab. 3, fig. 1, No. 10) says that it is pres- 
ent in Tarsius spectrum, but very weak. 

Murie and Mivart (1, p. 30) found the muscle in Chetromys 
small, but very distinct from the Teres major. 

It is quite evident, therefore, that the Teres minor is gener 
ally present in the Lemuroidea, although usually of small size 

D. M. TERES MAJOR. 

(Pl. XXIX to XXXITT. incl.) 

This is a very broad and strong muscle. 
Origin: Medial third of axillary margin of the scapula; me- 

dial part of dorsal surface of axillary border, between the Infra- 
spinatus and Subscapularis, and from the Infraspinatus fascia. 

Insertion: The fibres spread out toward the insertion, form- 
ing a flat muscular sheet which becomes tendinous only just be- 
fore the insertion into the prominent internal bicipital ridge and 
floor of the bicipital groove. 

The tendon of the Latissimus dorsi lies upon the ventral sur- 
face of the Teres major tendon of insertion, entirely free from 
the same, covering only the middle third of the Teres tendon, a 
large single bursa being placed between the tendons. 

Murie and Mivart (1, p. 29, 30) describe the muscle in Lemur 
catta as arising “from the superior half of the axillary border 
of the Scapula, and from the flat surface at the posterior end of 
that border.” The muscle broadens out greatly in descending 
and has a glistening tendinous outer surface. 

The insertion, which is almost 1 inch wide, is into the inner 
margin of the bicipital groove, separating the two portions of 
the Coracobrachialis. 

Meckel (Anat. Comp. Vel. VI., p. 262) describes the muscle 
as large in the Lemurs, with an insertion into the second fifth 
of the humerus. 

Cuvier (11, Pl.. LX VIILE., fig: 2, and Pl. UXT. felis 
figures it in Lemur varius and (Pl. LXVIL., fig. 1, 0) in Loris 
gracilis. 

Burmeister (6, p. 48, tab. 3, fig. 2, 12) describes it in Tarsus, 
having the same arrangement as in Lemur. 

Murie and Mivart (1, Pl. IL, fig. 3; Pl. IIL, figs. 5, 6, 7, and 
Pl. IV., figs. 138 and 14, T. ma.) figure the muscle in Galago 
crassicaudatus. 
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EK. M. SuBscAPuLARIS. 

(PI, XXIX.—XX XI. inel., Pl. XXXIL., fig. 1.) 

The muscle presents a well marked division into a central 
and a cephalic and caudal marginal portion. 

The former is covered by a dense aponeurotic lamina, broad 
near the vertebral border with fibres converging toward the 
glenoid angle. The lateral termination of the central portion is 
overlapped and concealed by the convergence of the cephalic 
and caudal marginal portions. 

The cephalic marginal division is markedly bipennate in 
structure. It arises from the cephalic portion of the subscapu- 
lar fossa, from the cephalic border of the scapula to within a 
short distance of the base of the coracoid process, and has also 
a well marked origin from the aponeurotic septum between it 
and the Supraspinatus, the two muscles projecting beyond the 
cephalic margin of the Scapula, with a common septum inter- 
posed in prolongation of the scapular margin. 

The continuation of the entire muscle passes below the medial 
margin of the coracoid process and the beginning of the Cora- 
cobrachialis and short head of the Biceps, to be inserted into the 
upper part of the internal bicipital crest and the lesser (ulnar) 
tuberosity of the humerus, the tendon of insertion being in- 
timately connected with the capsule of the gleno-humeral joint. 

Murie and Mivart (1, p. 29) state that the muscle is very 
broadly inserted into the ulnar tuberosity of the humerus in L. 
catta and L. varius; they figure the muscle in Galago crassicau- 
datus (P1. III., fig, 5, and Pl. IV., figs. 13 and 14, S). 

Burmeister (6, p. 49, tab. 3, figs. 1-13) describes the muscle in 
Tarsius as being very strong and partially divided into three 
portions by tendinous intersections. 

Owen (8, p. 59) describes the origin in Cheiromys as taking 
place by means of three principal fasciculi. 

Murie and Mivart (1, p. 29) state that in the specimen ex- 
amined by them this subdivision was indistinct. 

The tripartite arrangement of the Subscapularis appears to be 
a lemuroid character, presenting the typical arrangement of the 
muscle, as it is found in the higher Primates, in a well-marked 
manner. 

F, M. DeELToIDEvs. 

PI Sex, fio? 2 Pl SEX XIE 

Divisible into three portions, clavicular, acromial and scapular 
(spine). = -£ 

The clavicular origin (P]. XXXII., fig. 2, D1) occupies ‘the 
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lateral two-thirds of the ventral border of the clavicle, and is 
intimately connected with the clavicular portion of the Ectopec- 
toral, this connection becoming still more marked at the inser- 
tion into the humerus. 

The acromial division (Pl. XXXII, fig. 2, D?) forms a strong 
conical bundle, covered by an aponeurotic lamella, arising from 
the acromial end of the clavicle, along the ventral concave border, 
and from the adjacent portion of the acromion process. It is 
separable from the clavicular portion at the origin, and widely 
separated from the division arising from the scapular spine, from 
the origin to just before the common insertion of all three 
portions into the lateral humeral crest. 

The portion arising from the spine of the scapula (Pl. XXXII, 
fiz. 2, D*) is attached to the caudal surface of the spine, along its 
entire length ; many fibres are also derived from the infraspinatus 
fascia. The muscle crosses obliquely over the long head of the 
Triceps and the Brachialis anticus to reach the dorsal margin of 
the common tendon of insertion. 

According to the account given by Murie and Mivart (1, p. 28) 
the presence of three divisions of the Deltoid has been noted in 
Lemur catta and L. varius, as well as in the other species of 
Lemur examined by the authors; also in Galago crassicaudatus, 
the lines of separation being less distinct in G. alleniz. 

Meckel (op. cit. Vol. VI., p. 258) describes the Deltoid as 
single in Loris, and Murie and Mivart (1, p. 28) found it so in 
Nycticebus tardigradus. 
Van der Hoeven does not describe the muscle in his anatomy 

of the Potto,and in the figure of the shoulder muscles (PI. IL., fig. 
11) indicates but a slight tendency to a division of the Deltoid. 

Burmeister (6, p. 49, tab. 3, fig. 1, No. 15) describes the Deltoid 
in Tarsius as composed of two parts. Murie and Mivart find 
three divisions present in Chetiromys. 

8. BRACHIAL MUSCLES. 

A. M. Biceps (Pl. XXIX.—-X XXIII. inel.). 

Arises by two heads: 
1. Coracoid head (Pl. XXX., fig. 2,and Pl, XXXI, fig. 2): 

Origin from medial or ventral portion of tip of Coracoid pro- 
cess, combined with the Coracobrachialis. 

2. Glenoid head (Pl. XXX., fig. 2, and Pl. XXXI., fig. 2): 
Origin from margin of glenoid angle of scapula, just in front of 
articular facet. 

The long tendon of the glenoid head describes a sharp 
bend at nearly right angles over the capsule and head of the 
humerus, confined in the upper part of the intertubercular 
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groove by a very strong transverse humeral ligament, which 
passes from the combined insertion of the Entopectoral and ab- 
dominal portion of Ectopectoral into the radial tubercle of the 
humerus to the ulnar tuberosity, blending with the insertion of 
the Subscapularis. The two heads of the Biceps unite a little 
above the middle of the arm. 

The larger part of the muscle is inserted by a strong tendon 
into the tuberosity of the radius. From the ulnar margin of the 
muscle near the insertion a smaller portion develops a very well 
marked semilunar fascia which passes caudad and mesad to fuse 
with the deep antibrachial aponeurosis. 

The Lemuroidea as a suborder present remarkable variations 
in regard to the arrangement of the Biceps in the various genera. 

According to Murie and Mivart (1, p. 33) the glenoid and 
coracoid heads, as above described for Lemur bruneus, are 
present in Z. catta, L. varius and L. niger, the coracoid head in 
in the latter form remaining quite distinct from the glenoid head 
for a considerable distance. L. macaco (12, p. 30) also con- 
forms to the same type. 

Perodicticus, Tarsius and Cheiromys each possess double 
tendinous heads of origin. 

In all the Galagos examined by Murie and Mivart the long 
head, arising from the upper margin of the glenoid cavity, is 
arranged as in Lemur; but the coracoid head remains distinct 
and separate almost to the insertion, receiving, however, a few 
fibres from the glenoidal portion near the bend of the elbow. 
The authors describe the coracoid portion as being very remark- 
able, remaining broad, flat and muscular down to the insertion, 
which is into the fascia covering the forearm. 

Meckel (Vol. VI., p. 291) describes but a single (glenoid) head 
in Loris. Murie and Mivart (1, p. 33) also found only one head 
in the same animal, although Cuvier (1], Pl. LXVILI., fig. 2, r 
and 7’) represents two heads. 

Murie and Mivart also found but one head of origin in Nycti- 
cebus tardigradus (Proc. Zool. Soc. 1865, p. 244), which agrees 
with W. Vrolick’s earlier observation (Todd’s Cyclop. Anat. and 
Phys., Vol. IV., p. 218), although in his later conjoined memoir 
with S. Van der Kolk the authors describe two heads. 

The analysis of the Lemuroid Biceps from the above data 
would therefore result as follows : 

M. GLENORADIALIS ; 
Loris gracilis. 
Nycticebus tardigradus. 

MM. GLENORADIALIS-+-CoRACORADIALIS : 
Lemur catta. 

and all other species of Lemur. 
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Perodicticus ? 
Tarsius ? 
Cheiromys. 

MM. GLENORADIALIS+CoORACORADIALIS-+-CORACOULNARIS : 
Lemur bruneus. 
Lemur niger. 

MM. GLENORADIALIS+-GLENOULNARIS-+-CORACOULNARIS. 
Galago crassicaudatus. 
Galago garnettit. 
Galago allenit. 

There is evidently considerable variation in respect to the de- 
velopment of the ulnar segment of the insertion of the muscle 
represented by the semilunar fascia. 

As above stated, this fascia is strongly developed in L. bruneus, 
Murie and Mivart do not mention it in ZL. catta, or the other 
Lemurs examined, except to imply its presence in L. niger. 

In Cheiromys they distinctly state that it does not exist. 

B. M. CorAcoBRACHIALIS. 

(GE. ©. 0. iti) 2D. @.©.4 Fay) J. @.©.G ll agi ile) 

Origin: Combined with coracoid head of Biceps from the 
tip and ventral part of the medial margin of the Coracoid pro- 
cess, the origin of the latter fibres being almost directly muscu- 
lar, whereas the portion arising in common with the short 
bicipital head from the tip of the Coracoid is invested by a dense 
aponeurotic lamella as far as the junction of the proximal and 
middle third of the arm. 

The muscle is perforated by the musculo-cutaneous nerve, at 
about the middle of the main division. Immediately upon 
emerging from the Coracobrachialis the nerve gives off a large 
branch to the Biceps. 

Insertion: The Coracobrachialis is inserted in three distinct 
divisions : 

1. Coracobrachialis superior: Separates from the mesal and 
ental portion of the muscle just beyond the caudal border of the 
Subscapularis tendon. 

It passes to the proximal part of the mesal surface of the 
shaft of the humerus between the tendon of the Subscapularis 
cephalad and the Teres major caudad, ventrad to the proximal 
portion of the mesal humeral head of the Triceps. 

2. Coracobrachialis medius forms the largest division of the 
muscle. It separates from the coracoid head of the Biceps near 
the caudal border of the Teres major tendon, and is inserted 
distad of that tendon into the mesal ridge of the humeral shaft, 
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between the Triceps dorsad and Brachialis anticus ventrad. 
This portion is perforated by the musculocutaneous nerve. 

3. Coracobrachialis inferior separates from the preceding 
as a prolongation distad of the lateral border of the muscle; 
it forms a slender muscular bundle, descending on the medial 
intermuscular septum between Brachialis anticus and Triceps, 
passes beneath the Radial artery (high division of Brachial 
artery) and superficial to the Ulnar-interosseous artery and 
Median nerve, to be attached to the lateral extremity of the 
bony arch completing the Supracondylar foramen, close to the 
mesal margin of the Brachialis anticus. 

Murie and Mivart (1, p. 33, 34) describe only two portions of 
the Coracobrachialis in Lemur catta, the long part arising ex- 
clusively from the ‘inner side and deep surface of the strong 
inner head of the Biceps,” no muscular fibres arising from the 
Coracoid process itself. Narrowing rapidly in descending the 
muscle is inserted into the mesal border of the humerus, as far 
down as the proximal border of the perforation of the internal 
condyle. 

The short part—which is very small—arises from the end and 
deep surface of the Coracoid process, and is inserted on the dor- 
sal aspect of the mesal margin of the Bicipital groove, between 
the insertion of the Teres major and the high-reaching mesal 
portion of the Triceps. 

The long head, reaching down to the supracondylar arch, cor- 
responds to Wood’s Coracobrachialis lonqus.* 

Meckel finds the muscle divided in the Makis. Murie and 
Mivart (1, p. 34) found the muscle double in ZL. nigrifrons. 
The long portion arose tendinous from the Coracoid, and con- 
tinued so, mingling with the fibres of the second portion, to the 
middle of the humerus, when it became fleshy. Insertion upon 
the supracondylar arch. 

In Galago crassicaudatus the authors figure a long strong and 
a shorter weak belly (Pl. I1:, fig. 3; Pl. TIT., fig. 5; Pl. 1V., fig. 
14, cb! and cb?) as entirely distinct, the former arising by a 
slender tendon in common with the coracoid head of the Biceps, 
the latter constituting an insignificant bundle passing from the 
Coracoid over the insertion of the Subscapularis to the medial 
tubercle of the humerus. 

The muscle also hasa second slip in Galago allentiand G. pelt, 
the two parts ‘‘ having much the same origin and insertion as in 
Lh. catia.” 
Two portions are also found in Loris gracilis and Nycticebus 

tardigradus (6, p. 244). Van Campen (3, p. 33) describes the 

*Journ. Anat. Phys. 1867, Vol. I., p. 49. 
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muscle as double in Perodicticus, Owen (8, p. 60) in Cheiromys 
and Burmeister (6, p. 49) in Tarstus spectrum 

Allen (13, p. 43) merely states that in Tarsius fuscus the as- 
sociation of Biceps and Coracobrachialis conforms to the pri- 
mate type. 

C. M. BRACHTALIS (ANTICUS). 

CPL ASL tig, 2s) PL eR) 

Arises from the whole lateral surface of the humerus, passing 
as a very strong tendon cephalad as far as the distal border of 
the lateral humeral tubercle, between the lateral humeral head 
of the Triceps and the dorsal division of the Deltoid, whose in- 
sertion is not embraced by the Brachialis. 

Insertion into the Coracoid process. 

D. M. Dorso-EPiITROCHLEARIS. 

(Pl. XXX.; Pl. XXXII. fig. 1; Pl OX KIT, fig 2 Pix koe 

Origin by two slips which embrace the caudal margin of the 
Latissimus dorsi. Insertion into the mesal border of the Ole- 
cranon and proximal fifth of the dorsal border of the shaft of the 
ulna. 

Murie and Mivart (], p. 32) describe the origin of the muscle 
in L. catta as taking place from the ‘outer margin of the Latis- 
simus dorsi near the insertion (2. e., just before it becomes ten- 
dinous).” It broadens out into a thin muscular sheet, and _ be- 
comes continuous with the fascia of the forearm between its two 
insertions, which are into the inner condyle of the humerus and 
the olecranon. 

Cuvier (11, Pl. LXIX., fig. 1, t?) shows the muscle in L. va- 
rius arising from the tendinous part of the Latissimus dorsi and 
passing to the shaft of the ulna. 

It is present in the Galagos examined by Murie and Mivart 
(‘insertion into inner side of olecranon process”), in Yarsius 
(Burmeister) and in Chetromys (Owen). 

E. M. EprrrocHLEo-ANCONEUS. 

Origin: 1. From the entire dorsal border of the supracondy- 
lar arch, nearly meeting the insertion of the Coracobrachialis 
inferior, which is attached to the margin of the supracondylar 
foramen. 

2. From the medial condyle of the humerus. The fibres 
converge to be inserted into the mesal margin of the Olecranon. 

The ulnar nerve passes beneath the muscle, between it and the 
medial humeral head of the Triceps, the fibres of insertion of the 
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Epitrochleo-anconeus into the olecranon succeeding those of the 
medial head of the Triceps. 

SUMMARY. 

The main facts, heretofore not described, concerning the 
muscle groups with which the paper deals, are as follows : 

1. Presence of an axillary arch from Latissimus dorsi to the 
Pectoral insertion, replacing the cutaneous muscular slips de- 
scribed by Murie and Mivart in L. catta and by Luce in JL. 
macaco. 

2. Arrangement of the Pectoral insertion : 
a. Connection as just stated witha slip from Latissimus dorsi, 

reproducing the condition found as a distinct variety of the 
human axillary arch. 

b. Connection of the abdominal division of the Ectopectoral 
with the Entopectoral at the insertion into the lateral humeral 
ridge. 

ce. Folding of the Sterno-costal sheet of the Ectopectoral at 
the insertion. 

d. Insertion of clavicular portion of Ectopectoral into the 
superficial aspect of tendon of the sternal division, and fusion 
with adjacent margin of Deltoid. 

e. Lateral recession of caudal portion of Ectopectoral and 
Entopectoral origin. 

3. Coracobrachialis presents a division into upper, middle 
and lower portions, the latter inserted into the root of the 
supracondylar arch. The musculo-cutaneous nerve perforates 
the middle division. 

4. Presence of a large and distinct Epitrochleo-anconeus 
muscle, passing from the supracondylar process and medial 
condyle to the medial margin of the Olecranon. 

5. Union of Brachialis anticus and lateral humeral head of 
the Triceps, both extending nearly to the proximal end of hu- 
merus on the lateral aspect of the shaft. 

6. Among the trunk muscles the arrangement of the Supra- 
costal muscle is to be especially noted, extending from the car- 
tilage of the lst rib to the 3d, 4th and 5th cartilages and the 
border of the mesosternum. 

7. In the abdominal group the structure of the External 
Oblique aponeurosis clearly foreshadows the condition found in 
higher Primates, especially in relation to the construction of the 
External abdominal ring, Gimbernat’s ligament and the Trian- 
gular or Colles’ ligament of Human Anatomy. 

The examination of the above detailed muscular groups in 
Lemur leads to certain general considerations in reference to 
the affinities of the genus. 
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I. THorAcic MuscunarR GROUP. 

The arrangement of the Thoracic muscles resembles closely 
the typical conditions found in some of the lower mammalia, 
notably the plantigrade carnivora, e. g., Taxidea americana. 
Among the more characteristic myological features the follow- 
ing can be cited : 

1. Thoracic extension of the Rectus abdominis to the first rib. 
2. Thoracic extension of the Scalenus group, and interdigita- 

tion of the same with the External oblique and Serratus an- 
terior. 

3. Position of Brachial Plexus, ventrad of Scalenus group. 
4. Supracostal muscle, superficial to and crossing cephalic 

portion of Rectus obliquely. 
5. Continuity of Levator scapule and Serratus anterior. 
The type which all these muscles exhibit in Lemur bruneus is 

distinetly that of the usual carnivore arrangement of the same 
myological group. 

IJ. APPENDICULAR MuscuULAR GROUP. 

Is in the main distinctly Primate in character. 
Especially marked, and in part apparently peculiarly well de- 

veloped in this respect in the species described, are the fol- 
lowing : 

A, Pectoral origin: 

1. Ectopectoral arising in its abdominal portion by a distinct 
line of origin from the aponeurosis of the External oblique. 

. Partial origin of the Ectopectoral from the costal cartilages 
as well as from sternum. 

3. Origin of lower segment of Entopectoral from the costal 
cartilages, indicating beginning lateral recession of the deep 
Pectoral origin. 

B. Pectoral Insertion: 

1. Overlapping of the planes, in the form of successive layers. 
2. Folding of the tendon sheet from the main sterno-costal 

portion at the insertion. 
3. Union of the abdominal Ectopectoral and the Entopectoral. 
4. Superficial insertion of Clavicular portion of Ectopectoral 

and union of same with the Deltoid. 
C. Strong median portion of Coracobrachialis and associaies 

of the muscle with the coracoid head of the Biceps. 
Peculiar and characteristic Lemuroid features appear to ne 

the following : 
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1, Small size of Teres minor. 
2, High lateral brachial origin of Brachialis anticus. 
3. Union of Subscapularis and Supraspinatus, beyond cephalic 

border of scapula. 
4, Large size of the Teres major. 
9. Double origin of Dorso-Epitrochlearis. 
6. Inferior portion of Coracobrachialis. 
Osteologically the high extension of the Brachialis anticus 

accounts for the well developed lateral humeral ridge. 
The Pectoral ridge is also extremely well developed and 

prominent. 
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StTaTED MEETING. 

October 11th, 1897. 

The Academy met with President STEVENSON in the chair. 

The minutes of the last meeting were read and approved. 

The following nominations of new members were made: 

Honorary—Dr. Fridtjof Nansen, Christiania, Norway. 

Resident—Dr. G. 8. Allan, 51 W. 37th St.; E. C. Brown, 280 

Broadway; W. S. Day, 203 W. 85th St.; Francis E. Lloyd, 

Teachers’ College; Emerson McMillin, 40 Wall St.; Andrew 

Shiland, Jr., 262 W. 78th St. 

The Section of Biology then organized, Professor WILson in 

the chair; thirty-five persons present. 

After reading the minutes, the following programme was 

presented : 

C. L. Bristol, “‘ Preliminary Peport on the New York Univer- © 

sity Biological Expedition to the Bermudas, 1897.” 

H. F. Osborn, ‘A Palzeontological Reconaissance.”’ 

G. N. Calkins, ‘“ Preliminary Report on the Columbia Univer- 

sity Zodlogical Expedition to Alaska, 1897.” 

O. 8. Strong, “ The Summer at the Marine Biological Labora- 

tory at Wood’s Holl, Mass.” 

Professor Bristol briefly reported on the scope of the work 

done during the summer at the Bermudas, giving an outline of 

the plan of operation and the typical forms of life observed. 

Professor Osborn described the summer’s work of the palezon- 

tological expedition from the American Museum of Natural His- 

tory to Colorado, and especially the finding of a huge dinosaur, 

in Wyoming, a complete fossil horse, and a llama in the Huerfano 

fossil beds of Colorado. 

Mr. Calkins reported on the results of the Columbia Univer- 

sity Zoological Expedition to Puget Sound and Alaska, describ- 
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ing the general biological environment and the nature of the 

fauna in the Sitka harbor. He also spoke of the wreck of the 

steamer Mexico, by which the bulk of the summer’s work was lost 

In the absence of Dr. Strong, Mr. H. E. Crampton reported on 

- the line of work followed at the Marine Biological Laboratory at 

Wood’s Holl during the summer of 1897. 

Gary N. CaLkins, 

Secretary. 

SECTION OF GEOLOGY. 

October 18th, 1897. 

The Academy met with President StEVENson in the chair. 

There being no business the Section of Geology immediately 

formed, with twenty-four members present. 

The minutes were read and approved. 

Professor Stevenson then gave an interesting and careful ac 

count of the International Congress of Geologists at Saint 

Petersburg, and summarized the work done by the Congress 

in the way of discussion, appointing committees, etc. Ad- 

ditional notes were given by Professor Martin, who spoke 

particularly of the handbook for the excursions, which summar- 

izes the geology of Russia, and gives access to much material 

which has hitherto been hard to reach. 

The second paper of the evening was by Mr. Charles Bullman 

and was entitled ‘The Auriferous Gravels of Colombia, South 

America.” Mr. Bullman spoke particularly of the distribution 

and richness of the deposits of gold and platinum, which seemed to 

him, from his examinations, to be much more extensive and valu- 

able than had been reported by Mr. Nicholas in a previous paper 

before the Section. 

In the opinion of Mr. Bullman, the gold deposits are still be- 

ing accumulated in the river valleys, and are as rich now, with 

few exceptions, as they were before they were first worked 
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over two hundred years ago. The paper was discussed by Mr. F. 

C. Nicholasand by Professor Kemp. Mr. Nicholas reiterated his 

previous statements, and showed why, in his opinion, the aurifer- 

ous deposits were of less extensive distribution than Mr. Bull- 

man considered them to be. 

The third paper of the evening was a short account by the 

Secretary of the work of the Geographical Section of the British 

Association for the Advancement of Science, at Toronto. He 

spoke particularly of the cordial reeeption given to Americans, 

and the prominent places that they received in the matter of 

committees, etc. He summarized the more interesting and im- 

portant papers. 

The last paper of the evening was by Professor Martin, who 

gave a similar account of the work done before the Geological 

Section at Toronto, speaking particularly of the Presidential Ad- 

dress by Dr. Dawsen, and of the paper given by Mr, J. B. Tyrrell 

on the “ Glacial Deposits of Northern Canada.” 

There was no discussion and the meeting adjourned at ten p. m. 

RicHARD E. DoneGE, 

Secretary. 

STATED MEETING. 

October 25th, 1897. 

The Academy met with Secretary Kemp in the chair. The 

minutes of the last meeting were omitted. 

The Section of Psychology and Anthropology then organized 

and proceeded with the programme for the evening. 

Professor Boaz and Dr. Farrand presented a report on the 

Jesup expedition to the North Pacific coast. The principal 

points covered by these reports appeared in Science of October 
8th, 1897. 

The third paper was a report by Dr. A. Hrdlicka on Anthro- 

pology and Psychology at the Detroit meeting of the American 

Association. 
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The fourth paper was from the pen of Professor A. C. Haddon 

on Anthropology at the Toronto Meeting of the British Associ- 

ation. This paper was presented by Professor Cattell. 

The Section then adjourned. 
CHARLES B. BLIss, 

Secretary of Section. 

REGULAR Bustness MEETING. 

November 1, 1897. 

The Academy met with President Stevenson in the chair. 

Eleven persons present. 

The minutes of the last meeting were read and approved. 

The secretary presented from the Council the following nomi- 
nations of new members : 

Honorary, Dr. Fridtjof Nansen. 

Resident, Gecrge S. Allan, 51 W. 37th St., E. C. Brown, 280 

Broadway, W. 8. Day, 203 W. 85th St.; Henry M. Howe, Colum- 

bia University ; Francis E. Lloyd, Teachers’ College ; Emerson 

MeMillin, 40 Wall St.; Andrew Shiland, Jr., 262 W. 78th St.; L. 

M. Underwood, Columbia University. 

All the nominees were unanimously elected by ballot. 

The Secretary presented the following amendments to the 

By-laws, as submitted by the Council. 

Chapter VIII., Section 1 to omit the sentence “ All members 

who become Fellows shail pay a fellowship fee of ten dollars.”’ 

Chapter IX. Section 1 to omit ‘“‘ and the Transactions.” 

Dr. F. L. Tufts, of Columbia University, was nominated by Mr. 

H. T. Wade, and Mr. A. E. Lawrence, 1 W. 81st St., by Pro- 

fessor Hallock. 

The Section of Astronomy and Physics then organized. 

In the absence of Mr. P. H. Dudley, chairman of the Section, 

President Stevenson was chosen chairman of the meeting. 
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W. Hallock described a Vertical Research Laboratory as re- 

cently constructed in the Physics building at Columbia Univer- 

sity. He explained the construction and fixtures of the vertical 

shaft, and mentioned some of the experiments that would be 

made in it. He also gave a short account of the condition of 

the deep well at Reibnik, in Silesia. This well had reached a 

depth of 2,002.4 meters in 1896, at which depth the work was 

stopped in order to study the temperature of the hole. The 

greatest depth reached by the thermometers, however, was 1,959 

meters, at which point a temperature of 54° R. was recorded. At 

the surface the temperature was 95° R. The result showed a 

gradient equivalent to 65 feet for 1° F., the same rate as was 

found to exist in the well at Schladabach. 

The meeting adjourned at 9:10 p. m. 

J. F. Kemp, R. Gorpon, 

Secretary. Secretary of Section. 

BIOLOGICAL SECTION. 

November 8th, 1897. 

The meeting was called to order by Professor Wilson, the 

chairman. ‘Twenty-two persons present. After reading the 

minutes of the previous meeting, the following programme was 

presented : 

1. A. P. Mathews, “‘ Chemistry of the Spermatozoa.” 

2. Bashford Dean, “ Further Notes on the Supposed Paleozoic 

Lamprey, Palzospondylus gunni.” 

3. W. D. Matthew, ‘“‘ Status of the Puerco Fauna.” 

4. N. R. Harrington, “ Notes on the Copulatory Process in 

Lumbricus terrestris.” 

Mr. Mathews reported on analyses of spermatozoa in Kossel’s 

laboratory, Marburg. Herring, pig and bull were examined. 

Herring sperm heads were separated by Meischer’s method from 

the tails, and were made free from albumen. They consisted of 
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protamin nucleate, having the formula C,,H;,N,,P,0,,, 

C,,H;,N,,0,. Nucleinic appeared identical with that of salmon 

sperm (Meischer), although the protamin differed from salmon 

protamin as shown by Kossel. The sperm tails consisted chiefly 

of a combination of lecithin, cholesterin, and albumen similar to, 

but not identical with, similar constituents of salmon sperm tail. 

The tails contain no nuclein. The heads contain no lecithin nor 

cholesterin. Arbacia sperm contained nucleinie acid, but no 

protamin. Instead of this a histon-like body. It is probable . 

that arbacia sperm chromatin is histon nucleate and more com- 

plex than fish sperm chromatin. Neither bull nor pig sperm 

contain protamin. The author suggests that simplicity of fish 

sperm chromatin is difficult to reconcile with Weisman’s hypo- 

thesis. 

Dr. Bashford Dean, in “ Notes on Palzospondylus,” gave a 

brief reply to Dr. Traquair’s recent objections (Pro. Zool. Soe. 

Lond., March 16,1897). The author notes: 

1. That the radial-shaped markings of the type specimen are 

certainly part of the fossil, since they occur in a second specimen 

now in the possession of Professor Stratford. 

2. That his (Dean’s) broader interpretation of the “ impaired 

nasal opening ” (Traquair) as a naso-mouth ring (as in Mywxine) 

was an independent as well as a necessary one, as will appear in 

the full paper. 

3. That the view of the presence of the radial-shaped mark- 

ings, as the probable basal supports of paired fins, the relations 

of Palxospondylus to the Marsipobranchs become even more 

hypothetical. 

Dr. Matthew, in speaking of the fauna of the Puerco Basin, 

showed that the form Mixodectes, formerly supposed to be a 

primate allied to the modern Chiromys, is a true rodent in the 

first stage of evolution. It has the characteristic rodent astraga- 

lus, very like that of the earlier sciuromorphs. The incisor is 

intermediate between the short, rooted, spatulate incisor of most 

modern mammals and the long, rootless scalpriform incisor of the 

Rodentia. The root is long, but does not grow from a persistent 
—— 

TRANSACTIONS N. Y. ACAD. Scl., Vol. XVI., Sig. 24, March 11, 1898. 
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pulp ; and the crown is long and pointed, but still retains much 

of the spatulate shape. Dr. Matthew concluded that the first 

differentiation of all the placental mammals took place at the be- 

ginning of the Tertiary and not in the Cretaceous, as has fre- 

quently been stated. The paper was discussed at length by 

Professor Osborn and Dr. Wortman. 

Mr. Harrington reported on some of the observations which 

he had made on earth worms during copulation. He de- 

scribed an organ which apparently has been usually overlooked. 

This organ, the spermatophere of some authors, consists of a 

modified seta, much enlarged at the extremity and functioning, 

as Mr. Harrington suggests, to force spermatozoa into the semi- 

nal receptacles of the other worm. 

Gary N. CALKIns, 

Secretary of Section. 

SECTION OF GEOLOGY. 

November 15th, 1897. 

Meeting was called to order by President Stevenson at 8:10 

with 84 persons present. There being no Academy business, the 

Section of Geology was immediately formed, and the reading of 

the minutes was dispensed with by mutual consent. 

The first paper of the evening was by Dr. F. J. H. Merrill, of 

the State Museum, Albany, on “‘ The Geology cf Greater New 

York.” Dr. Merrill devoted his attention. to the region east of 

the Hudson River, and occupied by the crystalline and meta- 

morphic rocks. He stated that the area consisted first of the 

high mountains of the Highlands, composed of the pre-Cambrian 

granite; on the valley sides are gneisses, lying on the slopes of 

the ridges, and in the bottoms of the valleys are limestones and 

rarely quartzite. These latter rocks are very highly metamor- 

phosed, and probably belong in the Upper Cambrian and Silurian 

Series. Besides the rocks mentioned, there are also intrusives, 

cutting the altered paleozoics, including granite and basic rocks. 
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The granites are sheared into gneisses, and mention should also 

be made of the eruptives, that have formed serpentines. Besides 

these rocks, there are three classes which may be called stratified, 

because folds can be measured within them. At the base may be 

found a stratified granite, composing the Fordham gneiss; above 

this a thick limestone deposit, and above this the well-known mica- 

schists, which compose the most of the island. The Fordham 

gneiss is undoubtedly pre-Cambrian, and is covered locally as 

at Lowerre, Hastings, Sparta, Peekskill, ete., with very thin 

quartzite, probably the representative of the Georgian quartzite 

of Dutchess county, The crystalline limestones occupy the 

navigable river-bottoms, and most of the valleys in the vicinity of 

New York, and thus have had a very important effect on com- 

merce. The mica-schist is probably of Hudson River age, and 

has a structure trending N. 40 E., with certain cross foldings. 

Fissures are filled in certain places, by intrusions of granite and 

pegmatites. The whole series is crossed by a fault, named by 

Professor Dana the Manhattanville Fault, running from Manhat- 

tanville on the North River tothe East River, and thence between 

Ward’s and Blackwell’s Islands, to Astoria. The throw of this 

fault is probably a number of hundred feet. The paper was dis 

cussed by Professor Kemp, Professor Martin and the secretary 

The second paper of the evening was by Captain J. J. Riley, 

entitled ‘‘The Guano Deposits of the Islands of the Southern 

Pacific, and their Prehistoric Remains.” Captain Riley paid 

particular attention to the guano deposits of the Chincha Is- 

lands, on which he had lived for a number of years. The first 

guano was taken from the Island in 1804, by Humboldt ship- 

ments began in 1840, and between 1850 and 1880, guano to the 

value of 550 millions in gold was taken from the three islands 

alone. The guano has been deposited by birds, and preserved 

because the region lies in the rainless belt, where rain is uncom- 

mon except about once in seven years. Captain Riley thinks 

that the marked banding of the guano denotes variation from wet 

to dry seasons. From the guano at the depth of 35 and 68 feet, 

have been taken two burial structures, containing several bodies, 

apparently entombed with great pomp, and showing a high state 
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of civilization. One of the tombs yielded a slab covered with 

emblems resembling those of the Incas. There is no way of deter- 

mining accurately, however, whether the guano was deposited 

after the burial or previously. The islands on which the guano 

is found are granitic; the north island had a deposit of 203 feet, 

in places, the middle island was of less importance, and the 

southern island had a deposit of 105 feet in depth in places. 

The material is like soil at the top, and hard at the bottom. The 

workings were abandoned by the Government in 1880. 

The paper was discussed by Dr. Julien, Professor Martin and 

Professor Kemp. Dr. Julien compared these deposits with similar 

deposits in the West Indies, particularly in the Island of the 

Sombrero. 

The last paper of the evening was by Mr. Stuart Weller, en- 

titled, ‘‘A New Crinoid from the Coal Measures of Kansas.” It 

was read by title only, and the Academy adjourned at 9:40. 

RicHarD EK. Donee, 

Secretary. 

DESCRIPTION OF A NEW SPECIES OF HYDRE- 

IONOCRINUS FROM THE COAL MEASURES 

OF KANSAS. 

(With Plate XXXVI.) 
Although crinoidal columns are present in abundance in the 

limestones of the coal measures, well preserved bodies of these 
organisms are exceedingly rare; and because of their rarity and 
of the extravagant character which many of them assume, they 
are always of great interest. The whole genus to which the pres- 
ent species belongs is remarkable for the extravagant develop- 
ment of the ventral sack with its crown of large spinose plates. 

The specimen here described and illustrated has been kindly 
submitted to the writer for study by Mr. L. C. Wooster, of the 
State Normal School, at Emporia, Kansas, by whom it was col- 
lected and to whom it belongs. 

HYDREIONOCRINUS KANSASENSIS 0. sp. 

(Plate XXXVI.) 
Dorsal cup depressed, nearly saucer-shaped, more than twice 

as wide as high, truncated below. The margins of all the plates, 
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except the lateral margins of the infrabasals, ornamented by nar- 
row papillose bands parallel to the sutures. Exclusive of these 
papillose bands the plates are smooth. 

Infrabasals five, large, extending far beyond the column, an- 
chylosed into an irregularly hexagonal, nearly flat disk, the su- 
tures marked by slightly elevated ridges ; central portion of the 
disk slightly excavated for the attachment of the column, the 
excavation surrounded by a low ridge. 

Basals five, four of them broader than high, spherical-triangu- 
lar in outline, in lateral contact only at the extreme lateral 
angles. The posterior basal higher than wide, quadrangular in 
outline, truncated distally for the reception of the special anal 
plate, the lateral and proximal sides curved as in the four other 
plates. 

Radials five, large, twice as wide as high, the three anterior 
ones heptagonal in outline, the two posterior ones hexagonal. 
The proximal sides concavely curved to conform to the curved 
sides of the basals, the proximal angles meeting the distal angles 
of the infrabasals and the lateral angles of the basals, 

First brachials twice as wide as high, pentagonal in outline, 
bearing upon the two upper sloping sides the two main divisions 
of the arms. 

Arms uniserial, the component plates broader than long, ex- 
cept near the tips, rectangular in outline except the axials, which 
are pentagonal. In the right posterior arm, the only one known, 
each main division bifurcates several times, the most posterior 
one showing ten subdivisions at the tip. 

Radianal nearly as large as the basals, pentagonal, higher than 
wide, lying upon the truncated right posterior infrabasal and be- 
tween the posterior basal and the right posterior radial. 

Special anal larger than the radianal, hexagonal, higher than 
wide, lying upon the truncated posterior basal and between the 
radianal and the left posterior radial. 

First tube plate partially included in the calyx, higher than 
wide, lying upon one of the upper sides of the radianal and be- 
tween the special anal and the right posterior radial. 

Ventral sack very large, expanding above and surrounded at 
its summit by a row of large, spatulate, spinose plates which 
form a crown of diverging spines upon the summit of the sack. 

Remarks. The form of the plates in the dorsai cup of this 
species differs materially from the other species of the genus, but 
the ventral sack, which is the most remarkable feature of the 
genus, and which is said by Wacksmuth and Springer* to be the 
best character for distinction, is in all respects like that in the 

*Revision of the Palseocrinoidea, I., p. 130. 
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remaining species. This organ is much crushed and only par- 
tially preserved in the type specimen, but enough is present to 
show its great expansion towards the summit and the crown of 
large spinose plates: Eight of these spatulate spinose plates are 
recognizable in the specimen, all of them belonging to one side, 
so that there must have been at least fifteen or more altogether. 

The dorsal cup is remarkable for the large size of the infra- 
basals which extend far beyond the column and do not rest ina 
deep concavity, but are consolidated into an irregularly hex- 
agonal, flat disk. The spherical-triangular form of the basals is 
different from any of the other species of the genus, and the 
manner Of meeting in one point of the distal angles of the in- 
frabasals, the proximal angles of the radials and the lateral 

angles of the basals, is quite remarkable. 
Geological horizon and locality. From the upper coal meas- 

ures, about 700 feet below the horizon of the Cottonwood Lime- 
stone, at Neal, Greenwood county, Kansas. 

Stuart WELLER. 
WALKER MUSEUM, UNIVERSITY OF CHICAGO, 

August 17th, 1897. 

STATED MEETING. 

November 22, 1897. 

The sub-Section of Philology met at 8 p. m., at the Mott 

Memorial Library. 

In the absence of the chairman Professor H. A. Todd presided. 

The following programme was presented : 

E. H. Babbitt: ‘“ Report on the Work and Condition of the 

American Dialect Society.” 

L. A. McLouth: “ Exhibition of a Photographic Fac-simile of 

the Jenzer Liederhandschrift.” 

A.V. Williams Jackson: “ Report of the recent Congress of 

Orientalists in Paris.” 

Adjournment. 

The attendance was larger than usual. 

LAwRENCE A. McLovuta, 

Secretary. 
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Pustic LECTURE. 

November 29, 1897. 

The first public lecture of the course for 1897-1898, was de- 

livered in the upper hall of the Mott Memorial Library, Novem- 

ber 29th, by Mr. Herschel C. Parker, of the Department of 

Physics, Columbia University, upon “ Recent Geographical Ex- 

plorations in the Canadian Rockies, and the First Ascent of 

Mount Lefroy.” About seventy-five members and guests were 

present. At the conclusion of the lecture, a vote of thanks was 

passed to Mr. Parker. 

REGULAR Business MEETING. 

December 6th, 1897. 

The Society met with President STEVENSON in the chair. 

About twenty-five members and guests present. 

The minutes of the last meeting were read and approved. 

The President presented from the Council the following nomi- 

nations of new members : 

Mr. A. E. Lawrence, 1 West Eighty-first street; Mr. James 

Johnstone Riley, 77 Beaver street; Dr. F. L. Tufts, Columbia 

University. All of whom were elected. 

The amendments to the By-laws, which were submitted at the 

previous business meeting, were then brought up for passage. 

They are: Chapter VIII, section 1,to omit the sentence “ All 

members who become fellows shall pay a fellowship fee of ten 

dollars ”; and Chapter IX., Section 1, to omit the phrase, “ and 

the Transactions.” 

On motion, both amendments were passed unanimously. 



376 TRANSACTIONS OF THE [DEC. 6, 

The following new members were then proposed by Mr. Walter 

H. Mead: 

Frederick W. Devoe, 101 Fulton street; Charles S. Shultz, 

Hoboken, New Jersey; Michel M. LeBrun,8 Mountain Avenue, 

Montclair, New Jersey; T. L. H. Ward, 67 Wall street. 

The Section of Astronomy and Physics then organized. Presi- 

dent STEVENSON remaining in the Chair. 

The first paper of the evening was W. Hallock, under the title 

““ Calculated Curves for the Position of a Vibrating String.” He 

showed, by means of diagrams, the mode of representing and 

calculating the positions of the string when executing its funda- 

mental and its overtones at the same time. The construction of 

the diagram is a matter requiring a great deal of time and pa- 

tience; and the amount of preliminary calculation involved for 

even one overtone is very large. 

H. 8. Davis being absent, Professor Hallock read the paper 

he had intended to present upon “ The Confirmation of Young’s 

Reversion Layer in the Sun,” in which the theory of the Fraun- 

hofer lines was briefly explained and a description given of 

Shackleton’s success in photographing these lines reversed dur- 

ing the solar eclipse of 1896. Shackleton’s observations were 

made at Nova Zembla. A lantern slide from Shackleton’s nega- 

tive was exhibited. 

The last paper of the evening was by Romeyn Hitchcock, on 

‘““ A New Process for the Commercial Production of Pure Oxy- 

gen Gas.”’ The author described briefly the principal processes 

in use up to the present time for obtaining oxygen in large 

quantities, and then in detail explained the process invented by 

Professor E. B. Stewart, of Chicago. The paper was largely 

technical and, at its conclusion, President Stevenson made a few 

remarks upon the nature of the paper. 

The meeting adjourned at 9:20 p. m. 

J. F. Kemp, R. Gorpon, 

Secretary. Secretary of Section. 
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BIoLOGIcAL SECTION. 

Meeting of December 13th, 1897. 

Professor STRATFORD in the chair. 

Thirty-eight persons present. 

The following program was presented : 

E. B. Witson, Considerations on Cell Lineage, based on a Re- 

examination of some points in the Development of Annelids and 

Polyclades. The paper will appear in the Annals, Vol. XI. 

H. E. Crampton, The early History of the Egg in Jlolgula 

Manhattenis. 

Professor Wilson’s paper dealt with the origin and relations 

of the mesoblast in Annelids and Polyclades to show that an- 

cestral reminiscence may be represented in cell lineage. The 

mesoblastic pole cells of Annelids and Mollusca are to be re- 

garded historically and ontogenetically as derivatives of the 

archenteron, the two rudimentary cells in Aricia and Spio being 

vestiges or ancestral reminiscences of such origin. The meso- 

blast of Polyclades is of ectoblastic origin and points to the 

suggestion that the origin of mesenchyme cells from the second 

quartet in Unio and Crepidula, or from the third quartet in 

Physa and Planorbis, may be an ancestral reminiscence of the 

mesoblast formation in the Polyclades. 

Mr. Crampton reported that a true “ yolk-nucleus ” is found 

in the odcyte of Molgula Manhattensis ; that it is probably de- 

rived from the nucleus and that it gives rise to the later yolk 

spherules. The yolk nucleus is probably an albuminoid body 

closely allied to yolk or deutoplasm, as shown by a number of 

microchemical tests. The first maturation spindle arises en- 

tirely from the germinal vesicle and is without centrosome and 

asters. The first polar body receives sixteen chromosomes, 

while sixteen remain in the egg. The second polar body re- 

ceives only eight chromosomes. The division of the first cleay- 

age spindle was briefly described, 

Mr. Crampton’s paper was discussed by Professor Bristol, 

Professor Wilson and others. 

The Section adjourned at 10:15. 

Gary N. Cankins, Secretary. 
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[ Zoology of Puget Sound. Columbia University Contributions No. 6.] 

OBSERVATIONS ON THE PLANKTON OF PUGET 

SOUND. 

By J. I. Peck anp N. R. HARRINGTON. 

(Plates XX XVII. and XXXVIILI.) 

In consequence of former studies in planktonic work in the 
shallow waters of Buzzard’s Bay, on the southern coast of Mas- 
sachusetts,* the authors of this paper have sought opportunity 
of studying some of the facts of the vertical distribution of sim- 
ilar forms over greater depths. Such an opportunity came dur- 
ing the summer of 1896, through the Columbia University Zo- 
ological Expedition of that year} to Puget Sound (Pacific Coast), 
where our collections were made by the junior author with a 
simple apparatus, designed in advance by both, but constructed 
and operated by him. 

The most recent interpretation{ of the very irregular coast 
line of Puget Sound district is that the Cretaceous areas of Ore- 
gon have been here turned on edge, while numerous depressions 
and emergencies of Eocene times, augmented by glacial action, 
have resulted in the very deep bays with their many islands, and 
the deep inland fresh-water lakes of the State of Washington. 
Other authorities attribute more of these conditions to the action 
of glaciers alone. In many instances precipitous cliffs dip per- 
pendicularly into the sound for a depth of from 600 to 900 feet, 
and in water of 30 fathoms average depth there may be a sudden 
drop over a very limited area to 150 or 200 fathoms. 

Over one such depression of the bottom, at Lat. 48° 5’ N., 
Long. 122° 38’ W. samples of water were taken for quantitative 
estimate of the plankton through a vertical of 112 fathoms. 
There is represented in the diagram, Plate I., from the Coast 

Survey Map No. 6400 of the United States Government, the ir- 
regular coast line of this body of water, and in the narrow chan- 
nel at its entrance is denoted the point—indicated by a star in a 
circle—where the collections here to be considered were made. 
There is also given in the lower left-hand corner of the plate a 
detail map of the area around the above point, enlarged and 
showing the soundings of the immediate district. The date 
was September 1, 1896, at 2 o’clock in the afternoon, at low 

+ Described in Trans. N. Y. AcaD. ScI., Vol. XVI., pp. 33-42. 
tT See American Geologist for March and April, 1897. 
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water slack tide, with the sky overcast, breeze slight and prac- 
tically no sea. The distance of 112 fathoms was divided into 
four equal parts, so that three intermediate samples were taken 
at regular intervals between the surface and bottom collections. 

The apparatus used in obtaining the samples of water from 
the several depths was constructed from an earthenware jug 
containing two litres, closed with a hard rubber cork of 
the largest size that could be urged into the opening. This 
cork is bored and fitted with a piece of glass tubing bent 
just above the cork and hermetically sealed at the outerend, A 
thermometer should also have been placed in the jar through a 
second perforation of the cork, but we lacked this important ac- 
cessory. The jar is then heavily weighted with bars of pig-iron, 
and swung with fine steel wire suitably measured off into fathoms, 
and a light guide line also attached to the bent glass tube. Such 
a device is represented in the accompanying cut, p. 380, showing 
the jar in readiness for lowering. W is the steel wire by which 
the stone jar is suspended, gl being the guide line attached to 
the bent glass tube. The iron weights are so attached as to keep 
the jar in its perpendicular position. The apparatus may then 
be rapidly lowered to any given depth from the deck of the boat 
by means of a windlass, while the guide line is simultaneously 
paid out in excess. In our collections, the water being smooth, 
the guide line was issued from a skiff drifting a few yards away. 
As the required depth is reached, the guide line is carefully 
hauled taut and then given a sharp pull, which breaks the bent 
glass tube at the angle and so allows the water to rush rapidly 
in, because of the surrounding pressure, and fill the jug, which is 
then drawn to the surface. We believe that there is practically 
no intermixture of water from other levels as the jar ascends, 
even in the short glass tube that remains in the cork; there is, 
indeed, an escape of fine bubbles from the contents of the jar 
because of the diminishing pressure in its ascent, and we believe 
that the displacement from a full jar through so small a column 
of water as fills the tube is corrected by simply emptying the 
tube and neck of the jar as soon as it is received, and that there 
is then a representative sample secured by this means. The ap- 
paratus was tested each time by lowering it to the bottom and 
returning it without breaking the tube, and it was found that its 
strength was sufficient. Great care is necessary in the adjust- 
ment of the cork before lowering, as the pressure at considerable 
depths is very great. 

The method of obtaining samples of water by means of a pump 
through hose let down to the required depth was used by us in 
1894 in Buzzard’s Bay to a depth of twenty fathoms, and the 
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same method has since been employed by Kofoid* with success 
in his shallow fresh-water collections, and is recommended by 
Professor Joh. Frenzel} as an effective method, but we believe 
that for the small quantity of water necessary for quantitative 
analysis by the Sedgwick-Rafter method} as here employed, or 
for the *‘ planktonocrit,’’§ the above described apparatus is ade- 
quate and accurate for collections up to at least 300 metres in 
depth. To a litre of the water thus obtained is then added 20c.c. 
of commercial formalin, by which the organisms are killed ; after 
which the whole amount is filtered and then preserved in 20c.ce. 
of a 5% solution of formalin. Counting is then possible accord- 
ing to the original Sedgwick-Rafter plan. 

In order to illustrate the distribution discovered through this 
vertical in Puget Sound, five representative subjects, both plant, 
animal and inorganic, were chosen from the data observed, and 
these have been recorded by the plotting shown in Plate IT. of 
this paper. The most varied of these subjects are the diatoms, 
which have been somewhat grouped together in this discussion, in 
so far as they generally agree in form and follow the same plan 
of distribution. Thus, under the generic title Coscinodiscus have 
been included in the plotting three species typified by C. occulus 
tridus, while the larger sized forms of the same general 
shape have been arranged under Coscinodiscus asteromphalus 
and include a few of the genus Arachnodiscus, and some indi- 
viduals of Aulacodiscus. This plan seems advisable, since, with 
the low magnification used in counting, it is difficult to separate 
the constituent parts with certainty, and they all show uniformity 
throughout, which would tend to group them together in any 
synthetic treatment. Under the genus Peridinium also are 
given two species. 

There are thus laid down on Plate II. five horizontal lines in- 
dicating the five levels from which material was secured, and on 
these lines were laid off distances corresponding to the numbers 
of individuals of each group obtained by us; the points were then 
connected by lines and the enclosed areas shaded in black to indi- 
cate the living and unmutilated condition of the organisms, and 
by oblique-lined areas to show the certainly lifeless or fragmented 
individuals of the same forms. The width of the black columns, 
therefore, at any of the observed levels, indicates the proportion- 
ate abundance of the unmutilated individuals at that point, as 
likewise the width of the oblique-lined belt shows the quantity of 
the dead and the broken tests of the same. 

* Bulletin of Illinois State Lab. Nat. Hist., Vol. V., Art. I. 
+ Biologisches Centralblatt, XVII., Bd. Nr. 5, p. 190. 4 
t See Kofoid, ibid., p. 21, also Jackson and Whipple in Technology Quarterly, Vol 

IX., No. 4, 1896. 
2 By C. S. Dolley, Proc. Acad. Nat. Sci., Philadelphia, May, 1896. 
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From the data obtained by us, and represented by the plotting 
on Plate II., it will now be seen that the dinoflagellate Perid?- 
nium represented in the first column, is very abundant at the 
surface, also that, of the two species represented, the one, P. fusus, 
is much more numerous than the other, P. divergens, the latter 
being ouly about one tenth as numerous as the former, as is here 
represented by the stippled portion on the right side of the 
column. At the one-quarter depth (28 fathoms) the decrease in 
this organism is very marked, while the falling off continues 
thence gradually to the bottom. It is plain, however, that P. 
fusus can maintain itself alive at the bottom and that the larger 
species, P. divergens, shows a more uniform distribution through- 
out the upper half of the vertical, but runs rapidly out in the 
lower half, being absent at the last two levels. 

The distribution of the diatoms included under the heading 
Coscinodiscus is much more varied, as is shown in the second 
column of the plate; taking all the elements together, there is 
shown a uniform increase from surface to middepth, then a rapid 
increase to the three-quarters depth, with a final falling off in the 
last quarter distance of the vertical. It will be seen, however, 
that there is a large element of dead and broken débris here in- 
cluded (represented by the oblique-lined sides of the column), 
which we assume to have settled from surface strata, and which 
would thus naturally increase toward the bottom. In the living 
and uninjured part of the material one sees the same plan, except 
that the proportion of living to dead organisms is much 
ereater at the surface than at any other level. The living dia- 
toms of this group are over 82% of the whole number at surface, 
as against 23% at the three-quarters depth, and as against 29% 
at the bottom. 

It may be that some currents at superficial levels are at work 
in shifting off the material, so causing it to be settled or eddied 
into belts and strata below, and it may be that there is alsoa 
higher rate of disintegration in the bottom strata to account for 
the lessening quantity there, but this seems hardly possible 
within these short limits, and we believe that this difference in 
quantity at different levels is rather due to those circumstances 
which cause a sudden loss in the rate of reproduction in the 
upper strata, and from which there is a subsequent settling of 
the debris into the lower. As will appear upon a following page, 
the diatoms here considered are very variable in quantity at the 
surface, being at some times very abundant and at others (as on 
the day when this vertical was taken) hardly perceptible. From 
this it is certain that the column in black as here plotted would 
on another day, during a period of rapid growth at the surface, 
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have been much wider, and would in fact have been more nearly 
like that represented for the Peridinium of column [. If now 
they were to die suddenly out at the surface and the débris were 
to gradually settle into deeper layers, an irregularity would there 
be caused, such as is here evident at the three-quarters depth. 
Such irregular periods of growth are doubtless less common in 
the deeper layers of water, since the conditions must be more 
stable in these depths, and this striking increase of Coscinodis- 
cus at the 84-fathom depth, therefore, probably represents a pre- 
vious period of active growth in the upper strata, and if one 
were to restore to life and the former conditions of growth all 
the dead and crushed débris of the three-quarters level here 
brought out it would doubtless form such a column as is given in 
the one just described for Peridinium. And conversely, if con- 
ditions of active reproduction were suddenly to become unfavor- 
able at the surface for the two species of Peridinium here plotted 
(column I), and they were provided with a resistant test like that 
of the large diatom, their vertical distribution would tend to as- 
sume, by cessation of growth and settling of débris, that which 
has now been described for Coscinodiscus. 

The dividing line between the two type species—z. e., between 
the quantity of Coscinodiscus occulus iridis and that of the large 
and beautiful C. asteromphalus—in this second column is shown 
for each level by a small white vertical bar placed in the black 
areas. All to the left of these bars is C. occulus iridis (with a 
few individuals of similar size from other species or genera), 
while all to the right of these white bars is C. asteromphalus. 

In the third column of Plate II, portraying the distribution of 
the diatom Melosira, is shown a very uniform increase in the 
numbers of that organism from surface to bottom with a slight 
falling off at the one-quarter depth. The individuals of this 
species here enumerated were laid in short chains and each short 
chain was counted as a unit in the determination, but they are so 
small and transparent that it did not seem advisable to attempt 
the separation of those living at the time of the collection from 
the dead, and the whole, therefore, is plotted as living material. 
It is certain, however, that the diatom can live at this depth, as 
many healthy chains can be found at the bottom stratum ; and we 
here conclude also that, under other conditions, the adundance of 
this form would be much greater in the overlying strata of water, 
and that the more rapid change of conditions above has left a 
larger quota alive in the slower-changing depths. That is to say, 
the increase is not so much due to conditions of active growth 
below as to the disappearance of a large proportion of those in 
the superficial layers, together with a settling of the débris into 
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the levels below, although this latter process in this delicate 
form must be much slower than in the diatoms of the preceding 
illustration. In the three types now discussed, Peridinium, Cos- 
cinodiscus and Melosira, the same causes may be operating to 
produce the differences in their distribution, 7. e., irregular per- 
iods of growth and settling of dead tests where such are resist- 
ant enough, and much of the vertical distribution here in ques- 
tion is due to a greater or less extent to the specific gravity of 
the various elements. One encounters at the lower levels not 
only the immediate occupant of such water, but also the indefin- 

ite accumulations of sediment from the upper water in which so 
much débris of organic origin is formed. 

In illustration of the action of sedimentation alone there is 
introduced in the fourth column of Plate II.a record of the 
distribution of certain sponge spicula, which of themselves, 
of course, have no power of independent movement or growth, 
and yet which are constantly found through the water, and 
which increase quite regularly to the bottom. The source 
of ‘these is probably in the shallower waters of other localities, 
from which they are introduced hither by tide currents near 
the surface, and thus sown, as it were, through the whole depth 
of the channel. There will also be noticed in this column show- 
ing the sponge spicula, a slight falling off in the numbers at the 
one-quarter depth as in Melosira, and at the bottom, as in Cosci- 
nodiscus, and it is therefore reasonable to suppose that they are 
obedient to the same influences in these respects, although we 
assume that the greater part of this very regular distribution of 
the sponge spicula is due to the gradual accumulation of mate- 
rial, for long periods, by sedimentation from the whole volume 
of water in which they are mixed by currents and other modes 
of diffusion. The spicules here recognized are of the straight 
bi-radiate type of some calcareous sponge not identified by us. 
The important place filled in all planktonic studies by the Cope- 
poda is not vacant here since they are abundant at surface, one- 
half as numerous at the one-quarter depth (28 fathoms), and rare 
at the mid-depth, only a single individual having been found 
there in one of the analyses of that level. There were also Nauplii 
of this form in association with the adult stages, one Nauplius 
on an average to two adult individuals at each level. 

Besides these organisms thus plotted and described in the 
foregoing, account was taken of the many other similar forms 
that occur less regularly and abundantly, such as diatoms, Fora- 
minifera, Infusoria, ete. Among these also may be mentioned 
certain other objects of organic origin but which are not prop- 
erly to be classed as marine. Thus the detritus in suspension in 
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this water includes many bits of epidermis of plants, many of the 
epidermal stellate hairs like those upon many ferns. There is 
also the almost constant presence of wing scales from Lepidop- 
tera, and back of all the blackish or brownish granular silt, ete. 
This last named detritus (sometimes called “ amorphous matter ”’) 
is indeed one of the hardest elements to understand. It is, to be 
sure, not strictly speaking a part of the Plankton, and yet it 
constantly gives character to every sample of water, and often 
outnumbers by many times the actually living material. It is 
most varied in its appearance, froin a light brown flocculent basis 
to finely divided grit and sand. In this particular vertical the 
one-quarter depth showed more of this débris than any other 
level, and, as has been seen, this is correlated with a decrease in 

the quantity of living plankton or the material derived immedi- 
ately from it. This relation of living organisms to detritus is 
not always constant, and, for the reason that the relation between 
them is so inconstant, we believe that it largely vitiates any volu- 
metric estimates based upon merely the bulk of a filtrate obtained 
from the water by net, planktonokrit or filter. A sample may 
look, in gross, rich and promising, but on examination proves al- 
most barren of living plankton, although much of the débris may 
be, more or less remotely, organic in origin. 

The observed numbers upon which this analysis rests may be 
tabulated as follows: 

Surf. j} Depth. Middepth. { Depth. Bottom. 
Peridinium fusus, 39 10 5 6 5 
P. divergens, a 4 3 sis oer 
Coscin. occulus iridis, 19 (1) 22 (12) 32 (18) 56 (37) 31 (18) 
C. asteromphalus, 4 (3) 5 (4) 8 (6) 53 (47) 21 (19) 
Melosira chains, 9 6 10 16 28 
Copepoda 4 2 one oes Pa 
Nauplius, 2 1 se aise sale 
Sponge spicula, 12 10 21 33 29 

Totals, 3 60 79 164 114 

Under the item Coscinodiscus of the above table are seen cer- 
tain bracketed numbers at the right of the column. These de- 
note the dead individuals of that level, thus: Cos. occulus iridis 
has 19 at surface level, of which one (1) is dead. At the one- 
quarter depth there are 22, of which twelve (12) are dead. At 
middepth there are 32, of which eighteen (18) are dead, and so 
on for all the items with following bracketed numbers. 

If now there be desired numbers of these forms living in 
ocean water in this region such a result may be obtained by mul- 
tiplying any of the above items by 50, since the organic filtrate 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XVI., Sig. 25, May 20, 1898. 



386 TRANSACTIONS OF THE [pEc. 18, 

from the 1,000 c.c. of water from each level is lodged in 20 c.e. 
of the formalin preservative, while the above fizures are taken 
from the counting of 1 c.c. of such filtrate, or zn part of the 
whole litre of ocean water treated, at each level. 

It is not to be assumed, of course, that this reduces the analy- 
sis of the contents of the water to a mathematical basis, as it only 
furnishes ground for estimates, based upon actual counts; but 
we do believe that it gives a true picture of the vertical distribu- 
tion of certain forms at the time the samples were taken. 

In notes taken in connection with the collections upon which 
this paper is based, Harrington says: ‘Tow taken in Port 
Townsend Harbor varied greatly on successive evenings. It was 
noticed after arain that the surface water had a muddled ap- 
pearance, and that the net was quickly clogged with a brown 
coating of Coscinodiscus and Arachnodiscus, while on other 
evenings comparatively few of these were to beseen. The num- 
ber of meduse varied very noticeably with the roughness of the- 
sea, falling of rain, etc., and a strong inshore wind always brought 
in various organisms, such as masses of Noctiluca.” He also 
states that the collection from which the plotting was made was 
taken at the close of a week in which there had been hardly any 
rain, and that in a glass jar the water was very transparent, while 
a few copepods could be seen in some of the samples. 

The causes for the sudden appearance of a given pelagic or- 
ganism and its similar disappearance, in great numbers, are very 
obscure, although the facts have often been observed. Whipple,* 
from observations in the several basins of the water supply of 
the city of Boston, Mass., has attempted to throw light upon the 
seasonal increase in ceitain diatoms by assigning as causes the 
vertical stirring up of the water, and the necessary presence of 
oxygen in connection with the assimilation of nitrates by the 
crowing cells. Many interesting data have thus been brought 
together by him, concerning the seasonal growth of this organism 
in shallow fresh waters, but such conditions would with diffi- 
culty be applied to marine forms over the much greater depths 
here described, and it is probably true that there is more fluctua- 
tion in shallow water and at the surface than in the deeper strata. 
We also gather from the work of Professor John Walther,t 
summarizing the work relating to the depth to which light pene- 
trates, and its various spectrum absorption, etc., that the bottom 
depths reached by our analysis in Puget Sound are only about 
half the distance to which the sun’s rays can penetrate under 

* Some Observations on the Growth of Diatoms in Surface Water, Technology Quar- 
terly, Vol. VII., No. 3, 1894. 

+ Bionomie des Meeres, Jena, 1893, p. 35. 
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favorable conditions, and also that the vertical sounded by us 
transverses a variety of colors in the water that are due to the 
absorption of the several elements of the light. 

It may be said in general, therefore, of the vertical distribu- 
tion here recounted, that the surface strata present the greatest 
numbers of living individuals, and furnish the most favorable, 
although irregular, conditions for the growth and reproduction 
of these organisms; but in the case of the large diatoms bur- 
dened with a large siliceous case there is a relatively rapid sink- 
ing into the strata beneath, and in other diatoms the conditions 
of growth seem to be well fulfilled in the lower strata. It is also 
true that all the forms here treated except the Copepoda are 
found alive throughout the whole extent of our vertical, 7. e. 
112 fathoms deep. 
We believe, moreover, that this is the lowest depth to which 

this method of quantitative estimate has been carried, and that, 
as it gives analysis of water over such considerable depths, it 
calls attention to them as recipient areas for material in process 
of sedimentation as well as for conditions of life and growth in 
an environment quite removed from the surface. 
We refer, in closing, with gratitude to the codperation of Pro- 

fessor H. F. Osborn, by whose provision in the Zodlogical Expe- 
dition these collections were made possible. The identification 
of the diatoms was kindly aided by the photographs made by 
Mr. O. E. Schaffer, of Port Townsend, Washington, who fur- 
nished very complete data in this respect for that locality. All 
the labors of procuring apparatus, collecting the materials and 
furnishing descriptive data referring to such work were done 
by the junior author of this paper, while the quantitative esti- 
mates, plottings and writing are the work of the senior author. 

BIOLOGICAL DEPARTMENT, WILLIAMS COLLEGE, 
WILLIAMSTOWN, Mass., Nov. 20, 1897. 

3 

[Zoology of Puget Sound. Columbia University Contributions No. 7.] 

THE MATURATION AND FERTILIZATION OF THE 

EGG OF ARENICOLA MARINA. 

Bre. Mt CHD: 

The material forming the basis of this paper was collected 
during the summer of 1896, at Puget Sound, by Mr. N. R. Har- 
rington, of the Columbia University Expedition. My thanks 
are due him for the opportunity of examining the material, and 
I take this occasion to express my obligation. 
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The eggs were taken from the body-cavity and were fertilized 
almost immediately on being brought into sea-water. At inter- 
vals of five minutes stages were’ preserved in both Boveri’s 
picro-acetic acid and in acetic sublimate. Only the former 
series proved of much value. The following is concerned chiefly 
with the cytoplasmic elements. 

During the earlier stages the eggs usually present a peculiar 
elongated or flattened form (Fig. 1).* Whether this indicates 
active changes of shape, such as are known to occur in some 
eggs, it is impossible to say, as living eggs have not been 
studied. 

The just fertilized egg contains a large nucleus with a promi- 
nent nucleolus, and the cytoplasm is uniform in structure, con- 
taining great numbers of small yolk-granules. There is no evi- 
dence of a centrosome or of any radiating structure of the 
cytoplasm. 

The first indication in the nucleus of approaching karyokinesis 
consists in an apparent increase in the amount of tingible chro- 
matin and the disappearance of the nucleolus. The nuclear 
membrane begins to disappear, resolving itself into the plas- 
matic network, and the chromatic substance is left free in the 
cytoplasm, usually at the side of a small cavity, which contains 
the nuclear liquid. As this is soon absorbed, the cavity disap- 
pears. 

Simultaneously with the disappearance of the nuclear mem- 
brane, about fifteen minutes after fertilization, the first traces of 
centrosome and asters which J have been able to find make their 
appearance. ‘Two very small but distinct centrosomes are seen 
(Fig. 1), each surrounded by an area of deeply staining cyto- 
plasm, and around this appears an extremely delicate and faint 
cytoplasmic radiation extending only a short distance. There 
is no trace of a central spindle, nor has evidence been found that 
the two centrosomes arise by the division of one. They are 
often much farther apart than in the egg figured. 

The centrosomes increase in size and the astral rays become 
longer and much thicker. Their ends can be seen to branch 
and terminate in the cytoplasmic network. The region between 
the two centrosomes is occupied by a spindle, formed by the 
rays which extend trom each center toward the other. These 
are often sinuous, and in some cases can be seen to be connected 
by cross-branches. A section of the egg at this stage is shown in 
Fig. 2.+ Besides the spindle lies the chromatin, and the nuclear 

*The small yoke granules which abound except in the region of the asters and 
spindle are not shown in the figures. All figures were drawn with the aid of the Abbé 
camera. 

+ In this figure the thick egg-membrane is shown. 
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cavity is also seen. At this stage the yoke-granules are all 
forced out to the peripheral regions of the egg, the central re- 
gion being occupied by the very large spindles and asters. The 
short, thick chromosomes (tetrads’?) arrange themselves about 
the equator of the spindle, whose fibers appear to fuse, forming 
a smaller number of very thick and distinct fibers. Now the 
spindle begins to change its position in the egg. The move- 
ment often appears to take place principally about one spindle- 
pole as a center, and the aster at this pole, showing, when sec- 
tioned in certain planes, a conspicuously spiral structure. <As 
the spindle moves, the resolution of the astral rays into the 

cytoplasmic network on the side from which the motion pro- 
ceeds can be seen. The rays often appear to leave behind them 
for a short time a trail, which is nothing but the disintegrating 
ray. During this movement the spindle undergoes a consider 
able decrease in size. 

Finally the spindle—the first polar spindle—still in the equa- 
torial plate stage, comes to lie radially in the egg with one pole 
at the periphery (Fig. 3). In this figure a stage is shown in 
which the chromosomes are beginning to divide and move to- 
ward the poles. The centrosome at each pole divides, and, so 
far as f have'been able to ascertain, this division may occur at 
various angles to the spindle axis. 

This stage is the earliest found which shows a male aster. 
The spermatozoon apparently enters at any point of the peri- 
phery, as it is found in most various positions with regard to 
the spindle. At first it is impossible to distinguish it from the 
numerous yolk-granules, as it is for some time unaccompanied 
by an aster. At the stage shown in Fig. 3, or often somewhat 
later, a small aster appears near the sperm-head, which is now a 
dense, spherical body, but increasing in size. Notwithstanding 
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repeated research, I have been unable to distinguish a definite 
centrosome at the center of theaster. The center appears granu- 
lar, but certainly contains no such definite body as is seen later. 
The sperm-aster certainly grows by transformation of the cyto- 
plasmic network of the egg into fibers. Whether it all arises 
from this source it is impossible to state. 

The chromosomes now divide and pass to the two poles, and 
the first polar body is formed in the usual manner. The inner 
portion of the spindle resolves itself rapidly into the cytoplasmic 
network, and the two centrosomes left at the inner pole move 
apart and are seen to be connected by a delicate spindle. This 
increases in size and distinctness, and polar radiations appear 
as the centrosomes become farther removed from each other. 
This second polar spindle revolves as it grows, assuming the 
position occupied by the first, and the chromosomes arrange 
themselves meanwhile on its equator. 

The fully formed second polar spindle (Fig. 4) is very similar 
to the first in appearance, but smaller, and possesses much 
smaller polar radiations. It usually shows one centrosome at 
each pole, though in some cases two appear at the inner pole in 
late equatorial plate stages. Whether two occur at the outer 
pole also it has been impossible to ascertain. The chromo- 
somes now divide and the second polar body is formed, being 
somewhat smaller than the first. A division of the first polar 
body was never seen to occur. 

In Fig. 4, to the right of the spindle, is seen a sperm-head 
with a single aster containing a centrosome. At about this 
stage the centrosome of the ‘‘male” aster divides. One of the 
resulting centrosomes remains near the sperm-head, and the 
other moves some distance from it. The two are connected by 
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a delicate spindle of few fibers, and about each centrosome is a 
distinct radiation, resulting from the division of the single aster. 
In some cases the radiation about the centrosome more distant 
from the sperm-head is seen to be smaller than the other, but it 
is not certain that this is always the case. Fig. 5 shows a 
sperm-head accompanied by two centrosomes with spindle and 
astral radiations. In another section of this egg the second 
polar body is seen to be in process of formation. 

After the formation of the second polar body the spindle- 
fibers disappear and the centrosomes enlarge, forming small ves- 
icles, which unite to give rise to the female pronucleus. At this 
stage the “ female” centrosome or centrosomes disappear. The 
central region of the aster appears to consist of a fine network, 
and the rays become less distinct, seeming to fade away in the 
cytoplasm. ‘This is shown in Fig. 6, f,in which the female pro- 
nucleus is formed and enlarging, having’ already become less 
dense. It has left its original position and is moving toward 
the central portion of the egg. 

In Fig. 6* at m is seen the male pronucleus with the accom- 
panying cytoplasmic structures as they now appear. The two 
centrosomes have disappeared, the polar regions of the spindle 
being occupied by a fine network. The rays are evidently dis- 
integrating and the spindle is barely indicated in the cytoplasm. 
These structures present this appearance with regularity at this 
stage. It is certainly not due to imperfect fixation or to other 
errors in technique, for on the same slides are eggs in somewhat 
earlier stages with distinct ‘‘male” centrosomes, spindle and 
radiations. The following stages afford a further confirmation 

* Fig. 6 is a combination of two sections of the same egg, one of which contained the 
emale, the other the male elements. 
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of the view that this disintegration is a part of the normal his- 
tory of these structures, for a little later there is no trace of 
asters or spindles in the egg. 

The pronuclei increase still further in size and show the 
chromatin in the form of a long thread. Meanwhile they ap- 
proach each other. At a stage when they are near together, 
but before contact occurs, they are seen to be surrounded by 
an area in which the cytoplasm possesses a reticular structure. 
Outside of this and about it as a center a distinctly radiate ar- 
rangement of the cytoplasm is found. This is evidently not an 
aster, although its rays are probably perfectly similar in nature 
to astral rays. There is no trace of centrosome or true aster in 
the egg. The radiate arrangement of the cytoplasm appearing 
at this time is evidently the expression of some activity within 
the egg. It may perhaps be due to the absorption of liquid 
from the cytoplasm by the pronuclei in their rapid growth, and 
decrease in density. This may result in cytoplasmic contrac- 
tion, the network being stretched in a radial direction. The re- 
ticular appearance of the region about the pronuclei may indi- 
cate that there is an accumulation of liquid there. 

Now, at the stage shown in Fig. 7, just before the pronuclei 
come into contact, two extremely minute asters appear in the 
plane of copulation, one on either side of the pronuclei. These 
are clearly seen to have no relation to the large radiation just 
mentioned. At first it is impossible to distinguish any definite 
centrosome at their centers, but they grow rapidly and a centro- 
some soon becomes visible in each, though at first extremely 
small. The two pronuclei now lie in contact. They are still 
larger than before, and the chromatin threads are clearly visible. 

The two asters become large and distinct, and some of the 
rays are seen to end in the nuclear membrance of both pronuclei. 
This stage is shown in Fig. 8. The pronuclei are elongated in 
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the direction of the line connecting the two asters, as if pulled 
out by the fibers attached to the membrane. In other sections 
it can be seen that there are fibers connecting the two asters, 
7. €., spindle fibers. In all cases one aster is slightly smaller 
than the other. 

Near the periphery of the egg are seen in Fig. 8 the last 
traces of the disintegrating rays, which are so conspicuous in 
Fig. 7. As the new asters increase in size these rays break 
down, and the cytoplasm once more arranges itself in the form 
of rays about the two centrosomes. 

The pronuclei do not fuse, but the membranes disappear, ap- 
parently going to form at least a portion of the spindle-fibers. 
The chromosomes arrange themslves about the equator of the 
now large and distinct spindle, and the first cleavage begins. 
Dissimilarity in size of the two asters are seen throughout the 
cleavage. 

The phenomena recounted have a direct bearing upon several 
questions of considerable importance. They show, first, that the 
centrosome is not permanent, at least not in its ordinary form. 
It is at present Ampossible to prove that the centrosome which 
appears in the “ male” aster did not enter with the spermatzoon 
and exist for a time in some non-tingible form. It is difficult, 
however, to deny the possibility of its formation, together with 
that of the aster, from the egg-cytoplasm as the result of some 
stimulus furnished by the sperm. Again, the centrosomes 
which result from its division may, in spite of their seeming 
disappearance, still exist in some form and reappear as the cen- 
trosomes of the cleavage spindle. The impossibility of dis- 
tinguishing any centrosome in the cleavage-asters in their earlier 
stages, and the minuteness of the centrosomes, when they do ap- 
pear, would seem, however, to indicate a new formation. If the 
cleavage centrosomes are the same as those which accompany the 
sperm-head and then disappear, the differencein size of the two 
‘““male’” asters observed in some cases may be connected with 
the difference in size of the cleavage-asters. Siti seems, at any rate, 
that the difference in size of the cleavage- asters anticipates and in- 
dicates the difference in size of the first two cells of cleavage, since 
the cleavage is unequal, If now the continuity of the centro- 
somes were proven, and if the difference in size of the “male” 
asters is of general occurrence, which is by no means certain, 

then we might, perhaps, be justified in assuming that the unequal 
first cleavage is determined as unequal when the ‘“‘ male” aster 
divides. This isa point of great interest and requires further 
investigation. I am inclined, however, to regard the cleavage- 
centrosomes as new formations and as not related to the ‘‘ male” 
centrosomes. 
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The egg of Arenicola affords evidence in favor of the view 
that the astral rays and spindle-fibers are merely temporary con- 
ditions of the cytoplasm and that they may arise and disappear 
as often as certain processes in the cell begin or cease. They 
appear to be simply the expression of an activity. It is also 
shown that structures which are in themselves indistinguishable 
from astral rays may arise as the result of processes absolutely 
unconnected with karyokinesis. 

A fuller discussion of these and other questions is deferred to 
a later paper. 

HULL ZoOLOGICAL LABORATORY, UNIVERSITY OF CHICAGO, 

November, 1897. 

STATED MEETING. 

December 20th, 1897. 

The Academy met with President Stevenson in the Chair. 

14 persons present. There being no Academy business at the 

last meeting, the reading of the minutes was omitted. Mr. 

William G. DeWitt, 88 Nassau street, was nominated as resident 

member, and referred to the Council. The Section of Geology 

and Mineralogy then organized. ; 

The first paper of the evening was by Mr. Arthur Hollick, en- 

titled ‘ Recent Explorations for Prehistoric Implements in the 

Trenton Gravels.” Dr. Hollick described the deposits seen in 

section at Trenton, N. J., during the last summer, and the ma- 

terials taken from the pit by himself and the other members of 

the special committee of scientists investigating Trenton gravels 

during the early summer of 1897. He described the character- 

istics of the deposits, the position of the artefacts in the gravels, 

and summarized the conclusions that may be drawn from their 

occurrence. <A fuller account has already appeared in Science 

for November 5th, 1897. The paper was discussed by Professor 

Stevenson, Dr. Julien and Professor Martin. The second paper 

of the evening was by Professor Kemp, entitled ‘‘Some Eruptive 

Rocks from the Black Hills.” Professor Kemp summarized the 

geological features and structure of the Black Hills and asso- 
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ciated rocks; sketched the history and exploration of the 

region, and noted the occurrence of rocks in the northern part 

of the hills near Terry peak containing leucite. But few locali- 

ties of leucite bearing rocks occur in this country, and every 

new locality is thus of considerable interest. The paper was 

discussed by Professor Stevenson and Mr. Irving, and the 

Academy adjourned at 9:55. 

RicHarp E. Dope, 

Secretary. 

Note.—With the completion of this volume, the Transactions 

will be merged into the Annals. The Annals will hereafter be 

issued coincidently with the calendar years. 
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PLATE I. 

Map of Puget Sound in the neighborhood of Port Townsend, Wash. 

Dotted lines denote localities where collections were made. To illustrate 

paper by Messrs Dean, Calkins, Harrington and Griffin, p. 33. 

Seale, 21 miles to an inch. 
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PLATE II. 

Dinichthys gouldi, Newberry;  {. A specimen showing vertebral axis, 

ventral armoring and bases of dorsal and of ventral fin. From the collection 

of Dr. William Clark, Berea, Ohio. . A V, Anterior ventral. C, Coprolite. 

D F, Basalia of dorsal fin. H A, Haemal arch. HS, Haemal spine. L P V, 

Left posterior ventral. N A, Neural arch. NC, Notochord. R P V, Right 

posterior ventral. U, Plates of unknown position (perhaps posterior laterals 

(Traquair) of Coccosteus). V F, Basalia of ventral fin (?). VG, Pelvie 

girdle. V M, Ventro-median. 

(The plates L P V, R P V, and portions of C, U and V F were attached to 

the right half of the concretion. They are here shown as if attached to the 

opposite half of the concretion: they thus appear in their actual position, but 

in reversed aspects ) 

(The Plate is repeated from Vol. XV., Plate VIL.) 
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PLATE If. 

Ventro-median plate of Dinichthys terrelli, Newb. x about 4. From the 

Terrell Collection in Columbia University Museum. 

Shown in both aspects, the ventral (ectal) being at the right. 

V. p. 59. 
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PAGAN, JOY 

Edestus LeContei, n. s. From the Carboniferous of Nevada. See p. 62. 

Fig 1 A, is small figure below main cut. 
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PLATE V. 

Comparison of five species of Edestus. See p. 63. 
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PLATE VI. 

Illustrating paper by Dr. Geo. S. Huntington ‘‘On Some Points in the 

Formation and Distribution of the Cervical Plexus in Cynomorphous 

Monkeys. Pp. 80-93. 

For explanations of Fig. 1 see pp. 91, 92; of Fig. 2, p. 92; of Fig. 3, p. 92; 

of Fig. 4, p. 92. 
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PLATE VII. 

Illustrating paper by Dr. Geo. S. Huntington, ‘‘On Some Points in the 

Formation and Distribution of the Cervical Plexus in Cynomorphous — 

Monkeys.’’ Pp. 80-93. 

For explanation of Figures 5, 6, 7, 8 and 9 see p. 93. 
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PLATE VIII. 

Map of the Bermuda Islands, reproduced from Plate X. (misprinted XI. ) 

of ‘‘The Atlantic,’’ Vol. 1, p. 272, of the Voyage of the Challenger, by Sir 

C. Wyville Thomson. 

The plate illustrates the paper by J. J. Stevenson, pp. 96-124, on ‘* Notes 

on the Geology of the Bermudas.’’ 
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PLATE IX. 

Illustrating paper by J. J. Stevenson, on ‘‘ Notes on the Geology of the 

Bermudas,’’ pp. 96-124. 

Fic. 1. Surface of the dune, near Elbow Bay, Bermudas. 

Fic. 2. Quarry in the ‘‘Sandstone,’’ Hamilton, Bermudas. 
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PLATE X. 

Illustrating paper by J. J. Stevenson, on ‘‘ Notes on the Geology of the 

Bermudas,’’ pp. 96-124. 

Fic. 1. Exposure in cut on Cedar Ave., Hamilton, Bermudas, showing 

structure of the sandstone. 

Fig. 2. Sink or ‘‘ Banana Hole,’’ near Tuckertown, Bermudas. 
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PAA Xe: 

Illustrating paper by Arthur Hollick, entitled ‘‘ The Cretaceous Clay Marl 

Exposure at Cliffwood, N. J.,’’? pp. 128-136. 

Fig. 1. Strobilites inquirendus Hollick. 

Fic. 2. Cunninghamites elegans (Corda) Endl. 

Fig. 3. Cunninghamites squamosus Heer. 

Fias. 4, 4a. Carpolithus drupzformis Hollick. 

Fias. 5-8. Dammara (2) Cliffwoodensis Hollick. 
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Flora of the New Jersey Clay Marl. 







PLATE XII. 

Illustrating the paper by Arthur Hollick, entitled ‘‘ The Cretaceous Clay 

Marl Exposure at Cliffwood, N. J.,’’ pp. 128-136. 

Fies. 1, 2. Geinitzia formosa Heer. 

Fics. 3a, 4. Araucarites ovatus Hollick. 

FIGs. 3b, 5. Sequoia Reichenbachi (Gein. ) Heer. 

Fic. 6. Arisema (?) dubia Hollick. 

Fic. 7. Ariseema (2) Mattewanense Hollick. 
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PLATE XIII. 

Illustrating paper by Arthur Hollick, entitled ‘‘ The Cretaceous Clay Marl 

Exposure at Cliffwood, N. J.,’’ pp. 128-136. 

Fias. 1, 2. Sapindus apicalutus Vel. 

Fias. 3. 4. Salix Meekii Newb. 

Fias. 5, 6. Laurus plutonia Heer. 

Fic. 7. Banksia pusilla Vel. 

Fic. 8. Rhamnus inequilateralis Lesq. 

Fias. 9, 10. Quercus (?) Novee-Cexsarex Hollick. 

Fies. 11, 12. Quercus Morrisoniana Lesq. 



TRANS. N. Y. ACAD. Sct. Voi. XSVi- PES x 

iz 

Flora of the New J ersey Clay Marl. 



i> , . 4 i « " y 

Ai i ‘p ei a ey, « 
Pare nih ¥. 

VM Mind tho) aM 
® 

iv VARS 
- sal 
») aL i a ¥ y 





PLATE XIV. 

Illustrating paper by Arthur Holiick, entitled ‘‘ The Cretaceous Clay Mar} 

Exposure at Cliffwood, N. J.,”’ pp. 128-136. 

Fia. 1. Celastrophyllum Newberryanum Hollick. 

Fias. 2, 3. Acer paucidentatum Hollick. 

Fias. 4-7. Sterculia sp. (?) 

Fic. 8. Magnolia Woodbridgensis Hollick. 

Fig. 9. Quercus (?) sp. 

Fig. 10. Paliurus integrifolius Hollick (?) 

Fias. 11, 12. Aralia Towneri Lesq. (?) 

Fic. 13. Sassafras acutilobum Lesq. (?) 
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Flora of the New J ersey Clay Marl. 
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Geological Map of a portion of eastern Colombia, 8. A., along the Carib- 

bean Sea. 

Illustrating paper by F. C. Nicholas, pp. 166-181, on ‘‘ The Mountains 

and Tertiary Valleys of Eastern Colombia.”’ 
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PLATE XVI. 

Illustrating the paper of N. R. Harrington, pp. 214-222. 

Fia. 1. Hupagurus alaskensis (Benedict), with commensal Nereis cyclurus 

n. sp., inhabiting Lunatia shell. 

Fia. 2. Lower coils of Lunatia shell, inhabited by hermit-crab, broken 

away, showing Nereis cyclurus in its normal retreat. 

Fia. 3. Head and anterior somites of Nereis cyclurus n. sp. This drawing 

was made by Mr. J. H. McGregor. Figures 1 and 2 are reproduced from 

photographs. 
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PLATE XVII. 

Illustrating paper of N. R. Harrington, pp. 214-222. Drawn by the author. 

Fia. 1, 2, 3. Parapodia of 10th, 20th, 30th somites Nereis cyclurus, n. sp. 

epitocous Nereis 2. 

Fic. 4, 5, 6. Parapodia 10th, 20th, 30th somites N. cyclurus, n. sp. ato- 

cous Nereis form sexually immature. 

Fic. 7. New bristle from epitocous Heteronereis form NV. cyclurus. 

ee eis 
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PLATE XVIII. 

Illustrating paper of N. R. Harrington, pp. 214-222. Drawn by the author. 

Fia. 1, 2, 3, 4, 5. Parapodia 1st, 10th, 20th, 30th and 50th somites of J. 

cyclurus, adult, epitocous Heteronereis form. Fic. 5. shows modified sexual 

form of parapodium with accessory respiratory lobes on ventral cirrus and 

neuropodium. All these appendages are distended with eggs even to the 

tips of lobes. Two ova are shown for relative size at side of Figure 5. 
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Illustrating paper by Stuart Weller on the ‘‘ Batesville Sandstone of 

Arkansas,”’ pp. 251-282. 

Fias. 1-3. Streptorhynchus williamsi. 255 

1. Pedicle valve. 
2. Brachial valve. 

3. Anterior view of cardinal process, taken from a wax im- 

pression. 

Fias. 4-5. Orbiculoidea batesvillensis. 2595 

Fics. 6. Dielasma turgida, var. elongata. 260 

Fias. 7-9. Productus cestriensis. 256 

Anterior, posterior and lateral views of the same specimen. 

Fias. 10-12. Spirifer keokuk. 257 
Three specimens showing variation in form. 

Fies. 13-15. Rhynchonella mutata. (?) 257 

Pedicle, brachial and anterior views of the same specimen. 

Fies. 16. Athyris subquadrata. 258 

* All the specimens figured are internal casts. 
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PLATE XxX.* 

Illustrating paper by Stuart Weller on the ‘‘ Batesville Sandstone of Arkan- 

sas,’’? pp. 251-282. 

Fies. 1, 2. Pinna arkansana. 260 

Fias. 3, 4. Aviculopecten batesvillensis. 263 

Fia. 5. Schizodus ?? sp. 267 

Fics. 6, 7. Allorisma watkeri. 265 

Fias. 8, 9. Schizodus batesvillensis. 266 

Fic. 10. Pteronites hopkinsi. 261 

Fias. 11, 12. Pteronites levis. 262 

FIG. 13. Aviculopecten sp. 264 

BIGS 1455. ithopnaga 2: OAtesvillen sigan maces esses eee eee eeeeeee 263 

Tes IG, 2/4 AHA ROGS GACH pconcs Gedoexo0 00000609 GoGDNDHOSGoNeo: cons. OnOE>. 262 

* All the specimens figured are internal casts. 
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PLATE XXI.* 

Illustrating paper by Stuart Weller on the ‘‘ Batesville Sandstone of Ar- 

kansas,’’ pp. 251-282. 

Tess I 2) (CU UNOCTRES. SI OUE AU CU bojcnconndosc0500 595005 500DER abo oN DaDDOGHDOHEONSOS 271 

1. Lateral view of an imperfect specimen. 

2. Suture. 

PLGSHS: toa. Onthoceras Cunehensis 2eccscrcacee ser eers ee ee eee a-esertele eee ete eee 270, 

3a. Transverse section showing outline and position of siphun- 
cle. 

EUIGSS 4. Allonismaramban sama nre-tsa cise ve ss serser eetee selon (erte sete sels eeeectees 265 

TRE (Oy SHADGTOMOINUES ZS Uscnoncesantsaqneoadsosbseasooson sboshnbonp0NScnHGObo spono Bae 268 

IGS we 8. Schizodus depressuss (c?)\icecessee-eceesse ssc eeceeee sees e eee e eee eee eee 267 

TRO CE'S (5 LEXA MOND, WIRUOTUETO0n orn cceceacoa0os souatbAbsdcouconDUOTOSBDOSadco0s0005 9005 269 

Drawn from a wax impression taken from a natural mold. 

ENG LOM PBCIeTO PON SUDLLUUS te jeer celts eeiriats elie elsieeeireriesciscese nese eee eee 269 

FIG. WS (Phillipsia Spi. cscsssijsascsaceasesssses aecnscis ssa Go sosteetiicus sreceeseeseecaeeeee 272 

* All the specimens figured are internal casts. 
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PLATE XXII. 

Illustrating posthumous paper by J. S. Newberryy, entitled, ‘‘ New Species 

and a new Genus of American Paleozoic Fishes, ete.’? Edited by BASHFORD 

DEAN. pp. 282-304. 

Fia. 1. Cladodus splendens, n.s. Kinderhook Group, Burlington, Iowa. 

p. 284. 

Figs. 2, 2a. Cladodus mortifer, n. s. Lower Coal Measures. near Newport, 

Ind. p. 285. ‘ 

Fia. 3. Oracanthus vetustus, St. J. & W. Kinderhook Group, ( Burlington, 

Towa.) p. 285. 

Fia. 4. Oracanthus pugniunculus, St. J. & W. St. Louis Limestone, 

Alton, Ill. p. 288. 

Fic. 5. Oracanthus lineatus, n. s. (St. Louis Limestone ? Ed.) p. 289. 

Fia. 6. Ctenacanthus depressus, n.s. Kinderhook Group, Le Grand, Ia. 

p. 291. 
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PLATE XXTL- 

Illustrating posthumous paper by J.S. Newberry, entitled, ‘‘ New Species 

anda new Genus of American Paleozoic Fishes, ete.’’? Edited by BASHFORD 

DEAN. pp. 282-304. 

Fias. 1, 2. Stethacanthus productus, n. s. Burlington Limestone, Burling- 

ton, Ia. p. 291. 

Fias. 3, 4. Stethacanthus compressus, n. s. Burlington Limestone, Burling. 

ton, Ia. p. 292. 

Fras. 5, 5a, 6 (? Ed.) Dactylodus princeps, N. & W. St. Louis Limestone, 

Alton, Ill. p. 295. 

Fias. 7, 7a. Dactylodus latus, n. s. St. Louis Limestone, Alton, Ill. p. 296. 

Frias. 8, 9. Dactylodus rectus, n.s. St. Louis Limestone, Alton, Ill. p. 296. 

Fras. 10, 11. Deltodus inornatus, n. 8. Kinderhook Group, Le Grand, Ia. 

p. 298: 
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PLATE XXIV. 

Illustrating posthumous paper by J.S. Newberry, entitled, ‘‘ New Species 

and a new Genus of American Paleozoic Fishes, ete.’”’ Edited by BASHFORD 

DEAN. pp. 282-304. 

Fras. 1-7. Deltodus complanatus N. & W. (Burlington Group—Ed.).  p. 

298. 
Fias. 8-11. Deltodus spatulatus N. & W. (Burlington Group—Ed.).  p. 

299: 

Fic. 12. Sandalodus ellipticus n. s. Kinderhook Group, Le Grand, Ia. p. 

299. 
Fias. 13-23. Psephodus ( Helodus) politus, n. s. Burlington Limestone.  p. 

301. 
Fic. 24. Helodus coxanus, n. s. Keokuk Limestone, Keokuk, Ia. p. 301. 

Fic. 25. Ctenodus fleisheri, n.s. Catskill Formation, Tioga Co., Pa. p. 302. 

Fic. 26. Ctenodus [Sagenodus ( Ed.) ] angustus, n. s. Catskill Formation, 

Bradford Co., Pa. p. 303. 

FIG. 27-28. Stenognathus corrugatus, n. g. Cleveland Shales, Lorain Co., O. 

p. 303. 
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PLATE XXV. 

Illustrating paper by F. E. Lloyd on ‘©The Mechanisms in certain boring 

Lamellibranch Molluses.’? Pp. 307-316. 

Fic. 1. Pholadidea penita; resting form. Right side; the mantle cut 

away along the dotted lines. The internal aspect of the mantle pore is 

shown at p, its front view at p’. 

Fic. 2. Thesame. Interior of left valve of resting form. 

Fic. 3. Thesame. Right side of working form showing muscular foot. 

The wall of the abdomen and the pulps are cut away so as to show the at- 

tachment of foot muscles. 

aaa. accessory anterior adductor. 

aa. anterior adductor proper. 

a. auricle. 

ab. abdomen. 

ant. anterior. 

apx. antero-posterior axis. 

as. accessory shell piece. : 

c. callum. 

dyx. dorsi-ventral axis. 

f. foot. 
fl. posterior cuticular flap. 

fm. foot muscles. 

g. gills. 

hx. hinge axis. 

p. mantle pore. 

pa. posterior adductor. 

pal. palps. 

pr. internal process. 

r. rectum. 

si. siphon. 

u. umbo. 

v. ventricle. 

va. ventral adductor. 

ype. ventral point of contact (=ventral tubercle). 

vt. ventral tubercle. 

iat pine ae oie 
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PLATE XXVI. 

Illustrating paper by F. E. Lloyd, on ‘‘ The Mechanisms in certain boring 

Lamellibranch Molluses.’? Pp. 307-316. 

(For explanations of letters see page facing Plate X XV. ) 

Fic. 4. Pholadidea penita. Interior of left valve of working form. 

FiG. 5. Zirphea crispata. Interior of left valve. 

Fic. 6. Teredo (sp. und ). Interior of left valve. The areas_within the 

dotted lines are the places of attachment of adductor muscles. 

Fic. 7. Exterior of right valve of same. 
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PLATE XXVII. 

The spawning of the Brook Lamprey, Petromyzon wilderi, Gage. From 

drawing made at Lincoln Park, April 16, 1897, by Bashford Dean. x3 V. 

pp. 321-323. 
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PLATE XXVIII. 

Illustrating paper by Geo. 8. Huntington, entitled ‘‘ Contribution to the 

Myology of Lemur bruneus,”’ pp. 339-363. 

Muscles of trunk, forelimb detached ; left side. 

(Abbreviations used in Plates X XVIII-X XXYV inclusive.) 

Art.Aer.Clav. Acromio-Clavicular joint. 

Ax.Arch. Axillary arch from Latissimus dorsi. 

Bi. Biceps. 

Br.Ant. Brachialis anticus. 

Clav. Clavicle. 

Cor.Br. Coraco-brachialis. 

D!. Clavicular portion of Deltoid. 

D2. Acromial portion of Deltoid. 

D’. Scapular (spine) portion of Deltoid. 

D.Ep. Dorso-Epitrochlear:s. 

Ect.P. Ectopectoral (Pectoralis major). 

Ect.P.abd. Abdominal portion of Ectopectoral. 

Ect.P.Clay. Clavicular portion of Ectopectoral. 

Eet.P.Stern. Sternal portion of Ectopectoral. 

Ect.P.Stern'. Upper Sternal portion of Ectopectoral. 

Ect.P.Stern?. Lower Sternal portion of Ectopectoral. 

Ent.P. Entopectoral ( Pectoralis minor). 

I.Sp. Infraspinatus. ; 

Lat. Latissimus dorsi. 

N.M. Median Nerve. 

N.U. Ulnar Nerve. 

Ob]. Ext. External Oblique. 

Pr.Cor. Coracoid process. 

Rect. Rectus. 

Seal. Scalenus. 

Serr.Ant. Serratus anterior. 

S.S8p. Supraspinatus. 

Subel. Subclavius. 

Subse. Subscapularis. 

Supr.Cost. Supracostalis. 

Tm. ‘Teres major. 

Tmi. Teres minor. 

Trap. Trapezius. 

ip eETICepS: 

Trit. Lateral humeral head of Triceps 

Tri’. Scapular head of Triceps. 
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PEATE XXX 

Illustrating paper by Geo. S. Huntington, entitled, ‘‘Contribution to 

the Myology of Lemur bruneus,’’ pp. 335-363. For explanations of abbrevia- 

tions see title to Plate X XVIII. 

Muscles of shoulder ; ventral aspect ; superficial dissection. 
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PLATE XXX. 

Illustrating paper by Geo. S. Huntington, entitled, ‘‘Contribution to 

the Myology of Lemur bruneus,’’ pp. 335-363. For explanations of abbrevia- 

tions see title to Plate X XVIII. 

Fic. 1. Muscles of shoulder; ventral aspect ; superficial dissection. 

Fie. 2. Muscles of shoulder ; ventral aspect ; deep dissection. 
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PLATE XXXI. 

Illustrating paper by Geo. S. Huntington, entitled, ‘‘ Contribution to 

the Myology of Lemur bruneus,’’ pp. 335-363. For explanations of abbrevia- 

tions see title to Plate XXVIII. 

Fia. 1. Muscles of shoulder ; ventral aspect ; deep dissection. 

Fia. 2. Muscles of shoulder ; ventral aspect ; deep dissection. 
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PLATE XXXII. 

Illustrating paper by Geo. S. Huntington, entitled, ‘‘ Contribution to 

the Myology of Lemur bruneus,’’ pp. 335-363. For explanations of abbre- 

viations see title to Plate XXVIII. 

Fic. 1. Muscles of shoulder ; ventral aspect ; superficial dissection. 

Fic. 2. Muscles of shoulderand arm ; dorsal aspect ; superficial dissec- 

tion. 
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PLATE XXXIII. 

Illustrating paper by Geo. S. Huntington, entitled, ‘‘ Contribution to 

the Myology of Lemur bruneus,’’ pp. 335-363. For explanations of abbre- 

viations see title to Plate XXVIII. 

Fic. 1. Muscles of shoulder and arm ; dorsal aspect ; deep dissection. 
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PLATE XXXIV. 

Illustrating paper by Geo. S. Huntington, entitled, ‘‘ Contribution to 

the Myology of Lemur bruneus,”’ pp. 335-363. For explanations of abbre- 

viations see title to Plate XXVIII. 

Fie. 1. Muscles of Trunk ; forelimb detached ; right side. 
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PLATE XXXYV. 

Illustrating paper by Geo. S. Huntington, entitled, “ Contribution to 

the Myology of Lemur bruneus,’’ pp. 335-363. For explanations of abbre- 

viations see title to Plate XXVIII. 

Fic. 1. Lower portion of Trunk; Pubic region and External Ab- 

dominal Ring. 

Fic. 2. Lower portion of Trunk; Pubic region and External Ab- 

dominal Ring of Cebus subcristatus, Gray, 3. 
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PLATE XXXVI. 

Illustrating paper by Stuart Weller, entitled ‘‘Description of a new Species 

of Hydreionocrinus from the Coal Measures of Kansas.’’ pp. 372-374. 

Fic. 1. Lateral view of the type specimen, of Hydretonocrinus kansasensis 

showing the calyx, the right posterior arm and the scattered plates of the 

crushed ventral sack with its crown of spinose plates. (Natural size. ) 

Fria. 2. Basal view of the dorsal cup. (Natural size. ) 

Fic. 3. Vertical view of the crown of spatulate spinose plates at the sum- 

mit of the ventral sack. (Natural size. ) 

Fic. 4. Diagram showing the arrangement and proportions of the plates 

of the dorsal cup. IB=lInfrabasals. B= bBasals. R= Radials. Br. = 

First Brachials. RA = Radianal. X—Specialanal. T= First tube plate. 
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PLATE XXXVII. 

Illustrating paper by J. I. Peck and N. R. Harrington on ‘‘ Observations 

on the Plankton of Puget Sound,’’ pp.377-386. 

An outline of the Puget Sound district, taken from the United States 

Coast Survey Map No. 6400. The point at which the planktonic collections 

were taken is indicated by a starina circle at the entrance of the Sound. In 

the lower left hand corner is given a detail map of the channel about this 

point with the soundings, our vertical having been made in a depression of 

the bottom. 
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PLATE XXXVIII. 

Illustrating paper by J. I. Peck and N. R. Harrington on ‘‘ Observations 

on the Plankton of Puget Sound,”’ pp. 377-386. 

Plotting to show vertical distribution of five elements of the Plankton. 

Surface, bottom and three intermediate levels are represented by the horizon- 

tal lines upon which are laid off widths corresponding to the numbers taken 

in each case. These widths at the various levels are made the basis for the 

construction of the several columns which show the facts ef distribution. In 

the first column the black area denotes living portion, and the stippled area 

the larger species. Inthe second column black area denotes living material, 

and the oblique-lined areas the dead and mutilated parts, while the small 

white bars in the black areas denote the separation of the two type species. 

In the third column ( Melosira) no attempt is made to show distinction of 

dead and living material. 
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NEW YORK 

ACADEMY OF SCIENCES. 

Fourth Annual Reception 

and Exhibit of 

Recent Progress in Science 

in the 

American Museum of Natural History, 

April) 5) atid, 

1897. 



rip 

i iy 

HOM 
Crib TIN | 

iba 
BID ps 

at ‘ 

ull it My 
\ WAN Aer Aran 

Hea H 
Ht 

ult 
hy q 

, init in 

Ky i Neen ni 

Hi ieiihy Ni ii 



Committees. 

Honorary Committee of Members. 

ADDISON BROWN, ABRAM S. HEWITT, 

CHARLES P. DALY, MORRIS K. JESUP, 

WILLIAM E. DODGE, SETH LOW, 

E. L. GODKIN, WILLIAM C. SCHERMERHORN. 

Reception and Exhibition Committee. 

HENRY F. OSBORN, CHART Sir b. CO 

RICHARD E. DODGE, Chairman. 

Special Committee of Arrangements. 

J. L. WORTMAN, GEORGE D. ORNER. 

General Committee. 

ANATOMY: GEORGE S. HUNTINGTON. 

Astronomy: J. K. REES. 

Botany: L. M. UNDERWOOD. 

CHEMISTRY: CHAS. A. DOREMUS. 

ELECTRICITY: GEO. F. SEVER. 

ETHNOLOGY AND ARCH OLOGY: FRANZ BOAS anp M. H. SAVILLE. 

EXPERIMENTAL PsycHOLoGy: J. McK. CATTELL. 

GEoLocy: J. F. KEMP. 

MINERALOGY: GEO. F. KUNZ. 

PALEONTOLOGY: GILBERT van INGEN, 

PHOTOGRAPHY: WILLIAM STRATFORD. 

Puysics : WILLIAM HALLOCK anp J. F. WOODHULL. 

PHYSIOGRAPHY: R.E. DODGE. 

Zo6Locy: C. L. BRISTOL ann BASHFORD DEAN. 
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NEW YORK 

ACADEMY OF SCIENCES. 

FOUNDED IN 1817. 

ORGANIZATION. 

The Academy is fourth in point of age among the scientific 

societies of America. It was organized in 1817 as the Lyceum 

of Natural History, and the present title was adopted in1876. The 

constitution and organization are designed to make the Academy 

broadly representative of Science. The meetings and publica- 

tions of the Academy are therefore open to all departments of 

scientific research. 

The former Presidents have been: Dr. Samuel L. Mitchell, 

1817-1823. Professor John Torrey, 1824-1826; 1836. Major 

Joseph Delafield, 1827-1837; 1839-1865. Professor Charles 

A. Joy, 1866-1867. Professor John S. Newberry, 1868-1892. 

Professor O. P. Hubbard, 1892-1893. Dr. H. Carrington Bol- 

ton, 1893-1894. Professor John Kk. Rees, 1894-1896. Profes- 

sor J. J. Stevenson, 1896-1897. 

MEMBERSHIP. 

Honorary Members are limited to fifty in number, and are 

elected from the representative scientific men of the world. 

Corresponding Members are also chosen from distinguished men 

in different parts of the world who engage in the prosecution of 

some branch of research, the results of which they are expected 

to communicate to the Academy from time to time. This list 

now includes over 250 names. 

Fellows are chosen from among the Resident Members, in 

recognition of scientific attainments or services; they form the 
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Council and the main working body, and conduct the business 

of the Academy. 

Resident Membership is not restricted to specialists, but is 

open to those who take a general interest in science and desire 

to promote the work of the Academy by their subscriptions. 

The Initiation Fee is $5, and the annual dues are $10. Pay- 

ment of these confers upon Members full privileges and the 

right to all publications. By payment of $100 a Member may 

become a Life Member, commuting his annual dues. Donors 

of $250 become Patrons, and have all the privileges of Life or 

Resident Members. 

Resident and Corresponding Members are elected as fol- 

lows: The candidates are proposed publicly, in writing, at any 

meeting, by a Fellow or Member; and the nominations, together 

with the name of the person making them, are referred to the 

Council; if approved, the candidates may be elected by ballot at 

any succeeding business meeting. 

PUBLICATIONS. 

The publications of the Academy at present consist of three 

series— 7he Annals, The Transactions and The Memoirs. 

All are distributed to Members and Fellows, and are circulated 

in exchange for the publications of nearly all the foreign Acad- 

emies and learned Societies. The Annals opened in 1824 and 

are now in the ninth volume of the second series; altogether 

nineteen volumes have been issued. They contain the longer 

contributions and reports of researches, and have given world-wide 

reputation to the Academy. The Transactions were begun in 

1881; they contain a record of the meetings, including abstracts 

of the shorter papers, and are now in the thirtieth volume. 

The Transactions appear regularly in signatures, or are sent in 

complete octavo volumes at the end of the year, according to the 

wishes of Members. Under the present system of printing, an 

author can secure immediate publication and distribution of a 

discovery in which it is important to establish priority. The 

present edition of both the Annals and Transactions is 1,000. 

The Memoirs are issued in quarto form and are adapted to pa- 
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pers requiring large plates or tabulations. They were begun 

last year and one number has been already issued. 

LIBRARY. 

The Library numbers over 18,000 titles, and is especially 

rich in sets of the publications of American and Foreign Societies. 

In this respect it is one of the most complete in this country. It 

is now shelved in a special room of the Library building at Co- 

lumbia University, and is accessible to Members from 8 a.m. to 

IO P.M. every day of the year. 

MEETINGS. 

The Academy at present enjoys the hospitality of Columbia 

University in the use of Hamilton Hall. There is, however, no 

official connection between the Academy and the University. 

Meetings are held every Monday at 8 p.m., from October to 

May, inclusive. The Academy meets in sections on successive 

Mondays in the following order: Astronomy and Physics; 

Biology (Zodlogy, Physiology, Botany) ; Geology and Mineral- 

ogy; Anthropology, Psychology and Philology. Other sections 

may be formed by a vote of the Council. Each of the sectional 

evenings is devoted mainly to scientific papers and discussions. 

All the meetings are open to the public and are announced, with 

the subjects of the papers to be read, in the bulletins of the 

Scientific Alliance of New York. 

POPULAR LECTURES. 

The Academy is largely aided in its scientific work by its 

general membership, and the course of illustrated popular lec- 

tures arranged for each winter is specially for the benefit of the 

general Members and the public. The subjects of the lec- 

tures are chosen from different branches of science, and are de- 

signed to present in a popular manner the latest results of research. 

Persons desiring to join the Academy or support its scientific 

work by subscription should address 

THE SECRETARY, 

New York Academy of Sciences, 

CotumsiA University, NEw York CITy. 



P. H. DUDLEY, Chairman. 

E. B. WILSON, Chairman. 
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T. R. PRICE, Chairman. 

OFFICERS OF THE ACADEMY, 

1897-8. 

President, 

J.J. STEVENSON. 

First Vice-President, Second Vice-President, 

H. F. OSBORN. N. L. BRITTON. 

Corresponding Secretary, WM. HALLOCK. 

Recording Secretary, J. F. KEMP. 

Treasurer, C. F. COX. 

Librarian, ARTHUR HOLLICK. 

COUNCILLORS. 

J. A. ALLEN, J. K. REES, 
FRANZ BOAS, WILLIAM STRATFORD, 
R. E. DODGE, ROBERT S. WOODWARD. 

CURATORS. 
BASHFORD DEAN, G. F. KUNZ, 
D. W. HERING, MORRIS LOEB, 

HEINRICH RIES. 

FINANCE COMMITTEE. 

HENRY DUDLEY, J. H. HINTON, 

CORNELIUS VAN BRUNT. 

OFFICERS OF THE SECTIONS. 

SECTION OF ASTRONOMY AND PHYSICS. 

SECTION OF BIOLOGY. 

SECTION OF GEOLOGY AND MINERALOGY. 
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R. E. DODGE, Secretary. 
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ANATOMY. 

In CHARGE oF G. S. HUNTINGTON. 

The exhibit is designed to illustrate the results obtained by 

the use of the intra-arterial injection of a 10 % Formalin Solution 

for the purpose of hardening the thoracic viscera in situ. The 

topographical exposures which can be made in this way afford 

in many respects entirely novel views of the mutual relations of 

lungs, mediastinal contents and thoracic walls. 

PLASTER CASTSs. 

1. TOPOGRAPHICAL ANATOMY OF UpprpER TuorRAcIC REGION. 

Exhibited by Dr. J. A. Blake. 

. Portion of Thorax lying above a section passing through 

sternum at a level just below cartilage of zd rib and 

through 6th dorsal vertebra. Hardened in Formalin, 

pleura removed and structures dissected into relief. 

6. Same except that section passes in a slightly higher plane. 

Same, level of section 3d, dorsal vertebra and upper 

margin of sternum. 

. New born infant in which respiration had not been 

established. Formalin; thorax, from which anterior 

portions and lungs have been removed with parietal 

pleura. 

eand f. Right and left lungs of same, showing impressions 

of mediastinal structures, colored to correspond with other 

casts. 

2. SERIES OF PREPARATIONS AND Casts, human and com- 

parative, of thoracic cavities and contents. (See label 

on each preparation for explanation. ) 

9 
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CoLtor SCHEME 

Connective and) indifferent |tisstvese.)).).ca)he)alelaVeleielele/a) sre) elels Yellowish Pink. 

BONES {isso iicial als ale catalalaie)s] oiepetpaionapalayalolaateleieleteteseieialat yale ene iete(e Pale Yellow. 

Mendonsiand ligaments ies oleetelelelfetelelslelefelals|elelstataleataratats Bluish White. 

Mirsclesicss stella. areal bal etal ape Uatatal el aeol a sobaodoboadcgbdate Crimson Lake. 

PEriCArGiuMas (sain isislereisieicicieistetretel etcinialeietatolekiciieictarsieneialatetars Pale Green. 

VESSELS. 

Arteries (iS StEMmiiG) ler sere eiate elelaie ohel ala mctarelala tee alclelere aire ate Vermilion. 
Veins oo NT nniNalevetelatatateratntatate avetelist ofeteltenel safe aleve otaialevers Dark Blue. 

Pulmonary arteries eiielsvcletelecatsloislelelelel siete alateleralaiekelalelaiaiake Purple. 

oe VEINSHeyalerelclelalaratnralelele(ctevelelalcetaleeacteverslsleletstelener Crimson. 

Thoracic Ducts) (lymphatic (Vessels) saci c s/n wicleisicials icles Emerald Geeen. 

Mrachea andy BLOM Me eer erereiel etoile osslotelensfol here’ fetelaraiercreket eter: Yellow. 

Gisophagiisyejelelecialwvoteloteratelchetelalalerselelacseiialeliietatey kell olefelelletatsye Pink. 

INGE VES -islolterelerleiiteilelalotayeioiteretevetaletatatetalotey latelteleveleliiaietet ole fall ols White. 

Bronchial glands (Lymph Nodes)... 22.2... 22.0 cncncees Dark Green. 

EDD yAAU Sy elelere(rciejelaltelnieles/aleyatats mielelerslolefejsie sabddassWeoddode Pink. 

B 

ASTRONOMY. 

In CHarGE oF J. K. REEs. 

1. REPRODUCTION OF PLaTEs taken, for the HaArvARD CoL- 

LEGE OBSERVATORY, at AREQUIPA, PERU, with the 

Bruce Photographic Telescope. 

a.) Plate vr. ‘Cluster N.'G.'C.'6067. 
4. Plate 2. Eta Carine. 

c. Plate 3. Trifid Nebula. 

2. Copies oF PHotoGRAPus of the Moon taken at the Lick Os- 

SERVATORY. 
a. Negatives from enlarged photographs of the Moon used 

in making the Lick Atlas of the Moon. 

é. Plates 1-5 of the Lick Atlas of the Moon. 

c. Transparency of a portion of lunar surface. 

. CoLtumMBIA CoLLEGE OBSERVATORY EXHIBITS. 
a. Measuring machine for stellar photographs, with im- 

provements. 
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6. Long exposure plates of circumpolar stars made for 

Prof. H. Jacoby at Helsinfors. 

4. Exuipir By WARNER & SWASEY, OF CLEVELAND, OHIO. 

a. Position Micrometer for the 40-inch Equatorial of the 

Yerkes Observatory of the University of Chicago. 

6. Eye end Micrometer of the 6-inch Meridian Circle for 

the U. S. Naval Observatory. 

c. Micrometer for 4-inch Meridian Circle for University of 

Pennsylvania. 

d. Graduated Circle together with verniers of the 4-inch Me- 

ridian Instrument of the University of Pennsylvania—this 

circle was graduated on Warner & Swasey’s new engine. 

e. Several Photographs of Astronomical Work. 

. Exnisit By Pror. ALFRED G. Compton, DEPARTMENT OF 

APPLIED MATHEMATICS, THE COLLEGE OF THE CITY 

oF NEw York. 

a. Electro-gyroscope to illustrate precession. 

6. Artificial Horizon, designed to diminish the effect of 

tremors. 

On 

6. Exuisit by Pror. E. E. BARNARD, of YERKES OBSERVA- 

ToRY of University of CHICAGO. 

a. Several prints from photographs of stars, etc. 

7. ExHIBIT FROM LOWELL OBSERVATORY, MExIco. 

a. Drawings and photographs of Mars, Venus, Mercury, 

and Jupiter’s satellites. 

6. Double star orbits and list of new double stars discovered 

by T. J. J. See. 

C 

BOTANY. 

In CuHarGE oF LucrEN M. UNDERWoopD. 

I. SPECIMENS of SOME NEW AND LITTLE KNOWN PLANTS OF 

EasTERN Nortu America. Exhibited by Prof. N. L. 
Britton. 
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12. 

a. NEw SPECIES OF PLANTS FROM BOLIVIA AND VENE- 

ZUELA. 

4. DENDROBANGIA, A NEW GENUS FROM BOLIvIA. 

c. Economic PLANTS FROM THE LOWER ORINOCO. Ex- 

hibited by Dr. H. H. Rusby. 

A NEw PLuM FROM CONNECTICUT. 

StrupIiEs IN EPILOBIACEAE. 
a. Anew genus, Ludwigtantha. 

6. A new genus, Gaurella. 

c. New species of Axogra, Knetfia and Spherotigma. 

Tuer GEenus TRADESCANTIA IN THE SOUTHERN STATES. All 

the forms of one group have been designated usually 

by the name Zradescantia Virginiana but they naturally 

segregate themselves into nine or more species. 

MiscELLANEOUS NEw SPECIES FROM THE SOUTHERN STATES 

in Quercus, Portulaca, Nymphaea, Ribes, Oxalis, 

Cynoctonum, Chrysopsis and Solidago. 

Nos. 3, 4, 5 and 6 exhibited by Dr. John K. Small. 

Tuer Nortu AMERICAN SPECIES OF AGRIMONIA with origi- 

nal drawings. 

Tue DISTINCTIONS BETWEEN GEUM CANADENSE AND GEUM 

FLAVUM. 

SCROPHULARIA LEPORELLA AND LECHEA JUNIPERINA, new 
species of plants from Northeastern America. 

Nos. 7, 8 and 9 exhibited by Eugene P. Bicknell. 

STUDIES IN THE LEGUMINOS2, illustrated by specimens. 

Exhibited by Anna Murray Vail. 

New AND INTERESTING PLANTS FROM NEw Mexico. Ex- 

hibited by Elmer O. Wooton. 

STUDIES IN THE GENUS ASTER, with specimens showing 

the variations of certain species. Exhibited by Professor 

E. S. Burgess. 

New American Grasses. Illustrated by herbarium speci- 
mens. Exhibited by George V. Nash. 
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New Species oF PoTENTILLA AND ITS ALLIED GENERA, 

with drawings prepared for a monograph of Potextzlla 

and its allies. Exhibited by P. A. Rydberg. 

HERBARIUM SPECIMENS illustrating the VARIABILITY OF 

SPECIES OF Po_ypopiuM IN CaLirorNIA. Exhibited by 

Marshall A. Howe, Columbia University. 

SPECIMENS OF THE RARE Hart’s TONGUE FERN (.Scolo- 

pendrium) from Chittenango Falls, Madison county, 

New York. Exhibited by Willard N. Clute. 

SoME OF THE RarRE FERNS oF ALABAMA, with herbarium 

specimens. Exhibited by L. M. Underwood. 

Mossss from the Vicinity of LAKE PLacip AND ApIRON- 

pAcK LonpegE, illustrating the flora of the highest peaks 

of the Adirondack Mountains, N. Y., including Marcy, 

McIntyre and Whiteface. Exhibited by Elizabeth G. 

Britton. 

Microscopic PREPARATIONS ILLUSTRATING THE HEPATIC 

Firora oF CatirorniA. Exhibited by Marshall A. 
Howe, Columbia University. 

Manuscript oF ‘‘A REVISION OF THE NoRTH AMERICAN 

IsOTHECIACEAE AND BRACHYTHECIACEAE,” with speci- 

mens of new and interesting species. Exhibited by A. 

J. Grout. 

CHARACEAE AMERICANAE. Part II, FASCICLE 3, with 

specimens of the new species therein described. 

NEW SPECIES OF CHARACEAE, with illustrations of speci- 

mens. 

Nos. 20 and 21 exhibited by Dr. Timothy Field Allen. 

A Srupy oF THE Mou tps of the BACTERIAL LABORATORY 

of the COLLEGE OF PHYSICIANS AND SURGEONS. Ex 

hibited by Smith Ely Jelliffe, M.D. 

Some of the Bacteria of the Croron WATER SUPPLY. 

Exhibited by F. G. Knerr, M.D., and Smith Ely Jel- 

liffe, M.D. 
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A Srupy of the MicroscopicAL ORGANISMS of the CROTON 

WatTER SuppLy. Exhibited by Karl M. Vogel, Ph.G., 

and Smith Ely Jelliffe, M.D. 

SPECIMENS illustrating various forms of Hxobostdium Vac- 

cinti (Fuckel) Woronin, as it appears on different hosts 

and at different times of the year. Exhibited by Dr. 

Herbert M. Richards. 

ILLUSTRATIONS of ALABAMA FUNGI. 

a. Peridermium cerebrum Peck; a parasitic fungus affect- 

ing the pine and causing the death of many young trees 

in various parts of the Southern States. 

4. New and interesting species of Polyporus. 

These specimens are in boxes designed to be used for 

the preservation of bulky specimens, such as cones and 

other large dry fruits, woody fungi and the like; the 

boxes are in multiple sizes and are designed to fit into a 

tray or drawer the size of the standard herbarium sheet. 

Polyporus officinalis, a rare fungus recently collected in 

Wyoming, said to be used as a substitute for quinine in 

certain portions of the country. The specimen is about 

one-third of the entire plant. 

Nos. 26 and 27 exhibited by L. M. Underwood. 

D1acrams illustrating the effect of wounding on the respira- 

tory activity and temperature of various plant parts, to- 

gether with drawings of some of the apparatus employed 

in investigating the same. Exhibited by Dr. Herbert M. 

Richards. 

DEMONSTRATION of the TRANSPIRATION CURRENT in the 

Stems oF PLants. The water absorbed by the roots 
passes through the stem and is exhaled in large part by 

the leaves. In this demonstration a plant freed of its 

roots is connected with a tube filled with water. This 

tube passes under the microscope and the observer sees 

the water current on its way to the stem and leaves. 

The microscope, of course, appears to reverse the direc- 

tion of the current. 
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CHEMOTAXIS. This term designates that directive force 

discovered by Pfeffer which controls the movements of 

many organisms. Thus are the pollen tubes attracted 

through the tissues of the stigma to the ovules, the sperma- 

tozoids to the archegonia. In the illustration given the 

bacteria are seen crowding into the tubes, attracted by 

the KNO,. 

MIcROSCOPICAL STUDIES. 
a. Embryo sac of Lzléum rubrum. (Hermann’s Platino- 

aceto Osmic mixture and Strasburger’s iodine green- 

fuchsine method. ) 

8. Pollen formation in Azalea viscosa. (Kernschwarz- 

Victoria blue.) 

c. Abortive ovules of M/usa (the banana). The sections 

show the seed-coats and the nucleus perfectly formed, 

although seeds are never matured. 

d. Longitudinal section of ovary of Oxagra bennis, show- 

ing crystal-bearing sacs filled with mucilage and centrally 

placed bundles of crystals (raphides). 

e. Transverse section of the last, showing the distribution 

of the sacs. 

Nos. 29, 30 and 31 exhibited by Dr. Carlton C. Curtis. 

Microscopic PREPARATIONS AND DRAwInNGs, illustrating 

the plate of cells by which the ordinary deciduous leaf 

petiole is separated from the stem. Exhibited by Ada 

Watterson, Barnard College. 

Microscopic PREPARATIONS AND DrRAwInGs, illustrating 

one phase of Symbiosis; Nostoc colonies in the thallus of 

Blasia. Exhibited by Louise B. Dunn, Barnard College. 

Microscopic SiipEs, Powpers, LEAvEs, Roots anD HErR- 

BARIUM SPECIMENS, illustrating some of the officinal 

drugs and their adulterants.* Exhibited by Dr. Albert 

Schneider. 

* Nos. 34, 35 and 36 were undertaken in the interest of the Research 
Committee C (investigating powdered drugs) of the Revision Committee 
of the United States Pharmacopeeia, to discover characters by which each 
can be identified in a powdered condition. 
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a. A comparative study of the roots of Rio Ipecac ( Cephe- 

lis Ipecacuanha) and Carthagena Ipecac ( Cephelis 

acuminata). 

4. A comparative study of the arils of AZyristica fragrans 

and Myristica Alalabarica (true and false mace.) 

c. The comparative anatomy of the earlier and later leaves 

of Eucalyptus globulus. 

d. A comparative study of the leaves of species of P2locar- 

pus found in commerce under the name of ‘‘Jaborandi.” 

. Microscopic PREPARATIONS AND DRAwiNGs illustrating a 

comparative study of the powdered bark of stem and 

root of Sassafras.* Exhibited by Katharine C. Bur- 

nett, Barnard College. 

. Microscopic PREPARATIONS AND DRAWINGS illustrating a 

comparative study of Prcrena excelsaand Quassia amara 

to discover characters by which each drug can be identi- 

fied in the powdered condition.* Exhibited by Frank- 

lin G. Hills, Barnard College. 

. A Copy oF Vou. I. oF THE ILLUSTRATED FLORA OF THE 

NorTHERN STATES AND Canapa. Exhibited by Pro- 
fessor N. L. Britton and Hon. Addison Brown. 

. CuRRENT VOLUMES OF THE BULLETIN OF THE TORREY 

BoranicaL CLus AND MEMOIRS OF THE TORREY Bort- 

ANICAL Cius. Exhibited by the Torrey Club. 

Tue LiInN2ZAN FERN BULLETIN, a journal devoted to the 

study of Ferns and their Allies. Exhibited by Willard 

N. Clute. 

TueEsis, ‘‘On THE ORIGIN AND DEVELOPMENT OF STIP- 

ULES.” Exhibited by A. A. Tyler. 

A Copy or ‘‘ FERNS AND FERN ALLIES OF NEW ENGLAND,” 

by Raynal Dodge. Exhibited by Willard N. Clute. 

*Nos. 34. 45 and 36 were undertaken in the interest of the Research 
Committee C (investigating powdered drugs) of the Revision Committee 
of the United States Pharmacopeeia, to discover characters by which each 
can be identified in a powdered condition. 
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D 

CHEMISTRY. 

In CuHarGE oF CuHarues A. DOREMUS. 

. Recutus oF Iron obtained by Henri Moissan, Membre de 

I’Institut (Académie des Sciences), Honorary Member 

of the New York Academy of Sciences, and illustrating 

his method of preparing diamonds. 

. ELectric Furnace. Exhibited from the Department of 

Chemistry of the College of the City of New York by 
Prof. R. Ogden Doremus. 

This furnace was constructed in the mechanical shop 

of the College from designs of M. Moissan and was used 

at the lecture he delivered before the Academy and other 

Scientific Societies on October 27, 1896. 

With it silicon was distilled. 

. Evectric FurNAcE and chemical compounds produced there- 

with. Exhibited by C. E. Pellew, S. A. Tucker and 

a. E. Van Gelder. 

. ELectric Furnace, double arc construction. Exhibited by 

Charles F. McKenna. 

. Evectric FurNAcE arranged for projection after model of 

Roberts-Austen. Exhibited by the College of the City 

of New York through Charles A. Doremus. 

. LANTERN ATTACHMENT for projection of Plateau and other 
experiments, devised by Charles A. Doremus. Exhibited 

by the College of the City of New York. 

. JUNKERS Gas CALORIMETER. 

. Pratinum Ruopium PyrRoMETER. Nos. 7 and § are exhibited 

by the College of the City of New York. 
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9. FLAME OF ENDOTHERMIC GaAsEs, acetylene and nitrous ox- 

Il. 

ide. Exhibited by Charles A. Doremus. 

Acetylene C,H, has an endothermic value of 61,100 

colories. 

Nitrous oxide N,O an endothermic value of 18,470 

colories. 

. COLLECTION OF SPECIMENS, PHOTOGRAPHS, ETC., illustrat- 

ing the production of Thomas slag, its conversion into 

phosphatic fertilizer and effect on vegetation. Exhibited 

from the Chemical Division of the Department of Agri- 

culture, Washington, D. C., by Harvey W. Wiley. 

CrySTALLINE Copper formed in electrolytic tanks. This 
formation was initiated by gases carried by the atmos- 

phere from Newtown Creek to the copper works. Ex- 

hibited by J. B. F. Herreshoff. 

. New Assay BALANCE weighing to the 51, of a milligram. Z00 
Exhibited by the College of the City of New York. 

CoLLEcTION OF ARTISTIC GLAss, showing application of 

scientific methods for the production of lustres, irides- 

cences and mass color. Exhibited by Louis C. Tiffany, 

Corresponding Member of the ‘*‘ Institut” (Académie des 

Beaux Arts). 

. COLLECTION OF NEW CoLoriInG Matters. Exhibited by 

Wm. J. Matheson Co., Ltd. 

a. tlemolin X. S., Patented. This is the pure coloring 

matter of logwood presented in a dry, crystalline form, 

of absolute purity and uniformity of brilliancy and 

strength. This product will not melt as is usual with 

Solid Logwood Extracts, and differs from them very ma- 

terially. 

b&. Morin Yellow, Patented. This product is a pure color- 

ing matter of Fustic presented in a dry, crystalline form, 

and presents in its appearance and general properties the 

same relation to Fustic as the above Hemolin, patented, 

does to Logwood. 
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c. Granular Tannin. This product is the tannin mat- 

ter of Sumac in a dry, crystalline form, and its relation 

to Sumac is similar to that of the two products above 

given. 

The three above products are the first successful arti- 

cles of this class to be manufactered and their production 

is a decided step in advance over the usual extracts. 

d. Naphtyl Blue Black N. This is the only coal tar color 

which will produce upon wool, the same shades as Log- 

wood in both transmitted and reflected light. It can be 

readily substituted, therefore, for Logwood, and its cheap- 

ness and much greater permanency to atmospheric and 

similar reagents make it extremely valuable and interest- 

ing in this line of work. 

e. Diamine Jet Black C. &. This is the only known 

coal tar dye which will produce upon cotton, shades 

similar to those produced by Logwood. It is easy of ap- 

plication and its permanency has caused it to replace log- 

wood dyeing for cotton, almost exclusively. 

f. Diaminogene. This is the only coal tar dye that will 

produce upon cotton, shades which are identical to those 

produced by Aniline Black. It is dyed by the mod- 

ern method of diazotization and developed, and the 

results thus produced, while identical in shade to Aniline 

Black, are much superior in fastness and in the condition 

in which they leave the fibre. 

The above exhibit is rather unique in the fact that the 

first three products show the advancement made by the 

manufacturers of natural dye stuffs, to offset the assault 

of the coal tar colors while the last three products show 

the warfare that is being waged by the Aniline Colors 

against the natural product. The first three products, 

therefore, stand in direct opposition, as it were, to the 

last three. 

15. COLLECTION OF SPECIMENS OF Raw MATERIALS AND THE 

Propucts OBTAINED from them in the manufacture of 
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> acid potassium tartrate, ‘‘ cream of tartar.” Also un- 

usual crystals of tartaric acid. 

Exhibited by Wm. McMurtrie. 

The above is an example of present methods in chem- 

ical manufacture where great purity is attained through 

working on a large scale. 

UnusuaALLy LARGE AND HANDSOME CRYSTALS OF HypRo- 

CHLORATE OF COocAINE and of the alkaloid cocaine. 

Exhibited by Wm. Jay Schieffelin. 

Trittot AppaRATus for preparing gaseous formaldehyde 

for disinfection. 

ANTIVENOMOUS SERUM of Dr. Calmette. 

Antidote to snake bites. 

AvutTosprays for the application of medicinal and chemical 

substances. 

RHODINOL or artificial oil of rose. 

LARGE CRYSTALS OF VANILLINE or artificial vanilla. 

Nos. 17, 18, 19, 20 and 21 are exhibited by Harold H. 

Fries. 

New SpeEcIMEN BOTTLE. 

APPARATUS FOR EVOLUTION OF GASES. 

Nos. 22 and 23 are exhibited by Peter T. Austen. 

Metruop of CoLLecTtinc and ANALyzInG the GASES in 

CannED Goops. Exhibited by Charles A. Doremus. 

ELECTRIC-CENTRIFUGAL made in college mechanical shop 

by Charles E. Dressler. Exhibited by The College of 

the City of New York. 

So.utions of CELLULOSE and commercial products there- 

from as fibres for incandescent electric lamps and films. 

Exhibited by Durand Woodman. 

i 
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ELECTRICITY: 

In CHARGE OF G. F. SEVER. 

. HistoricaAL CoLLEcTION OF INCANDESCENT Lamps, show- 

ing the development of the lamp and itscomponent parts, 

from the first crude forms to the present 220 volt, high 

efficiency lamps. Exhibited by M. K. Eyre. 

. THomson 14" Spark INDUCTORIUM, CROOKES TUBES AND 

FLuoRoscoPpEs, as made by the General Electric Co. 

Exhibited by W. H. Meadowcroft. 

This collection illustrates the more recent develop- 

ments in the apparatus as applied to the generation and 

utilization of Roéntgen rays. 

. Enctos—ep Arc Lamps. Exhibited by the Electric Arc 

Light Co. 
This type of lamp has become an interesting feature 

of both the scientific and engineering world. The ex- 

hibit shows the various parts of the regulating mechan- 

ism and the lamps in actual operation. 

APPARATUS ILLUSTRATIVE OF THE JACQUES CARBON Bart- 
TERY. Also batteries showing the generation of electri- 

cal energy from carbon without the application of heat. 

Used by Mr. W. E. Case in lecture experiments and ex- 
hibited by the Electrical Engineering Department, Co- 

lumbia University. 

This latter apparatus shows that it is possible to gen- 

erate electrical energy from carbon without the applica- 

tion of heat, as is done in the Jacques battery. 

APPARATUS for OBTAINING the MAximuM VALUE of a DIRECT 

CuRRENT in ANY Circuit and the Time ELapsinc BE- 

TWEEN the MAKE AND BREAK OF THE Circuit. Exhib- 

ited by C. M. Clark and C. W. MacMullen, senior 

students in Electrical Engineering, Columbia University. 
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Exhibited in this instance in connection with the inves- 

tigation of the action of ‘‘ Magnetic circuit breakers” as 

used in electric light and power circuits. 

6. InpucTION CoIL wiTH 20" Spark. Crookes tubes for use in 
making Réntgen ray photographs. Photographs of the 

pelvis and thorax. An early arclamp mechanism. Ex- 

hibited by M. O’Connor. 

7. OnE HorsE-PoweER SELF-STARTING SYNCHRONOUS Moror. 
Starts by connecting one side of the armature and one 

winding on the field as a series motor on an alternating 

current circuit. When the proper speed has been at- 

tained, a switch is thrown, thereby changing the alter- 

nating current to the alternating current side of the arma- 

ture and making the motor a synchronous one. The 

former side of the armature now generates a direct elec- 

tromotive force, which sends current through the field 

windings, thus exciting them. 

8. PorcELain INSULATOR as used on the Niagara-Buffalo trans- 

mission line to support wires between which exists a 

pressure of 10,000 volts. Nos. 7 and 8 are exhibited 

by the Electrical Engineering Department, Columbia 

University. 

g. InpucTion Com and Circuir BreaKeEr for generation of 

Rontgen rays. Exhibited by M. I. Pupin. 

10. SPECIAL CROOKES TUBES and SPECIMENS of GERMAN TUBES 

FOR X-RAY Work. Igniter for gas engines. Exhibited 

by Max Osterberg. 

11. Nove, Arc Licot CARBON CARRIER. 

12. ONE OF THE TWO ORIGINAL Henry INDUCTION CoILs. 

Nos. 11 and 12 are exhibited by R. Ogden Doremus. 

a 
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PPEENOLOGY | AND ARE ZOOLOGY. 

In CHARGE OF FRANz Boas AnD M. H. SAVILLE. 

. SKELETON as found in a burial mound near Mays Lick, Mason 

County, Kentucky. Collected and prepared by Harlan 

I. Smith. 

. Mover of an ALTAR Mounp containing human burial. North 

Fork Works near Chillicothe, Ohio. Modelled by Har- 

Jan I. Smith. 

Nos. 1 and 2 are from the collections of the American 

Museum of Natural History. 

. ARCH ZOLOGICAL SPECIMENS FROM NEw York City. Col- 

lected and exhibited by W. L. Calver. 

. Copex Vaticanus, No. 3773. Chromo-photographic re- 
production of the celebrated pre-Columbian Mexican 

manuscript preserved in the Vatican Library, Rome, pub- 

lished in 1896 by the Duke of Loubat. Exhibited by 

M. H. Saville. 

. Copex Lecistatir. Carbon reproduction of the unpub- 

lished Mexican manuscript, preserved in the Library of 

the Chamber of Deputies, Paris. Exhibited by the Amer- 

ican Museum of Natural History. 

. REPRODUCTION OF THE UNPUBLISHED MEXICAN MANUSCRIPT 

OF THE FLORENCE LIBRARY, PART OF THE HISTORY OF 

Mexico, By FATHER SAHAGUN. Exhibited by the Pea- 

body Museum of Harvard University. 

. ARCHZOLOGICAL SPECIMENS ILLUSTRATING RECENT Dis- 

COVERIES AT THE RUINS OF OMITLAN, STATE OF GUER- 

RERO, Mexico. Collected by William Niven. From 
the collection of the American Museum of Natural 

History. 
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8. PHOTOGRAPHS AND PLAN OF A RECENTLY DISCOVERED Az- 

TEC TEMPLE NEAR TEPOZTLAN, STATE OF MORELOS, 

Mexico. Explorations of Francisco Rodriguez and M. 

H. Saville. 

9g. Preuistoric INcA GARMENTS OF ANCIENT PERU, FROM 

10. 

II. 

12 

14. 

16. 

19. 

GRAVES NEAR LAKE TITICACA. 

SHELL, BEAD AND FEATHER WorK OF ANCIENT PERU, 

FROM RUuINS OF GRAN CHIMU. 

Busts oF Kwak1uTL INDIANS, VANCOUVER ISLAND. Mod- 

eled by Mr. Kaspar Mayer. 

Nos. 9, 10 and 11 are from the collections of the 

American Museum of Natural History. 

. Water Coror Parntincs oF Eskimo by R. W. Porter. 

Exhibited by Mr. R. W. Porter. 

ANTHROPOMETRIC INSTRUMENTS AND THEIR Use. Exhib- 

ited by Dr. A. Hrdlicka, of the Anthropological Depart- 

ment of the State Pathological Institute. 

CoLLECTION OF IMPLEMENTS FROM THE ESKIMO OF SOUTH- 

AMPTON IsLAND. Exhibited by Captains Geo. Conner 

and “eh. luce: 

. GAMES OF THE Eskimo oF SmITH SounpD. Collected by 

Lieut. R. E. Peary. From the collections of the Amer- 

ican Museum of Natural History. 

DivinatTory DracraAms. From the collections of the 

Museum of Archeology, University of Pennsylvania. 

Exhibited by Mr. Stewart Culin. 

. Rock PainTING FROM BritisH CoLumBiaA. Exhibited by 

Mr. James Teit. 

. CONVENTIONALIZED DESIGNS FROM THE NORTH PACIFIC 

Coast. Arranged by Mr. Franz Boas. 

SPECIMENS illustrating the CuLtturE of the INpIANs of 

NortTHERN Mexico. Collected by Dr. Carl Lumholtz. 

Nos. 18 and 19 are from the collections of the Amer- 

ican Museum of Natural History. 
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EXPERIMENTAL PSYCHOLOGY. 

In CuHarGE oF J. McK. CatTeELt. 

. SET OF DIAGRAMS for fluttering heart delusions. 

. Two Disks oF KrrscHMANN’s DESIGN: one showing a grada- 

tion from black to white in geometrical series; the other 

showing gradation in arithmetical series. 

. MicropHonic RECEIVER and WRITING PorntT, such as was 

used by Binet and Henri. 

PLASTER MAsk with SPECIMEN TRACINGS, showing eye and 

hand pulses and respiration. 

Nos. 1, 2, 3 and 4 exhibited by E. C. Sanford, Clark 
University, Worcester, Mass. 

. An ExectrricAL Drop SHUTTER apparatus for showing 

visual test cards for different lengths of time. 

. REGULATING PENDULUM to mark off intervals of time. 

. A Ser or WercntTs for showing the influence of size on the 

estimation of weight. 

. An INSTRUMENT for measuring the amount of Brentano’s illu- 

sion in judging length of lines. 

Nos. 5, 6, 7 and 8 are exhibited by Chas. B. Bliss, 
New York University. 

. InsTRUMENTs for studying the force, extent and time of 

movements and the effects of sensations on movements. 

Exhibited by J. McK. Cattell, Columbia University. 
Oval hand dynamometer (Collin). 
Hand dynamometer (Galton). 
Dynamometer giving archer’s pull (Galton). 

. Spring dynamometer for arm (Cattell). 

Dynamometer for forefinger, used in the study of fatigue 

and the effect of sensation on movements for kymograph 

(Cattell). 

Re area 
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f. Instrument for the study of fatigue (Mosso). 

g. Instrument for accuracy of extent of movement (Cattell). 

A. Instrument for right and lelt movements (Jastrow). 

z. Instrument for time of movement; with chronoscope 

(Cattell). 

H 

GEOLOGY. 

In CuarcGE oF J. F. Kemp. 

1. SUITE OF SELECTED SPECIMENS FOR LECTURE-Room UsE, 

mostly dynamical in nature. 

Exhibited by Prof. R. E. Dodge, Teachers College. 
a. Slab of Cambridge Slate, to show faulting parallel to 

the bedding. 

6. Obsidian from the Lipari Isles, showing conchoidal frac- 

ture. 

c. Large sand-blasted pebble from Cape Cod, Mass. 

d. Slab of slate from Slate Island, Boston Harbor, to show 

topographical effects of faults. 

e. Specimen of Roxbury conglomerate, showing particu- 

larly large pebbles. 

f. Banded and faulted Dakota Sandstone. 

2. SUITE OF SPECIMENS SHOWING THE CONTACT ZONE OF THE 

SrerrA TLAYACAC, State of Morelos, Mexico, and illus- 

trating a remarkable case of recrystallization of a sedi- 

mentary rock by contact with eruptive masses. The 

coarser and finer grained representatives of the darker 

(earlier) eruptive and lighter (later) intrusion are shown. 

The darker was shattered by the disturbance attending 

the eruption of the later rock. Exhibited by Prof. A. C. 

Gill, Cornell University, Ithaca, N. Y. 

3. MOoUNTAIN-BUILDING STUDIES. 

Numbers 3, 4, and 5 are exhibited by the Laboratory 

SS 
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of Experimental Geology, Harvard University, through 

T. A. Jaggar, Jr., the maker and deviser of the studies. 

. Diagrams showing compression chest with which experi- 

ments were made. 

. Four diagrams illustrating influence of rate of compres- 

sion of models E, F, G. 

. Three models illustrating the influence of initial varia- 

tions; B, C and D. 

4. GraciAL DELTA STUDIES. 
a. Three mounted diagrams showing stages of experiment. 

6. One unmounted diagram showing cross section of delta. 

c. One unmounted diagram showing special study of water 

level in relation to formation of delta. 

5. RrppteE Mark STUupIEs. 

a. Four plates showing influence of amplitude by oscillation. 

é. One plate showing cross ripples. 

6. SAND-BLASTED PEBBLES. 
a. Limestone pebble, engraved and polished by the drifting 

b. 

sand of the desert, Wadi Amara, Arabia Petrea. 

Pebble of snowy gypsum, with similarly engraved sur- 

face, Wadi Amara, Arabia Petrea. 

The above were collected by Dr. Bolton. They may 

be compared with Exhibit rc. Exhibited by Dr. A. A. 

Julien, Columbia University, and H. Carrington Bolton, 

Washington, D. C. 

7. A SERIES OF CopPpER ORES AND WALL-ROCKS, from Butte, 

Mont., collected June, 1896, by J. F. Kemp, by whom 

they are exhibited. The ores are chalcocite, enargite, 

bornite, chalcopyrite and tetrahedrite and all contain sil- 

ver. Rhyolite is an important rock in the neighbor- 

hood of the veins, and light-colored granite is not far 

away. Silver mines also occur in the camp, with an en- 

tirely different set of minerals from the copper. A few 

of these are shown, with their gangue of rhodochrosite. 

The specimens illustrate also the quartz ledges that con- 

stitute the outcrops of the veins. 
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S. A SEeries oF OrEs AND Rocks, Illustrating the gold ores now 

extensively mined in the so-called Potsdam sandstone of 

the Black Hills, S. D. The specimens were collected 

in July,1896, by J. F. Kemp, by whom they are exhibited. 

The ores are mostly telluride of gold and its oxidation 

products and are segregated along vertical fissures called 

‘¢ verticals” in the vicinity of intruded phonolites and 

other porphyritic rocks. ‘The mineralized sandstones are 

cellular in character. 

g. LruUCcITE-PHONOLITES, from the Leucite Hills, Wyo., col- 

lected and exhibited by J. F. Kemp, Columbia Univer- 

sity. These curious and exceptional rocks were the first 

leucite rocks discovered in America, and the second out- 

side of the continent of Europe. They cap a series of 

dissected mesas in the Bad Lands in southeastern Wyom- 

ing. 

10. SuirE oF AMERICAN PoTTERyY C ays, feldspar and flint. 

12 specimens. Exhibited by Heinrich Ries. 

Products of different grades made from these materials, 

and series of photographs illustrating the clay deposits 

and methods of manufacture. Described in 17th Ann. 

Rept. U. S. Geol. Survey, pt. IV, 1897. 

11. SUITE OF FULLER’s EARTH SPECIMENS from the American 

localities. 15 specimens and photographs. Collected 

and exhibited by Heinrich Ries. 

This material is used for clarifying oils, and is rapidly 

superceding animal charcoal for this purpose. Until 

two years ago it was only found in commercial quantities 

in England. 

12. SuirE of Clays From ALABAMA. 10 specimens. Col- 

lected and exhibited by Heinrich Ries. 

Recent investigations show that Alabama has vast clay 

resources, especially in her Cretaceous and Tertiary 
formations. To be described in forthcoming bulletin of 

the Ala. Geol. Survey by H. Ries. 
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LIMESTONES AND INTRUDED TRACHYTE from 4 miles west 

of Sturgis, S. Dak., exhibiting contact effect of lava on 

limestone. Collected by the exhibitor, Heinrich Ries of 

Columbia University. 

SPECIMENS ILLUSTRATING THE METAMORPHISM OF GAB- 

BROS in the western Adirondacks. Collected and ex- 

hibited by Prof. C. H. Smyth, Jr., Hamilton College, 

Clinton, N. Y. 

. CONTORTED PEGMATITE VEINS from the vicinity of Gouver- 

neur, N. Y. Collected and exhibited by Prof. C. H. 

Smyth, Jr. 

A SERIES OF SPECIMENS illustrating the geology of the Ber- 

muda Islands as described before the Academy, January 

18, 1897. The paper is now in press. Collected and 

exhibited by Prof. J. J. Stevenson, New York Univer- 

sity. 

Views oF GREENLAND GLACIERS, taken by the Cornell Uni- 
versity Greenland Expedition in the summer of 1896. 

Small photographs made by R. S. Tarr, larger ones by 

J. O. Martin. 

a. A large view of the Cornell Glacier, Lat. 74° N. made 

by the combination of six 5x7 pictures. View taken 

from an elevation of 1400 feet above the ice-laden fjord 

in the mid-ground. The land contact and sea front of 

the glacier shown distinctly. A characteristic nunatak, 

Mount Schurman, rises above the ice in the middle of 

the picture at a distance of about ten miles from the 

camera, elevation 2400 feet. A newly born nunatak 

just appears above the surface on the right hand side. 

Extent of ice front of glacier in the picture about seven 

miles. Line of contact between sky and ice about 50 

miles distant. 50 or 60 miles of ice included between 

the extreme left and extreme right of the picture. This 

is a characteristic view of the inland ice, its contact with 

the land and its sea front. 
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&. Three albums of miscellaneous views taken on the way 

to, and in Greenland. Individual pictures labeled. 

Those in which trees appear were taken at Cape Breton 

Island and are to show some remarkably perfect bars 

and wave-built shore lines of several kinds. Numerous 

pictures of floe ice and icebergs, Esquimaux, Esquimaux 

houses and glaciers. Nearly all the glacier pictures are 

from the Cornell Glacier which is shown in the large 

picture, No. 1. 

c. A series of views in Greenland showing glaciers and 

glaciated lands, mounted upon cards and accompanied 

by explanation, written on the photograph. 

Exhibited by Prof. R. S. Tarr, Cornell University, 

Tthacas iN: yy 

18. SPECIMENS ILLUSTRATING THE OCCURRENCE OF MANGAN- 

ESE IN THE BATESVILLE REGION OF ARKANSAS. 

Exhibited by Gilbert van Ingen, Columbia University. 

The manganese occurs in two conditions: 1. Original 

condition as deposited in nodular form in fine mud on 

the bottom of a deep ocean. 2. Secondary due to re- 
crystallization after erosion and decomposition of the 

limestone and shale containing the nodular form. The 

nodular form occurs as it was deposited in a shale of 

deep water origin, which shale rests upon the surface of 

a limestone of Hudson age, and beneath a limestone of 

Niagara age. The graduation from the shale with man- 

ganese nodules to the pure fossiliferous Niagara lime- 

stone is well shown in the specimens. This nodular 

form of manganese is not marketable because of its high 

percentage of contained phosphorus. 

The marketable manganese is the secondary form 

found in the residual clay which fills cavities formed in the 

‘¢ Hudson” limestone by erosive agencies. It has been 

formed in the lower portions of the clay pockets by the 

leaching of the nodules in the shale and limestone and 

by the subsequent recrystallization, and occurs in masses 

of irregular shape often weighing several tons. 
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19. A SERIES OF Maps ILLUSTRATING the RECENT PROGRESS 

of the UNITED STATES GEOLOGICAL SURVEY in impor- 

tant districts, viz: 

a. Yellowstone Park, showing the areal geology. 

6. A portion of Eastern Tennessee, covering six atlas sheets, 

giving the distribution of the Paleozoic rocks. 

c. A portion of Virginia and West Virginia, comprising 

three atlas sheets, also giving the distribution of Paleo- 

zoic rock. 

d. Three sheets of a folio in Virginia, giving specially the 

distribution of the Carboniferous coal-bearing rocks, the 

economic features and the structure of the region. 

e. A portion of the Gold Belt region of California, cover- 

ing two atlas sheets, showing the rocks of the Gold Belt 

and also an old volcanic cone in the Sacramento Valley. 

Exhibited by the United States Geological Survey, 

through Mr. Bailey Willis, Geologist and Assistant to 

the Director. 

Several topographical sheets are added by the Chair- 

man of the Section, which illustrate the maps that can 

be procured, so far as made, for five cents each, postpaid, 

on application with remittance to the Director of the 

United States Geological Survey, Washington, D. C. 

20. BrREcCCIATED DIKES FROM THE LAKE CHAMPLAIN VALLEY. 

Exhibited by Theodore G. White, Columbia Uni- 

versity. 

Three instances of diabase dikes, thickly packed with 

partially rounded fragments of granite, gabbro, labra- 

dorite, hypersthene, sandstone, etc. 

a. From Cumberland Head, near Plattsburgh, N. Y.; a 

dike 134 feet wide, cutting an anticline of the Trenton 

limestone, as shown in the accompanying photograph. 

The amygdaloidal edges of the dike are also shown. 

6. From the end of Willsboro’ Point, N. Y.; a dike 6 feet 

wide in the Utica slate. 
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c. From Willards’ Ledge Quarry, Burlington, Vermont, 

cutting the Potsdam sandstone. As shown in the sketch 

exhibited, the dike was about 3 feet wide, but occupied 

two parallel wedge-shaped cavities. 

A few other dikes of interest, from the same region, 

are shown, with appended notes. 

I 

MINERALOGY. 

In CHARGE OF GEORGE F. Kunz. 

MINERALOGICAL APPARATUS recently acquired by the Min- 

G2 

eralogical Department of Columbia University. 

. Fuess Microscope with simultaneously rotating nicols. 

. SEIBERT LirHOLOGICAL Microscopes; A, II. 

. KLEtn’s UNIVERSAL ROTATION APPARATUS FOR CRYSTALS, 

especially for determination of optical principal sections 

and measurement of angles between optic axes in liquids 

of high index of refraction. 

KiErn’s UNIVERSAL RoTATION APPARATUS FOR THIN SEC- 

TIONS, especially for exact orientation of haphazard sec- 

tions and determination of their optical constants. 

TrauBeE’s APPARATUS for darkening field of goniometer. 

LASPEYERE’S BuRNER for monochromatic light. 

Lamp for goniometer. 

ATTACHMENT FOR CONVERTING Fuess goniometer into an 

axial apparatus. 

ATTACHMENT FOR DELIQUESCENT CRYSTALS, Fuess goni- 

ometer. 

10. Von FepErow Mica WenGeEs for measuring strength of 

double refraction. 
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23. 
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MopELs oF PosITIVE AND NEGATIVE uniaxial indicatrices 

and of the biaxial indicatrix with sections normal and 

oblique to optic axes. 

APPARATUS FOR ELECTRICAL HEATING on stage of micro- 

scope. 

ToTAL REFLECTOMETER. Moses-Weinschenck. 

PHOTOGRAPHIC CAMERA for microscope. 

Nos. 1 to 14 exhibited by Prof. A. J. Moses, of Co- 
lumbia University. 

Barites. From the Bad Lands of South Dakota. These 

barites occur on calcite in the centre of septaria, which 

are often nine feet in diameter. Collected by Professor 

E. H. Babour. 

Frsrous Gypsum. From the Fort Benton clays, near New- 

castle, Wyo. Collected by H. Ries. 

SYLVANITE CRYSTALS (altered). From Anaconda Mine, 

Cripple Creek, Colo. 

. SILVER ORE (Polybasite) on Barite. From Aspen, Colo. 

On account of the peculiar manner in which this mineral 

occurs, it has been called ‘‘ X-ray ore.” 

APATITE and PyRoxENE in Calcite. Bradley Mines, Orange 

County, N. Y. 

Nos. 15 to 19 exhibited by Heinrich Ries. 

CovELLITE. From the copper mines at Butte, Montana. 

Several pieces obtained about 1,000 feet below the sur- 

face. Is a brilliant, blue copper sulphide, CuS, and is 

a rather rare mineral. 

ANDALUSITE. Pink prisms one to two inches square; from 

a great pegmatite vein that had been opened for tin ores 

in the Black Hills, S. D. 

ALLANITE. From Mineville, N. Y. Recent discoveries of 

well bounded crystals that occur in a pegmatite vein, 

with orthoclase and quartz. 

ZiRcons. Froma pegmatite vein in the iron mines at Mine- 

ville, N. Y. 
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24. TiraniTEs. From the iron mines at Mineville, N. Y. 

Nos. 20 to 24 exhibited by Prof. J. F. Kemp, Co- 

lumbia University. 

25. Fiur-Inciusions in Minera Cavities. Among the in- 

clusions caught up during the crystallization of minerals, 

those of a fluid character are most interesting, consisting 

of a gas (usually air or carbon dioxide) and a liquid 

(water, saturated solution of common salt, or liquid car- 

bon dioxide). In quartz, the enclosing cavities some- 

times constitute five per cent. of the volume. Three 

varieties are exhibited. 

. Liquid Carbon Dioxide, with gas-bubble, in large cavity 

in slice of quartz, from North Carolina. Mounted in 

tank of immersion-apparatus, on microscope stage, for 

determination of temperature of critical point of the 

liquid, marked by sudden expansion and disappearance 

of liquid or bubble, on application of gentle heat. In 

this apparatus a current of air from the warm breath 

(temp. 37° C.) is sufficient for the identification of the 

critical temperature of carbon dioxide (26° to 28° C.) to 

an accuracy of 5), of a degree. 

. Brine and Liquid Carbon Dioxide, with gas-bubble, in 

white topaz, from Minas Geraes, Brazil. The tubular 

cavities show a parallel disposal to the prismatic faces of 

the crystal. Within them delicate curves near the extremi- 

ties show the contact between the denser brine (occasion- 

ally with salt cubes) which occupies the prongs, and the 

limpid, colorless carbon dioxide with its floating bubble, 

which occupies the centre. The bubble adheres, of 

course, to the uppermost side of the cavity, as in a 

natural spirit-level. 

Gas Bubble in Spontaneous Motion, in the quartz of 

syenyte from Columbia, New Hampshire. This bubble, 

about 1 micron (zz, inch) in diameter, dashes from 

wall to wall of the cavity, in restless motion, like a 

monad seeking for escape. This motion must have con- 
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tinued during the ages which have elapsed since the 

consolidation of the granite; its cause is probably identi- 

cal with that of the ‘‘ Brownian movement.” On the 

amount of contraction indicated by the relationship of 

the volumes of the liquid and gas, the temperature and 

the pressure have been estimated, at which the consoli- 

dation of the rock must have been effected. 

26. PsrEupo-OrGANIC Forms IN MINERAL StTRucTuRES. The 

fact of the partial survival of true organic forms in 

metamorphic rocks has often misled the lithologist in 

reference to films and lamellated, radial, cellular, curved 

or branching structures, of purely crystalline origin. 

a. Supposed Crinoids in thin sections of the meteorite 

which fell at Knyahynya, Hungary; under low magni- 

fying power. Recognized and described by Dr. Otto 

Hahn in his work ‘‘ Die Meteorite (chondrite) and ihre 

Organismen,” Tiibingen, 1880. Curved crystalline 

lamellz in a chondrite of the mineral drozzzte. 

6. Branching Canals in the supposed gigantic foraminifer, 

Elozoén canadense, in Laurentian limestone at Cote St. 

Pierre, Quebec, Canada. The upholders of the organic 

nature of this structure mainly rely on the resemblance 

of these serpentine threads in calcite to the canals in the 

‘¢intermediate skeleton” of the foraminifer, Calcarina. 

c. Structure in Decomposed Menaccanite, resembling that 

of coral, in diabase of Ilkendorf, Saxony. Alternating 

lamelle of black menaccanite and white calcium titanite. 

Nos. 25 and 26 are exhibited by Dr. A. A. Julien, of 

Columbia University. 

27. SuiTE OF MINERALS from Elkhorn, Montana. 

a. Silver, two specimens. 
6. Calamine, five specimens. 

c. Smithsonite. 

28. CovELLITE, Butte, Montana. 

29. TourRMALINE, Haddam, Connecticut. 
Nos. 27, 28 and 29 are exhibited by A. Chester Beatty. 
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CatcirE. Suite of specimens from Joplin, Missouri. 

a. Group of large golden crystals, 20x12x12 inches. 

6. Group of golden crystals. 

c. Suite of fine crystals. 

d. Associated with galena, chalcopyrite and sphalerite, 

group 20x18x8 inches. 

. CALAMINE PsEUDOMORPHS after calcite, colored by green- 

ockite. 

. VANADINITE and DEscLoiIzITE.—Suite of specimens from 

Mammoth, Arizona. 

. ORPIMENT, crystallized, Mercur, Utah. 

. HEMATITE ON Lava; also loose crystals, near Santa Fé, 

New Mexico. 

TouRMALINE, near Haddam, Connecticut; suite of multi- 

colored crystals. 

Nos. 30 to 35 are exhibited by George L. English. 

SPHALERITE (Blende), Chalcopyrite and Dolomite, on 

fossiliferous limestone. Joplin, Mo. 

Catcire. Golden crystal. Joplin, Mo. 

Caucire. Yellow crystal; doubly terminated. Joplin, Mo. 

CHALCOPYRITE. French Creek, Pa. 

PTILOLITE. Berufiord, Iceland. 

HevuLANDITE. Berufiord, Iceland. 

Nos. 36 to at are exhibited by Wm. G. Rothe. 

Quartz. Four twin crystals, Narushima, Hizen, Japan, 

belonging to the collection of W. D. Schoonmaker. 

OuivinE Crystats. Meillarguis, Auvergne, France. 

EXKDEMITE on Wulfenite. Mammoth Mine, Pinal County, 

Arizona. 

Limonitr. Pseudomorph after Siderite, Catawba County, 

N.C. 
Arsenic. Native (crystallized). Akadani, Echizen, Japan 

Nos. 42 to 46 are exhibited by Roy Hopping. 
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PsEUDOMORPHS after HALirE, single and interpenetrating 

crystals of common salt, replaced by calcite; on the road 

to Easontan, Jamaica, West Indies. Collected by F. C. 

Nicholas. 

ManrrtITE, altered magnetite crystals; still further changed 

superficially, to limonite. Chihuahua, Mexico. Nos. 

47 and 48 are exhibited by L. P. Gratacap, for the Am. 

Mus. Nat. Hist. 

Notrr.—Among recent additions to the gem-cabinet 

of the American Museum of Natural History are a re- 

markable specimen of green tourmaline, cut, from Paris, 

Maine; and of fire-opal from Queretaro, Mexico; also 

very large crystals of rhodocrosite (carbonate of man- 

ganese) from Park County, Colorado, and a suite of 

twenty tourmaline crystals from Haddam, Connecticut, 

with associated quartz and albite. These may be seen in 

the Morgan collection of gems in the Mineralogical 

Hall. 

SAPPHIRE, series of crystals, from Yogo Gulch, Fergus 

County, Montana, together with a series of drawings of 

crystals. 

. ProsopirE from near Park City, Utah. 

. Mereoric Iron from Rosario, Department of Olancho, 

Honduras, Central America. 

Nos. 49, 50 and 51 are exhibited by George F. Kunz. 

. PSEUDOMORPHS, Quartz after Wollastonite, Diana, Lewis 

County, N. Y. 

. PSEUDOMORPHS, Quartz after Pyroxene, Pierrepont, St. 

Lawrence County, N. Y. 

. PsEupomorpHS, Talc after Quartz, Gouverneur, St. Law- 

rence County, N. Y. 

. PsEupomorPHS, Mica after Scapolite, Gouverneur, St. 

Lawrence County, N. Y. 
Nos. 52, 53, 54, 55 are exhibited by Professor C. H. 

Smyth, Jr., Hamilton College, Clinton, N. Y. 
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CasweELuitTEe. Franklin Furnace, Sussex County, N. J. 

Exhibited by Wallace G. Levison. 

CRYSTALLIZED PECTOLITE, showing terminated crystals, 

Paterson, N. J. Exhibited by A. H. Ehrman. 

Mereoric Iron found at Locust Grove, Henry County. 

North Carolina (Saratite variety of Brezina.) 

Mereoric Iron, Forsyth County, Georgia, polished etched 

section. 

These two last irons are interesting, inasmuch as they 

do not show the Widmanstatten figures when etched, 

as nearly all meteoric irons do. 

Nos. 58 and 59 are exhibited by George F. Kunz. 

ZINCITE (ruby-red), in translucent Willemite, very large 

specimen; Franklin Furnace, New Jersey. 

Exhibited by Wallace G. Levison. 

J 

PALEONTOLOGY: 

In CHARGE OF GILBERT VAN INGEN. 

1. PETROTOME. A MAcHINE FoR CuTTING Rocks, MINERALS 

AND Fossi_s wiTH Precision. Exhibited by the in- 

ventor, Prof. William B. Dwight, Vassar College, 

Poughkeepsie, N. Y. 

The purposes of this machine with its accessories are : 

(1) The facile, firm and accurate adjustment of the plane 

of any rock or mineral, from the smallest to quite large 

sizes, however irregular in shape and however fragile; 

(2) the adjustment and control of the cutting disk by ad- 

justable friction-rollers, so that the sectioning can be done 

by either small or large disks (2. e., from six to twelve 

ee 
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inches in diameter), with great accuracy, facility and 

economy of material. No improvement is claimed for 

the cutting disk itself. 

With this instrument can be cut sections of eight to 

twelve square inches and from = to >}, inch thick, hav- 

ing quite true and smooth surfaces. 

2. THIN SECTIONS AND OTHER SPECIMENS ILLUSTRATING 

CHARACTER OF WorRK DONE WITH THE DwicutT PET- 

ROTOME. Exhibited by the Department of Geology 
and Mineralogy of Vassar College. 

The frame contains thirty-three sections of various 

mineralogical and geological specimens of variable size, 

all made by students of Vassar College in their regular 

laboratory work. (This frame was exhibited at the 

World’s Columbian Exposition at Chicago.) 

Specimens on the table show various grades in the proc- 

ess of cutting, and different methods of firmly holding 

the object to be cut. 

3. FossILs FROM THE CAMBRIAN AND ORDOVICIAN ROocKS OF 

DuTCHESS AND ORANGE CounrTIEs, N. Y. 

Exhibited by Prof. William B. Dwight, Vassar 

College. 
a. Lower Cambrian (Olenellus horizon). Camerella minor 

and Olenellus asaphoides or O. thompsoni in quartzite 

from Stissing Mountain, Dutchess Co., N. Y. 

6. Middle Cambrian (Olenoides horizon). Limestone from 

Stissing Station, containing Olenoides stissingensis, 

Kutorgina stissingensis, Iphidea tener. 

c. Upper Cambrian (Dikellocephalus horizon). Limestone 

near Poughkeepsie with: Ptychoparta calctfera, Ag- 

raulos saratogensis, Ptychoparia spiculata, Lingu- 

lepis pinneformts. 

d. Calciferous Limestone, Eoédrdovician. From Rochdale, 

Dutchess County, N. Y. Cyrtoceras vassarina, Or- 

thoceras henrtetta, Bathmoceras sp. nov. nom-prop. ZL. 

Americana. (The first specimen of the prosiphonata 
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[ prochoanttes | reported in America.) Bathyurus crotal- 

tfrons, B. taurtfrons, Ophileta compacta, O. sordida, 

Lituites nom-prop. L. serpentina. From the metamor- 

phosed limestones of the Millerton-Pawling Marble belt. 

Ophleita compacta, O. sordida, Orthoceras sp? 

e. Trenton Limestone, Neoérdovician. From Pleasant Val- 

ley, Dutchess County, N. Y.  Solenopora compacta, 

Conodonts, Tetradium cellulosum, Leperditia cylin- 

drica, Isochilnia minutissima and other Hxtomos- 

traca, Plumulites sp.nov. LBrachiopod, new, allied to 

the genus JZonomerella, while also having features of 

Lingula and Lingulops. 

Jf. Hudson and Utica Shales, Neoédrdovician. Not separa- 

ble in Dutchess County. From Poughkeepsie, N. Y. 
Orthis testudinarta and Plectambonites sericea. From 

Wurtemberg, Dutchess County, N. Y. Graptolites of 

genera Caenograptus, Dicranograptus, Monograptus, 

Climacograptus. 

g. Trenton Limestone Fossils from Newburgh, Orange 

County, N. Y. Cletocrinus grandis, C. magnificus, 

Schizotreta conica showing embryonic shell. 

4. PERMIAN AND CARBONIFEROUS RocKS AND FossiILs FROM 

KaANnsAs AND NEBRASKA. 

Exhibited by Prof. Charles S. Prosser, Union Col- 

lege, Schenectady, N. Y. 

a. A set of the Permian rocks of Kansas accompanied by 

some of their characteristic fossils. 

The Upper Coal Measures and fossiliferous Permian 

formations of Kansas, which have recently been named 

and described by Prof. Prosser, consist of the following 

formations arranged in ascending order: Webaunsee, 

Cottonwood, Neosho, Chase and Marion. For descrip- 

tions of above see the following publications: Add. 

Geol. Soc. Amer., VI, 29; journ. Geol., III, 682, 

764; University Geol. Survey of Kansas, Ul, 51. 
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6. Carboniferous Rocks and Fossils of Nebraska. A par- 

tial representation of the Carboniferous rocks and fossils 

of southeastern Nebraska. 

The rocks of southeastern Nebraska have been referred 

to both the Carboniferous and Permian systems; but in 

a recent paper Prof. Prosser correlates them with the 

Webaunsee and Cottonwood formations of the Kansas 

Upper Coal Measures. See journ. Geol., V, Jan.— 

Feb. No., p. 1, and Feb.—Mar. No., p. 148. 

c. Fossils from various New York formations. 

See especially Hamilton flagstone with worm-tracks 

from Otsego County, and Fish scales and bones from 

the base of Chemung group of Otsego County. 

5. Rocks AND Fossits FROM THE CLINTON AND HAMILTON 

FORMATIONS OF NEW YORK STATE. 

Exhibited by F. B. Loomis, Amherst, Mass. 

a. Clinton. 

I. Specimens of the Hematite bed at Rochester, N. Y., 

and other localities. 

2. Fossils of the Hematite Bed. 

Several young and new forms are included. Par- 

ticular attention is called to microérganisms in the 

chert. A microscope and drawings will illustrate 

the series. 
6. Hamilton fossils from Canandaigua Lake, N. Y. 

1. A series of the Hingeless Brachiopods: Lzxguda, 

Dignomia, Orbiculoidea, Crania, Pholidops. 

2. A series of Lamellibranchs, Gasteropods and 

Cephalopods. 

6. Typrs oF RECENTLY DISCOVERED FossIts. 

Exhibited by Department of Geology of the American 

Museum of Natural History. 

a. Lower Silurian (Calciferous-Chazy) beds at or near 
Fort Cassin, Vt. 

Described by R. P. Whitfield in Bull. A. M. N. H., 

Vol. IX. (in press). 
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Rhinopora prima, Ecculiomphalus compressus, 

Protorthis cassinenstis, Maclurea affinis, 

Protorthis minima, Nautilus perkinst, 

Murchisonia casstna, Hlarpes cassinensts, 

Bucania champlainensis,  Nileus striatus, 

Straparollina minima, Bathyurus perkinst. 

These specimens were collected by Prof. H. M. Seely, 

of Middlebury College, Vt., and Prof. G. H. Perkins, of 

University of Vermont, in 1895 and 1896. 
6. From beds of the horizon of the Lower Helderberg 

group, Waubeka, near Milwaukee, Wisconsin. De- 

scribed by R. P. Whitfield, in Bul. A. M. N. H., Vol. 

VIII., pp. 299-304, pl. XII-XIV. 

Crustacea belonging to the order Phyllocarida: En- 

tomocarts tellert, Ceratiocarts monroet, C. podurifor- 

mts. 

These fossils were collected by Messrs. C. E. Monroe 

and E. E. Teller, of Milwaukee, in 1895 and 1896. 

c. From Cretaceous strata on the island of Jamaica, W. I. 

Collected by Mr. F. C. Nicholas, and described by R. P. 

Whitfield in Bul. A. M. N. H., Vol. IX. (in press). 

fradiolites (Lapetronsia) nicholasi; R. rudis, ad- 

herens, cancellatus, macroplicatus, annulosus; Cap- 

rina Jamaicensis; Caprinella occidentalis, guadran- 

gularis; Caprinula gigantea; Barrettia monilifera, 

B. sp. nov. 

Other fossils from the same beds are introduced to 

show the associations of animal life in the Cretaceous of 

Jamaica. All the Jamaica fossils exhibited were col- 

lected by Mr. Nicholas in 1896. 

7. EURYPTERUS GIGANTEUS GROTE AND PITT, FROM THE 
WATERLIME AT BuFFALo, N. Y. 

Exhibited by Prof. J. J. Stevenson, New York Uni- 

versity. 

Eurypterus, a genus allied to the modern Horse- 

shoe crab, attained a considerable development in point 
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of both number of species and individuals in the Silurian 

period. The quarries of the Waterlime, near Buffalo, 

N. Y., have yielded many specimens. The fragment 

exhibited represents an individual of unusually large 

size. 

8. Biack RIvER AND TRENTON LIMESTONE FossILs FROM THE 

LAKE CHAMPLAIN VALLEY. 

Exhibited by Theodore G. White, Columbia University. 
The invertebrate fossils shown are selected from a 

large collection which is the basis of a forthcoming 

monograph on the stratigraphy of the Champlain Tren- 

ton formations. 

I. BRACHIOPODS. 

a. Series of the species and varieties of the genera 

Strophomena and Rafinesquina. 

6. Series showing variation in forms of Orthzds and 

Plectambonites. 

c. Various species of Lzxgula, Trematis and other 

inarticulate forms. 

2. TRILOBITES. Sets illustrating forms of the 

genera: 
a. Asaphus. d. Trinucleus. 

Mllenus. e. Ceraurus. 

c. Triarthrus. jf. Pterygometopus. 

9g. MopELs oF TRILOBITES. 

Exhibited by Prof. Charles E. Beecher, Yale University 

Museum, New Haven, Conn. 

1. Recently definite knowledge has been obtained re- 

garding the anatomy and affinities of Trilobites. Their 

relationships are with the Crustacea of which they form 

the most primitive division. They may, in a general 

way, be considered the ancestors of the modern lobsters, 

shrimps and crabs. 

The models exhibited show the results of the latest in- 

vestigations regarding the structure and appendages of 
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these animals. The type here represented is the species 

Triarthrus Becki from the Utica Slate, near Rome, 

ING 

The model of the upper, or dorsal, side presents the 

carapace of the animal with its divisions of (1) cepha- 

lon, or head; (2) segmented thorax, or body; and (3) 

pygidium, or tail. The walking and swimming legs are 

seen extending outward from beneath the edge of the 

carapace. In front is a pair of long, slender, jointed 

antennules. 

The model of the lower, or ventral side, shows the 

details of the appendages more completely. Each seg- 

ment of the body has a pair of biramous or branched 

limbs. One series of legs is adapted to crawling, and 

the other is provided with fringes, and forms a series 

of swimming appendages. At the origin of each branched 

limb there is a process extending obliquely backward to- 

ward the center. These are called gnathobases, and on 

the head they become jaw-like organs. 

The large plate between the bases of the antennules is 

the upper lip, or hypostoma. Just below it is a smaller 

plate, forming the lower lip, or metastoma. The mouth 

is situated between the two. 

The models are enlarged two diameters, and are made 

of various materials, as colored plaster of Paris, emery, 

and copper. 

10. DEVELOPMENTAL SERIES OF GRAPTOLITES AND PTEROPODS 

FROM THE LowrER UTICA SHALE AT DOLGEVILLE, | 

Nie | 
Exhibited by Dr. Rudolph Ruedemann, Dolgeville, | 

Nee 

a. Specimens illustrating development of Dzplograptus 
pristis Hall and D. Ruedemanni Gurley. (Report 

State Geologist, N. Y., for 1894 [in press] ). 

Nos. 1 and 2 are two well-developed stellate groups of the two 
species. 
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No. 3 shows arrangement of stellate colonies of D. ruede- 
manni on the sea floor. 

In the center of the colonial stock a ‘‘funicle” (cf Nos. 14, 
49, 50) can be observed. The funicle isa stem which connects 
the bases of the stipes and is enclosed in achitinous capsule, the 
‘* central disk,” which again is attached to a larger organ, the 
““basal cyst.” The latter appears sometimes as a square plate. 

Nos. 4-12 show the central parts. 
The central disc has been found to be sometimes surrounded 

by a whorl of chitinous sacs, which in a few instances have been 
observed to contain sicule, and, therefore, have been termed 
“* sonangia.” 

No. 13 shows a ‘‘ gonangium” with enclosed sicule. 
Nos. 14-19 exhibit ‘‘ gonangia” as whorls of mostly four 

chitinous plates. 
No. 20 shows a colony from which the crowd of sicule around 

it has been discharged. Some of the sicule remained undetached 
and developed into new stipes, the sicule becoming the most 
distant part of the stipe. 

Nos. 21, 39, 44 show examples of undetached sicule. 
Detached sicule, Nos. 22-25, possess a basal appendage which 

appears in the fossil state as a subquadratic plate with a central 
node from which proceeds the ‘‘ caulis”’ of the sicula. 

The detached sicule developed, by budding of theca, into a 
‘‘ stipe” or ‘‘rhabdosome,” the primary stipe of a new colony. 
Equal-aged stages of the growing stipes are mostly found ag- 
gregated together, as seen in No. 26. 

Nos. 27-36 are successive growth-stages of the primary stipe, 
which illustrate the growth from a stipe with one theca (No. 27) 
to one with nine thece. On most of the specimens the basal 
appendage is also discernible. 

After the primary stipe had reached a certain size the first 
generation of gonangia developed on the basal appendage. 
Many of the siculz, generated in these, remained attached to 
the parent colony and formed a whorl of secondary stipes, by 
which the colony assumed the stellate appearance. 

Nos 37 and 38, young colonies with the first generation of 
gonangia and sicule. 

Nos. 39-42, colonies of sicule. 
No. 43, central disk with only four sicule. 
Nos. 44 and 22, more advanced colonies with sicule in the 

center. 
No. 45, young colony with primary stipe. 
Nos. 46-48 show development of sicule into secondary stipes. 
No. 49 exhibits a young colony with a distinct funicle and 

No. 50 one with funicle and central disk. 
No. 51 is acolony which distinctly exhibits two generations 

of stipes (No. 1 shows three generations). 
No. 52 is a slab covered with the broken stipes of D. ruede- 

mannt. This is the common mode of occurrence of this fossil. 
A parallel arrangement of the fossils indicating a flow of 

water, is noticeable on all slabs with fragments of stipes. (See 
Amer. Geol., June, 1896.) 
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6. Specimens illustrating the mode of development of 

Conulartia gracilis Hall (vide. Amer. Geol., Mar. and 

Aug., 1896, and Report State Geologist, N. Y., 1894 

[in press]). 
The specimens show that the younger stages of Conularia 

gracilis were attached to foreign bodies by basal cup-shaped ap- 
pendages, and that the development began with small conical 
shells % mm. long, which were provided with triangular proc- 
esses at the aperture. In course of development the marginal 
grooves appear, by which the shell assumes the four-sided pyra- 
midal shape of the mature stage. Later also the surface sculp- 
ture of intersecting transversal and longitudinal ribs becomes 
noticeable. 
Many of the shells of the middle stages of growth are strongly 

arcuate. This, as well as the absence of the sides of the pyra- 
mid between the stronger walls of the marginal grooves, give to 
many of the fossils an appearance which differs from that of a 
well-preserved Conxularia. Both features are due to a beginning 
decomposition before fossilization. 

11. Fosstt INSECTS FROM THE TERTIARY. DEPosITs AT FLOR- 

ISSANT, COLORADO. 

Exhibited by Samuel H. Scudder, Cambridge, Mass. 

Florissant has furnished more fossil insects than any 

other locality in the world (amber localities excepted). 

The larger number of those found are still undescribed. 

This exhibit embraces types of a few of the species de- 

scribed by the exhibitor, with a few still undescribed 

species. All the principal orders are represented and 

the specimens have been selected with 'a view to va- 

riety. Three butterflies are shown, a group of which 

less than a score of specimens are known to exist.  II- 

lustrations of some insects from other American localities 

as well as from Florissant are shown on the plates on 

the wall. 

LIST OF SPECIES EXHIBITED. 

ARACHNIDA (SPIDERS). } 

8269. Anyphena tinterita. 
11651. WMephila pennatipes. 

ORTHOPTERA. 
13544. Labiduromma avia (Earwig). 
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Tyrbula russelli (Grasshopper). 

| Lzthopsyche styx on same stone ].* 

11557. 

13550. 

NEUROPTERA. 

8878. 

$163. 

5164. 

7340. 

Lithymnetes guttatus (Green or Long-horned 

Grasshopper). 

Orchelimum plactdum. 

Ephemera tmmobilis, nymph (May-fly). 

Lithagrion umbratum (Dragon-fly). 

LE schna separata (Dragon-fly). 

Paleochrysa stricta (Lace-winged fly). 

HEMIPTERA (BuGs, ETC.). 

8085. 

4Il. 

Uo ele 
4288. 

QEOT: 
2856. 

Tephraphts walshiz (smaller) (Plant-lice). 

Pterostigma recurvum (larger) (Plant-lice). 

Petrolystra gigantea (Froghopper). 

Palaphrodes cincta. 

Closterocorts elegans. 

Rhepocaris prevalens. 

Paleoschistus ligatus (Shield-bug). 

CoLEoPTERA (BEETLES). 
12432. 

8528. 

929. 

7807. 
406. 

16410. 
11262. 

401. 

9208. 

Geralophus fossilius (Weevil). 

Balaninus duttont (Weevil). 

fam. Cerambycide. 

Parolamia rudis (Cerambycid). 

Melanophila sp. (Buprestid). 

Staphylinus vetulus (Rove-beetle). 

Amara dane (Ground-beetle). 

Pterostichus pumpelly¢ (Ground-beetle). 

Myas umbrarum (Ground-beetle). 

DipTERA (FLIEs). 

2242. 
13703. 

8165. 

405. 
13685. 

402. 
16310. 

fam. Ortalide. 

Palestrus oligocenus (Bot-fly). 

Fam. Syrphide. 

Palembolus florigerus. 

Tipula florissanté (Crane-fly). 

Tipula lethea (Crane-fly). 

Tipula magnifica (Crane-fly). 
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EPIDOPTERA (BUTTERFLIES). 

394. Prodryas persephone. 

(The most perfect fossil butterfly ever found. ) 
16354. Apanthests lence. 

16422. Lithopsyche styx. 

* [ Zyrbula russellt on same stone. } 

HyMENOPTERA (WASPS, ETC.). 

13 

14 

8640. Lam. Pompilide, near Anoplius. 

. Fosstt RESINS WITH INCLUSIONS OF INSECTS. 

Exhibited by Messrs. Clarence Lown and Henry 

Booth, Poughkeepsie, N. Y. 

The specimens exhibited show the gum in its crude 

state, the great variety of color and the numerous inclu- 

sions of bark, leaves and insects of all kinds. 

. PHoroGRAPHic D1iAGRAMS OF PALEONTOLOGICAL SUB- 

jects, illustrating a new method of making wall dia- 

grams. 

. ECHINODERM FROM THE SUB-CARBONIFEROUS OF THE MIs- 

SISSIPPI VALLEY. 

Specimens illustrating the growth of a Paleozoic sea- 

urchin, JZelonttes multiporus. Described and _ illus- 

trated by Professor Jackson and Mr. Jaggar in Bull. 

Geol. Soc. Amer., Vol. VII., 1896. 

Nos. 13 and 14 are exhibited by Prof. R. T. Jackson, 

Harvard University. 

15. PLANTS AND INVERTEBRATES FROM THE TERTIARY AND 

CRETACEOUS FORMATIONS OF THE NortTH ATLANTIC 

Coast. 

Exhibited by Arthur Hollick, Columbia University, 

New York City. 

. Phragmites aguehongensis, sp. n. Hollick. These 

specimens represent a new species of fossil grass from 

the Tertiary (Miocene?) of Staten Island, recently de- 

scribed in a paper before the Torrey Botanical Club of 

New York City. 

' 
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4. Fossil Plants from the Clay Marl at Cliffwood, N. J. 

A collection representing the flora of the clay marl hori- 

zon of the New Jersey Cretaceous. This is the first col- 

lection of fossil plants of any extent made from this hori- 

zon, and contains a number of new species, recently de- 

scribed before the New York Academy of Sciences. 

c. Cretaceous Molluscs from Block Island and Montauk 

Point. 

The existence of Cretaceous strata at these localities 

was first positively proven by means of these fossils, col- 
lected in 1896. 

16. Fossit FisHES FROM THE DEVONIAN Rocks oF OHIO AND 
SCOTLAND. 

Exhibited by Prof. Bashford Dean, Columbia Univer- 

sity, New York City. 

a. Dinichthys: Vertebral column of small species (D. 

gouldi ?) showing fin bases and plates of ventral shield. 

From the Devonian of Ohio. Collected by Dr. Wm. 

Clark. 

This specimen is of interest as showing for the first 

time traces of an internal skeleton in an American 

Arthrodiran. The head of a large species of this genus 

was exhibited at a former reception of the Academy. 

6. Coccosteus: Vertebral column. From the Devonian of 

Scotland. 

The structures in a typical European Arthrodiran will 

enable a comparison with those of Dzzichthys. 

c. Dipterus: Vertebral column and bases of unpaired fins. 

From the Devonian of Scotland. 

These structures as represented in a contemporary 

Lung-fish may be interestingly compared with those of 

Coccosteus and Dinichthys. 

17. Fossi. MAMMALS FROM THE TERTIARY BEDS OF THE 
WESTERN STATES. 

Exhibited by the Department of Vertebrate Paleon- 

tology, American Museum of Natural History. 
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. Mounted Skeleton of Hoplophomus primevus Leidy, 

An extinct Saber Tooth Tiger from the White River 

Oligocene of South Dakota. Discovered by Dr. J. L. 

Wortman. Mounted by Adam Herman. 

. Disarticulated Skeleton of Hoplophomus primevus 

Leidy. A remarkably perfect skeleton found by Mr. 

I. A. Peterson in the Bad Lands of the White River 

Oligocene, South Dakota. 

. Mounted Skeleton of Paleosyops palodosos Leidy. One 

of the ancestral Titanotheres from the Bridger Eocene of 

Wyoming. Found by Dr. J. L. Wortman and mounted 

by Adam Herman. 

. Cast of Skull and Lower Jaws of Dzplacodon, the Uinta 

Eocene ancestor of 7ztanothertum. Showing an early 

stage in the development of the horns. 

. Part of Skeleton of Huprotogonia puercensis Cope. 

One of the earliest of the hoofed mammals known. 

From the Upper Puerco (Torrejon Beds) of New Mex- 

ico. Found by Mr. Walter Granger of the Expedition 

of 1896. 
. Skull and lower jaws of Coryphodon sp. One of the 

early Eocene forerunners of the Mintacheres. From the 

Wasatch Eocene of the Big Horn Basin, Wyoming. 

Expedition of 1596. 
. Lower jaw of Déssacus saurognathus, a new species of 

Creodont or ancient flesh-eater from the Upper Puerco 

(Torrejon Beds) of the San Juan Basin, New Mexico. 

Found by Mr. Barnum Brown, of the expedition of 1896. 

Specimens illustrating a new and primitive suborder of 

ancestral Edentates (Ganodonta). The origin of the 

great order Edentata which is principally South Ameri- 

can in its distribution, has remained a puzzle to zodélogists 

until the discovery during the past year of a large part of 

the skeletal structure of one of the members of this group 

in the Upper Puerco (Torrejon Beds) of New Mexico. 

This discovery indisputably establishes the fact that the 
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Ganodonta gave rise to the Edentata and fixes the origin 

of this important order of living mammals in North 

America, in the earliest Eocene times. 

I. FamMity STYLINODONTID#. 

1. Parts of the skeleton of Hemiganus atariidens 

Cope. From the base of Puerco. Cope collec- 
tion. 

2. Various parts of the skeleton of Ps¢ttacotherium 

multifragum Cope. From the Upper Puerco 

(Torrejon Beds), mainly from the expedition of 

1896. Discovered by Dr. J. L. Wortman and 
Barnum Brown. 

3. Lower jaws of Calamodon simplex Cope, from 

the Wasatch Eocene of the Big Horn Basin, Wyo. 

Cope collection. 

4. Molar tooth of Stylinodon cylindrifer Cope, 
from the Wind River Eocene, Wyo. Cope col- 
lection. 

5. Drawings of Styliénodon minus Marsh, from the 

Bridger Eocene of Wyoming. 

Il. Famity ConorycrTip#. 

1. Parts of the skeleton of Oxychodectes tissonensts 

Cope, from the Lower Puerco of New Mexico. 

2. Parts of the skeleton of Conoryctes comma, Cope, 

from the Upper Puerco (Torrejon Beds), New 

Mexico. 

z. Exhibition of water colors illustrating the extinct verte- 

brates of North America, continuing the series which 

was exhibited last year by Charles Knight; 

1. The Restoration of Mastodon americanus. 

2. Paleosyops paludosus. 
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PHOTOGRAPHY: 

In CHARGE OF WILLIAM STRATFORD. 

. New Forms or LENsEs. Zeiss’ Portrait, Rectilinear and 

Wide Angle. Each element is made of four parts. 

With photographs made by the lenses. Exhibited by 
the Bausch & Lomb Optical Co. 

. New Form or Lens. Goerz Rectilinear. Each element is 

made of three kinds of glass. With photographs made 

by lens. Exhibited by C. P. Goerz. 

. PHotocrapHic APPARATUS. Exhibited by the Scovill & 

Adams Optical Co. 

. APPARATUS FOR PuHoTo-MicrocraApnuy. Illustrating the 

method of projecting images of minute objects. Ex- 

hibited by Henry S. Stearns. 

. APPARATUS FOR THE PRODUCTION OF ROENTGEN, OR $$ X” 

Rays, (in AcTion. / (1): A>‘source: of) currents ae) 

Ruhmkorff induction coil; (3) Crookes’ tubes; (4) 

Fluoroscope, or fluoroscent screen. Series of radio- 

graphs showing structures of body; fractures and 

foreign bodies. Exhibited by E. B. Meyrowitz. 

. APPARATUS FOR PROJECTION. (1) For the lantern slide; 

(2) for the microscopic slide. Exhibited by J. B. Colt 

& Co. 

. Process Work. (1) By screen; (2) by etching; (3) by 

color. The stages of the processes are illustrated by 

plates and prints. Exhibited by Heliotype Printing Co., 

Boston, Mass. 

. PROJECTION OF PicTURES IN CoLor. By means of colored 

screens. Exhibited by J. B. Colt & Co. 

. EXAMPLES OF LipMANN’s Process. A negative having the 

color of the object is obtained directly from the object. 

Exhibited by William Stratford. 
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10. PHOTOMICROGRAPHIC PRINTS OF VARIOUS OBJECTS. Ex- 

hibited by E. G. Love and H. S. Stearns. 

11. PHoroGraApuic Prints. Illustrating methods of printing 

and kinds of paper. Exhibited by J. W. McKenzie and 

W. E. Woodbury, and through J. G. D. Knight, Corps 

of Engineers, and R. Birnie, Ord. Dept., U. S. A. 

12. Grass Positives. Colored and uncolored.  Ilustrating 

application of photography to geological, astronomical 

and war studies. Exhibited by the Museum of Natural 

History, College of the City of New York and the War 

Department, through J. G. D. Knight, Corps of Engi- 

neers, and RK. Bimie, Ord: Dept. Us. At 

L 

PHYSICS: 

In CHARGE OF WM. HALLock AND JOHN F. WoopHULL. 

1. A Row or 7 BuNSEN BURNERS WITH ALUMINUM TUBES to 

b. 

C. 

d. 

show: 

. The seven spectrum colors with the evaporated salts as 

lithium or strontium, red; calcium, orange; sodium, 

yellow ; barium, yellow-green; thallium, green; indium, 

blue; potassium, violet. 

To produce monochromatic light in considerable quan- 

tity for certain optical purposes. 

To produce a pure Bunsen flame of considerable intensity 

to serve as a light for photographic purposes, and illus- 

trating its high actinic intensity. 

To heat long tubes as a substitute for a combustion fur- 

nace. 

2. Harp GLass ConTAINING PIECES OF OPAQUE SUBSTANCES 

AND METALS, to show that Draper’s law that all sub- 

stances become incandescent at the same temperature is 

not applicable to those which remain transparent at that 

temperature. 
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5. 

6. 

7. 
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APPARATUS FOR SHOWING to AN AUDIENCE the PHOSPHOR- 

ESENCE of FLUORITE and other MINERALS By HEarT. 

Nos. 1, 2 and 3 were designed and are exhibited by 

Wallace Goold Levison. 

SET OF PHOTOGRAPHS DEMONSTRATING THE REGULAR RE- 

FLECTION OF THE X-RAYS. Exhibited by O. N. Rood. 

Two X-ray DeETeEcTOoRs (fluoroscopes), new form especially 

adapted to research. Exhibited by C. C. Trowbridge. 

Set oF Low REsISTANCE SHUNTS FOR ELECTRICAL WORK. 

Exhibited by H. C. Parker. 

MECHANISM FOR ILLUSTRATING DoUBLE REFRACTION IN 

CRYSTALS. 

8. MEcHANISM for ILLUSTRATING the INTERFERENCE OF LIGHT. 

9g. THERMOMETERS OF NEw DeEsicn for SUBTERRANEAN TEM- 

10. 

Il. 

12. 

13. 

14. 

18. 

PERATURE WORK. 

HypRAULIC ILLUSTRATION OF THE WHEATESTONE BRIDGE. 

Nos. 7 to ro are exhibited by W. Hallock. 

A DevicrE To OBTAIN A Beam of Licut for the Apjust- 

MENT OF A SPECTROSCOPE, etc. 

APPARATUS FOR DETERMINING THE VELOCITY OF SOUND 

BY RESONANCE. 

APPARATUS FOR STUDYING VIBRATING STRINGS. 

Nos. 11, 12 and 13 are exhibited by the Department of 

Physics of Columbia University. 

Lonc-rocus CAMERA AND PHotoGRApnus. Exhibited by 

H. S. Curtis. 

A VARIABLE GRAPHITE-ASBESTOS RESISTANCE. Exhibited 

by W. Hallock. 

A Set oF Grapuite Hicu Resistances. Exhibited by 

EL, @. Parker. 

APPARATUS FOR THE STUDY OF CoLOR PHENOMENA. 

A PuysIcaAL PRojJECTION LANTERN. 

Nos. 17 and 18 are exhibited by Ernest R. von Nardroff. 

i i 
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21. 

22. 

23. 

24. 

Pa 

26. 

27 

28. 

29. 

30. 

or. 

55 

ORIGINAL DIAGRAMS OF TRACK INSPECTIONS, showing the 

comparative undulations on light and heavy rail sections. 

CoNDENSED DIAGRAMS OF THE INSPECTION OF THE N. Y. 

Go See eRe Re 

CoNDENSED DIAGRAMS OF THE INSPECTION OF THE BOSTON 

& ALBANY R. R. 

Two Cuts or Raits, SHOWING THE GENERAL LAW OF 

THE CompounD FRAcTURE under the ‘‘ Drop,” the base 
breaking first, then the head as an independent member. 

In a few cases the head remained unbroken. 

Six Cuts, SHow1nc INGoTs, THE FRACTURE OF BROKEN b) ? 

INGOTS, THE ‘‘ DRoP” AND Drop Tests oF RAILs. 

MicroMEtTrRiIc APPARATUS TO MEASURE THE STRESS ON 

THE Rarts UNDER A LOCOMOTIVE. 

AUTOGRAPHIC APPARATUS TO MEASURE THE ELONGATION 

AND COMPRESSION OF THE BASE OF RAILS IN THE TRACK 

UnpER Movinc Trains. New. 

Nos. 19 to 25 are exhibited by P. H. Dudley. 

APPARATUS FOR TEACHING ELEMENTARY PHysICAL ScrI- 

ENCE IN ScuHoots. Devised and exhibited by John F. 

Woodhull, Teachers College. 

TELESCOPES BELONGING TO SPECTROSCOPE, LENSES OF 

Quartz and CatciTE, and New THALLIUM oR HuGGINs 

PRISM. 

LANDOLT NEW POLARISCOPE. 

FuEss NEW PETROGRAPHIC MICROSCOPE STAND AND ACc- 

CESSORIES. 

APPARATUS FOR FURNISHING MONOCHROMATIC LIGHT FOR 

THE GONIOMETER. 

Nos. 27 to 30 exhibited by Miss Hitchcock. 

RESONANT TUBE AND TuNING Fork, with electrically main- 

tained vibrations. 
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32. INTERFERENCE APPARATUS, consisting of a tuning fork 

I 

2 

with three resonators of which two are opposite the faces 

of the prongs and the third is opposite the space between 

them. 

Nos. 31 and 32 are exhibited by the Department of 

Applied Mathematics, the College of the City of New 

York, by A. G. Compton. 

M 

PHY SIOGRAP EY: 

In CHARGE OF R. E. DopcGE. 

. TopocraPHic Map oF CRATER LAKE, OREGON; together 

with description illustrative of the same. A new map 

lately issued by the United States Geological Survey. 

. Puystcat Map oF Europe in the Habenicht-Sydow series. 

Exhibited by the American agent, The J. L. Hammett 

Co., 352 Washington Street, Boston, Mass. 

. TorpoGRAPHIC MopEL oF SOUTHERN NEw ENGLAND. 

Scale, one inch equals two miles; vertical exaggeration 

3. Tilted, dissected and partially drowned peneplain, 

with monadnocks rising above it, and lowlands sunk into 

it along the softer rocks. Exhibited by maker, E. E. 

Howell, 612 17th Street, N. W., Washington, D. C. 

. TopoGRAPHICAL MopEL oF NEw YorRK AND VICINITY; 

exhibited by the maker, Mr. Howell. This model is 

upon the same scale as the one of Southern New En- 

gland. Also same model slated. 

. ReLtieEF Map or New JERSEy; vertical exaggeration 10. 

Recently issued and exhibited by the State Geological 
Survey of New Jersey. 

. Move oF CoasTaL PLAIN, showing the typical physio- 
graphical features of such a region. Exhibited by the 
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designer and maker, Prof. W. M. Davis, Harvard Uni- 

versity. 

. MopE.Ls or A MOUNTAINOUS AND FiorDED Coast. Made 

and exhibited by Prof. Davis. These models are 

absolutely new, and the first of a series which are con- 

templated in the immediate future. 

. THE Jones MopEL oF THE Eartu; showing the contour 

of the ocean and the shape of the continents. Exhibited 

by the publishers, A. H. Andrews Co., Chicago. 

. DeEp-SEA GLOBE, 12 inches in diameter, exhibited by the 

10. 

Tis 

12. 

14 . 

RSs 

same company. A companion globe to the model of 

the earth. 

MounTED TopoGRAPHIC SHEETS, United States Geological 

Survey, with the rivers colored blue to bring out charac- 

teristic drainage features of Coastal Plain, Interior Low 

land, Mountains, Great Valley and Alleghany Ridges. 

This map covers a large region from Washington south- 

westward. 

Mopet or Typicat GLaciEr, showing all familiar details 

of glacial action, by A. Heim. 

Mopet or Typicat TorRRENT VALLEY, showing relation 

of culture thereto; made by A. Heim. 

Nos. 10, 11 and 12 are exhibited by the Teachers Col- 

lege. 

. TopoGrapuic Map oF THE WHITE Mountains, N. H., a 

group of monadnocks of hard rock rising slightly above 

the well-marked even upland of region. 

TopoGRAPHIC MAp OF THE PLATTE VALLEY, NEBRASKA, 

showing peculiar physiographic features of this great 

valley of the plains. 

TopocrapHic Map oF DrumMLin AREA OF SOUTHERN 
Wisconsin, showing effects of physiography on culture. 

Nos. 13, 14, and 15 are exhibited by the United States 
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Geological Survey, through Mr. Bailey Willis, Geologist 

and Assistant to the Director. 

16. SERIES OF Books SHOWING PHYSIOGRAPHIC PROGRESS 

DurRING THE LAst YEAR. Loaned mostly by the 

chairman of the committee. 

17. Map SHowinc Macnetic DECLINATION IN UNITED STATES 

IN 1900, compiled by Henry Gannett and published in 

the Seventeenth Annual Report of the Director of the 

U. S. Geological Survey. 

N 

ZOOLOGY. 

In CHARGE oF C. L. BristoL AND BASHFORD DEAN. 

1. PLANS AND MoDELS OF THE NEW YorK ZOOLOGICAL PARK. 

a. A colored map of the Zodlogical Park, showing the 

preliminary arrangement of the grounds and buildings. 

Prepared by William T. Hornaday. 

4. A relief model of the Zodlogical Park, showing the 

physical contours and distribution of the forest and water 

areas. Prepared by William T. Hornaday. 

c. Photographs of the principal zodlogical parks of Europe, 

many of them taken especially for the Society. 

d. Ground plans and preliminary sketches for the elevations 

of the proposed lion house and the proposed monkey 

house. After plans by C. Grant La Farge, architect. 

e. Annual report and other documents of the Society. 

Exhibited by the Zodlogical Society, through Henry 

F. Osborn and William T. Hornaday. 

2. Cytotocy. Rrcent CELL METuHOpDs. 
a. Demonstration of mitotic figures and centrosome in the 

eggs of Ascaris megalocephala. Exhibited by E. B. 

Wilson, Columbia University. 
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. Demonstration of mitotic figures and centrosome in gas- 

tropod ova. Exhibited by H. E. Crampton, Jr., Colum- 
bia University. 

. Spermatogenesis of Amphzuma. Exhibited by J. H. 

McGregor, Columbia University. 
1. Double spiremes of reproductive cells. 

2. Double-stained spermatids. 

. Preparations illustrating the formation of tetrads in 

Anasa tristis. Exhibited by F. C. Paulmier, Columbia 

University. 

. Early stages in the development of the catfish, Amzurus, 

showing relation of blastoderm to yolk. Exhibited by 

F. B. Sumner, Columbia University. 

COLLECTIONS FROM THE Paciric CoAST MADE BY COLUM- 

BIA UNIVERSITY EXPEDITION OF 1896. 

. Egg cases and eggs of Chimera colliet. A shark-like 

fish representing the sub-class Holocephali. This group 

is a particularly interesting one palzontologically, and it 

is hoped that the developmental study of one of its few 

living representatives may throw some more definite light 

upon its kinships. Some of these embryonic stages have, 

for the first time, been collected (near Monterey, Cal.,) 

and are exhibited by Bashford Dean. 

. Adult and Larval Chimera colltez. Exhibited by Bash- 

ford Dean. 

. Strings of Eggs of the Californian Myxinoid, Bdellostoma 

stouti. 

d. Embryos of Bdellostoma. 

. Ovaries of Bdellostoma. 

. Adult Bdellostoma. 

The Myxinoid division of the sub class Marszfo- 

branchiz, Lampreys and Hags, is as yet but little studied 

developmentally; the only embryos hitherto collected, 

the present excepted, were taken near Monterey by Prof. 

G. C. Price, of the Leland Stanford University. Collected 

near Monterey, Cal. Exhibited by Bashford Dean. 
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g. Lower Metazoa from Puget Sound and Alaska. 

I. 

th 

Dicyema (mounted specimen). Found inthe renal 

gland of the great Octopus of the Pacific waters. 

It is one of the group of Mesozoa described by Van 

Beneden as intermediate between Protozoa and 

Metazoa. 

. Lucernaria campanulata. A scyphozoon, proba- 

bly a primitive form showing both medusoid and 

hydroid characteristics. Found in tide pools at 

Port Townsend. 

. Various hydroids dredged in Puget Sound. 

Obelia gelatinosa. 

Plumularia setacea. 

Plumularia 2 

. Aglosphenia. 

Salacea. eS Se 

. Various meduse collected in Puget Sound. 

a. Polyorchts ceruleus. 

6. Nuronema. 

c. Thanmantias, 2 species. 
. Three Scyphomeduse collected in Alaska. 

. Various Anthozoa. 

a. Metridium on rocks near Port Townsend. 

6. Actinoloba ? Dredged in Puget Sound, thirty 

fathoms. 

c. Pennatula rubra. Dredged in Puget Sound, 

twenty fathoms. 

. Various sponges dredged at different depths in Puget 

Sound. 

. Dendrobena (Ice Worm). An Oligochete found 

imbedded alive in the ice of Muir Glacier, Alaska. 

Exhibited by Mr. Gary N. Calkins. 

Ah. Crustacea, Annelids and Echinoderms from Puget Sound 

and Cape Flattery. 
I. (a) Nerets cyclurus commensal with Fupagurus 

alaskensts, (b) Terebella with a commensal Poly- 
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nord, and (c) Halosydna fragilis living between 

foot and mantle of /%ssurella. These Annelids are 

interesting examples of the commensal habit which 

is adopted by certain segmented worms to ensure a 

home and a means of support from their neighbors. 

. A new member of the family Entoconchide. Mol- 

luscs bearing shell, etc., in their larval stage, but 

degenerated to egg-bearing tubes when adult. 

. The sessile Holothurian, Psolus. 

4. The large crabs of the Pacific. 

a. Cancer magister. 

b. Cancer productus. 

c. Matozd and other deep water crabs. 

Exhibited by N. R. Harrington. 

z. Molluscs from Puget Sound Region. 

bo 

Or 

1. Lepton rude commensal upon Gebza pugettensis. 

2. Placuanomta upon a Saxidomus valve, having as- 

sumed surface markings of latter. 

3. Pholadidea penita series showing atrophy of foot. 

4. Zeredo, with section of pile honeycombed by ani- 

mal. 

5. Cardium sp. (?) showing color and pattern varia- 

tion. 

6. Pecten, Amustum, Schizotherus, Cryptochiton 

and other characteristic molluscs of the Puget Sound 

region. 

Exhibited by B. B. Griffin. 

From Department of Mammalogy and Ornithology, 

American Museum of Natural History. 

4. MoosE Group. Main floor, east wing. Mounted at the 

Museum. [Illustrates improved methods of taxidermy 

and exhibition. 

5. NEWFOUNDLAND Carisou (Zarandus terrenove Allen). 

Types of the species. Main floor, east wing, wall case 

on south side of the wall. 
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6. GREENLAND Watrus (Odobenus rosmarus). Specimens 

to be used for a group. Main floor, east wing, wall 

cases at the entrance to the Hall. 

7. SKIN and SKuLL of Cenolestes obscurus Thomas, a still 

existing survivor of the family Epanorthide of Ameg- 

hino, representing a new family among recent Marsu- 

pials. A Diprotodont, representing in South America 

the Diprotodonts of Australia. Collected at Bogota, 

Colombia. Received in exchange from the British 

Museum. 

(On this form cf. Thomas, P. Z. S., 1895, pp. 870- 

878, pl. 50.) 

8. Hysrips between the common fowl ( Gadlus bankiva) and 

the guinea fowl (Vwmida meleagris). From Cuba. 

Presented by Dr. Juan Vilaréd. No. 1, a male, progeny 

of a game cock and guinea hen. No. 2, male, progeny 

of another game cock and another guinea hen. No. 3, 

male, progeny of a white male guinea fowl and a white 

barnyard fowl. No. 4, male, progeny of a male game 

cock and a guinea hen. 

Specimens of the game cock and guinea fowl] are 

shown for comparison with the hybrids. 

g. Groups oF Birps illustrating changes of plumage in the 

same species. Snowflake, Bobolink, Orchard Oriole, 

Scarlet Tanager. 

Nos. 5, 6, 7, 8 and g are exhibited by the Department 

of Mammalogy and Ornithology, American Museum of 

Natural History. 

NOTICE. 

The Academy has on exhibition its publications of the last 

year, including the Azzals, Memoirs and Transactions. 
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NEW YORK ACADEMY OF SCIENCES. 
Late LYCEUM OF NATURAL HISTORY. 

Organized i817. 

The Meetings of the Academy are held at 13 West 31st Street on Monday 

evenings of each week, beginning at 8 o’clock, from October to June, and 

are open to the public. On the evenings devoted to the Public Lecture Course, 

admission is by tickets, which are free to members. The Academy has five 

sections, which meet as follows: Astronomy and Physics, first Monday of the 

month ; Biology, second Monday ; Geology and Mineralogy, third Monday. 

The sections of Philology, and of Anthropology and Psychology share the fourth 

Mondays. 

OFFICERS OF SECTIONS. 
1896—-1897. 

Astronomy and Physics: 

Chairman, Secretary, 

P. H. DUDLEY. REGINALD GORDON. 

Biology: 
Chairman, Secretary, 

EDMUND B. WILSON. GARY N. CALKINS. 

Geology and Mineralogy: 

Chairman, Secretary, 

JAMES F. KEMP. RICHARD E. DODGE. 

Philology: Sify. 
Chairman, Secretary, “hes 

THOMAS R. PRICE. L. A. McLOUTH. x 

Anthropology and Psychology: 

Chairman, ; Secretary, 3 

THOMAS R. PRICE. CHARLES B. BLISS. 9 

= 
| ' 

PRICE OF THE TRANSACTIONS. = 4 
To residents of New York City, not members of the Academy, $5.00 per — 

annum. To non-residents, $3.00 per annum. To corresponding members, | 

$1.00 per annum. ‘To resident and honorary members, they are free. Toca ey, 

Transactions, with the issue of this volume, will be merged into the Annals, — 

beginning with Volume XI. of the latter. The Annals will run coincidently 

with the calendar year, and each volume will be issued in three parts. Price 

to non-members, $1.00 per part or $3.00 per volume. . 
\ 
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