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PREFATORY NOTE.

r

The publication of the Seventh Number of the Memoirs assigned to the

Fourth Volume of the series has been selected by the Editor as making a suitable

point at which to close the volume. While the number of pages of letter-press is

less than in some preceding volumes, the number of plates is twice as great as in

any of them, and to hold the volume open for further additions would result in

making the book too bulky and inconvenient to handle.

Volume III of the Memoirs has riot at this date been brought to a conclusion.

The Monograph upon the Osteology of the Chalicotheriidse, long in process of pre-

paration by the Editor, has not yet been entirely completed, but it is confidently

expected that before the end of the present calendar year it will have been issued

from the press.

Volume V of the Memoirs will open with a monographic paper upon the fresh-

water fishes of British Guiana from the pen of Dean C. H. Eigenmann. It is

possible that this monograph with the accompanying plates and maps may be
found to supply material enough in itself to constitute Volume V, which, in that

event, will consist of a single number.

Volume VI of the Memoirs will open with a paper upon the Fossil Fishes from
the Jurassic of Solenhofen now in preparation by Dr. Charles R. Eastman.

April 15, 19U. W. J. Holland.
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ERRATA AND CORRIGENDA.

Page 227, lines 3 and 4 from top, for ''especially 'in the latter" read "especially the
latter."

Page 229, line 8 from top, /or "vertebra," read "vertebric."

Page 237 for legend of upper figure read "Fig. 32. Trapezium (right side) of D. suj^erhus.

Nat. size. 1, dorsal view; 2, radial view; 3, superior view; 4, posterior view; 5, ulnar

view; 6, inferior view."

Page 237, for legend of lower figure read "Fig. 33. Magnum (left side) of D. superbus.

Nat. size. 1 , dorsal view ; 2, ulnar view ; 3, radial view ; 4, palmar view ; 5, inferior view

;

6, superior view."

Page 251, last line, for "fibular" read "tibial."

Page 255, line 3 from bottom, dele "the."

Page 257, line 19 from bottom, /or "Oligocence," read " Oligocene."

Page 200, line 3 from top, for " Paradaphcenus " read "Paradapha?nus."

Page 261, line 9, for "Cynadesmus" read "Cynodesmus."

Page 263, last line, for "posteriar" read "posterior."

Page 277, lines 9 and 10 from top, for "Brachygaie" read "Sthenictis."

Pago 278, line 5 from the bottom, for "Melivoradon" read "Melivorodon."

Page 278, line 2 from bottom, for "Brachygaie" read "Sthenictis."
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Prefatory Note.

The I\GV. Frank IT. Chalfunt, Avlio for nineteen years has been a missionary in

the Province of Shantung, China, has devoted much time to the study of Chinese

archseology, and more particularly to the ancient Chinese writings which tend to

throw hght upon tlie origin of the present written and printed symbols. Upon the

occasion of a recent visit to the United States the writer induced Mr. Chalfant

to put into shape for publication the following memoir upon which he had for

several years been laboring at moments of leisure. It embodies a large amount of

interesting and curious information collated from Chinese sources, which, though in

part known to students of the Chinese language, has not been put into a form easily

accessible to philologists. Mr. Chalfant in his memoir has not confined himself to

material knoAvn hitherto, but has embodied in his paper the results of original

observations made by In'm upon archaeological material acquired by himself and

others from the Province of Ilonan, consisting of inscriptions of great antiquity

upon bone and tortoise-shell. This material when further examined promises to

yield valuable results. For the first time, so far as is known to the Avriter, a tenta-

tive translation of the edict designated by Mr. Chalfant as "The San Edict" is

iven. This is a legal paper of undoubted antiquity, going back at least to 1000

B. C.

1
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Mr. Chalfant has with great patience and skill written with his own hand the

characters which are employed in the text and accompanying plates, which have

been carefully reproduced by photogravure.

W. J. Holland,

Director of the Carnegie Musmim.

I. ILLUSTRATIONS OF EARLY WRriTNG DERIVED FROM
ANCIENT INSCRIPTIONS.

The study of alphabetic or syllabic languages readily resolves itself into two

branches : orthography, which concerns the correct use of letters and syllables and

the history of these phonetic signs ; and etymology, which deals with the deriva-

tion of words and their successive changes in meaning. The f^ct that the letters

and syllables as writing-signs have onh^ a phonetic value, and are used without

reference to their original and inherent significance, causes a distinct demarcation

between the two branches of philology just mentioned. For example, it is well

known that our letter A was originally an ox's head and signified that ainmal, but

it does not follow that every word containing the letter A must needs have some

connection with an ox.

Turning now to ideographic languageSj the case is very diflerent. Here the word

or symbol is in itself significant of the meaning which it bears. The A still means
" ox," when it occurs alone or in combination, and the student must determine what

relation the accepted meaning of the symbol has to that of the primitive ideogram.

The Chinese language is in the main ideographic, with a tendency to syllabism

owing to the infusion of certain classes of signs called "radicals" and "phonetics."

Where the " phonetic " is purely sucli, the student need not attempt to reconcile the

accepted meaning of the complex symbol with that of the plionetic sign, the specific

meaning of which may be quite foreign to that of the complex symbol in which

the phonetic occurs.^ At the same time it must be remembered that the introduc-

tion of the "phonetic" was at one time a new idea to the Chinese. Once appreci-

ated, they applied it widely, and Avhere a writer discovered in an old symbol some

semblance of a newly recognized phonetic, he forthwith altered it to suit the phonetic

scheme. This recalls the old-time rage in Europe for Latin derivatioJis, which led

to the Latinizing of familiar Anglo-Saxon words, e. g., tongue from A. S. " tung."

In many instances the Chinese resorted to punning in order to bring a certain

symbol into the phoneticized class. Such may have been the case in the symbol

^ An example of this is shown in the sign 1^ j/u :=" park. " The phonetic jtT yw means "have," and here lias

only a phonetic value.

^li



CHALFANT: EARLY CHINESE WKITING 3

^ dmng = "grasshopper." This is contracted from *^ which is made up of |

chung = "multitude" and ^ "insects." This "multitudinous insect" happened to

be called 'U-Jiung/' so that in selecting a phonetic sign "chung" a pun was apparently

made hy adopting the symbol ^ — " multitude." Without doubt many phonetics

add to the meaning of the symbol in which they occur. These we may call "sig-

nificant phonetics " to distinguish them from such as are used without reference to

their inherent meaning.

It thus appears that in the Chinese language orthography and etymology over-

lap. The key to the meaning of a sign lies in the ideogram itself. When we study

the changes in the form of the symbols we also learn the history of their varied

meanings. Besides the "phonetic" we find another class of affixed signs intended

to aid the reader in distinguishing the nature of the symbols. These have unfor-

tunately been called "radicals,"^ whereas "determinatives" or "classifiers" would

have been better. They determine the nature, class, or material of the symbol to

which they are attached. Thus words of feeling will likely appear with the "heart

('li> or
'I")

radical " affixed. The names of wooden things contain the sign for " tree
"

(^). The names of metallic objects are accompanied by the "metal (^) radical."

There arc now two hundred and fourteen radicals, reduced from the five hundred

and forty "primitives" or "classifiers" of the Shuo Wen, A. D. 120, (see infra).

Many of them designate incongruous groups of symbols not mutually related, and

often utterly at variance Avith the meaning of the radical. This has happened

through the accidental coincidence of forms in many symbols which have been

evolved from widely dissimilar roots.' A marked example of this incongruity is the

group of symbols under Rad. 44 (/^ "corpse"), very few of which have any relation

to death.

Familiarity with Chinese modes of thought, methods of work, and social customs

aids much in determining the significance of certain old signs. The history of

ancient institutions which have now passed away, or been modified, also helps in

the same manner. For example, it is a tradition among the Chinese that the East

Palace was the hall of audience and place for administering the huvs. When we

find an old symbol for "judge" composed of the elements "east" (^) and "speak"

(IS?) we see an appropriateness in tlie combination from the ancient custom of

"judging" in the ''East'' Palace.^

^Tlie Ciiinese name is 15 q/3 ^m>« " word-elass " or "classifier." The coiloiinial term is '^ -^ ii>i vm
" wortl-niother."

^Tliig is usually termed the "gold radical." It means metal of any kind, and " gold " only by its preeminence

as a metal.

*The edict of Wu Wang (?), referred to elsewhere as the "San Edict," was "given in the East Audience Hall."
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Care must be taken not to overvalue fantastic and distorted symbols, due to

illiteracy or intentional alteration. Sometimes a pictograpli occurs where a descrip-

tive ideogram already existed for the same o])ject. Thus in a certain old inscription

the picture "^'"^ occurs for the descriptive symbol,
^|^ (modern |.^ Id "chicken"),

"bird" "4 with "claws" (A and "feathors,"^^. While the latter contains nothing

characteristic of a chicken as compared with other birds, still it is descriptive and

not pictorial. The picture of the bird answers the purpose of conveying thought

just as well as the descriptive symbol, but it would be wrong to infer that the two
r

are identical as pictographs. They are merely two separate signs for the same idea.

Possibly the writer in this case was not familiar with the existing sign, and so drew

a picture of a chicken which answered just as well, and was quite in keeping with

the genius of his language. Instances do occur where an incongruous collection of

elementary signs in the modern symbol resolves itself into a pictograpli as the forms

are traced back. 'J'ake the symbol " to fly "
(fci) as an illustration of this, beginning

with the modern form: ^<ff><:^^^<:i^<^- Here, from a conventional modern

sign, we trace the successive forms to that of an undoubted pictograpli, wherein the

idea of flight is beautifully portrayed.

The appended list of some four hundred symbols will suffice to show that

etymology, when applied to the Chinese language, appeals mainly to the eye, and

hence has more of orthography in it than it has of phonology, the main thing in the

study of alphabetic languages.

Sources of Knowledge Concerniivg Early Chinese Writing.

The modern style of Chinese writing had its beginning in the reign of the

founder of the Ch'in Dynasty (B. C. 240), when the substitution of the hair-pencil

for the metal stylus (Fig. 1) for engraving hard surfaces wrought an important

change in the shape of the symbols. Prior to that date the prevailing scheme was

that of curved lines, due to the habit of engraving upon copper, stone, bamboo, or

other hard substances by means of a metal point. This rendered curved lines

easier of execution than straight lines and angles. The hair-pencil on paper did

not lend itself readily to these shapes, and we find the "square character" in the

ascendency until it entirely supplanted the older system of "seal character" about

A. D. 400.

This change in penmanship so modified the appearance of the written signs as

to greatly obscure and almost obliterate their pictoi'ial character. Hence the neces-

5 This resembles the pictograpli for "kite," -fej see Plate XV., No, 204.

^-1^-
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sity for seeking older sources of information than that afforded by the modern text.

Fortunately we have many examples of the older text in (1) ancient inscriptions

preserved in existing works by Chinese schohirs, and in (2) exhumed

inscribed objects of dural)Ie materials, such as bronze, copper, st(jne,

and bone.

As to the value of the first source, there is a risk that intentional

or accidental changes in the text may Iiave occurred in copying from

older manuscripts or from the original inscriptions. The Chinese

have not tlie liigli i-eputation as faitliful copyists*^ which is credited to

the Hebrews, whose scribes were superstitiousl}^ careful in reprodnc-

ing their Scriptures. Many errors have crept into the text of the

Chinese classics, Avhich arc undoubtedly traceable to careless tran-

scription.

The student must further be on his guard against spurious and

forged inscriptions. Such was tlie reputed "Tablet of Yii," Avhich

first appeared as a manuscript copy purporting to have been taken

from a stone tablet found on a mountain in the Yang-tze valley. Had
it proved genuine we would have possessed an inscription of the

greatest antiquity (circa 2200 B. C). But this is now pronounced a

forgery by the best Chinese scholars, both native and foreign.

Fig. 1. Form
of bronze stylus

from apeciniens

Perhaps the best extant collection of ancient Chinese inscriptions referred to chou

is that published by a famous scholar of Yang Chow, Juan Yiian b.^ "0.^500)^x6^

(fe 7L). who in 1803 rec^dited the Avork of an earlier scholar, Hsiie ^^^'^ ^^ ^^'-^^

Shang-Knng ("fe f^ x;!;), adding sixt3^-seven transcriptions to the four hundred and

ninety-three of the original treatise.

The vocabulary obtained from all these is very limited, for most of the texts

yield only the conventional phrases inscribed upon sacrificial vessels, halberds, and

swords. One inscription of three hundred and fifty-seven symbols is referred to

the reign of Wu Wang (^ ^) (cii'ca B. C. 1122), and affords the oldest known

Chinese writing of determinate date. (See infra.)

Inscribed objects of undoubted genuineness, which have been exhumed, while

they prove the most reliable source of knowledge of ancient writing, are far from

satisfactory in that it is seldom possible to fix their dates. The ancient Chinese

had a tantalizing habit of carefully inscribing the number of the year,' month, and

^In fairness to Chinese authors, their iirst editions are usaally accurate. It is in reprints that numerous errors

occur through careless proof-reading.

'Chinese chronology is not on a consecutive basis upon an established era, but upon the successive reigns, often

ubstituting the cycle-year for year of the reign.
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day, and omitting to designate the reign. Their ancient sacrificial tripods and

libation cups arc often inscribed thus ;
" Tenth year, first moon, I make this vessel

as a precious memorial for the perpetual use of my descendants "
(-J ^^ ^ ^ )^)-

Had only the soHcitous ancestor added the current reign, how much more valuable

would have been his message to the antiquarian of to-day.

An extensive find of inscribed tortoise shells and bones of sacrificial animals was

made by Chinese in 1899 while digging in or near the ancient city Chao Kuo
(yh'6ng {^^ ^^ ijf^), now Wei-Hui-Fu, in Honan Province. These have been

r

reviewed by the writer and found to be inscribed in an archaic style difficult to

decipher. The entire set of inscriptions may yield GOO different symbols, and are

probably referable to the early Chou Dynasty (circa B. C. 1000). (See infra.)

Small bronze objects which furnish meager data to the investigator of early

symbolism are coins, seals, and martial accoutrements, such as swords, spear-heads,

buckles, chariot hubs, and crossbow triggers. These furnish a limited vocabulary

of geographical names and numerals, together with devices and monograms the

significance of which has been lost.

The inscriptions on coins are prolific in names of cities, numerals, and mint-

marks of uncertain meaning. Contracted symbols are frequently noted on ancient

Chinese coins, just as on those of other nations, and allowance must be made for

this when comparing these symbols with the fuller forms found elsewhere. Thus

\ appears for f^ (modern form ;^) used to this day to specify the denomination of

a coin. \^ often appears for ^ (modern form ^), "exchange" or "commercial

value."

Bronze and stone seals by their nature and use contribute but little to the list

of ancient symbols, monograms and fanciful signs having been in use for this pur-

pose from the earliest times.

Trade-marks on pottery afford a few old symbols, especially tliose found on frag-

ments exhumed on the site of ancient cities the date of the overthrow of which

is approximately fixed by history or tradition.

Another important source of information is the Etymological Dictionary of tlic

Han Dynasty, known as the Shuo Wen (|>^ x) "speech signs," which Avas compiled

by the scholar Hsii Shen and first published A. D. 120. The opinions of Sino-

logues have differed widely as to the value of this work. After making allowance

for a corrupt modern text, and for the frequent flights of imagination made by the

author, it must be conceded that this celebrated work ranks high as an etymological

treatise, when compared with like works upon European languages produced at a

much later date by Western scholars. As an incidental evidence of the conscientious

A
f«l

I
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thoroughness of this Chinese lexicographerj he remarks concerning the sjanbol J^
ye that on the standard measures of Er-shih Huang-ti ^ i^ ^ -^ (B. C. 230) the

form
Y" appears. For centuries nothing else was known of this unusual form until

^ set of these old "standard measures" was unearthed, and there appeared the

sign "^ exactly as the lexicogi'apher had noted.

Unfortunately the original text of tliis famous dictionary is not extant, for all
F

modern editions show the old symbols analyzed b}^ the author Hsii in tlie style

called "small seal"— a refined form developed during the Han Dynasty (B. C.

20f)-A. D. 204).** Another valuable work on the ancient language is the Liu Shu
T'ung (;\ ^i^) "('omparison of the Six Scripts."

Still another valuable treatise is that by a scholar of Shantung Province, Chou

)^ by name, Avhoso beautiful and accurate syllabary of the ancient Chinese language

is based upon the Liu Shu T'ung. It appeared in tlie ninth year of the Emperor

Kang-hsi (A. D. 1670), and is printed in black and red ink for perspicuity.^ The
author adds a vast number of old symbols copied from antique bronzes and stone

tablets, presumably in private collections of Chinese antiquarians.

These works show evidence of careful transcription and classification of sym-

bols, but with characteristic vagueness, the authors fail to record exactly how and

where they obtained their information and data. Nevertheless I consider these

catalogues fairly reliable, barring typographical errors so frequent in Chinese books.

CHINESE IDEOGRAMS.

Origin of Chinese Writing.

The beginning of the Chinese written language is lost in obscurity. The popular

tradition tliat it began with knotted cords'" and developed through the grotesque
^* tadpole letters/' has little to substantiate it It is true that many ancient inscrip-

tions are extant, the symbols in which are formed by alternating light and heavy

strokes resembling the form of tadpoles, but when these are reduced to plain

writing they will be found to belong to a highly developed orthography not differ^

^ As proof tliat the original text of tlie Sluio Wen was in a more archaic style, I notice that the forms quoted by a
Clntiese etymologist of A. D, 1670, differ from those now extant. This writer must have had access to a text of the

Sbno Wen nearer to the original than that of to^lay,

A coniplete copy of tlie first edition is in possession of the writer.

^Granted tliat the Cliinese, like other peoples in their primitive state, used knotted cords, it does not follow that

such a syt>teni of recording and transmitting ideas had intinjate connection with a scheme of pictographs subsequently

uevised. It is even possible that at an early date the tradition of a knotted cord system was so current as to lead writers

to imitate it in inscribing their written signs, just as they delighted to make ornamental inscriptions, weaving birds,

beasts, and insects into all the characters.
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Fig, 9.

Ancient sym-

bol for jungle

tiger.

r

ing essentially from the well-known ''seal character" of the early Han Dynasty

(B. 0. 200).

A more reasonable conclusion is drawn from what Ave find in the most ancient

inscriptions, to wit, that the Chinese, like most other peoples, began to record ideas

by scratching rude pictures upon wood, stone, bone, or metal, in order to suggest

the thought to be conveyed. Among these rude beginnings of language are found

the outline drawings of animals, wild and domestic, which soon assumed conven-

tional forms merely suggestive of the more elaborately carved originals.

In one instance a tiger is represented with the attached symbol for " tree
"

as if to indicate that the beast inhabited the jungle, the sign {^) being

identical with ;^ "tree."

The oldest preserved inscriptions are found upon bronze vessels and

implements, upon stone and brick tablets, on bones used in sacrifice and

divination, and on bronze coins vaguely referred to the Yin, Shang, and early Chou

Dynasties (B. C. 1100-2000), as already noted.

Such inscriptions are unsatisfactory because of their brevity, and, in the case of

coins, on account of the habit of abbreviation in order to save space and labor. This

last unfortunate characteristic renders the coin-inscriptions at once difficult to

decipher, and unreliable as complete specimens of early symbolism. It seems a

safe inference from the oldest inscriptions on bronze vessels and tablets that the

original Chinese writing was pictographic.

Pictographs, as found among these primitive symbols, may be divided into two

kinds, (1) those based upon the form of the object as o f f (now T)" picturing tlie

head or side-view of a "nail/' or as ^ and ^ the right and left hands (contracted

from ^ and
J^

which show the five fingers), and (2) those suggested by some real or

imaginary characteristic of the object, as 3^ (now 5^) "fatlier," composed of a ver-

tical line attached to ^ (" right hand ") aud signifying a "rod in the hand" as a sign

of authority, hence "father," who was the absolute ruler of the household or clan.

Wang Chun of Shantung, one of the greatest of modern Chinese scholars, wliose

commentary is embodied in recent editions of the Shuo Wen, states in his preface

that writing began with pictures of things which appealed to the senses. These

developed into abstract ideas, and these iu turn gave rise to indeHnable particles

such as conjunctions and prepositions (classed by the Chinese under the g(sneral

term of "empty symbols"). Tlu^ same scholar gives numerous examples of this

"Chinese, following the Shuo Wen, consider this iis nrijiinally tlie picture of im iii^^ect's stiu^^ Thia will nob

account for the form Q, and the author of tlie Siuio Wen adds that when men made naiU of metal and wood, these were

allied in form to a sting ("["). I prefer to consider the nail as the original basis of the sign.
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development, and while he introduces some absurdities, yet in the main makes a

plausible argument for his theory of the origin of the written language.

Many of these primitive pictographs are still in use, but so altered, owing to the

present changed style of penmanship, that they are not recognizable until they are

compared with the successive preceding forms. Take, for example, the modern

symbol for "elephant" {%). How little it resembles that animal ! But note the

evolution of the symbol through extant earlier forms: ^*^ ^^'^<^<f)<^- To

anyone accustomed to study orthographic changes, the proof is positive that ^ is only

the original pictographic "elephant," with position altered for convenience in

writing vertical lines. The same evolution may be discerned in the symbols for

most of the animals known to the Chinese, as dog, sheep, cow, horse, deer, tiger, fish,

snake, tortoise, toad, worm, bird, and swallow. The sign for "man" (Latin homo),

A^, is plainly a picture, derived thus, /^< l{<7\^^, the legs being apparentl}- the

only surviving members.

Plant life was also pictorially portrayed. :^ "wood" was originally "^ "tree,"

JT

li

showing branches and roots.
;j-,;J;_^^

is two trees and signifies "forest" or "grove.

^h "herbs" was once +t, depicting leaves and twigs. ^ "indicator" can be traced

back to ^ a "line-tree" or. "hedge," marking the boundary of a field, being a

clump of bushes pictorially suggested.

Inanimate objects came in for a full share of pictorial representation. -^

ship/' ill its modern form, is scarcely recognized as an ideogram, but trace it back

thus, ^< ^^y^<7^^ jin(^ ^YQ hegin to detect its likeness to a Chinese jui'ik, though

whether a side view, or that of a ship's compartments (m), may be an unsettled

point.

^ (kin) " metal " still appi'oximates its oldest forms, as, ^ ^ /^, which prob-

ably refer to the process of smelting, being composed of two symbols for "fire "
(J)^)

<^i" "intense heat" under a cover," (A or P), ver^^ suggestive of molten metal in

the crucible.

Abstract ideas wei'e also presented pictorially with considerable ingenuity. "East"
being the "sun" (Q) rising behind a " tree " {^) thus, ^ (now written ^)": " West"
was suggested by a " bird on its nest" {^], the transition of which into the modern
form was as follows ^'^

: ^> ,§ > 4><§i>®- Bii'ds seek their nests at sunset, hence the

idea "West." "Determination" was ^ formed from "issue" (lit. "sprout" i),
and "heart" [U^], hence "heart-sprout," "heart-issue," i. e., "purpose," " determi-
Hiiuation. ?;

'^SfciU older forms of this show interkiceil brrinches of trees.

"Another old form is ®V
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a T j/f^C* F^^

To look " was light streaming from the eye, thus, ^ (now written ^) based

upon a peculiar notion still held by the Chinese that when blind "no light comes

out of the eyes "
(§^ ^ ;fj

'^). " Large " was a man on another's shoulders a

man above another— (/^^ ?} ^'iV^;^' the last being the modern form). The popular

idea that j^ (" large ") is a " man " (A) above the " average height " (shown by the

horizontal line) is hardly sustained by the oldest forms.

Elaborately wrought pietograms were attempted at a very early date, of whieh

two examples will suffice as illustrations :

ftj " pao " (now, ^) denotes "valuable," '"'precious," ideas suggested by a

a^

Fia. 3.

Com pi e X

symbol for

c k i n g-
stove.

14

"house" (f\} containing "jade beads" (J or J), "shell" (^) and an

"earthcrn jar" (^), articles of value to primitive man.

"To cook" was perhaps the most complicated of all the ancient

symbols. It is now written @,^^ which retains all the elements of the

original idiogram. It is now pronounced is^uan and signifies "stove,"

and is obsolete, a simpler symbol having taken its place. The analysis

is as follows : &^ from 13 and ^ " millet-bowl " and "jar "; D '' oven-mouth "
; H

"wood-wood," i. e.jfuel
; ^^ " two hands "

; j)^ "fire,"— all the essentials of cooking.

EVOLUTION OF THE MODERN SYMBOLS.

From comparison of the earlier and later forms of (Chinese ideograms we ascer-

tain four ways in which the modern style was evolved.

1. Contraction of early complex forms.

2. Expansion of early simple forms.

3. Artificial alteration, to conform to the inflexible system of radicals and

phonetics.

4. Mechanical invention of new symbols, along conventional lines, by combin-

ing existing forms.

1. Contraction of Karly Complex Forms.

This process is common to all languages, whether ideographic or alphabetic.

It grows out of the impatience of writers with unnecessarily complicated signs.

(old form }^} nai "also," "but," has dwindled to J^. The change was per-

haps thus, li,>'^>^>JJ>f^>75.

'"This symbol appears with mauy variations in old inscriptions, sometimes ornately distorted, as f^, ^$^, '^.

i'^ Complex as this symbol is, it ia placed among the live hundred and forty primitives in the Shuo Wen and must

be of great antitiuity.

I
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':!^ chrng, ''a well," soon became fl:, discarding the well moutli and retaining

only the curb. It now appears as p^. The ancient division of land into nine plots,

thus, g, had for its symbol #. This, from its resemblance to the symbol for

''well," gave rise to the expression "well-field " in connnon parlance. Doubtless

this had some influence in simplifying the sign for "well."

I'oi ^h "retainer," became ^ (modern a]) by rejecting the significant sign T
(modern

J)
"bind." It passed through the meaning of " pett3^-officer " to that of

the verbal sense " manage."

^ hsin "heart," originally a picture of that organ, is now merely i\l\.

^ kimg "together," oi'iginally two pairs of hands united, became it.

if ^ kung "fear" was at first " hands raised as in terror," but is now reduced to j\

(used only in combination). Many of the earliest extant forms had already been

contracted from more elaborate ideograms, now lost, thus rendering their original

significance difficult to determine.

2. Ex'pansion of Early Simple Forms.

At an early stage in the development of the language, confusion arose out of the

coincidence in form of symbols having Avidely different meanings. Thus
f shih

"ten" gradually became -f,
and coincided with an existing symbol

-f which meant

"at" or "here." The latter was accordingly expanded to ^ tsai by the addition

of ^ a sign of disputed significance. A like confusion arose between -)- "ten" and

T a^i early contraction of ^ /ao. (now ^) "finger-nail." The latter resumed its

more complex form.

/^" iw "left-hand "^'^ and ^ //;/," right-hand "'" seem to have been satisfactory

signs till after B. C. 1000, when they became respectively g (^) and ^ (;^). Why
the sign x (" labor ") should have been added to strengthen the idea of " left " is hard

to say, unless the left-hand was once used to such an extent as to make it the impor-

tant member for work, d "mouth" was added to emphasize "right-hand," pos-

sibly because that member was used in eating. Whatever may have been the

significance of these additions, the fact remains that the older symbols were thus

amended.

Another strange instance was that of \^ or ^ Iso, " make/' to wliich
J\

'' man ''

was added, thus, (J^ (modern {^) as If to indicate that man is the prime inventory^

^^Some writers iq describing these sigus have reversed them. The right hand naturally points toward the left and

vice verm. This is plainly sliown in the old forms for ;^ ^"^ ^^ ^'^^
^ '%\ and^.

^' The sign \^ is of very obsenre origin. It resembles an inverted ax [Q] witli stroke added. Possibly an :

adz in position of chopping- This is a mere conjectnre.

ax or

L^
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3. Artificial Alteration of Old Symbols.

The earliest recorded, attempt to artiHciall}^ reduce tlie heterogeneous written

signs to a system was by one Cliou (^|), of tlie eighth century, B. C, who became a
W L

literary authority in the state of Chou (jt\). His very flowery system of writing has

since borne his name, being referred to in all Chinese works upon the history of the

language as " Chou Wen " ((Jhou-writing).^^

Following this, but of disputed date, was the catalogue of signs called Er Ya{'^

3il)- The next great eflbi't to classify tlie existing symbols was by the author of the

Shuo AVen, Ilsii (pf), whose posthumous lexicon appeared A. D. 120, as already

stated. He classified all existing characters under 540 primitives, which gave rise

to the modern classification under 214 primitives ('''radicals"). This conventional-

ization of the written language forced many incongruous symbols into classes with

which they had no etymological affinity. These isolated ideograms were artificially

changed that they might be classified for ease of lexicography. A marked instance

of this was the symbol :^ piao, to which reference has been made above. This was

originally the picture of a mulberry bush or other shrub used to mark the boundary

of a field. It depicts a bunch of sprouts.. Later it took the general meaning of

"indicator" and to-day it is applied to any instrument which records or marks

degrees, as a watch, barometer, cyclometer, etc. This interesting sign now appears

under the "radical" or primitive ^ "cloak" in the anomolous form ^, seemingly

composed of a modified i "lord" and ;^ "cloak," neither of which signs have any-

thing to do with its original form or meaning.

luatb ("myriad") is another case in point. It now is classified as if derived

from -^f "plants," but this is an artificial modification, for the oldest forms are

V

and ^, picturing some prolific creature as the scorpion or frog.^^ The antennai of

the scorpion or fore-legs of the frog have been confounded with ff {^f) "plants."

The modern character ;i?, yil, "fish," happens to be itself a "radical," but has

been so altered as to appear to contain the symbol /n-* (modified form of iJ^), "fire."

>This is misleading, for the "fire" is only the fish's tail ; thus ^^ ^>§
The symbol for "swallow" (a bird) M^ is analogous to that for "fish," but

now is classified under the radical )l^ " fire," contrary to its origin, the develop-

ment of the pictograph having taken place as follows : A ^|j: ^w- jSk-

The above examples plainly show that the radical and phonetic system was an

invention at a date long after the heterogcneously devised symbols had become

current in writing, and even the compounding of signs had come into vogue.

^^This highly ornate style of writing was not generally adopted on ac^count of the eoniplexity of the symbols.

'^Analogous to the Egyptian use of the sign "frog " for 100,000.

i

1
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4. Mechanical Invention of New Symbols.
rn
This class of new characters forms by far the largest, comprising perliaps nine-

tentlis of the forty-five tliousand symbols known to Chinese lexicograpliers. Ten

thousand signs is an ample number to put to the credit of the Chinese language at the

beginning of the Christian Era. Tiiis roughly marks the date when the mechanical

multiplication of characters became excessive. The process was simple, that of com-

bining existing forms according to the conventional S3^stem of radicals and phonetics.

Indeed, for purposes of etyniology three thousand symbols are all that need be ex-

amined, the artificial combination of signs having been begun as early as 500 B. C.

In every branch of industry new usages wei'e requiring new names. This lack

was supplied by the sin^iple, though often clumsy, union of two or more existing

signs, usually annexing a "radical" to suggest the nature or material of the new
thing. Most of these new characters were short-lived, and to-day the basis of the

written language, as used by scholars, is still the few thousand symbols of the class-

ical period (B. C. 500-200).

Erroneous Deductions from thb Modern Style of Chinese Writing.

Mistakes in comparative orthography frequently occur by drawing conclusions

from the modern Chinese '^square-character," which has so far departed from the

original pictographic style as to be an unsafe guide to the casual observer. Occa-

sionally symbols are found, which to-day approximate their originals more closely

than do the intermediate "seal characters."

A few examples may be cited of such pictographs as have passed from a prim-

itive angular style through the rounded form of the "seal character" into the

modern "square-character," in which form they coincide with the original shape.

Take the modern symbol \±J fien, "field." Formerly it was ©, but originally it

was g, a subdivided square form. Q wei, "enclosed area," was originally, as now,

a square, but was long written thus Q' when curved lines prevailed. But in gen-

eral it is unsafe to use the modern style of writing for philologic deductions.

The following will serve as examples of the misleading nature of modern forms :

The symbol ^ wai, " tree," might suggest a rooted tree pi'ojecting above the

ground, and, indeed, has been frequently so interpreted, but the original form, 4^

or ;(C, shows a tree with branches and roots.

^^p^(-'»<j, "friend," looks as if it were twin moons (3) or, as has been actually

inferred, the duplicated sign for " fliesh."
'^^ But in fiict this symbol is a contraction

of a more complex form ^^, "a pair of birds," a happy symbol of "friendship."
r

^^'l'^, ''llesli/' in combination usually appears as ^. Some have supposed fl^ to liave been ^^^ '*a pair of

shells," but I find no authority for such a derivation.



14 MEMOIUS OF THE CARNEGIE MUSEUM

A certain writer has assumed the sign 3 to be the original of Q, "sun," and on

tliis erroneous hypothesis he makes the imaginar}^ sign 3 to correspond to " the tri-

dent of the three seasons of Orion." Had he noticed that EI was once O, such a
4

conclusion would have been impossible.

pi, "ought," a sign of duty or necessity, looks like " heart" (.O) cut by a

stroke. Imagination might work out a theory based upon the heart cut or pricked

by a sense of duty. No such, psychological process is even hinted at by the early

forms of this character, which are f ^ % ^ "^^ 'K )% '-^'^^^ ^^^t of these enig-

matic forms {)\{) is the "small seal" character of the Han Dynasty, Avhich is the

nearest chronologically to the modern "square character " 0. The two vertical

curved lines of the older form correspond to the right and left dots of the pres-

ent form, while the part ^ has now become )]/, the central portion of the modern

symbol. The resemblance to "heart" is thus merely accidental. None of the old

forms have any suggestion of ^, which is the old writing of /l^^ " heart.
" 21

Incongridty Between Form of Bywhol and Meaning.

Let us now glance at another phenomenon of orthographic evolution, the enig-

matic form and sense of many Chinese symbols.

Certain modern forms have such a variety of unrelated and conflicting mean-

ings as to raise the suspicion that they present under one form a common resultant

from several different roots. Thus 4 f'(d, "lofty, large," is defined in the Shuo
y^v

Wen as "slippery." A comparison of tlie old forms shows a divergence, as we go

back, toward two separate roots, viz., ^, which is three times the sign ;^, "large,"

forming an intensive signifying "very great," and
f^,

composed of "clay" ±,

"hands" f\, and "water"
jf,,

a very appropriate symbol for "slippery." The

modern symbol contains elements of both of these roots, thougli it retains only

the meanings derived from its root ^. It is safe to conclude that ^ t'ai is a com-

posite of both of the old symbols described.

means "harmonious," and also "a certain mythical tree."

Tbese apparently incongruous definitions can bo reconciled when we find among

Again, Ave encounter ^,

The sign ^^ jiie

the old forms ^, three hands together, i. e., "harmony.

which is a symbol of vegetation and suggests the "tree," of which ^^ jile is the

name. These both coalesced in ^j^ and so give us the one symbol from the two widely

different roots.

flung, means "ought," " couut," "considered," "to pawn," to "obstruct,"

2> There is a striking analogy in some of the old forms oE i0 with those of ,^1<^ chio "omen," viz.,

'hY YV ')('F W' supposed to be lines on tortoise shell used for divination.
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etc., etc. The plienomeim exhibited in its old forms lead us to suspect that it, too,

is an incongruous composite from more than one I'oot.

The character ^§ (Cluh) is the name of a river, and also means "to govern,"

"to control." Tlie oldest forms show confusion of origin. •{§ plainly designates a

river,
;|; being an old form for >^ "stream," but $«]^ f«),1^, ^^^^ occur as synonyms,

and are analogous to g^ (now f "to govern"). A possible conclusion is that

these varied forms have coalesced in y^, which retains the several meanings of its

components.

Just as in other languages, the early juggling with orthographic signs has led to

puzzles in the shape of monographic signs which are the despair of the philologist,

unless he can recover the lost key.

A curious phase of this juggling with writing-signs appeared at an early date in

the development of the Chinese language. I refer to the habit of reversing or

inverting an existing sign to signify its opposite in meaning. This forms a distinct

class of mechanically devised symbols.

" PIPP " (letters inverted) to mean a " prodi-

The process may be illustrated thus : Having accepted an English word " hard "

as descriptive of unyielding substances, we might have adopted " drah " ( the

reversed spclliug of " hard ") as suitable for the opposite meaning " soft." Or, being

familiar with the moaning of "child," we might have reserved it to signify a child

of good conduct, and then have written

gal son " \vho has turned normal conditions upside down. Such a conception

actually seized the ancients in China when they represented " unfilial " by -^ (noAv

written ^ f'u), the inverted character ^ for "son" (now written 4- ^2;)"). Another

instance is that of the now obsolete sign M i which was formerly written ^ and

signified "to turn back." It is the reversed symbol ^ (^ shen) for "body," and
hence w^as considered appropriate for the idea of "about face."

Jl (now twisted into ^) means "deficient," and in form it is the reverse of J£
dicng "exact," the lattcj' being the older symbol. Again, having become familiar

with the sign
||)

(now altered to ^^''"'^ dim) as meaning "sever," depicting "cut

^^^^^ " (^)' it was little short of an inspiration that led some scholar to adopt the

reverse ^ for the idea of "connect," a symbol now enlarged to
f,||

" H." "

The eifort to construct ideographs for the negatives "no," "not," "not yet,"

"without" and " do not," seems to have taxed the ingenuity of the ancient sign-

^^ We have in tliis form a survival of an old variant written §2 composed of *' silk," *' knife "and ** knot " equaliy

suggestive of '* cutting/' It is further carious to note, anjoug the old forms of ^|^ /:/, " to connect," several which seem

to be ^fg with variations. This may he^^/a, '* not," aud H^, '' sever/' which would heanotlier way of reversing the

meaning of the sign, ^
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" '' minus," '^ without.
37

makers of China, as will be seen by noting the special list of negatives (see Plate

XXVIIL).

Tlie most complicated of all these is the sign ^ " Wu,

In its modern garb it suggests a likeness to iin hsile, '' blood," and %^ Jt/tw, " fire." In

fact, it is connected with neither of these, though for convenience it is classed under

as a means of comparison, we find the upper part

h
I*

the latter. Taking the old form ^

(^ ) has been condensed into j^, leaving the " two trees "
{%%) as the origin of the

-I

base of the modern symbol t>^\ The Sliuo Wen defines it as "lost" probably from

the sign ^ in many old forms, which has that meaning. The inference by the

commentators of the Shuo Wen is, "'man' { X) 'lost' (d) in the 'woods' {^'^)

hence ' missing '
' minus.

; 57

This is a far-fetched explanation and fails to account

for an essential part of the old symbol :^ ^l

The list of pictographs and ideograms represented in Plates I.-XXIX. is neither

complete nor strictly logical in arrangement. They have been selected somewhat at

random to illustrate the pictorial nature of the language. Many of the symbols

given will not be found in the current Chinese-English dictionaries, for the obvious

reason that these works are abridged, excluding many obsolete signs which, how-

ever, played an important part in the early development of the written language.

I have tried to give the original meanings (where ascertained), which often seem

remote from their modern significance. No attempt has been made to indicate the

old pronunciation, wjiich forms a different branch of philology from that herein

discussed. I have followed, in the main, the Wade system of Romanization, with

a few changes which seem expedient in view of the poverty of sounds in the Peking

Dialect, upon which Sir Thomas Wade based his system.^* I have departed from

this system in distinguishing between the two initial sounds "ch" and "k," which

coalesce in Pekingese, and have introduced a few minor changes noted in the key.

Of the many S3'stems of Romanization in vogue, that by Sir Thos. Wade is tlie

most widely known. It is the standard of pronunciation used by the British Con-

sular Body, by the Chinese Customs and Postal Service, and by Dr. Herbert Giles

in his Anglo-Chinese Dictionar^^ It is also used largely by contributors to tlie

Journals of the Royal Asiatic Society. This has naturally given wide circulation

to Wade's system, and is sufficient reason for its adoption in this paper. The

changes introduced have been due partly to the author's choice, and partly to sug-

gestions made by others.

23 See uote at Plate XX VIII

^*A comparison of the dialectic variations in sounds— especially the old sounds— will show tlie iuadeiiuaoy oE

Wade's Systeru to indicate thein,
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Meaning
Modern
Form.

Sen]

Furm,
A. D.
1 Oil

Older Furnij^,

^ Flcplumt,
J II Iage,

hsiang.

2 Tiirer,

ha.

Stag,

b

^x
E

Hoi se,

5 Ox, cow,

I

^og, cur,

/-OH.

8 Fiwh

IIM

^

tit

# ¥
*

9 '-^'"iid,

nun.

10 Toi'luiso,

U
Woronii

)

12

i:j

"n.sect,

tailed

bird,

niao.

Short-
tidied

bird,

1

4

T
M̂ M

14 SwiiMow,

/(!»

ri
t

/77

eS3

t? t

I^A

AMI
:^

CiuNEsii Ideouuapus.

Plate I.

Probable
Origiiml, Eeujarks.

s^

Orf

i^bno W6n: '* Large beast
HI Kiangnan, ^vitll long pro-
l»()scis and tnskri. A |>i(.-tnre,''

Ivory carvingsLiggeatw 'image.'

Rude ontHne of a tierer

^
Suggests a horned animah

Outline of ram, with hornH
prondncnt.

H^
Animal witli curled tail (like

Uiiinese cur of to-day).

>!*• •

Original form is deduced
from the extant forms.

Origi[KiI form is deduced
from tlie extant forms.

Worm with convolutions.

Flying bird with forked tail
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%

Meaning
and

Sonnil.

15
Pli UMllX'

f<^ng.

ifi XInic(jrn,

chat.

Rinn-
17 oceros,

18 P^-uian.

19
AVild

beast,

shou.

20
Eaven,

o-r Mouse,

Man
22 (generic),

j&n, yin.

iVfan

23 (male),
van.

2j AVurnan,

Motlior
25 dam,

Tim,

Son,
2« cliilrl,

07 Son,
er.

28
iruman
body,

Modern
i^urjii.

03

OS

Sea 1

Form
A, a
300.

Older Forms.

ilL

f
IHl

JL

U^*

;l

nni.

Ml

1-

X

A A.

\V

^

^

;l

in?

/^^

±f ci^

^

R '\

4T

^'^ ''^

©> ®

i^ 4|]

CniKESB Ideographs,

Pi'ohahio

OriginaL Remarks.

%
%^
%>

lU

ff^^'t'f^

^A

Oriffinnlly a picture of tlje

phn-nix, Im't now a bird^s head
and bird radical.

Orifrinal is deduced from
extant forms.

Rude picture of a pig.

Sign Ruggestinff a beast, with
avhital radieal added later.

Derived from No. 12, (lie

raven beinc; ]^erliaj)s the most
common of long-tailed birds.

Rude picture of a rodent,

Shuo Wf'n : ''General name for

burrowing: vermin,''

Equivalent to the Latin

i i Weedy- field" g and Ko,

48, ^* nuiHcle,*' suggest I ng
ni:m'« labor.

Human figure with bust

prominent.

Woman with paps promi-

nent.

(Used also of animals.)

Male infant

RiuioWCn: ^'Forraof child's

head,''

(Synonym of last.)

Outline of the body with
** man" above it.
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Meaning
and

Sound,

29 ^"^^^^^

shou.

P. Face,

mien.

31 "--tEve,
nm.

.•^2 Efar.
Sr.

33 Nose,

pi.

34 Moutii^

'ou.¥

35 Ila I r,

mao.

36 Hand,

^oot,

^Vhiskers,

39

40

Wish,

yao.

H;iir

of Uie
I'ead,

41 Heart,

Modern
Form.

\

6

n

^

\1^

05

^3

4

6
a-

U

I

4

^

^

Seal

Form,
A. D.

100.

W

^
rc

.^

#

Older Forms,

ill

(^ ^

^ ® i^
n ]^^^

^M ^0^

n A t K
^

«
t t?4= + C^

CiJiNiiSE Idicograpjis,

Probalile

Orlginjil, Remarks^,

(?)

9

T

Outline of face with luiir
above.

Original is dodnced from
extant fornis.

_
Oblique eye (peculiar to the

'hinese race}.

Outline of the human car.

Picture of the nose, with

pJionetic ^^ "pi" added later.

Rhno Won: "That with
wluch man eats and speaks.
A picture."

Possibly depicts a iiairv fail

Five fingers.

Contains No. 110 "stop."
Hcscriptive sign, not pictorial.

Hbuo Wen : " Check -hair."
Rude picture of whiskers.
Now u.sed only as a disjunctive
particle.

(See note.

)

Descriptive symbol com-
posed of two signs "long" and
"feathers."

"Heart" showing ventricles.

Tisuallv used as cycle-sign,
being lirst of the " Teii Stems."

'

' ^^'^K''^mdtrtl.p*/r/^^''7-
''. '"'

'"""T^
^'"'"- ^''^""' '^"'' ="'"" ^^'^'"^"' ^'"""^ " ^'"'^'" ™' ^'^'^ ^^'^« ^^'-l^' ^'loP'-*! for "yao," meaning>ia .so tUeMh radical was added to strengthen its old meaning " wai.st," thus >]|.

^

h

^ :

I

J
'

t
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ingMeaiii

iliui

Sound.

Modern
Furiu

.

Finger

43 joint,

citao.

45

4G

*Fonii,
a])|ie;u--

inao.

47 ^'o g;ipe,

48
Sinew,

«t'-engi|,

li.

4i) %^'l>i\.\vs,

met.

/L

50
Horn,

finale,

^"e, /duo.

rii

51
I'ootii,

52
I'Vunt

twill,

53 ^:'^'l<l)ui,e

lU. '

54 l''Ie.|i,

ah

7'^ a.

55 Jiloud,

Seal
Form,
A. I).

JOO.

Older Forin.s.

^

y'-n

^^

v^

w

Eh

^
§3

u

^

s

A

ll

^

t̂^

6 A

\-3

*

y o ^ ^to^

56 'T^'ti.i.niu.

she.

Probuble
Original. Renuirka.

'-^

Ss

'- J ^

-^

Fingers n^itli yliurt stroke
suggesting *\joint.'*

c

Sliuo WC'n: ''Nails of fin-

mr and toe,"

Pair of wingrf, or long fea^

Cliers.

Open mouth. Cj\ No, 34

Over]ai)].)ing muscles.

Eye witli uye-brows.

Earliest forms are inverted.

Probably >^liows the grinding
surluce of a niolar.

Moutli sl»n\vin,£( teeth.

uvUv was added later.

l^ho-

Vertebrpc,

Sign Huggestinj; a mass of

lies]].

(^(?,

SInio Wen : *' Sacri fie ial
l)lood in a disli."

Tongne pro! null ng. Older
i'ornLs than these ndglit suggest
tlie original-

tr

Cjiinesi: Idkogkai'Hs.

='«tion^'"Tf'
'•l'^_l>uniai. form, especially the face (contnictfci to tlie HJgn for "nose"), wliicb now coincides witli vt?

" pai " by fnrther con-
• -"ts special signilicance is "individuality," "decorum."

' '
.

i
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t

fl-

f

*
1

I

r

I

I

t
E

f

I

I.

Meanin
and

SuuikI,

S Modern
Seal

Fortn,

A. IX
100.

Older Farms.

57
Worm,
winding^ d

^8 lian(l,!ilso.

yu.

59
Grass-
liO|i|iei-,

51 ?i

^'g

-^

CO KgS^,
^ttun.

61 Corpse,

02
^^iUliers,

stripes,

shun.

03 To fly,

)U
K i n g-

ts'uL

e/t'u.

yv..

'so.

68 Pi-ien<]

;!/«.

1,1 *^»'»l>.'n-

Jon,

70 Crowd,

P

F

^ ^

iflt
oio

H -^ ^(^ -^

OlilNiiSK iDEOGliAi'llS.

l*rub;ib]c

Originul. Remarks.

Closely allied to No. 11

Of. No. 66.

'*Mintitudo^' (now con-
tracted) and ^'insects."

Shuo Wen : ''Eggs of all
oviparous creatures/' Also
means '* testicles/'

Si?:n for man recumbent.
(Now -l-lth radical of an in-
congrnous group,)

Sign suggesting featliers.
Used only in con^bination.
CJ\ No. 40,

Bird %ing.

Descriptive sign from
feathers'^ and '^cioak'* re-

ferring to plumage.

[lands clasped,

Originally same as No. 58,
witli Nu, 34 added.

Sign for ^Mabor'' has been
added to this.

ITands extended in friendly

:reeling.

Slnu) Wen :
*^ Plioenix.''

Probably a i>air of birds,
tliongh many consider it one
on If/.

u 'PiTluce men/' to wliicli an
obscure sign was added.

I

I;

i.
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Meaning
and

Sound.

Modern
Form,

71^ f5nn,day,

Moon,
'2 mnntli

yue.

73 ^^V^^^
hsing.

74. Mornings
km.

75 Crystal,

cliitig.

7fi ^PJ'ing,

13

\-3

g

13

rata

77 l^Hglit,

78
Heaven,

sky,

*

79

80

Eaitl.

,

(ns pro-
ducer)

U.

soil,

g'-oniul,

it

81 l^ire,

82 ^^etal

/an.

83 Burn

84 ^Vater,

shuL

i

Seal

Form,
A. IX

100.

Older Forms,

H

>1

g

Q

0-(J> O 00

13

g

9
ae
kM^kU

-,i ^D
'k A 0^0

k

±

i

O'K

X

^ S ®

00

® c§ ®7 ©) @^ Qj

^

t

*.

Kl^ffiiR^ff^^

ifc I ig ^ ^ ••I'

±

4;±±lil.

j^i

yX^
-+= 5^ 1^

Probable
Originah

o

o o

00

±^

Remarks-

Sun, with possibly a sun-
spot. CoineideF^ with Egyptian
0,0.

li Crescent." Cf. No. 131,

Thiee stars, to whicli a
phonetic lias been added.

Sun just above the horizon.

Triple sun, as when re-

fracted bv a prism.

Sprouts and buds started by
the snn.

Moon-lit window (or) snn

and njoi^n.

Probably of double origin.

A sign of obscure meaning,

but probably symbolic of deity.

''Karth'' i, and ^ sym-

bol of '^female principle."

Motbor-earth,

RupiK*5;cd to be a spront

spi'inging out of the ground.

Rising flames.

i](

1^

Crucibles covered, orintense

heat covered, as in smelting-

Trees burning. Two last

are variants being *' fire " with
plionetics.

Kipples on water. Coin-

cides with Egyptian

*,p, Chinese Ideographs.
^^ tlirce last forms are variants based on "eartb," "lull," and "water," of obvious signiiicance.
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Moaning
and

Sound.

85 Hiver,

ch'uan.

SG Tee,

87
AViUer

sijring,

chHian.

88
Pool,

81) P^'iin

3/'"-

no Clond,

91 Thnnder,
lei, luL

Hen

93 Hill,

shan.

94
^^atnnU
i^»<uind,

95 Cliff,

96
Stone,

07
Tree.

Wood!
I'm.

'

98 *^^i'nve^

Modern
Form,

Seal

Older Forms
Pi'obable

Originnl.
Remarks,

{ 'Miivnlet"

*V\ ''Stream tlnrty miles
long.

Cracks or wrinkles in iee.

Water isRning from a pool
or vent.

Picture of a jiool, to which
tlie wafer radical has been
added.

Rain drops under arch of

heaven modified to resemble

3L "«ky."

Wavy clouds with si":n ~Z^

^^above," altered t0|^^^rain/^

vSvinholic

of thunder,
added later.

of reverberation

Rain radical was

T h u n d e r bol t, to winch
^^ I'ain

'^ has been added.

Three peaks. Cf. Egyptian
H9 (a coincidence).

Eminence smaller than
''hUir (Cy. No. 93.)

Shuo Wen: *'Rock oji a

liill under which men may
dwelL"

Perhaps roc.k-strata,or i-tone

"ailing from a cliif.

Shuo Wen : *'From ^ plant
with roots below- Symbol for

all wooden things/*

Interlaced branches, sim-
|)Ii(iedinto *Hwo trees."

Chinese Ideograpiir.

bee

tw
'''''''^'^^'^^^J'^'a!^!^^^^

'''"' '^'^'-''^^"
^^^''^ "'"'^'^ •'^^^^'•l' T an, indined to consider li.esc as depicting ligiUning, >vlHch

""
"^^^nun^.,.

,

'^''' ""i'^^'-^titions dread of ligluning. Later the radical. ^, and ,^ were respectively added lo distingnisl. tl.e

3

i
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Meaning
and

Sound.

99 Flowers,

pH.

100

Outer
liuj^k of

Si'ain,

102 ^'f^HMilt,

103 r*'^>»'ts,

104 U-avcH,

105 ^^'*>wcr,

ha <(,

107
''"'^**

To pro^

lOl) ^1"^^«?, to
'n^ar,

UO To stop,

m f^traigbf^

c/tenj/.

112
Luxuri-

ant.

Modern
ForuK

o
Seal
Fupuij

A. U
100.

Older Forms

^j> , Chinese Ideograpus,

tTkL^^' ^^ ^^*' ^*^*^*' ^^^t =^'^"1" "\VOn considers it of seuarate origin.

Probable
Original. lie inarks.

Shuo Wt-n : ^'General term
fur IIowers. n

From V(J ^^grass'' and sign

for husks peeled o(K

Obsolete, except in combi-
nation.

Shuo Wen: '^DilHcnlt, like
a sprout forcing its way
through the ground,''

Used only in combination,
Oeneial tiign for plants.

Later enlarged to S (^)^ by
adding a phonetic.

Picture of a flowerj con-
tracted to -Vf and phinietic

i<. added. CJ. No. 106,

A gorgeous llower. Closely
allied to No. 105, but consid-
ered^ a separate primitive by
8huo WCn.

A sprout fnrther developed
than Nos- 107 and 108, as
having reached maturity.

Sprout impeded in its

t^rowlh, hence '*stop,'^ An-
alogous to Nos. 107 and 108.

Perhaps from '^ sprout ''

and *

' u |> w a r d /
' Norm al

growth. See No. 287-

A thrifty plant. Related
to No. 109-

tThesG
^*" " considers it ot separate origin,

^^ssive sign lik^^ ^^'^^f^?^^

^'^'^
'^ common origin. No. 107 has retained its original sense, viz., '' to sprout/' ^^ssue.'*

^*^ of,^' derived from the Idea '* source.'' Both were originally ''j\ sprout from the ground. ''

No. lOS has become a pos-
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Meaning
and

Souiul.

Modern
Fur in.

113 ^^erlw,

. kul.

Luxnri
^1-i ant.;

a '"'J-

Jungle,
-^^0 nide,

116 * Leeks,
Ida.

117 '^'I'lt'oo,

c/m.

Growing
^ ^ « crups,

hij.

Gi'nwing

Hi) millet,

lovel,

120
Fruit,

121 I^Ji^st,

tUlKJ.

#

Land-
123. '"ark,

^'"Jiwitor,

pino.

titieljtit]

124 '"'ceor

"billet,

nii.

125 Tliorn

^s'-iI.

,,Buck-

126 •^'y"-

tree,

»
SI

it

4^

^
^Tfv

Seal
Form,
A. a
100.

Older Fonny

+

^f

4^

^

fiA

If^ ttt

t(t y^t tt

/*

i

\^

-K

t

rhrh 4"^

1 1 3i a
XK 4*i 0?-?

A-C^ -=. ill

i^
R

^ T t ^
z;^ ^ aX t-V

>^

v?^-:-

^

CniNEbK JjjJiiocatAriis-

Probable
Original.

..

^^

• •

^
^

Remarks.

General term for '* herbs.''

No (listiiiguislnng feature-

Allied to No. 115t q. V,

''Plants'' and 'M:irgc'' re^

peated, modified to^ *^dog/'

Picture of grouing leeks.

Pendent bamboo leaves.

One or more stalks of grain,

with head and leaves.

Kow of grain sl:ilks with
ripe lieads. '^ Level/' from
even height of grain.

Shno AV6n; '*De])icfy fruit

on a tree-"

Sun rising behind a tree^

SIiuo Wen: ''liirtl on nest

at sunset,'* Not related to its

radical (^.

Chimp of mulberry or other

buslies to mark bounds of a
field.

Depicts ^hdkd grain. {Not
used of </ryt(.7"/t^ grain. )

ThoruH >-< on a tree.

Thorn duplicated.

^1 puns (HI this
:

^' A vegetable of perennial (kiu) growth, hence galled ' kin.' Tlie form of the ^)lant above the ground/'
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Meaning
and Modern

Fori IK a
W

Seal
Form,
A. D.
100.

Older Forms,
Probable
Original, Remarks.

107 f'li^J^tnnt,

Mnlberrv

sang.

129 Ye:an
nie^u

130 f?enjson
ki.

IS^Eveninp;,
In,si.

SI. ell,

132 value,

pei.

133
*8alt

In.

134 Silk, „„.

i-iS threa<l

SI,

136 "^^^por,

'.'^u

137 ^team,

^^^ ticket,

139 1 Mirage,

UO f'anie,

Chinese iDKoauAriit^-

ing s:iU.

Cliestnnt burw on a tree,

(Not related to its radical,)

Sbnn VvCn: *^Tlie tree

whose leaves silkworms eat,*'

l^eaves on a tree.

These two signs are
cloKcly related, but are ob-

ftcure in origin.

No. 129 inav be '^crops''

and 'Hlionsand,*' No, 130

may be '^crops'' and *'Bon,
71

New moon at evening. Of.

No, 72.

liivalve shell,

ShuoWen : ^^Pictnrc of a

seawhclb , , . "Ancients ex-

bangcd shells as money.''

F'arth-basins ft^r evaporat-

Twist of silk, or possibly

the larva of silk cocoon fji-

miliar to the ancient Chinese,

Derived from No, 134,

snggcsting rising

Sleam from (!rc ^, or mist

from .vin Q.

8moke above '^ fire.'* An-
cient method ot signalling in

t_'biua.

Undulating air,

'^AFan" bearing ''torch."

(^';iri:lnts sliow otiicr nn)ts

containing '^smV and 'Mire.'^)

iJne^e obtain salt by evaporation from lari;c, square, sluillnw pools upon the alkali plains. This sign is either a picture of such pools

tSln
^\,^?^^'^^^{ ''^^--^^^t^ fi^'t'l ^vith , I _

^ ^_
<^'n

: ^'Kising air tending to expand, but obstructed as it curls upward," ,

^^ basin '

'*'^^^*^^ ^^^It by evaporation rrom large, square, sluillnw pools upon the alkali plains. Ihis sign is

V^l^' ^^i,??'^^^'^^-^
suggests a field with patches of alkali. A more complex symbbi is now used instead of this.
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Memoirs Carnegie Museum. Vol. IV,

Meaning
and

Sound.

141
Roof,

mien.

Enclos-
142 nro,

tvei.

24^ Rlicd,

yen.

144 T*nlaro,

kmuj.

14g Win<!ow,
khn}{/.

14G ^^^'1^'

147 ^';s-^iy,

Intmi.

]48 rrison,

Map,
149 seaf;

Treasnrv,

150 fttore-

house
7

jL5iKUd.en,

Well,
152 cistern

ch intj.

Brick-
153 M-iU],

yiian.

154 /^'''

Modern
Fori^i.

Seal
Form,
A. D.
100.

Older Forms,

;

a n

f-

S

)

M

i€

1^

a

a

D

D

a

/\

W D

l^fX

r

)

i

^

1^

i !.;> ig

Chinese iDKOt^jiAnis.

Probable
Original,

D

a

Plate XI.

Keinarks.

A Iionse. (Used only in
combination.)

NoAV written jj] Avith plio

nctic added.

Building open on one side.

Hall with ^teps (or) throne.
(Not ''two months" nnder
**roof/' as nsnallj defined.)

Latticed window of varied
design.

^'Field" full of 'Mrees."
Now altered, with ^ yu as

phonetic.

Rhno Wen: '*Pic(nre of a
pig in a pen."

Slnio Wfn: '^Prison. En-
ch>snre for criminals."

(Shows cells and corridor.)

Sign snggct^ting a map or
diagram.

Embodies No. 338.)

tt rCart" under a ''shed."

''Dish" and other objects,
with ^Miand" nndera "shed."

Well with enrb.

Layersof brick, with '^clay"

i. added, to suggest tlie ma-
terial.

Shno AVen ronwiders this a
contraction of ^^, but it is

rather the orii^inal form.

\\

'M

U

r

M

^ ^

I !|

I

i^
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•

, 1

Meaning
and

Sound,

155 ^^^'^
min.

Stemmed
156 di^li,

ton.

Sacrificial

157 vessel,

Wine jar,

358 pottery,

Willow
159 basket,

til

160 ^M*pcr,
iou.

1131 ^P^on,

lg2Cover,licl,

163 "J^^'^k,

tja.

1G4 ^^"ife,

iao.

Wang.

1G6 *^'*^^^1^^

167 t Cap,

Modern
Form.

\r7

\*

u

i:

J

X?

1^

-i^

1-7

168 ^/^^^'
ting. J

-F—I

Seal

Fi)nnj

A. D-
100.

Older Forms-

IE

^

M

^

t:

J

;!?

\XX)

-tx

\1

A

!tt 'I'

J- I

$t

^

))k^

/\

^ -^ ^

TtT dHU
^7 o a

Probable
Original.

Kemarks.

^

o

^(?)

A common ancient dish was

sliapcd thus

Actual form of the vessel as
seen in an exlinujed specimen.

Vessel witli viands or flow-
ers- Cf. No. 156,

Wine jar with scaled lid

secured by cords (as now in

China).

Shuo Won : 'U*ictnre of a
willow cookinp; vessel."

(Dislinguisli from 1_] fc^an.)

Now used to designate " peck
measure." CJl No. 188, Orig-
inally a dipper.

Rude outline of a si)oon.

Used only in combination,

I^ **wood" was added and
again discarded.

A knife blade.

to

Meshes of a net. Later "[^

was added as phonetic.

Suggests a draped garment.

Side view, or liead, of nail

Chinese iDEOCSRAnrs.
*^ow used for -slave girl- by a lewd metonomy.
tShuo WSn

:
^Sniall cap. Headgear of the aborigines.^ Now snpplanled by

^f^
''mao/' a later mechanical form.

Hi>ai:^b. -
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Memoirs Carnegie Museum, Vol. IV. Plate XIII

Meaning
and

SoinuL
ij.

.

•—1 Seal

M<)<lcrn l*'(>rni.

Form. A. D.
100.

169
Door,
gate,

men.

170
Ship,

ckou.

jy-[ J'u cook,

173 '^^'^^^^lo],

chin.

Broom,
174 sweep,

chou.

175 Kerchief,
kin.

I'jQ
Curtain,

rnL

l^y Market,

Woven

178, ^tV/?'
to difluHe,

liecd
179 mat,

I

f-3?

T
\

Enibroid
180 ery,

chih.

Small
181 Stable,

ki.

Ttecep-

182 tacle,

Jang.

\

C

Okler Forms.

Pi

3^

®

i

^V

t

^ X=:l -^

M1

Sf
1

'

II

n(

,

1
'i;

^t'

^

+

^^

Mr'

tilt

$ ^ jfi )^\ *

^ * * I
^

^^
^^ ^^t!^v

R /T-

i:

m
(1 n

(^ 5

Chinese Ideographs.

Probable
OriyinaL

Remarks.

-3^

e^9

Two-leaved door with bolts

md tiii-uitjg puats as now in

Ubina.

Kitber a sbip with sail, or

Jeck of boat showing compart-
ments.

Cooking outfit.

A kind of an»pbora.

is now an liorary sign.

Tills

n

li<'-)

Jar containing alcohol
{clear liquor) signified by ~:
'* water,"

Hand grasping broom. ( Not
rehitcd to it^ radicab)

Anciently, a cap or turban
A^orn by aged persons-

Supposed to be a table cover.

'Jsed oiUy in combination.

Perhap.s from ^'cnrfain "

md '* wood "
;
a booth, as now

n Chinese markets.

Suggests interlaced ihreads-

^riginally aj)plicd to silk-

?T,n

Suggests plaited work. Now
m adverb "bow," "now."

Embroidered design.

Table with
urved lecfs.

straight or

An obscure form allied to

^ "square" and ^ *' (buffer."

'i-isl
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Memoirs Carnegie Museum, Vol. IV. Plate XIV,

Meaning
and

SoinuL

Srodern
Form.

183
Ctirn

184 l'i?l^l'

i ten.

f (fitg.

Portico,
"l^^j pavilion,

;,g^
Granary,

188 Vi"^'

Corn-
ISO fan,

pan.

TTm-
lilO, brella.

^an.

]9l ^^''^i*l*JW,

tL

192 ^,*^^1^'

ch Ue^

194 Cave,

h'siie.

J,
J- Window,

ch iimuj.

Tile,

19G pottery,

ti?

f

T

t

-1-

/

/v

v>v

5l

Seal

Form,
A. I).

100.

Older Forms.

^>

YI7

J\

±

A

+

+

A

^

:>_ic

TX TT r? v-^ y--H

^
^

]

'.-^

^<

K

)iutit##

)rl 1^
i

%

Pi?

_..

>

n
(HD

^-

ClIINK^E TdKOGHAPHS.

Probable
Original.

ffl

5.

n

w^^y^

Remarks,

AVinnoAvIng basket lieltl in

bands, as to-day in C^bina.
Bmvhoo radical b as been
added-

Land snbdivifled

SbnoWen: ^^ Palace/' An
imposing edifice.

Artistic pavilion on pillars,

(as now in ClunaJ,

Large ronnd wicker bins
nnder roof, (as now in Cbina).

A measnre bolding 12,000
grains of millet. Cf. No, IGO,
(.)Id exbnmed sbOng : Q-i. «

Depicts tbe implement-
Closely allied to No. 183.

Depicts an nmbrella witb
ribs or decorations.

Ilalf of ;Moor/' (See No.
169). Variants liave 'Svood"
added.

Form of Cblnese fisb-book.

Incongruous e y ni b o 1 for
piled eartb.

Depicts nioulb of cave.
w^

Latticed window. Origin-
ally same as No. lA^u

Perbaps overlapped lites.

Sbno Wt-n : *'GoneraI name
for kilu-burncd ware-'*

|.

!i

I
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Meaning
and

vSountL

197 ^'^•'^>^^gS

tvd.

198 ""/^l'^^^
fc-tri.

199 + ^'IS^"'

Ornin-
200 in(n1ar,

kitu

201 Kiln

Wrltiiii^

202 |>rnsl,,

chin.

204
Paper
l<ile,

yuan.

205 adz,

kin

Cart,
200 chariol,

ck%

Span oF

207 ride/

ch^cuf/.

^ ?SeaI,
209 knot,

chie.

210 To seal,

ilodern
Form.

O
Seal

A. IX
100.

Older Forms.
Probable
Original.

Remarks.

Knotted lliongs. SbnoWOn
^' Leatlier h;traps-"

Lute with 5 or 7 strings.

Moutli-ori:can with 16 or 23
pipes.

ShnoWf'n : ^S\t firat a liole

in the ground ; later, hollow
wood and stone, l^^u'in of tlie

vessel with grain inside.^'

Obsolete symbol. Depiels
vompartments of a kiln. (Ex-
act origin is disputed,)

Chinese pen or brush held in

ihehanth Cf. No. 17-1.

Pen making marks. De-
rived from No. 202,

SlinoAVen: ^'Penmanship.''

Hird-shapod kite peculiar to

(^bina.

^J Rhno Wen: ^'^To cliop

w<iod." It n^ay depict chips-

Cart witli sltaft for horses
(i/trea^f, as ancienlly in C'liina.

Derived from 200.

8]iuo Wen : ''(lum d vnastv

crown, called picn,.'

11:111(1 (claw) iillixiiig a seal.

CriiNKSE Ipkoguapj-is.

*Fonii of ihe lute. Lowor pint was iiioilirun to "l^ "metal" as plioiietic, ivliifli lias been conlraeted to ^ kin.

tOriirinally tlic Form of tlie instniinent, surviving in lower part of the modern symbol. To tliis "band" and "bamboo" were added.

'Hie viirianl, iy
|J

wbidi liiis "bamboo" and a plionetic "hsiao."

i'riie orn.-urients below tlie tnrbiui seem to bave been nlfered to f-^
'' hands."

^^P Chic "knot" iR closely allied to tins. 8bno AVen defines it as "Sealing knot," referring to ibe ancient cnstom of using clay seals and

*'"i'ds. I snspect tbis depicts ii seal of lliat sort nitber than a signet oi' metal.
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Memoirs Carnegie Museum, Vol IV, Plate XVI

Meaning
muJ

Sound.

Modern
Form,

Form,
A, D.
100,

Older Forma.

211 I>uw
/CU7K!/

212 ^'"'^^^vv,

214
liiiUle

axe,
'wu, vtoa.

^l^

215-10 guard,
a/m.

T

t

2l(j '^^fiield,

217 "'"i®'*^''"'^^7 Jaiioe,

218 ^J*^'t»iet,

To draw

219 ^ ''^^.

leud,

yin.

Xliree-

220 I'^'*^"g^'d

liaiberd,

221 ^^^Utary,

9^)^) irn

CUIL

223 t}i"'iJy,

SoUIi.i-
'":4 weapons,

^

^

^

i

T

yL

^

^t >)t

LJ O o
t Tf

f

j£

^
^

#
"x

I

^ ^ yrr^

/K
?k

f^t}'^];^

v^ -ft h

Probnble
Oi'igiiKil.

Remarks-

n\s

Bow, with or witliont string.

Featiiered arrow.

Ancient bronze-halberd^
heads, exhumed in China,
show liole for tashieL

This symbol is now used as
an liurary sign.

iSoldier (jnan)with iialbcrd.

General term for weapons.

^SMan'' with head in hel-
met. Also means *' pocket/'
*Mv— "eep^

Bow and m;in, or hand and
bow.

flalberd or lance 15 feet

h)ngj used by charioteers.

) J^* Halberd" and '^stop.

Shuo Wen : '^To lock hal-

berds is n'it."

Shuo Wen : *^Two hands
grasping iialberd. Warn."

Chariot in camp.

'*Man'' with ^^spear" in
'Miands," or 'Muinds" grasp-

ing ** axe."

CUINESE IdEOGIIAFHS.
^' In some connections this means ''spear." Tlie traditional shape of ancient shield, is ^ the frame coinciding witli ^. I snsi)ect tijat

'^ f^ynibol also depicts a two-pronged spear.

t By analogy with No. 213, this shoidd depict a lance without hand guard. It now Tiieans ^*arrow" and *'shoot," and appears only in

combination,

X The six last forms are two variants in groups of tiu'Qe fLU-iui Cc\cU, Xb.e first is;
'* people" in *' eam^j^'^ Xh*3 sccL»nd is of obscure origin.

'J
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Meivioirs Carnegie Museum, Vol. IV Plate XVII.

Moiiuing
and

Sound.

To RliOOt

225 arrows,

she.

Target,
22G Miiniuis,

Jiou.

007 Destroy,

fa.

228 Frontier,

Troop^^,
229 traveller,

la.

Flag,
230 baimer,

231 Camp,
ying.

232 '^'Shield,

tun^ ahun.

233 l^'iiperor,

fnu tug.

234 ^^'^^^S^

wauy.

Rank,
235 claws,

pan.

23G
1" Com
plcLo,

Officerj

237 ^^ ^
cellular,

238
Chief,

gi'eat,

Motlern
Form.

8eal
Furtn,

A. D.

TOO,

Older Forms*

A
1%

-ii

f

A

A

A

R

%-K

^

<l7

±

d-

n

/7

^7

)*;

i

y?

^^4-^44^

f5i^

AA

^h^%^\
H A /'^ ^f5[

fel t^ ^-^ ^
A

.

1^V< 'k)

.

^m
'X

^

5;

^
£

/tx
TiJ

t i^ ^ €/ l^

i

i

d:

iii

iim
i)i i\i m

l

&'

Pl'uh:il)le

Original,
Remarks.

^

A1

At

feo

*^ Ilaiid'^ drawiiifita ^Ukjw ''

radaallj changed to "body''
and *' inch-"

pLM*lia[>s " arrow " liitling

target, tu which "iiuin" was
atUled,

''Man'' and ^Mialberd/'
Same root as No. 215.

*'Canip'' or "gnard-liouse/'
suggetiting frontier.

tp
^

?en

^

''Men'' raarcliing under a
'' banner/'

Depicts floating banner with
''axe" beneath, (Signilicance

of ^*axe" obscure.)

''Fire" and "camp/' with
tents (V).

Symbol of protection for

^*eyes."

From "self" and "king,"
"self ruler,^' " ^^ole ruler."

Possibly a string of jade

beails, still worn in China as

U

i&

sign of autlioriiy.

"Knife" and two "jade"
(ibjeclw. Refers to buttons

worn to distingLiisli rank.

"Officer" (No. 237) and
"man."

Origin obscure. Perbaps

;\llied to j^ "great."

Origin obscure. Suggests

No. 239.

Chinese Ideographs.
^iHio WCu

: " Shield. Likeness of that with which one protects the body and eyes." Tlie reseinbhmce to a shield is not clear.

tBy some cliaucc this has been classed by Chinesg lexicographers under i "earth" instead of tinder -j^ "oilicer."

^n
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Memoirs Carnegie Museum, Vol IV.

Mciuimg
and

Sound.

Modovn
Fonn.

P5

Seal

Form,
A. I).

100-

Older Forms,

* Prime
239 Minister,

240 -'^^'*^'

chii.

241 Fall

fn.

I en

Eetainei',

249 t<* eon-
trol,

SI.

243
Kill or,

quecji,

hon.

244 Master,

245
'''^ i'^'^-^

Scribe,
24G liislory,

24'

248

record,

ch'cL

JLaw,
catu-

logne,

tien.

£

>

City {wi^

249^" <'Hlcijil

aejit
)

,

%

City (as a
-^^^O fortress

di''my

251
Capital

City,

king.

? Court

252 .^"«'<le

^iLygate,

kuo.

'>i %

V3

Ki

^

/^

i

m

\r7

4

y.

P t!^

n

/\.

1^

i

1^

kl^^
k

/l^

1^ t«1 1^
Z)

^7 $^v

|v fS

*t ^*

^^
S$i *

^^^t^H*
O tj o V g Zyx ,

7 \^ 1 ^

i $4 ^.

<g> ^ ^
)ii f^ ^

Plate XVIll.

Probable
Original.

Remarks.

(?)

4

i

f2

71
(?)

Resembles No. 31 and No.
238. Pc^ssibly depicts some
insignia of office.

Supposed to be a burning
lamp, bence *Mord'' by me-
tonoiuy. Suggests No, 234,

'^JTantr' boldIng^^rod"or
''soe]>ter." ]\faster of family

or class.

Seems to be from **bind''

and ^^summon" ^.

*i

* 1 I I

QlUP

Reverse of No. 242.

Iiaps ''summon.
Per-

I)

anGreat" and "man,' or

"f^rciit" doubled, i. e., "very
greii t,

'

'

" riand " liold'ing " scep-

ter." Like No. 241.

"Hand" liolding a "sty-

lu-i." See Fig. 1. (Ancient

stylus had ring at end.

u
r.amboo "records" upon a

table."

a

îrTl

a M
Enclosure" and '^seal

suggesting official residence.

Of. No. 142 and No. 209.

Composed of No.^. 252,212,

214, No. 252 bail been con-

tracted to '^eartb," 1 e.,

cartb-lillcd walb

City gate with tower (as

now in C'liina).

Gate-court with towers over

gates at either sides.

Chinese IpECfGirAnis.

^The Ciiinesc notion tliat this depicts a corpulent man is unsatisfactory,

t Bamboo slip« tied with a thong. Shuo ^VC^^ says that the slips were of unequal length- Royal degrees were tlins hied

tShuo W6n : '^The records of Wn Ti [The Five Rulers B. C. 2597-2255] were given an honored place upon a stand,''

^ This is now app/ied to a temple over an arch just inside a city gate-

*
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Meaning
and

Sound.

Modern
ForUK

Seal
Form,
A. D,
100.

Older Fornjs.

253 ^^^^l'^»".

254T^O!iulace,

huo.

255'Popnlnee,

shu.

Political

250 district,

choiL

n

;:

+f-
/MS

AndiencG
257 IkHI,

Judge

258 ,
*^^

Appeal,

259 ^^<^»'ee,

ckih.

To inform

2G0 ^ ^^M'<-'-

ri<ir,

261 "Scepter,
kucL

262
'Tuwt,

imbiie,

huny.

203 ^'^'^^lect,

pOtK

2«4 'J,;:;;;

pVo.

2G
I*

o
erpet-

nal,

~

)

tFaniMv

kia.

K

f-

o

Jll

^
13

^

^s*

rÎ ^

^ S} /^. /$

^

El

o

i

'^

g

ra

±

W

9
o

B^ ^ V 6

I

y

^?.

;f.

^<^

A

;

^x

^^'-'/
1-4

^6V XA '6' )0( -b" ^ J^

(<<

AS

P^^k

Probable
OriginaL

D

&

^

ih

;oc

4

r

^
I

Plate XI x.

Remarks.

Oldest forms are: ''Popu-
lace/' or, '^populace'' nnd
''kins:.'' Later, '' jKjpnlace,"
'* enclosed," vf. No. 254.

'^Halberd'' and '^enclos-
ure. '^ Syuibolic of protec-
tion over the people.

a Tosetber'' and ''fire"
uutl

of domestic life-

er a ''shed/' Symbolic

District between rivers,

(Streams were natural boun-
daries.

''Officer'^ (No. 237) on a
'^sent.'' Some forms bave
seal " added.

'^Kasf' and "speak," i. f.,

Decree from East J^alaee, the
seat of judgment.

"Above" and "fipeak,"
Divine or imperial decree,
(Not related to its radical.)

'*Moutb" and *'on]cer,"
t\ f'.y speeeb before a superior.

i i

Svndjol of equal division.

<'ut " and an object.

"man" rescuingPerbaps
"cliild" from attack of beast
claw). (Jj\ Na 334.

Tn form tbis is tbe reverse
of No. 265. "Streams di-

vl<led."

Water flowing from a pool
or spring, bencc "constant,"
" per])cLua!."

Origin obscure-

Chinesi: Tj>KOGnArn8.

wide of T
'"^'^' '^^ ^'"^' '^'"'^^"^ ''"''^ "'"^" " ''-^^^ scoptor. Sucli an iinclont scepter was Been by tlie author. It \viis ^ foot long atul two inches

x"p/. ' ^'"'1'*-^ pictured iibove, and engraved all over with conventional lines.

Earlier
1'"^ ""''ly come iVom dilVorent roots. Since the Han Dynasty (circa B. C. 100) it has taken (lie sole form of "pig" under "roof."

iiMhn' ^™f
**''*^^^ various objects under roof. The most reasonable is "three persons under roof" - a very earlv form — wliich 1 have taken

'c probable orisiinal.

()
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^
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Meaning
and

Sound,

Modern
Form,

267
Look,
see,

kien.

268 ^^^^^'«c,

209 Self,

Fear,
270 excited,

kwiKj.

27]^To return,

h lii. m
272l*^"d;intj

27vj Ktninent
ywx 4

274 ^^t'

^''> precious,

'po.o.

x-t-

^'' note,

'^'^ unite,

279 sign,

280 ^'« tut,

pa.

13

siz

\f

(3

^^

X
/V

-I—

r

pi

Seal

Form,
A, D.
100,

Older Forms-

.1

r

h

n

^ i^ i^i

n

±

1^

i

e

±

f-^

\-3

g V,

X.

X

/v

Ak
a;a
AS'S

o
0(0 TM

1? f 4^ Ml

^ ^
V ua,^ ?.ii

7

^^ ^^ >v/ §

X ^ff?X;i^i/ll

i^t >t !^ §

>< JL JC

Plate XX,

Probable
Original,

Remarks.

Light issuing from the eye.
(In accord witli peculiar no-
tion among the Chinese.)

n

a

28.

Reversed body, hence to
turn back/' obsolete, cf. No.

*^Nose' (see No. 33). (A
Chinaman points to his nose to

indicate self.

)

Hands raised as in terror

(Used only in combination,)

Shuo WOn: *'To revolve,''

Probably a whirlpool, hence
'' to return,''

±
±1
/^

X

A pendiint flower, c. g.^ wis-
taria.

n
u

^M^"]!irth/' piled up, hence
liigh," Later, sign for
platform" was added-

ct Two men seated upon the
ground "^a comnnjii posture
in China,

''Jade beads," '^jar'' an<*
'* shell" (objects of value)
under a '^ roof-"
ideograph.

)

(A good

Svmbi>lizes wonls issuing

from the mouth, lience speech.

A

^
A

Probably No. 27G[ "speech"
)

with '*one" added to denote
* ^ single ulterance " hence
''note,"

Blended or united lines,

Svmbolic of union, Cf. Nos.
279 and 338.

Klended lines as in writing.

Probably of same origin as

No, 278",

Signifies bisection. Coin-
cides witii sign for "eight,"
whieli may have separate root.

Chinese loEOGRArHS.

C(
,'

I

^^^^ interesting pair of symbols. Tliough tlie modern forms differ widely, the old forms prove them to be closely related, Shuo AVen

ag
j^*\^'^ **' 277,as derived from No. 27(5 by adding the sign for "one." This sh(»nld signify -a. smplc. utterance instead of a ,b7^m^s,sma of sounds

th
1*'*^ fShuo W^Sn's furtber exposition of the relation of tliought in the heart to utterance is only confusing, for it must be based Tipon

^ doubtful assumption that No, 277 once had the sign for " hmrf' underneath.

li
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Meaning
and

SoumL

Modern
Fornj.

Seul
Form,
A. U,
100.

r

To
281 divide,

Like,
282 equal,

2?L

283
Level,
even
/.

y

c ten.

Coordi-
284 nate.

2sr> ^'^*^^''

Large,
280 great,

fa.

Up,
287 above,

sluing.

Down,
288 below,

hsi(L

^gy* Middle,
chang.

t Perpen-
290 dicular,

kun.

One
291 piece;

Twist,
292 twine,

kiiL

Form,

25)3 *^^^'i'^i*-ii^

alitv,

IciaL

2U4'^**Sctlier,

^^

xt

/

>ii

T

)^^

n
/'J^

^

-h

k ^

/ \

)

Older Forms.

%i l\

¥
RR

H !f ¥¥

fri\*AA

m

^f

i A
I

/ >v

/

A /> 51 TV

it I:k;

Probable
OrigiiiaL

7171

^

ntn
Chinese iDEOGiiArns-

Kemarks.

From "knife'' (No. 1G4)

and "cut'' (No. 280)-

Two men of equal lieiglit.

Lines were added to strengthen

the idea.

Two shields on a level. CJ-

No. 284.

Two "men'' on "lever'
(No. 28u). On even footing.

Stick cut (No. 280) in two,

hence "bhort'^ "amatl.''

Probably "man^' on
"man's" shoulders, or man
taller than the average.

Object above a line,

Object below a line.

Object or point midway be-

tween ^^up" and "down."

Sbuo Wen :
" Up and down

equal,'' as if the halves di-

verged from a central point.

Possibly "a single bamboo
leaf'' (c/ No. 117) now ex-

panded to
^^

})honetic.

Ti and {lU with

Either "hands'^ twisting a
" rope," or twining vine with
"leaves."

"Man" and "cut" (No.
280 ) . Suggesting distinctive

personality.

Four bands united.

4 he usual explanation of this syuibol is an object cul in the middle. Tins fails to account for the more complex old forms. The most an-
Gnt corns have these complex forms, whicli is strange, in view of the habit of contracting symbols on (roins, unless the extra sti'okes were deemed

essential to the meaning. Such 1 believe was the case, and the idea of a point between " up " :ind " down " will explain all tlie extant forms^

T 4he original was likely a solid line representing a stall or other vertical object. Shuo Wen's delinition is inappropriate, but incidentally
accords M'ith tlic basic idea of No. 289, suggested above.
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Meaning
niul

SouiiiL

Modern
Form.

295
"'^'''™

liitng. 1^

* Onni296 "\'^^"^<-^

hang.

t Thirty,

2g'^ f2:enora-

tioHj

skill.

t Substi-

tute,

298 gone ra-
ti on,

taL

±

290
Peace,

ngan,

300 Fefar.
weu

Purpose,

3QI deternii'

nation,

cliih.

Now,
302 tlus, «c),

shift.

303 ^^^^"'
U'U-

304 "'^^^'

pan

305 "/^''^'

Condole

300, ^^ith

bereaved,

/mo.

307 ^» ^*^'
4m

WO.

308 ^^wl,

13

C3

P5

Seal

Form,
A. D.
100.

Older Form.

A

A^
r^h m c^(\(\ II

I

km

-f

A

Fffl FP

"L,

i^-t^ it

n

p

•e.'

B B

+

i

f?lA

K ^^ ^
^ ± ^ ^ ^ ik-

#-a

f
C7

?

o
Co)

tm /i^ /tiii^f/ft

)aj( W wyi^ ^vc

m r^

Probable
Original.

ft^

/xpi

>1

ii^

(?)

\r;

T)T\ A A AA fxTL

^ $ $ f

*t

AA

>^t

o d

Chinese Ioeoguapiis.

Remarks,

Two rooms, or two men in

a bouse. (Obscure origin.

)

One littng, L e., one ounce.

Triple sign for ten, i. e,^

thirty, A i^eneration is (hirly

vears bv Chinese reclvoning.

'^Man" and ^^siuar," re-

ferring to change of watch.

; Nos. 215, 227.)

One woman in a. house,

(An essential cundilion of

peace in China.

)

Man stnnding upon a height

(hill), inspires fear. (So
Sluio Wen.)

^^Tssue" (No. 107) and
''beavt"(No.41). ShuoWcn:
*'That wlileli issues from the

bearb"

^^Sun" or ^^lay'' and '^ex-

act'^ (No. Ill), hence ^^now."

(^So also Shno Wen.)

Probably a vertical line
th rough roof-gable toward
zenith, hence ''noon."

'*Cut'' (No. 280) and an
obscure sign of varied form.

Tower over city gate. Al-

lied to No. 251, 252.

^'Two men" and ''bow/'

Eefers to ancient custom of

guarding tlie dead against wild

beasts.

''Hand'' and ''halberd''

No. 218), vaguely suggesting

man's egoism.

"Large" (No. 230) and
"mouth." Mouth wi<le open

as in shouting or bawling.

_'^"When the sign "liang'' (No. 295) was adopted for "ounce" (No. 290), from similarity of sound, the numeral "one" was added to

^void confusion with the original sense of "liang" (No. 295). Later the new form supplemented the old, nnd Jiow is used for both "ounce"
and "two.^'

1" -These synonyms for '^generation " dificr in their original meanings. No. 297 emphasizes the dumiion t>f a generation," wliile No. 298
I'^plios mccemon^ being originally "change of watch," hence " sul)stitute," < "instead," < "suc'cession," < "generation-"

: t

Ti.
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Meaning
and

Sonnd.

Modern
Form.

03

Seal

Form,
A. I>.

100.

Curved,
309 bent,

310 '^^^'''''i^l.

Si ep?^,

311 yvu\k^

^

o

A

1

312 ^^ ^'^^^^

313 ^^ll^w,

^.

7t

314 Fiillow, /A

315
To move

on
J

1/A7i,

316
To ^^o,

walk,

/sou.

To ^^tep,

317 go,

hsing.

318 ^ ^^*^P'

319Tuoscort,
sung.

320 '^o stand,

321
Two

abreast,

ping.

322
Orii^nn,

yuan.

A.

ri

v;

i^

V

J- —

^
1

//iF

/v

^

^

^T

f

I

oh 0^

^}

u\

?^

vtL

^a

f\

Older Forms-

Di CS

'^ 7^ ^
^ Ji ^ A-

jl^ ^^ ?.^ :3C yv
U ?r3C 7^

di cH. Ji ^A^ v^

^ ^ vgj K I^

)^.

}L

i\

t?^ fi» i^ \ t^ ^^H

Probable
Original.

Kemarks.

^

«^ fS

i±A

r

»fflit

^«
Chinese Ideographs,

A bent or knotty piece of

wood.

'^

oi

m

\

^
^

7\

^
Sl

rx

^' Child ^^ (No. 2G)
_
in-

verted- Abnormal childj
hence ^* unlilial."

Rlnio Wen : ''Short steps,

as man' s success! ve th ree

steps-''

'^Steps'' (No. 311) and
^'pfop" (No. 110) suggesting

leaps in running.

^* Man behind man" and
'^running" (No. 312).

Man behind man. Variant
of No. 313.

Outline of man walking,

Sbuo WCn: ^'To keep go-

ing.
7 J

'^Bend^' nnd ''stop'^ as in

Avalking- Descrij^tive form
of the pictorial sign No- 315.

Foot-prints or motion of

one walking.

ii Stop" (No. 110) and

^4oot" (No. 37)- The lat-

ter has been contracted to an
incongruous sign.

^'Man" "running" (No.

312) with a tovv\\ in hand,

L r., torcli bearer (as escort-

ing a bride).

Probably '' man" standing

on tlie ground.

Two men side by side.

'^Spring" (No. 87) under

a *'c!ilT" (No. S35), hence,
^* source-"

I i

w
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Mean! n it;

juid

Sound.

Plenty,

'^Lame,
32-i lofty,

325
* Very,

i *aL

Enunci-
ate

326 \vordj

sentence,

Enclose,

327 wrap,

328 ^^^ ^^'''H^

320 I^'"L>0"t>,

Tender,
330 yonnp;^

yao.

Very
331 sniali,

, Enfold,
^^32 letter,

ha7L

333 t Dwell,
kiL

Protect,

deposit,

Shepord
^^^ ess,

tTo
336 ^^'"i^^g,

connect.

Modern
Furnu

Seal
Form,
A. D.
100.

Older Forms.

#̂ C7

%
/

7

/

e

^

^

\a

'7

'7

:

ki

Z

k

f

2 5^ y-^

i

^/S A^
'^ o} vV

^

i

w

F

^

>1

^

^

^

&r;2
I t% ^8

^•

6b

M

$^ll/? /Sfs

ff?^^l^

e- i
^

3^ ^1^ (fB

^ 6i^

Chinese Ideographs,

Prolcible

Original,

i
4;

i

^7

M

Remarks,

u Disli" (No. lo(i) full of
vinndn^, K t'., '^grain" (No,
\pi) and ^Mierhs,'' oifered
witli 'Muinds/^ (J^ikecornu-
copia).

Also

^^Twist" (No. 202) and
^'montli " referring to motion
of lips in speaking.

Sign suggesting a wrapper.

Fu'tus wrapped in the

womb, with *Vlu!d" added
as suggestive sign, ( Cf. No.
329.)

Depicts ludf-formed fcetus

before birth. Originally same

as £• *'

Seven months' fretns. De-
veloped from No. 320.

No. 330 intensified by dU'
plication.

Shno W6n;
^

*' Tongue-"
P(^ssibly tongue in the mouth.

(.'J\
No. oG.

Man standing in a house-

Hand over child. Cf. No.
203. Htiuo Wen; '^Anxiety-''

It L<

*^Shcep^' and ''woman/'
Hheep-wornan,"

String of shells.

-^'wfull ex-planatiun f^ec pa^e 14.
T" '"Pi

. „/^
evolution of the luu.leni form may be thus : f^<A\*/±</f^iI<^- 'i'lii« theory ih strengthened by the survival of a variant JE.The.ancient custom of striu-ing slicll« as money may awoutU for the tradiLioiiiil habit of stringing coins in China.
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and
Sound,

Mod era

Form,

*L(longevity,
ooi age,

Blend,
338 diagram,

yao.

Singe,
^39 scorch,

chUio.

34Q Wrangle,
cheny.

341 fSplintcr

p te?fc.

om Sneetj

3^3 lUttcr,

344 '^^ ^^^'^j

Strange,

i

Li ft,

34G raise,

Opposed,
^^/ perverse,

Spread

318 """•' «ort

out,

^10
'''oj^eUier,

"liu-ket,

350 %J'i:ul,
WttTl,

/

X^

/yi\

^ f

T

VI?

/\

a
Seal
Form,
A. D,
] 00.

Older Forin.'^
Probable
Original,

A^

i

X X
X

%

-rtv

n

c?

»

^

^

iH

557

»I/

^^ ^^

^

t

+f

_^

^>^

I

/'

4 'i^i^^K

I

fe) © © (Z)(i)lil 1sf

f ! Hf ?l (?)

ffim^8iijfi)4i(t]

e
V-Jf

y-T H ^
^^

?^-^-

^ ^ ^

is.

Chinese Ideographs.
A

Kemarks,

Sluio "Wen ; **Enduring,
following,"

Blended lines, Kelated to

Nos, 278, 279, q. v.

One or mure bii'ds over fire.

Alyo tortoise over lire.

Hands opposed, or strng-

gling for a stafVor spear.

Shuo Wen: '' Split wood.
From half of tree/'

Possibly palatable (sweet)
food I'etained in the inuutlu

Origin obscure. Kefers to

melaiieiioly t)f auLnmn.

Siirnilicance obscure.

Ixhost or other strange
figure. Allied to No. 354

Jlanda lifting ;i weight.

l|

Supposed by Chinese to be
two men lying back to back (a
news).cr

Bcpicts beast's

spread.

claw out'

Tiiree birds on a tree. ( Now
contracted,

)

St)mo ])rulillc creature like

the frog or scorpion. (Not
related to its radical.

^i^nir "

^^'''^' co^nplex symbol of m;tny forms. It seems to be composed of ^ lao ''old," ^\,!!^^nfj ''perpetuar' and a ^W mouth,

t M^^T
^^' ^^^"^ ^^^"^ '^''"'^ ^"^ apparent, but that of '^nouth" is obscure.

^chaaically derived from the sigu for '' tree" (Nu. 97), Nqt the r^v^rse of '' bed" (No. 154), as often hastily inferred.

The

(••
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Meaning
and

Sound-

351
Diety,

godi^,

shcfti.

Liglit-

nini^' {?),
352 ((n'ijirinnl

of No. 351,

?• i^

)

^' TToaven-
ly inilu-

353 ence,

edict,

s'i.

354 I>c"'""'

kaez.

Ancestrjil

355 temple,
tsiing.

Racrifiee,

356 imcestor,

357 ^^!'^''

TItank

358 ^^ff'^i'inp;,

enjoy,

hsiang.

To |>Gr"

359 vade,
haig.

360 *^T^"'cftao.

3g^To divine,

pu.

To en-
quire by

302 divina-

tion,

chan.

Sacriliciid
»i03 tankard,

ttncense-
3G4 tripod,

ting.

Mo<lern
Furm.

/f
'_V

/J\

I-

M

1

^J^

vi

1

Seal

Form,
A, D,
100.

Older FormSn
Probable
OriginaL

Remarks-

r^

\u

/Tx

){
k\i

t^

76

A

Tx

f

l(i

^
^?^9T[i|K7^d^ ^

o

ji

h

oe

6|5 ^1^ %?\§

(?)

ill

ii\)^

jfiS Tiri fi^ '^ #-^ 7T 6A

(?)

IK

o
ovO> -t̂tt ^

8" ^ 'o

o
^

oj]'
i]\

^(i
^(,

.jtl-

1/

i

,a
^^^

'^

{See note under No. 92.)
Symbols found witli or with-
out sign for ^^heavenly influ-

ence" (No. 353) UH radical.

Used both a^ noun (deity)
and adjective (divine, spirit-

Jual).

I

Form of man witli si^n for

*'mysterv" affixed. Cf. No.
345,

^'Edifice" with ^Mieavenly
infUience" within.

SymVfol of sacrifice (grnve,

piled cakes, or vessel) to which
'* heavenly influence" was
added.

vShuo Wen : **One who pi-

ously treats his father and
inotlier. From 'old' and 'son,'

The son supports the aged,'^

(^overed jar used in thank
offerings,

Originally same as No. 359,

Sluio W^n rightly considers
this the same as No, 358.

(Variant ^ siill used.)

Supposed to he lines on tor
toise-shell, used in divination.

Perhaps related to No, 360,

Idi m>

&

&
I lUW

"Mcmtli" and "to divine"
(No. 361). Sonietimen en-
closed in sign of obscure mean-
ing.

Depicts tankard, with No.
361 added.

Shell {No. 132) with legK.

ChINKSE lUEOGRArHS.

Pen-dm r ^'^"," '

-^^'l'* "'^'i'^''
™""'' ^™"' ^^^^''^" '' 1-evcaling forlnne or n>i^for^nne lo men. From " and ))', snn, moon and stars descending.

The yZ 'f
*^'"^7'^' ^^'"^'"y "^t" 'l'^'"'^ ^^^^''" The horizontal lines may he the sign for "above" (No. 2S7), or a .pccial sign for Heaven

•^ vLrtical lines depict the descendin.i^' Inflnences.
t Common form of the tripod is ^, which may be from the original use of a Lomed shell for holding incense, as for instance ^,
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n
I
L

I'

I

Ir

I."

I

J-

b

Meaning
and

Sound.

"^'Sacrifi-

3C5 ciul boAvl,

I.

Celestial,

kan.

Eartlily,
3C7 inferior,

Tutelary
3G8 deity/

she.

t To di-

vine bym u-iteh-

craft,

shiJu

370 ^^P^^^'t,

Venerate,

371 ''^**'^'*i'-

able,

fsun.

372

Tripod
cup,
rank,

chUe,

Lai'ge

Q"o nieasure,

urn,

(Variant,
374 of last),

IL

375
To sacri-

fice,

Active

37(j
or male

principle,

^77 or female
pnnciple,

yin.

Snin-eme
^7« Knier,

ii

Modern
Form.

Seal

Form,
A. D.
100.

Older Forms,

n

ii

3.

it

a

L

'^feS
>^ V-A.-=< ^f

.t

± ±t|^

1-^

T
#o|<i^

T^

;t>

>tK

AsrU

b̂
«•/

•-t

± i^

;li ^k'?^ f^r^W
^V^ A't AA ii^^ ^ S^ in.

?^1 fV tt ^\

#

A

a

i-w

t3

\?7

f\ H

o

4' (<^ /tItn

llfil^

^--^ :;:

Tn/

/S<

/Tx

+

? Vt

fi*^Kt^

^«^ ^^ ^/ffi mtM
O olo CE.^tftpni

A
5^

^A

s;^^^*i?ffi*

probable
OriLrinid,

±^^

Hi^
^^

rt

(?)

w
A

Remarks.

Shuo "Wen calls tlii;^ a ves-
sel fur ancestral worship.

Mystic symbol composed of
elements pertaining to heaven,
sun, air, or fire, and meteoric
infiucnce. •

/^ Earth ''and* 'God'' (No,
351) eontracfed, i. e., *'earth-

deity.'' Opposite of No. 30G,

Heavenly influence''
(No. 353) over nature (trees

and eartli), Shuo "\V6n

:

'^Earth-lord."

Shuo W&n: **Mvstic
cliangos in nature as detected
by tiie use of May-weed-"

AVeird ^]^n for a "host.

^
**Hands" offering '^sacri-

cial jar" before a '^ mound"
(grave). (Last has been dis-

carded, and '*hands" changed
to sign for '*inch.")

Descriptive and pictorial
si^^ns relating to use of the
libation cup *'chue."

Depicts large tripod with
handles, used in temples.

The two signs at sides are
tlie handles, altered to ^*bow "

(No. 211).

^^TTand," '* flesh" and
;*,iar" in a '^temple." Last
U Tiow discarded and '^jar"
altered.

vShuo Wen: ''High, li-lit.

Superior forces of nature."

Precise significnnce of this

and No. 87G is not clear,

They refer to geomantic con-
tlitii^n, hill, sun, clond, etc,

Shuo Wfin : '*To jiidga

Title (if the universal ruler."

(Used of emperor and deity.)

x^-^
CUINESK TDEOGHAPirS.

coin
I

*^'"^^^^ '^"'^ npparcntly incongrtioiiM synilinl is one of tlie most micioiit in tlic LingiuiKC. It is dcscriplive r.xiher tlian pictorijil, being

tlieT^.^*^
°^- •^'"' '^'^"'*^"^''^'">' "'^'^^ sng,i?estivc of sacrifice, to wit

:
Sni'ne'^i haul (No. 18), i^hrllal-gmin (No. 124), Rilk (No. 1,'34) and " /lamh,"

' ^ sig!iiIic;,nL of " offering" and chiimeteriHtic of many old symbols relating to sacrifice. Some of tlie forms arc in ancient script nliicii

tlie signs depicted. The form of the vessel is ^^f as seen in recovered specimens.

'livii ' f"^
*^"'"P'cx sign is si.ii>i)osed to suggest the gestures and cries of a witch. May-weed, in bnndles of fi4 sfall^s, is still nsed by C'liinese in



(

e:

!i

4n

1.
i

1



Memoirs Carnegie Museum, Vol. IV Plate XXVI II

i

fe

_

' w

m
W
^

4

]

Meaning
and

Sound.

Ob-
37c) structed

grow til,

%
380 " -^^t,

pit.

381
Refuse

J

not,

fou.

282 not,

383 ^ ^^ "<*t,

384 ^O)

IJnyield-
ofto ing not,

Opposed,
^<50 not,

387 -^*^' y^t.

wei.

"WUllQUt
388 do not,

,

tNone,
^Sy nunuw,

'X-

Modern
I'^orm.

5C

nzJ

Seal
Form,
A. D.
100,

Older Forme

^ ^

'^^

V3

.<> PL

a

^K

^

^
l^?/?\fJX

i|'2 e
^ ft

f:^ #

-VA

#^

-A^

#ft
^^3e?<^

t^ i ^n^

>f"V

.1) K. u

The Ciilnese, following Sh
Chinese Ideographs.

Probable
Original, Remarks.

(?)

VTv

Tree with top cut off. Ob-
solete form related to No» 380.

Derived from No. 379, which
suggests negation-

No. 380 intensified by add-
^^ mouth.'' Wen-Ii or

literary form of No. 380.

mg

"The end" < ^'none'^ <
^*no more" <C '^have not."

Also means "drown."

Derived from ' * w om a n "

(No. 24),

Shuo AYfm considers this to

be an ancient flag with three

pennants used for signalling

''no.''

Something tied with cords-

Shuo Wen: '* Unyielding.
From * thongs' [No. 1U7J con-

tracted,"

Things (bows?) back to
back, hence ** opposed."

Sbuu AVcn: "Tree in full

ceaf and branch." Signifi-

lance not clear.

'*Sun" obscured by
"leaves" <^ shady <^ dark <^
invisible < without.

Shuo AVon: "Lost,"

far-fetched, and in' fact No^fso
^^ Wen, consider this to be inverted 1 cJah, "at,'^ which they interpret as a bird (lying to earth. This is

now discarded.
"

^^ '^"^^ *^'^^ inversion of tl»c character for "at," J prefer to consider it as derived from No. 379, an ancicnl sign

tShuo Wen: "Stop Fie-

J A very obscure symbol Chi""
.^^''''^''^ ^'''^'' ^'''^ ^^^"^^ it as if prohibiting illicit conduct."

we must look to No. 207 for the k > ^^V*^
^*^'^rs have made many conjectures^ but none satisfactory, I venture an additional guess, to wit, that

not be a span of horses separated f^^' V^^
^'^'^^^ ^^'^^^ ^^ *^^'^ ^^^' ^^^^ exactly corresponds to the eliariot-shaft and vokcs of No. 207, May itrom the cart? Hence "lacking" "without," To this the signs "lost" and "trees" have been added.
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Meaning
and

Sound,

390 *^"*^'

I.

391 '^y^*'
6-.

392 Tlircc,

sail.

ono93 Four
St.

394 ^^^'^''

^
395 ??'-^":

an.

396 ^"S^ven,

397 ^^^^'glit,

398 ^^'"^i

399 tTen,
shih.

400 Twenty,

401 Tliirty,

Hnndred,
^^^ ""^*ny,

403
Tlious'

and,

Modern
Form,

Form,
A. 1).

100.

Older Forms.

CniNESE Ideogkaphs.

Plate XXIX.

Probable
Original,

Kenmrkti.

One line, or one weapon.

Two lineSj or two weapons.

Three linea.

Four lines, ,£:^r!idually con
neeted in cursory style.

Five lines, variously indi

Gated,

Probably 8ix lines united.

Probably seven lines
united.

Eight lines united.

Probably nine lines united.

Two contracted signs for

jiuc united.

Two tens.

Three tens-

Kesembles signs
^Micad" and *'nose/'

nificance disputed.

tor
Sig-

Possibly *' lunidred-tens "

(origin obscure).

cctive signs _L i ^ i)olong to a distinct system of numorals still used for commercial purposes, which combines figures above

icallineisacontracaonof J ''fivc'Uo which '^me," ^Uwo" and *Hhree'^ire added to indicate ^'six,^' '' seven ^' and ^^ eight"

*The respeetivi

ve. The vertical line is a contraction of X^l^e regular system combines after "ten."
tThis sign is undoubtedly two lives contracted. Originally X or some like form, as in the Roman numeral X ^^''''f'li '« ^ duplicated V-

\ j

.
i

I J

ii

'
\

il

'
\
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CHALFANT : EARIA' CHINESE WRITING 17

Values of Latin Lettees in the System of Romanized Chinese Used in This

Tjieatise, Being That Known as Wade's System avith Slight Modtfications.

a, before ng or fiimlj like "a" in " ball.
}j

it ^ "
au, as in "pan," the vowel tending toward Italian "a.

ai, as long "i" in "like."

;(ao, as "ow" in ''cow.
;j

e, an obscure sound resembling u.

en, as in "then," tending toward "an."

e, short "e" (not used by AVade).

eij long "a" (a) resolving into e.

i, as when final, or i when followed by

ih, as 1

1, an obscure vowel like "e" in "able." (Note used by Wade.)

ia, as "va" with broad sound of "a."

"n" or "ng

iao, as " yow J?

ie, semi-diphthong with the "e" slightly audible like e-e.

in, like "ew" in "few."

o, 5 followed by slight breathing like "o-eh."

ou, o resolving into u.

o, like German o. (Not used by Wade.)

u, like "oo" in "fool," or like the word "woo.

(i, approximate Frencli sound of "u."

un, like " wen."

'f

ua,

uai,

ui.

" "wa" in " water.
?)

r
I

" " wi" in "wise."

li the word "we."

uo, " "woa" in the exclamation "whoa" (hwoa).

uei, " " way."

yu, " Lhu word "you."

ch, " English "j" or soft "g."

ch',

li^i

. n
ch.

'1, "hyee" or "see" (two classes of sounds not distinguished by Wade)

(( ,.

"

j, " French "
j
" with trace of " r.

p, nearly like "b."

p', like "p."

t, nearly like "d."
,

V, like "t."
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11. NOTES UPON THE "SHUO WEN."
As already stated, this great work was published about 120 A. D., and has been

repeatedly reedited by later scholars, preserving, however, what puiports to be the
original text. This dictionary, being etymological in aim, gives the author's opinion
as to the primitive meaning of a word, often with a surmise as to its derivation, and
occasionally a suggestion as to pronunciation. In its present form this lexicon defines

same ten thousand symbols based upon five hundred and forty ^'^ "classifiers."

By reference to the appended list of these so-called '^ classifiers," several peculiari-

ties will be noticed. In the first place they seem to have been selected upon no
logical plan, and are entirely too numerous. This latter fault in the system soon
manifested itself, for subsequent lexicographers successively reduced the number until
the reign of Kanghsi, when the greatest of all Chinese dictionaries appeared under
the royal patronage, and classified some 45,000 symbols under 214 determinatives
(which are usually called ''Radicals"). Of those, 206 Avere retained out of the
original 540, and eight others were added, viz., 8th (ju), 5Gth (-(;), (yjth (ff), 71st

(©, 88th (X), 90th (^), 138th (pj, 186th
^

Secondly they fail to include as classifiers certain ancient symbols as ^xl, Jj, g, and
f{,

which found early use in composition. These four have since been recognized
as sufficiently important to be used as radicals. The same cannot be claimed for
the other five new radicals, for the small groups under each could easily have been
distributed among the already recognized classes, e. rj., ju under A or ,s, where
most ofits class naturally belong; ^^ under ^ ; ;t ^^nder yi, or ;L.

The -Shuo Wen" recognizes six classes or kinds of symbols, defined as follows :

, ;^ j\h pictographs, as X "tree," Q "sun."

f.

, indicators, as i± "earth piled up," "high."

f ,^., composites, as ik "sacrificial vase."

ft li inversions, as ^ and ^, " son " and '' unfilial."

^^ /^, phonetic signs, as ^^ "flower" (^^ being merely phonetic).

itl i%, substitutes (metaphors), as % (^) " father " (" hand " holding " rod ").

While representative symbols may sometimes apply to more than one class, yet
the conception is on the whole quite happy. The definitions and derivations in
the Shuo Won do not always appeal to the student as reasonable, and suggest, what
is probably the truth, that many of them arc mere guesses on the part of the author.
It is possible, however, that the antlior had access to data and sources of Informa-
tion now lost, and therefore may be right in some cases where his opinion would

^''The number of fchese "gU-issiaer^" ranges from 534 to 544, according to the metlioa of computation.
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Shiio W6n, Modern
Classifier, Form,

m

7X

7

-t

1

Tx

S.

A

Meaning
and

Sound.
Remarks.

Shno W6n,
Classifier.

One, 1st Radical
See No. 390,

Undulating air,
g^^ j^^, 139,

i'ao.

Nail sting?
See No. 168,

hng.

^7.^"' See No. 396.

Ten-feet, ^en hands.
Chang.

»^

A
T\

Three,
saw.

See No. 392,

^o-;
See No. 287.

Concealed,
VIfern.

^^'^'
See No. 380,

Horary sign,

1-3 A. M.,

Knoll,
k *

t'^t.

See No, 94.

South the source
of fire,

piny.

A sacrifice,

Original form'of
No. 3r)fi, hut

now a conjunc-
tion chMe,

Foundaiions,

kL

^?

Modern
Form.

fi

All

\

^

a

7^

X

^

JFcaning
and

Sound,

Staff,

Twist,

kHu.

Jungle,

kiai.

Graspj
ku

Luxuriant,
cAo,

Lanip-flamej
dot,

Cinnabar,

tan.

Pellet, pill,

wan.

Remarks.

2d Radical

See No. 292.

Old synonym of

No. 112.

3d Radical

Bending to the

right, 4th Radical

But, rather,

naL

Following,
enduring,

km.

To issue, of,

cUK See No. 108.

\

To lieap up,

tni.

Related to No,
193.

Bowing,

CiirNKf^E Tdeoghaphs.
[Note. — The numbers in this series (PI, XXX—XLIX inc.) refer to ihe numbers of the ideographs in Plates I-XXIX-
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F

SIuio WOn, Modern
Class! (ien Form.

T

Meaning
and

Sonnd,
Keuiarks.

y-

>
^

/^xR

L

fL

L

7

7^

;f

licndino; to the
leh,

fn.

Left hand
tso.

Sec under 'ISth

Radical, See
alao No. 67.

To turn back, Ree No, 2GS-

%.

Diverging
stream, Sne No. 2G4.

Crookedj 5th Radical.

Nine,
IcitL

See No. G98.

Ilird of
unknown sort.

ya.

Secluded, L

yin,
4

ITook

J

kiie.

6th Radical
See No. 192.

I, me,
yu.

Two, 7th Radical
See No. 391.

Stnitiirn of

cloud, ;it,

yii.

Mist, cloud,

yiln.
Cf. No. 90.

Well,

ch ing.
See No. 1 52.

Shuo Wfm,
Classifier.

Wi

®

Chinese Ideographs.

Modern
Form.

A.

%

X

'T^

^

'?>

\i7

A

/.v

/•A

-TK

fA

Meaning
and

Sound-
Remarks,

Ilunch-baok,

WW,

Neck, strong,

kang.

y\{.^). 8 til
Eadicalisnot
a Shuo Wen
clasaifier.

Horary isigUj

U-ll A. M.,

Blend,
kiao.

See No. 278.

Armpits,
include, also,

L

Sacrificial jar,

enjoy blessings,
h&ng^ Itsiang.

See Nos.
359.

358,

Capital City, ^ ,, ^.^
Hng. See No. 2ol.

Granary, Svnonvm of No.
187.'

Man (generic),

jni, yin.

9th Radical,
See No, 22.

To assemble,

chL

To folloAV,

ts'ung. See No- 314.

A crowdj
chung. See No, 70,

Come,
laL

Dawn.
kan.

I,

V,
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I

I

L,

*i

[

-'I

L
1 hJ

J
I

^ -

E.;

Hhri

f:--

^IF

n ri

'-^

+ L
1 n

Shno W6n, Modern
Classifier, Form.

A Ln

tt

m

•^

t
;l

\:7

/L.

K^\i

yi:.

t

\^

y

Meaning
and

Sound.
Kemarks,

FIoM'ors, glory, Old variant of

hua. No, lOG.

^rr*"'-'' See No. 187.
ts any.

ntan

j^j yin.

lOth Radical
Variant of No,
22.

Elder brother,

hsittny.

Precede,

Obscure,

Able, conqner,
'e.

Rhinoceros,
hsi.

See No, 17.

ITare, Knde picture of

the animal.

ITairpin, clasp,

tsaii.

Enter, inside, nthRadical
ju, yu.

Hidden, lost,

wang.

Two,
Hang.

See No. 295.

Cut, eiglilj

pa.

12th Eadical.
See No. 397,

Shno WOn, Modern
Classilier. ForjiK

)C

m
ft

CHI?fESg IpEOGllAPHS.

y.

Y

y >

*
^

1^

\=7

I

Meaning
and

Sound.
Remarks.

An interjection,

Six,
See No, 395.

""•"t^""' S- No- 294-

>*

Fi-ontiei-, desert,
^^th

.
Eadical

l-i,nu,
Variiuit of No

n.

List, record,

(s'^.
See No- 247,

Delicate, fine, Possibly related

Jan. to No. 35.

Millions,

kou.

Said to depict tlie

small rafters of

a roof.

Cap, Variant of No.
167-

Cap,
mat). See No. 167,

To liay,

kmi.

Curtain,

table cover,

mL
14tli Eadical.
See No. 170.

Shade, dark,

ming.

Tee,

'ping.

15tli Radical
See No, 86.

Small table, 16tli Radical
ku See No- 181,

in

^:

1,;

2^H

IL,

^

r -B

'





f^T^V^-T^^i^^i

Memoirs Carnegie Museum, Vol IV Plate XXXIII

Sluio WCn,
clastiitier.

Modern
Form,

Meaning
and

Ronnd,
iiemarkis.

Sluio Wen,
clussifier.

Modern
Form.

Meaning
a.nd

Sonndp
Remarks.

I

!

rl

1

u

;l

M

l^

\^

^

^̂

Siiort foatlierSj
Component part

of Nos. 12 and
20.

To gape, 17th Radical,
k'an. See No. 47,

AVil low basket,
g^e No. 159.

Unlucky, bad,

A sort of

nfonsil,

Obsolete, exact
form of v&^sel

now nnknown.

To issne,
See No. 107-

Knife,

tao.

18th Radical,
See No- 164.

Cut ting-edge,
j&n^ yin.

To notch a
stick,

Tendon,
strength,

United
strengHi,

conconi,
Ime.

Wrap.
pao.

To dip with
a hullej

choj sliiio.

To enfold^

pxo.

The small stnike

indicates t h c

knife-edge.

A ''n o t ell e d

stick'' and
a * rih

knifo. )i

19th Radical.
See No. 48.

Obsolete.

See No. 327.

See No. 328.

^X

f

'^

t

it

L.

U

m-

¥

vp

No, not,

ivu.
See No. 384,

Spoon, ladle, 21st Radical-
jn. See No. IGl,

Back to back,

pei^ po.

Now nsed only
for ^Miorth.'^

Adopted from
coincidence of
sound.

Receptacle,
'

fang.

22d Radical,
See No. 182,

Covered recep-

tacle, coffer,

hsL

23d Radical.
Allied to No-
182,

len,

4

24tli Radical.
See No. 399.

Fleeing,

hman.

Thirty,
See No. 401.

Also old form
of No. 297.

Noon,
See No. 303.

Half,
pan.

See No. 304.

Winnowing
fan,

See No. 189.

pan.

To divine, 25th Radical,
pu: See ISo, 361.

Seal, knot,

chie.

26th Radical.
See No, 209,

To rule,

Chinese Ideographs.
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SIuio Wen, Modern
Classifier. Form,

r^

^

Meaning
and

Sound.
Keuuirks.

^F

If

}t

£p

a

r

A

A

k

A A

V

55.

R

Horary sigTij

5-7 A. M,j

mao.

Eggs,
See No. 60,

A round
wine-jar,

chik.

^^

Seal^^ne., g,, i,„. ^jo.

Fear, danger,
g^,^ j,^^

U'^t.
300.

Overhanging
ciia;

hart.

27tli Radical.
See No- 95,

Thick,
hou.

inversion of No.
359,

Illicit,

s'L
28th Radical.

U"fi"^^
See No. 310,

Go, depart,

Higlj, heap. Stones piled up.
k'l, till. Oj\ No. 273.

Single, only,

ckuan.

Riglit hand, 29tli Radical,
y^^' See No. 58.

Hands clasped
as in greetings

kung.

See also

Radical
55th

9

tiU

Plate XXXIV.

Shno Wen, Modern
Classifier, Form.

Meaning
and

Sound,
Remarks.

%i

A
SIX
X5C

4

To pull,
1

;

p ten.

Obsolete syno-
nym of No,
219.

United,

Connected,

An allied sign of

different o ri-

gin signifies a

mythical tree.

Obsolete syno-
nym of No.
294.

To descend,
i:

p lao.

a l\routl: 30tli Radical.
See No. 34.

But, only,

cidh.

»J

^1

M

\:3

Sign of permis-
sion, may.

To control.
*4

81.
See No. 242.

""/l"'
See No. 243,

Ancient,

op

Vk

Twist, phrase, See No. 326,
kii.

^'^','.t'^»
See No. 246,

Cry of terror,
^wo mouths,

fc^an. Obsolete,

Slow of speech,

r

fl

ijHINESE IdEOGKAPHS
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Shuo AVOn,
Classilier.

Modern
Form,

Meaning
and

Sound.
Remarks.

Sliuo Wen,
Classifier.

Modern
Form,

Plate XXXV

Meaning
and

Bunnd.

Remarks.

u

<LP

\:7

^7

7

v:2

V2

aa

\a7

U

\!H?

vx?

To gore, Frum '^ox," and
a complex sign

now contracted.

BackbonGj
See Nu. 53.

Cry of pain,

hao.

Rank, order,

p iVl

To wailj cry,

**Mouth" re-
peated, an d
''dog." Orig-
inally '*lio\vl.''

To speak,

yiuij yuan.

Happy, glad,

Ir^'A,

Man
cAi, chH.

y^

Obsolete. Also
old variant of

No, 9L

Beast of burden
(sound

unknown).

Obsolete. Shuo
W6n guesses it

to be a horse's
head.

Desire, covetj

Enclosure,

u'et.

31st Radical.
See No, 142.

Four,
See No. 393.

&u

Top of the head
(or) fa^tu^in Obsolete,

womb,
hsin.

Furnace-flue,

window,

Chinese Ideographs.

Lattice window, g^^ j^^ -^^^

Klung.

Earth, clay, 32d Radical.
i'u. See No. 80.

Complete, full, g^^ ^^ 236.

^^"?'^."t'
See No. 272.

Redoubt,
yumj.

Loess earth,

kin.

See also nnder
189th Radical.

Cf. No. 250.

From '^ yellow "

and *^ earth,"
referring to

color of the
clay.

^"'^i«a_'"''^^''
C/ No. 273.

Officer scholar, 33^ Radical,
%hiK See No. 237,

Great, full,
9th of the Ten

Stems, a. No,
236.

Kettle, Original was a
picture of the

utensiL

Single, one,

%.

Evidently de-
rived from last.

Joyous,
c/m, chu.

Follow,
chill.

34th Radical

Weary,
35tli Radical

i

i

;
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Sliuo Wen, Modern
Classifier. Form.

^

^

3^

;^

A

Meaning
and

Sound,
Eemarks.

Evening, 36th Radical.
hsi- See No, 131.

Many,
to.

Origin obsrure.

Large,

ia.

37th Radical.
See No, 280.

ta.

AlkMnuile form
of laat.

Mjistor,
See No. 244,

PleiiKing,

yao.

Releane,

kaOj hao.

Go and come,

To kowtow, Mmh with liead
'^•'^^' inclined.

Bugbear,
bandit,

nit.

Aninent,

Outspread
wings,

s?/t, Imn.

Woman,
**

Till.

38tli Radical
See No. 24.

Male child, 39th Radical.
t^- See No. 1^6.

Slum Wen,
Clast^ifier.

9-

Chinese iDEoaitAPirs,

Modern
Form.

ti

I

f

f

1-

L

t

l»

/ \

^^

F

A

Plate XXXVI.

Meaning
and

Sound.

Remarks.

Respeetful,

chaUy cliun.
Obsolete.

Koof^ liouse,

mien.

40th Radical,
See No. 141.

Store-room,
chiL

Cobrn, that,

anotliei',

t'o.

O r i g 1 n n 1 1 y a
cobra with in-

flated hood.

Palace,

hing.
See No. 144-

Knee-pnn,
horary sign,

3-5 p. M.,

yln.

Dream,
meng.

A contracted
form of this is

now uaed.

Finger-joint, 4^3^ Radical,
Jnch, See No, 43.

Small,
hsiao.

42d Radical,
See No, 285.

Collect, hoard,

sh tL

Crooked,
deformed,

wanf/.

43d Radical,

Corpse,

^hilu

44th Radical
Sec No. 01.

Foi^t-measp.re,

ch^iK

Tail, end,

wei.

I'

III

I
I
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iir-
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h^

^f4 ^

pi

I

4|
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hVUI
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Sliuo WOn, Slodern
Classifier. Form^

r

II

Meaning
and

Sound,
Kemarks

Slnio Won, Modern
Cla^sriilier. Form,

4^

ih

r

Shuo Wen : q^ ^ u ^
'' I hat on which ,.^ ^ . rT^

the foot rests,"

IL

action '> con-

duct.

Sproutj 45th Radical.
See No, 103.

Hill, mountain, 46tli Radical.
Rhan Sec Ko, 93.

,--
,

. T Obsolete except
Mountain peak,

j^^ eombina-
tion.

J. J)
Mountain range, „, , ,

Mn. Obsolete,

)\\

High rugged
peak,
wei.

River,
ch^uan.

47tli Radical
See No, 85,

<

{{

(«,

Brooklet,
kuau-

Obsolete,

fy. No. 85,

Stream 30 miles
long, Obsolete.

C;\ No, 85.

^

Kestonntmo, Depicts Inrds in

, t , i „ a nest over the
ch aOy ts ao.

sign for tree.

Labor, work, joxi, t» j- i

.timv.
^S*^ Radical.

Left-hand,

tso.

Cf. 8th classifier

under 4th 1-iad-

ieal.

^ Divination,
magic, Cf. No, 3G0,

Very skilful, Obsolete.
clian.

ChJNERE IPEOGKAPnS,

e.

e.

e

V
T'

V

Ni7

f

?f

i.

ii

r

Plate XXXVII.

Meaning
and

Sound.
Remarks,

Self,

ki.
49tli Radical,

Horary sign,

9-11 A, M,,

r"

See No. 329.

SI,

AVorni, elap

hands. See No. 57,

pa.

Head -kerchief,

kin.

50tli Radical.
See No. 175,

Pervade,

r

X

Market,
sA ik.

See No. 177.

White silk,

jjo, jieL

Ragged,
pi.

Obsolete-

Sliielfl, weapon, 51st Eadical

lean.
See No. 210.

Level, even,
gee No. 283.

k len.

Young, tender,

yao.

52d Radical
See No. 380.

Small, fine, See No. 331
yu.

Qi,^,i ^^,.n,. 53d Radical.
Shed, cover,

g
i/a7i, yen.

Change, age,

kevg.

fe)

ifi

^

I



I

1
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SIiuo WC-n, Modern
(JlassiJier, ForrrL

Meaning
and

Sound,
Kernarks.

Sliuo Wen, ]\[odern

Clasjsifier, Form,

Meaning
and

Sound,
lieniarks.

f

, ^

I

^.^

<y.

M)7

^

f^

13

R

k
^^

^>

Unicorn
J

cluiL
Allied to No. 3.

To move on,

yin.

54th Radical,
See No. 315.

To go steadily,

slow,

Fear, excited,
55tli Radical,

hu'yin ^^*^ ^'^^ under
f.ung.

29th KadicaL

Lance,
1.

56th Radical Is

not a Sliuo

W^n classilier.

JJow (weapon), 57th Radical.
kauf/. See No. 211.

ij , • From ^'bow'^ and
Bow-string,

''silk''
hsien. . ^ -,

tracted.

con-

Twang of

a bow,
han.

Obsolete-

Strong,
kHamj,

'*Bow'' dupli
cated.

Younger
brother.

tu

Swine snout,

ki.

58th Radical
Of. No. J 8,

Carved wood, f^^PJ"'^*^*! to de-
f

' pict carved
lines.

vStripes,

feathers,

shun.

59th Radical-

Writing, sign. Variant of No,
tv6n^ 27S).

Vi

^
\̂^^

Chinese Ideograpiis.

1

»C

V^
i(^^

A

a

^

#

Short-stcpj

walk,

ITearf,

hsin.

Tliink,

consider,

Doubtful,

Battle-axe,

yo, yue.

Battle-axe,

Jforary

I, me,
wo.

ITand,

shou.

Hand
&hou.

Substance,

60th Radical
See No. 311.

61st Radical,
See No, 41,

Halberd, 62d Radical.
kuo. See No. 213.

5th of the Ten
Stems. K e -

lates to earth.

See No. 214.

Not same as No,
215,

See No- 307,

Window, 63d Radical.
hu. See No. 191,

64th Radical,
See No. 36,

Obsolete variant

of last.

chlk
*

G5\ih Radical.

\\

i|

' n
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Sluio Wen, Modern
Form.

Meaning
and

Sound,

lienuirks.
ShuoWen, Modern
Cliiysiiier- Form.

^Tijaning

and
Sound.

l^euiarksn

li

X

e

8

-i-'-

^K

Xap, lap,

-pu.
66thEadicaL

Ku lease,

fang.

X.

Teach, to cause,

kiao.

7^

\

£

g

13

Q

7L

Sign, mark, 67tli Radical
iiu%i. See No. 279.wtn.

Dipper, peek,
68tli Radical.

See Xo. TOO.

Cy, Ko. 188.

Axe,
kin.

Square,

Jam/,

69tli Radical
is not a Sluio

Wen elai>siiier-

70tli Radical.
Related to IS a
182.

Vacant,
71st Radical

is not a Hliuo

Wen classitier.

Jndigeytion, Reverse of 70tli

/^^^
Radical, q. v.

Sun, day, 72d Radical.
See No. 71.

Sunrise,

tan.
See No. 74.

Decree, gee No. 25U.
cIiUl

Just now, this, gee No. 302,
^liih.

Rriglit, clear, geeNo- 77.

#^

e
ee

'%

t=7

To change, easy,

Dawn,

h Qhinesk IplWGllAniS.

13

*

(Quartz crystal, SeeNo-
chirtf/.

75,

Speak, 73^ Radical.

9

>]

Crooked, bent, g^^ ^^^ gQg^
Aw,

To congregate,

liuL

Moon, month, 74thRadicaL
j/ue. See No. 72.

Have, hold. Hand grasping
yu. an object.

Tree, wood, 75tli Radical,
See No. 97.mu.

Kuot, origin,

pen.

Not yet, horary
sign 1-3 P. M., See No, 3S7-

Bind, tic,

fi^

^^J"' See No. 125.

Sunrise, oast, g^^ ^^_ 12I,

; I

r

ft

^

'

1

B

, 4

f.

, h
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if;

ii

hh

rw

;jr

Slino Wen,
Classifier.

Motlern
Form,

#
ii

t

X

jt

IE

]V[eaning

and
Sound,

liemarks.

Grass-husk,

fen.
See No- 100.

Thrifty
growth, See No. 101,

p^o.

Grove,
lin.

See No. 98.

I^Iovvc rs,
p^^ ^^^ j,c)_

j> i.

Cruel,

kie.

Possibly ^^nion"

impaled on
branches of a
a tree.

u

Pendant fruit, Depicts fruit on

hnn. a tree.

Pui^suit, tradoj

Varnish,
**Tree" and

''water/* L e.,

'* tree-sap.
1 f

To bind,

Aim, /.vi'ji.

Obsolete,

Yawn, wcarv,
deficient,

k^ien.

Spittle,

ch'icn^ yen.

76tli Radical,
l-Icversed form
of liit classifier

under 71st
liadical.

Obsolete. See
also underSotli
Kadicah

Drink,

yin. Obsolete-

Stop,
chUi,

77th Radical.
See No. HO.

Exact,
chdng.

See No. 111.

Slino Wen,
Classifier.

n

^
xn

Chinese Ideographs,

Modern
Form.

Meaning
and

Sound,
Remarks.

Att

^,^,

¥u

This, here. From "man"
ts% and ''stop."

J:t

.5;

4

4

fl

Step,
See No, 318.

Bad,
taL

78th Radical.

Dead, die,

^

From "man

"

and "bad."

To bore a hole,

clian.

A lonf:^ spear,

kill,

79tli Radical.
"Man" and
" hand" sug-
gowting kil 1

-

ing.

Kill,

sha.

Do not, 80th Radical.
See No. 1^83.

Jbqiial,

pL
81st Rad'cal.

See No. 282.

Animal like a

hare,

ch^ue.

Obsolete.

+

Hair,
mao.

See No. 35.

'I'liree liairs.

rian, faujily,

sliih.
83d Radical.

Vapor,
k'L

84th Radical.
See No. 13(i.

i^
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Sluio Wen,
Classifier.

M(*deni
Form-

Meaning
antl

Sound,

Remark^-
Hiujo Wen, Modern
ClasHiHcr. Form.

Meaning
and

Sound.
Remarks.

-1}

't^

^^E

?•

4,

,Il

I'l-L

rr.

'Htl

)

^

^̂
-L*^

^Ht

'^Z

^K

^
JJ^

;r'S

'A

t

^

X:^

fifi^

Water,
ahuL

85th Eadical.
8ee No. 84.

Perpetual,

yumj.
See No, 265,

Kiver.s,

ch^ttL
Obsolete jjluniL

Spittle,

ch^ien, yen.

See also under
76tli radicn!.

Water-spring,
^ce No. 87,

eh nan.

Mingled
waters, Obsolete.

Fire,

huo.

To roast,

chi/u

Flame, hot,

yen.

Intense beat,

brilliant,

yen.

Kaven,

Tbe bear,

To cookj

stove,

The swallow,

yen.

86th Radical,
See Ko, 81,

"fire/'

over

''Fire''

cated.

dupli-

'*Fire" tripli

catcd-

See Na 20,

Obsolete. See
No. 171,

See No. 14.

m

X
X
XX
XX

%i

l^: Chinese Ipeographb.

;1V

X

^J.

1,

i^.^

±

Claw,
talons,

chao.

Father,

flL.

To blend.

White
ciolli,

li.

Bed,
ch'uany.

p'len

Tooth,
ya.

nm.

Tlie yak,

(i.

Dog,
kHlan,

Skyblue,
dark,
hsikm.

Lead,
command,

sliuai.

King,
u-ang.

87tli Radical.
See No. 44-

88th Radical is

not a S h u

Wen claasifier.

89th Radical.

Depicts textile,

fabric. Obso-
lete.

90th Radical
is not a Sluio

Wen classiiier.

Splinter, 91st Radical
See No. 341.

92d Radical
See No. 51.

Cow, ox," 93d Radical.
See No. 5.

94th Radical,
See No. 7-

95th Radical.

Depicts a banner

as sign of rank.

JadestoEie, 96th Radical.
yii Of, No. 234.

S*^e No, 234.

^"
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Shno Wen,
Clasailler.

Mo<lern
Form.

Meaning
and

Sound-

Remarks,
Shno Wfin, Modern
CJaHsifier, Foro],

Meaning
and

Sound.
Eemarks.

'¥

II

r '

H

f

Jl

¥

fik

la

Jade ornament, Occurs only in

Me. proper names.

Lute, violin, pee No. 198.

Melon,
kua.

97th Radical.

fL

G*:)nrd,

^1^
Tile,

ica.

98tli Radical.
See No. ]<H1.

-tf

1

ig

\i7

\>47

^?

V

\57

X7

Flexible thongs, obsolete,
fsiin.

Sweet,
kiin.

99th Radical,
See No. 342.

Protluce 100th Radical.

sMnff.

'

See No. 109.

Use,
ymig.

lOlst Radical.
See No. 344.

Field, 102d Radical.

t'icn. See No. 184.

Demon's head, q- ^354

fu.
•''

'

Fingprnall, gg^ No. 42.
km.

Deily, liorary

sign, 3-5 r. m., See No. 352

Human male, g^^ ^o. 23.
nan.

n

Chinese Ideographs.

\B
/N

^ —
;f.̂ 57

S7

y<

/<

^^

6

/L.

Adin,;ont fields,
obsolete.

kufiiif.

Weedy land, Occurg in No. 23.

Strange, See No. 345.

Blewf-ed, Allied to No.
358.

PninI, draw,
Inia.

A roll of cloth, 103d Radical.
pH

104th Radical.

Sick,

ni.

"Man"
"bed."
No. 154.

on a
cj:

Biick to hack,

opposed, 105tli Radical.

Water soaking ]Oth &^tem, relat-

into the ground, ing to north
knei. and water.

AVhite,
106th Radical-

Depicts white

of the eye.

Form,
mao.

See No. 40,

Dark gray,

drab,

fsao.

Two hnndred,
** Hundred'^ du-

plicated. Ob-

solete.

Rawhide, ^Qrj^-^ Radical.
p'l
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Sliuo AVen,
Classitier.

m

Modem
Form.

m

f

I

i
«<

m
1t

m

f

'k

^

T.,f,/

\%

^

Meaning
and

Sound,

Remarks,
Shuo Wfin, Modern
ClassiOer. Form,

Dish,
m in.

108th Radical,
(See No- 1^5.

Eye,
tan.

109tli Radical,
See No. 3h

Eye-brows,
VU'L

See No, 49.

Shield, See No. 232.

To h>ok np, Obsolete-

Belicad (?), Obsolete.

Timid, liird's eyes.

To look riii^ht

and left,

k'd.

Two eyes.

Lanee,
vmo.

110th Radical.
8ee No. 220.

ArroAv,

skill.

111th Radical.
See No. 212.

Stone,

shiL

112th Radical
See No. 96.

llenven's

inllnence,

s'i.

113th Radical
See No. 353.

Foot-print,
track,

jou.

114th Radical.

Orowinjr orojis, 115tli Radical.
hi), huo. See No. 118,

TT

Chinese Idkographs,

li

«

JV

hi

t

irt

^^
M

/ \

1^

%tK

v"^^

Plate XLIII,

Meaning
and

,

Soun<b
Remarks.

Bald, bare,

Rare, seldom,

.

»

4

«^

Tnv^cstigate,

Cave,
Jis.iip..

116th Radical.
8ee ^'o. 194.

Setnp, stand, 117th Radical.
L See No. 320.

Two abreast, g^^ ^o. 321
ping.

Crime,
misfortnne,

kMen.

Bamboo,
cnu.

118th Radical,
See No, 117.

Sinew,
kin.

Winnowing
fan, See No. 183,

Shelled grain, 119th Radical
Tfti, See No. 124.

A grain

measure,
hni.

Obsolete.

Silk,

7tlU

120th Radical,
See No. 134.

Connect, biinl,

hsL

\\





I f

3
)

* 1

Memoirs Carnegie Museum, Vol. IV.

Sliuo Wurij Modern
Classifler. Form.

I

\

Meaning
and

Sound.
KemarkSn

Shao WOn,
Classifier,

i

White silk

lace,

SUj SO-

Cj\ No. 134.

Silk thread,

Si.
See No. 135.

Pottery, jar, 121st Radical.
Jod. Sec No, .158.

Net,
wang.

122d Radical.
See No. 105.

Sheep, goat, 123d Radical.

yang, See No- 6.

Odor of goats,

rancid,

sluin.

A flock of goata.

Long feathers, 124tli Radical,
yiL See No. 45.

JT*'"^?Constant lliglit

to practice,

Old, venerable,
125th Radical.

lao.

Wlii-skersj

c?\

(Now a conjunc-

tion, ) See No.
38.

Spring up,

cause,

tuctn.

Sprout w i til

roo ta. (Not
from last.

)

Plow, 127tli Radical,

Ear, 128tli Radical.
See No, 32.

Stylus, pou, 129th Radical.
yii. See No. 202.

M

ts/

Plate XLIV.

Modem
Form.

Meaning
and

Sound.
Reran rks.

A,^^.

Bamboo brush, ^, , ,

' Obsolcte-
nic.

Flesh, 130th Radical.
Sec No. 54.

g.

^

BA

Natural abii

ity, able,

n&ng.

Original depicts

s om e strong

beast like tlie

bear.

Pri.ue Mill- i3igt Radical
^^ f'- See iSo. 239.

Chin,
. i.

^t

Recline, rest,

w'6j ngo.

B

i

%

y3

t

4f

Moral,
wort) IJ,
hsien.

Nose, self, 132d Radical,
tsi. See No. 269.

Head;
shoii.

Obsolete form of
No. 29.

Unto, towards, ,oojx. j- i

(./(iVt.
133d Radical.

Morta r,

kia.

134th Radical.
See No. 200.

Kiln,
kii.

See No. 201

OlTer, lift up, Terliaps related
yil- to No. 346.

Tongue,
ski.

135tli Radical.
8ee No. o6.

Chinese Ideograpus.





m.'- '^, .^.V;^!^?;i^^^^^:^^^^il^X^^^^^^^^^ r.^^'.-'- ^'^rh-^..^

'I

L

rll

:a

;i
-41

iil

\2

r-i

[I:

14*

Memoirs Carnegie Museum, Vol. IV.

SliiU) Wen,
Classifier,

Modern
Form-

Meaning
and

Sonnd,

+

Remarks.
Shuo won,
Classifier,

i\rodorn

Form.

Meaning
and

Sonud,

Plate XLV,

Remarks.

'ii

,-*nk

I I

^^1

V*''

H^n

hlh

t;

r^L

:

i

*
ri

^^

A

*4

rn

n

Opposed,
perverse,

ch^uan.

Tang'lcil

Inush,

tliicketj

Boat,

ship,

dioa.

Ituut,

ken.

Colorj

lust,

Grass, plants,

leaves,

Illieit,

kou.

Clover,

Herbs
(generic),

many.

Goat's
liorns,

huan.

Flowers,
glory,

hiUL

Horned owl,

huan.

Sprouts,

Tiger,

136th Radical.

137tli Radical
See No. 170.

138th Radical
is not a SIhju

Wen elassilier.

139th Radical

140th Radical.
Sec No. 104.

Obsolete variant

of No. 115.

Origin obscure,

See No. 100.

'Horns'' {not
*' grass'*) over

'^bird."

141st Radical.
\^ a r i a n t of
No. 2.

m

it

on

Chinese TdeographB;

J

m
^

ti

4

k.

\i

-5- tL

*^

1^

\^

i/lU

M

Tiger,

kit.

Sacrilieial

vase,

Tiger rampant,
ycHy lisien.

Worm,
insect.

Reptiles,

Insects

(generic),

ch^LLtig.

Blood,
hme.

Togo,
step,

hmig.

Cloak,

Skin
garments,

k%a.

A cover
lid,

hsia.

West,
hsi.

See, look,

kieu.

Look,
yao.

Same as last. See
No. 2,

Obsolete

Obsolete.

142d Radical.
See No. 11,

^^AVorm" dn-
plicated, sug-
gesting a larger

class of ani-

mals.

''Worm'' or '^in-

sect" tripli-

cated, suggest-
ing large num-
bers.

143d Radical.
See No. 55.

144th Radical.
See No. 317,

145th Radical.
See No- 1G6.

146th Radical,

See No. 122,

147th Radical.
See No. 207.

Otwlete,
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Sliuo WAn,
Classifier.

I

ft

5.

Modern
Form,

it

\a

*^a

m

^

Meaning
and

Sound-
Remarks.

Horn,
kiaOj kac.

148tli Uadical,
See No. 50.

Speech, 149th Radical.
yen. See No. 270.

Dispute,
king.

^'Words'' vs.

^^Words^"

Vail ey ravine,
^go^j^ Eadical.

Laughter,
obsolete,

Stemmed diyh, 151st Radical,
iou. See No, 156-

WIjjj how,

^^^"/£/^^'' See No. 323,

Pis,
s/n7(..

152d Radical,
Cy. No 18.

Variant of Inst,

See No. J8-

l*ig, pork, ^
/'/u/.-

bynonym of l;ist-

Klephant,
ksiang. See No. 1,

Unicorn 153d Radical.
See No. IG,

Shell, vnlue. 154th Radical,
See No. 132.

Shuo W6n, Modern
Clas,¥ifier, Form-

^
^

o

oo

CniNKSE Ideocuaphs.

R

^

^

n

}K

kl

ii

Mean ing

and
Sound.

Hemark 3.

To string, con-
nect,

kiian.

Contracted ftirm

of No. 336.

Eed,
ch'ili.

155tli Radical.
"Greiit" and
"fire."

To go, walk,
i5g^j^ Radical,

'^"'"-
See No. 316.

Footj

tsii.

i57th Radical.
See No. 37.

Body, 158th Radical
See No- 28.

Chariot, cart, 159th Radical.
ch'6. See No. 200,

Bitter,

hsin.
160th Radical.
See No. 343.

Prin CCh

pi.

Adversaries in

court, debate,

Morning,
horary sign^

ch^Sn.

161st Radical.

ro run,

cito.

162d Radical.
See No. 312,

City,

i.

163d Radical
See No. 249.

(Meaning and
sound un-
known.)

Amphora,
liorary sign, 5-7

P. M.,

yn.

Used only in
comhination.

164th Radical.
See No. 172.
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Rluio Wen,
Ciasyilior.

Modern
Form.

Meaning
and

Sound,

EernarkwH
Slnio Wen, Modern
Chu^siiier. rornu

IVFennlng

and
Sound.

Eeniarky.

1

>L-S.

'h|

-^

J::

I

1

f-

^

yj

llli

r

Old wine, ripe, Derived from
ch'hL last.

rosortont, 165th Radical
pien. Sec No. 348.

Yilla_i:^e, third

of a nule, 166t'n Radical

Heavy,
chung.

Metal, 167tli RadicaL
kin. See No. 8"^.

Lonp;,

chUiug.
168th Radical-

Door, 169th Radical
See No. Kiy-

MoliikI,

fou.

170th Radical
See No. i;j;j.

Depression be-

hveen nmnndsj '-''Jsolete,

fouj ph.

Overtakej

(at.

171st Radical
Depiets

'*h!ni<!" grasp-

ing '^tailV'

Short-tailed

birds,

chiiL

172d Radical
Sec No. 1^.

IJirdsehatterlnt:;, ^Mlird^' (hipH
wi'!nif,de, cated.

Floek of birds,
Obsolete.

Rain, 173d Radical,
See No. <S1).

7r

^
J

CniNEWE lUEOGliAI'IlS.

yil)i.
See Iso. 90.

#

\

1^

t

„ ^^ , ^ , 174th Radical
Eed>clear.>sky (exhiliits a

ci)l(>r>hhie-

green,

ch'ing.

curious succes-

sion of iTieiin-

ings).

Not right, not, 175th Radical.

fei. HeeNo. 38ti.

Face,
mien.

176th Radical.
See N 0. 30.

Lciltlior,

kc, kei.

177th Radical.

Lo;itlier tliong.'?, 178th Radical.
See Ko. 107.wci.

Leelv'H,

kill:

179th Radical,
See No. no.

Sound, note, 180th Radical,
1/m. See No. 277.

Head, b<,ok-leaf,
^g^^^ Radical.

yc

Ought,

Urgent,

AViiid,

.A-".'/-

182d Radical,

To ily,

fei.

183d Radical.
See No. G3.

Food, eat,

sli ill.

184th Radical

H
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Shuo Wtn, Modern
Classifier, Form.

Meaning
and

>Sonnd.

Kemarks-
SluioWfin,
Classifier.

Modem
Form.

Meaning
and

Sound,
Remarks,

h

h

I

IM

^

f31

O

t

AW

Head,
shotL

185th Radical.
vSee No. 2i).

Incense,

fragrant;

kicking.

186tli Radical
is not a Simo
WGn classifier-

Horse,
ma.

187th Radical.
See No. 4,

V37

risf

Bone,
ISSth Radical-

High,

Redo lib tj

kuo.

1^^

189th Radical.
See No. 305.

Space between
inner and outer
city gates.
Modern form
b as ''city"

added.

Tinman hair, 190th Radical,
piao. See No, 40-

Wrangle,
tou.

191st Radical,
i)e])icts

^^hands" con-

tending.

Ghost, spirits, 192d Radical,
ch'amj. See No. 370.

Large incense
trl[)od,

it, kL

193d Radical.
See No. 373.

Variant of ht^t

Demon,
kiwi.

194th Radical.
See No. 354.

Fish, 195th Radical.
See No. 8.

Large fish

(generic),

yiL

Intensive of last

Obsoletc-

rs

QE>

Chinese Ideographs,

^

/ 1 t^

i^

Long-lailed iggth Kadical.
bird (generic), See No. 12.

mao.

Salt, rude, 197tli Radical,

l^
-'

SeeKo. 133.

Salt,

yen.
Synonym of last.

Deer, stajj, 198th Radical.

/„.
^' See No. 3.

Fleet, timid, Herd of deer.
ts 'u.

Wheat 199th Radical,
rtuaj nici.

Hemp, nax, 200tli Radical.

Yellow,
huang.

201st Radical.

Tall millet,

growing,
shu.

202d Radical.

Black,

M, kei.
203d Radical.

To embroider, 204tli Radical,
chill. See No. 180.

Toad, 205tli Radical,
inin, vicng. See No. 9.

SiTiall incense

tripod,

ting.

206th Radical,
See No. 304.

Drum,
ku.

207th Radical.
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It

IHv

4hi
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ll

ill

SIuio W6n, Modern
Classifier. Form,

Meaning
and

Sound*
Remarks.

Sluio Wrn, Modern
Classiiier- Form.

Meaning
and

Sound,

Remarks.

!^

:'

'^\

-I

11

:;

V'"

L

i:!

LE

Ratj mouse, 208tli Radical,
shiL See No- 21.

Nose,

pL

Growing
millet,

209th Radical.
See No. 33.

210tli Radical
See No. 119-

Front teeth, 211th Radical
ch^lK See No. 52.

Dragon,
lung. 212th Radical

Tortoise, 213th Radical.
kacu See No. 10,

Fife, organ, ^ ^ , _
, ;/,7e. 214th Radical

Lr.

Chinese Ideographs.
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I

F
I

seem to be groundless. It is unsafe to place absolute confidence in all of the

etymologies of the Sliuo Wen, but on the other hand, it is a great error to treat it,

as has been done by some, as throughout unreliable. Even the compilers of the

Kanghsi Dictionary had their doubts about many of the conclusions of the Shuo
Wen, as will appear by a perusal of that work. Still upon the whole it seems to

have merited the approval of that able corps of scholars. '

There are in existence more than one version of the Shuo Wen, which show pro-

nounced variations in the text. This divergence in readings is probably due to the

several versions having been derived from early independent transcriptions of the

original manuscript. What is needed is a revision of the text, after careful com-

parison of the extant versions, by a corps of Chinese and foreign scholars, along the

lines of textual criticism. To cite an example of divergence in readings, the defini-

tion of a certain ancient measure is variously given in two versions, the discrepancy

being so great as to leave the reader unable to determine the intended dimensions.

Some error in copying is likely the cause of this variation, but just when and where

it occurred is the question.

There are also instances where the definition is irreconcilable with subsequent

meanings of a symbol. This leads the student to suspect that an early copyist has

substituted another character for the one intended. This kind of error is easily

made in a language in which the addition or omission of a single stroke may ma-
terially alter the siguificajice of a symbol.

Another source of error may be in the imperfections of the original manuscript,

for it is a matter of tradition that the Shuo AVen was published after the death of

the author, thus embodying in the text some inadvertent errors Avhich a review by
the autlior might have eliminated.

i

The Chinese commentators of the Shuo Wen have themselves made some in-

genious surmises in their efforts to reconcile textual contradictions, and in many
instances are free to admit that there must be errors of long standing in the extant

versions. Combine the ability of the European textual critic with the accumulated

knowledge of the Chinese antiquarian, and some of the knotty questions might find

a solution. - J'. I

^ '

In Plates XXX. to XLIX., inclusive, I have given a list of the five hundred and
forty "classifiers," which in the opinion of the author of the Shuo Wen is the'basis of

the later written language. To the form given in the Shuo Wen I have appended the

'"equivalent modern form together with tlie English definition ajid the pronuncia-

tion. These symbols have been '^arranged so as to fall under the successive radicals

asnowaccepted^by mbdem'Tex:i<30grapliers.
'-'^

-^
'

"
.; '

"
"''
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III. THE ROYAL EDICT CONFIRMING THE DOMAIN OF SAN.^*^

Upon the following pages is shown a fac-siinile of tliis edict, as given by Jnan Yiian

in his work on Old Inscriptions, together with a transliteration into the modern char-

acter, and an attempt at translation.^' According to Juan Yiian this remarkable text
r

of three hundred and fifty-seven symbols was engraved upon a brass tripod originally

in the collection of the Hsii (;{^) family of Yang Chow (^|>»|) but later (A. D. 1803)

in the collection of one Hung (j^), presumably of the same city. It is accepted as

genuine by the scholar Juan Yiian, who seems to have been a discriminating student of

old inscriptions. He suggests that the Edict may date back to the reign of Wu Wang

^ i (1^- ^^- 1122). The style of this inscription is in semi-cursive character with

but few carefully executed symbols. Contractions and variations are numerous, as

will appear by comparing the symbols which occur more than once.

Some of the symbols show an arrangement of their component parts quite dif-

ferent from that of their present form, such as j^i for j.^ ; ^ for ^ ; A for ;^g.

Others are still in the pictographic state, such as: D (>]), "moon";
'' horse "; ^ (f),

'' son "
; ^ (0),

" eye "
; f (s.),

'' stemmed dish " (here a man's

C^)j "capital city," showing the tower over the city gate; ^ {)^),name)
;

" well," with the mouth still in place ; and a fairly good pair of doors in p^ (f^),

" gate.
7?

itThe symbol ^ i "public" occurs thrice in such strange forms (J| ^ ^) that it

raises a question as to its derivation from ^'/a;o unless^ (old form of wo) has become

mere scroll-work in the old cursive style.

The text may be regarded as rightly belonging to the early date ascribed to it,

and I see no reason for suspecting it as a forgery.

We know from history that Wu Wang established the Chou Dynasty )i), B. C.

1122; that he set nine ministers over his realm, one of whom was San I-sheng

The instrument is executed in the form of an indenture, with description of

land and names of adjacent landholders as in modern Chinese deeds. The unusual
feature is the oath taken by the king and the go-betweens to secure the rights of the

clan or family of San. An incidental proof of antiquity is the form of the date,

which shows the cycle-signs in use for days of the month ^^ instead of the later usage
^^ For convenience this may be desif^natefl " The San Edict."

" This is hut a tentative translation, for a minute study of local geo-raphy and history is necessary to throw light

upon many points otherwise obscure.

2BThe first year o£ the 9Gth cycle coincides with B. C. 1137. This was designated by ^ ^. B. C. 112. was

S 9p. Here we find L Op, which is the fifty-second year of the cycle and falls outside the reign of Wu Wang
(B. C. 1122-1115). Either the assumed reigu is incorrect, or else the date- mark applies to a day and not to a year.

\



If

!!

CHALFANT: EARLY CHINESE WRITING 21
M

»

to designate years. This peculiarity, together with the general style of writing,

suggest a period at or near that of the '' tortoise-shell" inscriptions referred to here-

after. The inscription was presumably on the body of the tripod, and in case it

covered the entire surface, the vessel must have been at least three feet in circum-

ference. So heavy a bronze object would be hard to destroy, and this may account

for its having survived the ravages of time.

The habit of inscribing bronze vessels and implements was in vogue among the

Chinese at a very early date. Inscriptions upon sacrificial vessels are usually in

conventional language, affording no valuable historical data. Halberd-heads often

have a single symbol engraved or embossed upon the butt, such as that for halberd,

war, army, lightning. Others have two or more characters giving names of cities,

which may be trade-marks. Numerals and dates frequently occur on swords, hal-

berds, and cross-bow triggers, which are supposed to be check-marks made by the

inspector of arms. Old bronze hatchets and chisels sometimes have marks cut into

the surface, probably for the purpose of identifying ownership. In general, very

few Chinese inscriptions of ancient date afford any information of moment.

In view of this, the San Edict stands almost alone as an inscription furnishing

definite information, unless we except the Standard Weights and Measures of

Ch'in Shih Huang-ti (B. C. 240-230), upon Avhich was inscribed the edict for uni-

formity with tbc reign and year. Should it be proved that the date affixed to

the San Edict is a cycle year-sign, then it must be later than the reign of Wu Wang,

and its purport would be the confirmation of title to a domain presumably acquired
r

at an earlier date. >

In passing it may be noted that the Chinese cycle consists of a period of sixty

years. Each year has a distinguishing title called the "year sign," which is com-

posed of two characters selected from the twenty-two signs known as the Ten Stems

and Twelve Branches. C^iinese chronology is based upon the succession of the

cycles. The first year of the first cycle coincides with the year 2637 B. C, com-

puted from known dates in Chinese history.

There is, however, some doubt as to the exact period when the cycle-system was

adopted for fixing the succession of years, and there is much to warrant the suppo-

sition that the cycle-signs were in use for days long before they became current as

year-signs. The late Dr. Edkins was of the opinion that these twenty-two symbols

were chronological signs imported from Babylonia at a very early time. Just what
his proofs were I am unable to state.

J

\
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TRANSLATION.

Confirmation of the vast territory ^o Sau-I,^" being the domain now enjoyed by the said San. Beginning at tlie Hsien
and T'ao Rivers, thence south to the Ta Ku River, a laud-mark j^' thence down stream by two land marks to a row of

willows; again down the T'ao and Ilsien rivers to Yii Ch'a^^ and (?) Mei i^^ thence west, bounded by Po^^Ch'eng
(city) to an apple tree ; thence

i4- i

/p<. vll ^' i>t

? :;f M vfl

ijk :|
- 4-

M 4^ -^ I

(2)
32

f

? H>

M

& k
^29
)L

?^ P^ M g30

5®

4 PI f k jn

\i?

23^^ here means *' territory/' an unusual sense, now obsolete (c/. Kanglisi). :

.

-

^ *' I " (S) is *' judicial district" (now a county), so San -I is the jurisdiction of San,

^* *' Landmark" (^) piao, was originally a bush or tree marking farm lands. Kangsbi illustrates it : "To set a tree

as a piao " (^ 'I^ ^ ^)- Here the symbol is a pictograph (^), It seems to have also a verbal meaning.

32'# ^5 ic. and (?) j3|^. Probably local names. The symbol |^ has not been deciphered.

a.'j''Old form of ^* po. The only geographical name cited under this by Kanghsi is '' Marsh in Yii Ohou."

*

f

(
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along waste lands, ^* bounded by a road, through [said lauds] up a cliff by a pool ; thence across So Mei Ling and
Kang-So •'^' along a path, and thence by the former road to the highway

;
thence east, bounded by Tsi's eastward line,

turning to the riglit to a boundary road
;
thence south

1^

it

4 M ^
^ f ^ J

t

r
1^ 7 r /K,

A it

T yk A

f

'^

t 4 *,
J

^ f ;f^'' 1^

>-^ f ^, PH PI

^| U it
F m t

•JSl'J

35

ni u "V> t.^

to
->>

Waste lands '^;^ /te . This is a guess. The expression is obscure. ^ may meau *'dry grass'' and be allied

^ '^ thistle." Both characters have other meanings that are inapplicable here. ^^ (^) resembles ^ (V)
«*\ '\artemisia." Full form for ^ is ^. Here contracted,

^' ^^ fn ^'% (So Mei Ling) and |jjr]
;^j^

(Kang So) are probably local names of ridges,

SI
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bounded by the Ki Lai^"' road ; thence west to the line of Hung Mu's land to the Government Land Plot, ^^ and from

a poplar tree on the left of the road up to said Government Plot easfcvrard, along a road as boundary, to a landmark
;

turning westward along and down Kang past three landmarks, and thence south to the highway down by Chou ^^

k ^ ^

f# m
>A >^ f

iS )^ jt

^

m 3S

%

/K.

f

^37 gj^36

^ ^5 pt § t
-TV

— a
£ l±7 it

r

7 k /PC t

#? »^

i tj »^ 4 I

1^ - -t it J

i

^f

^

5^

^
:i5

7|C

:t6 ^iji ^ (Ki Lai) is obscure. I take it as a local name.

;" Government land-plot (^ § W) refers to the ancient government reservation of 100 Mow (acres) out of every

900. Land was divirled into nine plots, thus g. The reservation was in the center and was described by the sign

i±, which soon coalesced with the symbol for " well."

3SThe significance of the terms "Chou" and "Kang" (see next page) is uncertain. The former is usually a

"judicial district," but here it seems to have special meaning, c. g., personal name.

\

r

f

^m-'-\

Jf

\m
^^'

.[=^^3
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atKl K^wr, asceuilini; So (a riib^^e) and down to a thickefc anil fewo land-marks, across the tioldiiigs of the Yii S'i ^^ and

hoQorable elders/" Faug Wu-fu,^' tisi Kung,'*'^ Hsiang, Ton, across Yii K'ao, La Chrtig, clan of Shih, the private gate-

way (?) of Yu Ftrtiaiig, across Ts'i Ynan, across Yii,
Jp^

{unidentified name), Huai, Snpeiintendent of Works Ha Hsiao,

?) FfMig En, oo sh /j\

43

^] 4b

X /J
/ \

ji r^

TO

5.

43

^

t

I

^

^" m

i

X ti/

40

^

X "5 ;l-l

_u4J

^"

X

>f
42

38

;Sc

4;?r

'ii

A

X

A('^)\

^^Yu-si (;^ 5]} *^petty officers,

depaitiueiits xmder a feudal lord.

M ti
retainers. '* These officers compriaed icspectors and superintendents of many

*^I venture to translate ^ ^H i-tsa) as ''honorable elders,'^ analogous to -^^ ^|[ of like meaning, ,"f^

usually means '^ancestor," The expression '*i-tsu" may possibly be a name-

*' ^ ^ (wu-fn) is cited by Kanghsi as a recognized title, but ml drfuieiL lb ought to menu '^knight " or **man

at arms," Here it is likely a title. :^^ (f^iQg) means '* release,'' but ought to stand for a man's name. Kanghsi

cites no case of such usage, and Juan Yiian substitutes another symbol without textual authority.

*^\^ '^ ^''^^^" /''"'// is '' West Palace " and usually refers to the Harem, Here it may be a personal name, or it may

signify that the following-named persons were eunuchs, who as a class have great power at Court.

'*''*Unidentified symbols uot found in Kangsi.
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Jlung, and also Superintendent of Punishments K'ao Wei, in all fifteen officers. These immediately adjacent to Sau's

(ToniJiIn are : Inspector of Laud' Pi Clion, Inspector of Cavalry Tan, Chief Herdsman and Superintendent of Works Tun
Kiiin, Tsai Te-fu, and bordering on the lands of San and the imperial ^^ domain," Wu Tuan-fu, Kiao (V) * Fu . . .

*^

©
II? D^' 1 li

m%
^

S. S lil ?- 5

It Kb '^ ^

X % ^ ^]

X <^ M

1^^ * ti ^

X V' ^x m a

(?)« 'h A °i +

l.^

7^

:j
,•^

^ ^ 5] ±. K(^)

i
44

IL
X 3l ^

f^'i 1^^

X X
^^ This and the preceding descriptive term are perplexing, ^ \J} {king-ti'en) means *^ to bound land" as else-

where in this indenture. The preceding expression, Hniao ts'i^ is an obsolete term of self-depreciation used by an

emperor, literally meaning 'Mittle child,"

''^The symbol Ip' is quite distinct, but is not found in Kanghsi,

^^The unknown sign^ is descriptive like S^ on page 28 and may be the s:ime. Roth are followed by the pos-

sessive^ and thus modify the following word.

..^1.
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»
113

»

Officer (?)" Chou-King (| >ti :70, Yu Ts'aog (?)*^ Wei (^^ Q), Saa's retainers to the number of ten. Now the

King, in tlie Ninth Moon, Ch'un-Kia*^ I-Mao,^° makes oath before [his] Honorable Elders and Select Baunermen,^'

saying, " "We confer upon the Clan of San this land-token, "^^ securing [the land] to the Clan of San in good faith, else

let us sulTer

^v

Hi ^^ ^ ^

'^' (\ ^g.

5J

T

t> a 5P 5) (2j

><J

.7.

\k

^ "^-a m^ n^ ;|«

GO

^

^^

r

^^ i) is obscure, Juau Yiian makes it ^ winch seems far-fetclied.

^*^A properly formed symbol, but not iu Kaiiglisi.

40 This seems to be a reversed horary couplet like several found in the "tortoise-shell " inscriptions (see /»/m).

The sign 4- may be either ^^ km or ^ imi "at." If an horary sign, the two (ch'C^.n kia) may mciiu "forenoon."

^""I-mao" I.L 5f) refers to the day of the month, and not to the year as in the cycle system (adopted later).

*• "Select." Kanghsi quotes early use of '^ hman as substitute for '^ hsucm "select." ^^ /«" "troops,"

"banuermen."

^^\±} '^ I take to be "land-token," referring to ths tripod inscribed with this indenture, and conferred as a
F

" token " of title to the domain.

I"

t
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a tlionsand penalties a thousand folrl,"'^* . . . ITotiorable Elders and Select Banncrmen in turn make oath to

(or) by Hsi Kung, Hsiang Wa Fa saying :
" We insure to the Cian of San possession ot the lands irrigated (?)

•* and

walled, else let us suffer a thousand penalties a thousand [fold]." '•'' Hsi Kuug and Hsiang Wii-fu upon thus taking

oath affix" the seal. '^i'

& m *ff

PI'] f

t "t ^'3 ^^
S2

t^ % ^
^ h '^

X

t'] I Hi t

ii
xu f Cx

'PC

pj
on

1 (-ft) rm

1'J

^;

S3

^ »5 (?)

41
+

r^ w X 1
/\

ik

s^The sign -{^ (ch'ueD) '' delivered *' with ^, means *^a thousand times inihcted," L e., *'a thousand fohl." In

the second oath tliis si<^u has heen accidentally omitted either by the original engraver or copyist.

^*The sign flM is unquestionably ^|a and is composed of ^'water'^ ami ^'connect" It is not in Kanghsi, but

might mean '^ water-system '' or "irrigate." ^^ ^^ contracted form of ^^ fsHang '* walL'' The two expressions each

containing \±) (t'ien) "field " may be names of localities.

s^^ (hsiang) "elephant" > "ivory "> *' carve "> "delineate." Here it probably means "affix."

^^j^ (t^i) " seal^" " diagram." No seal is shown in this copy of the edict. Possibly a "map" of the domain

accompanied the edict.



i

r

CIIALFANT: EARLY CHINESE WRITING 29
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I

I

I

»

The Great King, with Ton, ' in tlie New Palace, East Audience Hall. .

the Minister of Agriculture hetween.^^

h
1^

k.

±

_ 57

It?

^©^

, . on the ieft^^^ the Uoyal Secretary, with

tn

CD

(A

o

o

IQ

lU

o

^

Vf

" Probably tlie go-beuvoen, as yet in China in all such transactions. This name appeals on page S5 as one of the

retainers of San.

53 Tradition makes ttie ru/ht haufl tlie ancient seat of honor, lieuce properly that of tlie iring, A trace of this xisage

ia in the Chinese army, where the ri<jhl-w\ng {;^ 'f
) tiikes the precedeuce. Modern custom makes the left tlie seat of

honor.

'^n make the last symbol in the edict as above shown, " Minister of Agriculture." Old form of ^ should be

^^*, which closely resembles 5p. Modern form is ^ (n^mg) "farmer." Kanghsi says: "Also title of officer over

agriculture "
(s.^] ^f-g). Juan Yiian makes it ^°5 without orthographic evidence. In either case the expression is

not grammatical.

It

!
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IV. ANCIENT INSC^RIPTIONS UPON BONE AND TORTOISE SHELL.
A remarkable find of antiquities occurred in 1899 near Wei Hui Fu (Honan Prov-

ince) upon the site of the ancient city Cliao Kuo Cli'eng
(fj] ^'^xA)- There Avere

reported to have been exhumed three thousand fragments. Tho^veudors went hrst to
Peking, but finding that city disturbed by the approacliing Boxer Uprising, they
brought their curios to the city of Weihsien (Shantung) and left a portion of the find in

J

Fig. 4. Fig. a. Fio. (1. Fig. 7.
. Fig. 8. Fig. 9.

'I,

/

a

S3)'

A

/

/ >-

V

Figs. 4-9. luscribed bone arrow-heads fonml n^^^ w u t^ ,,

or t„e K„,a. Asiatic Socict, at S„a„«„ai 1 P^ 7 JaTjL I^."
"'°"™,^"''"-'- ^'«^- ^"^ "« '" "^ «"-"'

.incert io size.
)

The st,.e „t writing, e., are. aio 1 „
'

f,"
,"

'""'"""' ''"""" ''"'^""^ "^
b very arctiiiic, most of the symbols being as yet undecipliered.

tl.e hands of a local merchant. This Chinese gentleman, beingV friend of the writer,made known the presence of those unique curiosities, and loaned them to him fo;
inspection. Ihe Oalance of the find h.d been taken to Shanghai (or elsewhere) and
sold o a numdann (iao-tai) Liu T'ie-Yfin

(|,j ^^ ,^). ,,,,,, Chinese scholar pub-
lished a book u. Ins own la.iguage, illustrated with eight hundred phototypes taken

.". >.
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I

i

I

from ink-rubbings of the specimens in his possession. Meanwhile some four hun-
dred fragments were purchased by the writer for the Museum of the Royal Asiatic

Society, Shanghai. A year later (1904-5) the remaining eighteen hundred frag-

FlG. 10. Fra. IJ.

Fig. 10 is a line specimen of ancient inscribed tovtoise-sbell, most of the symbols of wbicli are intelligible, bnt tin

translation difficult owing to tlie incompleteness of tbe inscription. (Actual sixe.)

Fig. 11. Inscribed bone fragment. The upper right two lines read ; ^£L ^^^ J fj\ ^-^ t h. (Technical Ian
guage of divination containing date of inquiry.)

Originals of Figs. 10-11 in the Conling-Chalfant Collection, Shantung, China. (Actual size.)

>

mcnts were located, and, after some difficulty, were procured and are now preserved

as private collections. It is unfortunate that the finders did not undertake to match
the fragments before disposing of them, for it is an almost impossible task to do this

now, on account of the dispersal of the pieces.

While it is a tradition among the Chinese that tortoises and sacrificial bones were
once used in divination, yet, according to LiuT'ie-Yun, no one prior to himself had
published any account of the discovery of such objects. He further records his

opinion that the style of writing is older than that of any extant inscription.
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gIt is possible that this archaic style of writing survived among soothsayers Ion;

after it ceased to be in current use. Whatever be the date of the inscriptions, tliey

Fig. 12. Fig. 13.

1

Fig, 12. Inscribed tortoise-shell (almosfc complete). The part missing is indicjited by dotted lines. This was
pieced together from several fragments. The four sentences fire alike in tenor. Upper right reads; ^ % 1^11^.141 f-.
Date (i ^) and enquiry as to extent oF progeny. The two left-aide senteuces contain ^ " not," and | " Incky."
(Actual size.)

Fig. 13. Inscribed tortoise-shell fragment. ( Actnal size.)

(Originals of Figs. 12-13 in the Coaling-Clialfant collectiou.)
+

are undoubtedly written in a very primitive form of symbols, many of which are

actual pictographs. Only a few illustrations are here given to show the general
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style of the writing used. More than six hundred signs have been noted, the most

of which are (as yet) undeciphered. Some of the most striking pictographs are the

following

:

or ^,a^ "horse"); ^ (?); | (dragon?); <|^ (?);
a ,..r... '? Vman

"heaven"?); ^ and f.'' (stag?); "||) ^^^d --t^ (bird?); ^ (scorpion?); ^ (rat?)

or (tiger?); ^, /^, ^^ ^^ ^ (symbols relating to plant-life); ^ (?) ;

Fig. H.
(Obv.) (Kev.) (Text in the Modern Cluiracter.

)

-V

/ \
/

. - • - ^ ^

s
\

;°^^^^<

\

I *

K̂

i?)

^

. 0' y /

Fig. 14. Inscribed bone, with lower end missing. Tiie obverse lias three separate sentences differing only in the

dates. The rendering is :
" [Date] divination. I asli the Serpent-father to enquire." It appears that at least four

enquiries are recorded, inasmuch as the sign JC '^^ the bottom begins what was probably the same formula with a new

date. Liu T'ic Yiiu interprets "Serpent-father" as a mystic title of the soothsayer. The reverse records a date

(^ ^.) ^"tl undeciphered signs. This fragment shows discoloration from fire. (Actual size.)

(Original in R. A. Soc. Museum, Shangliai.)

"chariot"); c^ (halberd); ^ (bow); X^^(bal(^J
"capital City");

€̂>^

ances?); g (^ wine-jar); ^^«' (M (?) reverence); ^ {il\ "hill"); ^(^"iicld");

(j| "horn"); }^} [^ "moon"); ^ ()i] "park").

^^A common old form inverted.
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Fig. 15. , Fio. Ifi. Fig. 17.

ri+i

Figs. 1.5-17. Inscribed tortoise-shell fragments. (Actual size.)

That these are pictures, even the most skeptical ot)server will admit. Their pre-

cise significance is liard to determine. Some of these picfcographs occur more than

once, but often without sufficient context to warrant a conclusion as to meaning.

I suspect that some signs like | kiie, \±} t'ien, ^ ki, ;(^> hsin, -^ nii, 'J shih, ^ ching,

have astrologic significance, being names of stars and constellations.

Enquiries for divination seem to have been made concerning parents, sons,

dauglitcrs, animals, crops, and utensils. One inscription seems to read ^^ i g.

"Ask selection of Prime Minister." Should this prove correct it suggests consulta-

tion of the oracle by royalty. A Chinese scholar mentions a tradition that the

Fig. 18. Fig. 19. Fig. 20.

;MH"^'

Figs. 18-20. Fragments with certain strilving symhols, e. g., ^ (a Ciirioas coincidence in form with our modern

dollar-sign). Here it is ^ (fa) " not." Occurs also as $,#,f .
(Actual size.)

(The originals of Fijjs. 15-18 are in the Couling-Chalfaut collection. Figs. 19 and 20 are in the Bergen collection.

^;
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OFcacle of AVeii AVang (circa 1200 B. C.) was at Chao Kuo Cli'eng, where the bones

were discovered. There is no adequate proof, however, that these inscriptions

belong to so earlv a date.

The cycle-signs (the so-called Ten Stems [f f] and Twelve Brandies [f^ j^] com-

bined in pairs) occur frequently, but as the combinations exceed in number the
r

sixty pairs of signs allotted to the cycle, I infer that they do not conform to the use

of these signs as designating years, and are intended to signify the days of the sea-

son, or of some period less than a year.''^ In several cases these pairs of characters

occur in reversed order, as \^ ^ (Shen Kuei) for ^ \f, and, more frequently singly.

At present but little can be said about this unique group of fragmentary inscrip-

tions, the deciphei'ing of which will necessitate a careful study of the traditional

methods and vocabulary of astrology and soothsaying as practiced in China. While

the Chinese have many works written upon these subjects^ still it requires special

training in the technical terminology of divination to rightly understand them.

6t QSee appended list of these signs (Plate L.).

I
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r
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L

, 4

>,

,^

.^' :

iz^.s

:..

'b H

,^1

\^1^
I;

^ -,1

^::

;:

-.-'.

\

^Vnll

^-',

3^

Ol

Regular old forms

^

O

e

/^

?

^

&^

Kia V

I

Ping

Wu

Ki1

Keng

Hsin

Jen

Knei

^

Ting T

£

t-

i

-i^

Tsi

^

D

*

I

«

^ M
Ch'ou

s
Yin

vi7
/ >

Mao
T

^P

+

i^

n

a

5 2

^

'll'

*

#

#

Ch'en

1
+

Si

E
*+

8

Wu

^

n
F/

*n

D

*Ff]

n

a

^

^1^ ^
Wei Shen

?

Yu

P

::?

I
1^

I

n

^

?

Q

f¥i

M

I

1^

?

Hsu

t

n

I

Hai

;^.

^

O

1

5

^

ten syiuljnlo
*^ l^^te-mjirks foniirl upon the Toi-Unsc-sIiells widi Uie Ycar-BJji;ns of the Cycle. The year-signs are successive combinEitions of tlie

^Oounlpf 1^ ^^^ twelve at the top by a luetlunl whieli yields sixty pairs of signs to designate eacli year of the cycle-
« iiot belonj^nng to the cycle^series. Alternate fuvius arc^^laced side h^ side.

-^^*
X '

m

..^^
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MEMOIKS
OF THE

OAENEGIE MUSEUM.
VOL. IV. NO. 2

DESCRIPTION OF THREE NEW SPECIES OF CARANGOID
FISHES FROM FORMOSA.

By David Stake Jokdan and John Otterbein Snyder.

The Carnegie Museum has lately bought from Dr. Hans Sautcr a fine collec-

tion of fishes, obtained by Dr. Sauter from the port of Takao in Formosa. This

collection has been placed in the hands of the present writers by Dr. Holland, the

Director of the Carnegie Museum, for study and identification.

Among the new species are three, all of the Cifula group of Caranx, which

seem to be new. One of these constitiites a distinct genus, Ulua. The description

of these species constitutes the present paper.

r

Caranx rastrosus Jordan & Snyder, sp. nov.

(Plate LI.)

Head Hf in length to base of caudal fin ; depth 2-^ ; depth caudal peduncle 5^

in liead ;
eye 4 ; snout 3 ; interorbital space 3^ ; dorsal VII-20 ; anal III-18

;
pores

in lateral lines about 115.

Anterior profile rising abruptly to occiput from Avhere the slope to base of

dorsal is very gradual
;
interorbital area high, the sharp median ridge about an eye's

diameter above orbit
;
jaws about equal, the lower projecting slightly; maxillary

extending to a vertical through anterior edge of pupil
;
width of posterior edge of

maxillary contained 1^ times in suborbital. Miiuite bristle-like teeth on the jaws,

vomer, and palatines. Gill-rakers rather long for Caimix, 10-22, those on lower limb

of arch short anteriorly, the longest contained 6 times in head. Edges of opercles

and preopercles membranous.

Si
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Body with very small scales; the throat, breast, a considerable area including

base and axil of pectoral, and a narrow space extending back from occiput to base of

dorsal naked ; minute scales on upper edge of opercle and preopercle and also

on cheek immediately below eye. Lateral line with a long curve above pectoral, the

curved portion equal lo half the length of lateral line
; 14 or 15 small plates on

tail, each with a low keel and a posterior spine. Base of caudal with 5 pronounced

lateral keels, the pair on each of the median one oblique and convergent pos-

teriorly.

First dorsal with 7 spines, the posterior two separate and very small ; highest

spine 2^ in head. Anterior part of soft dorsal filamentous, the tip when depressed

extending beyond base of caudal ; median rays also filamentous, the filamentous

extending above edge of fin a little over half their length. Anterior rays of anal

closely united to form a filament which extends to base of caudal when depressed,

the succeeding rays low. Both soft dorsal and anal with a high sheath of very

small, thin scales. Ventrals 2^ in head. Pectorals falcate, 2|- in the length. Caudal

lobes equal, S-ro in the length.

Color in spirits silvery ; median dorsal region dusky, opercle dusky above, axil

of pectoral black ; filaments of dorsal and anal black, caudal dusky on edges and

on posterior border, ventrals tipped with blackish.

One specimen, the type, from Takao, Formosa, in the Carnegie Museum, meas-

ures 13^ inches in length. There is also a specimen from Cavite, in the Philippines

in the Museum of Stanford University.

This species closely resembles Caranx 'plumheus (Quoy and Gaimard) from

which it differs in having a greater number of gill-rakers (14 on lower limb of first

arch in Caranx plumheus) and a black anal.

Caranx fokmosanus Jordan & Snyder, sp. nov. -

(Plate LIl.)

Head 3i in length to base of caudal ; depth 2 ; depth caudal peduncle 6 in

head ; eye 4-J ; snout 2J ; width interorbital space 3^ ; dorsal ¥11-23
; anal 11-19

;

pores in lateral line about 127.

Dorsal contour of body almost evenly rounded from tip of snout to insertion

of dorsal, there being but a slight elevation at occiput ; and a small depression

anterior to nostrils ; interorbital area slightly higher than diameter of eye, the crest

sharp. Jaws equal ; maxillary extending to a vertical through anterior edge of

orbit, the width of its posterior edge contained 1^ times in the suborbital. Broad

bands of fine teeth on jaws, vomer, and palatines. Gill-rakers short and strong,
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4-16 on tlie first arcli, those on anterior part of loAver limb very short, the longest

(near angle of arch) contained li- times in liead.

Scales very small ; base and axil of pectoral, breast, and throat naked ;
a small

isolated patch of minute, partly embedded scales anterior to base of pectoral ; cheek

and upper parts of preopercle and opercle with small scales ; head otherwise naked,

the unsealed area extending backward to base of spinous dorsal. Lateral line

broadly curved above pectoral, the curved part including considerably more than

half of the lateral hne ; straight part of the lateral line with small, weak plates,

those on caudal peduncle scarcely keeled and without spines.

Dorsal with 7 spines, the posterioi- 2 being small and detached ;
highest spine

^-g- in head. Anterior part of soft dorsal elevated but not filamentous, the height 2

in head; other rays 4^- in head. Anal similar in shape to dorsal; height of first

rays If in head, following rays 4 in head. Caudal lobes equal, 3-n) in the length.

Pectoral falcate, 2^ in the lengtli. Ventrals 2^ in the length.

Color silvery ; a small dusky spot at upper edge of opercle ; axil black; dorsals,

anal, and caudal edged with dusk}'; ventral and pectoral immaculate.

Described from the type, an example 11^ inches long from Takao, Formosa, in

the Carnegie Museum, collected by Dr. Hans Sauter. A similar specimen, differing

in no particular from the type, Avas recorded from Formosa as Carangiis armatus

''with opercular spot present; lobes of dorsal and anal very Ioav " (Jordan & Ever-

mann, Proc. U. S. Nat. Mus., XXV, p. 338).

The gill-rakers, few in number and very short, especially on anterior part of

lower limb, are characteristic of the species.

I

ULUA Jordan and Snyder, gen. nov.

(Type Vlua richardsoni Jordan and Snyder.)

This genus resembles the subgenus Gihda in Caranx, differing in the larger,

oblique mouth, and especially in the very long gill-rakers, which cause the mouth

to appear, when opened, as if full of feathers. The name Uhia is Polynesian, being

applied to the finest food-fish of Hawaii and Samoa, belonging to this group. Car-

anx forsteri Cuv. and Val.

Ulua RICHARDSONI Jordan &. Snyder, new species.

(Plate LIIl.).

Head 3^ in length to base of caudal ; depth 2^ ; depth caudal peduncle 6^ in

head ; eye 4^7)- ; snout 3 ; width interorbital space 3^ ; dorsal VII-21 ;
anal III-

10
;
pores in lateral line about 90.

I
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Dorsal contour steep from snout to occiput, then rising more gently to base ot

dorsal ; interorbital region high and sharp anteriorly, its edge an eye's diameter from

orbit. Mouth very large, the maxillary extending to a vertical through center of

pupil, 2j\j- in head, the width of its posterior edge contained 1-J times in suborbital

area; lower jaw projecting prominently beyond the upper ; no teeth
;
gill-i-akers

numerous, 2-1 + 54, and extremely long, the anterior ones projecting upward and

forward along sides of mouth and base of tongue, small lateral setie giving them a

distinctly feather-like appearance ; length of longest ones contained 3-J times in head.

Edges of opercles and preopercles membranous.
" Scales very small, those on lower half of body minute and partly embedded

;

head, except a small area on upper part of opercle and preopercle, naked ; throat and

breast naked, the unsealed area extending upward and including base and axil of

pectoral ; a narrow naked area extending from occiput to base of spinous dorsal ; a

low sheath of scales along bases of soft dorsal and anal. Lateral line with a gentle

upward curve on anterior half; a conspicuous dorsal branch extending upward to

occiput and then backward to near origin of spinous dorsal
;
posterior part of lateral

line with about 20 plates which are heaviest on caudal peduncle where a slight keel

and a blunt spine are developed. Ease of caudal with an indistinct keel on each

side of the median row of plates.

Height of longest dorsal spine contained 3^ times in head, not reaching origin

of soft dorsal when depressed, the fin followed by 2 very low free spines ; first 5 or

(j rays of soft dorsal elongate, giving the anteinor part of fin a somewhat falcate

appearance
; the following rays about equal in height to diameter of eye. Anal

sinjilar in shape to soft dorsal. Caudal very deeply cleft, the lobes equal, their

length contained 3^ times in length. Pectoral falcate, 2f in the lengtli. Ventrals

2f in head.
r

Color in spirits bright silvery, somewhat dusky above
; axil of pectoral black

;

median dorsal area from snout backwards dusky ; dorsals narrowly edged witli

dusky ; caudal with a dusky margin.

The above description is taken from the type, a specimen 1 8 inches long from

Takao, Formosa, in the Carnegie Museum.

A cotype measuring 9 inches, from the same locality, has the interorbital area

slightly lower, the soft dorsal decidedly filamentous, the tip extending backward

to middle of caudal fin, and the pectoral more curved and falcate. Other specimens

from (Javite, P. I., recorded as Garanx plumheus (Jordan and Scale, Bull. Bureau

Fisheries,

The species is named for Mr. Robert Earl Richardson, who first recognized the

distinctness of the genus.

VI, p. 14) do not appear to, differ fi-om the Formosan examples.
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A REVISION OF THE ENTELODONTIDiE.^

By 0. A. PKiERsOiV.

Introductory Hemakks.

Since A. Aymard (1, pp. 227-242) ^ and S. A. Pomel (73, p. 307
; 74, p. 1083)

described the genus EiUelodon from the Tertiary deposits of France, much material

has been found, which represents this unique family of mammals, especially in the

Oligoceneand Miocene formations ofthe North American Tertiary. The object of the

present Memoir is first to give a systematic review of the known genera and species

of this family
; and secondly to describe and illustrate in detail tlie type specimen

of Dinoliijus hoUandi, which was discovered in the Agate Spring Fossil Quarries,

Sioux County, Nebraska, by the Carnegie Museum Expedition of 1905, and briefly

described in Science (78, pp. 211-212) and the Annals of the Carnegie Museum

(81, pp. 49-51).

At the very outset of his work the writer became fully aware of the fact that

generic and specific determinations in this family have sometimes been based on

rather inadequate tyj>es, which present few and unsatisfactory characters. Frag-

'Pomel's description (73, 74) of Moihcrkim did probabW appear before that of Aymard on Enielodon, but, inas-

much as the type of the former was rather inadequate, no illustrations were published, and the type has been since lost

(see page 43), the present writer is of the opinion that the latter uanie should be used, as both text aud figures are

clear.

For the references in parentheses, sec the Bibliography appended,
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mentary types, which very often are most exasperating to the student of paleontol-

ogy, cannot be regarded as finally determining genera and species, and in the pres-

ent case we must still await the slow process of discovery before a number of questions

can be satisfactorily determined. The paper here presented can only claim to be

a report of progress upon our knowledge of this most interesting family, which must

be regarded as very distantly related to the Suidx.

The types of the different genera and species of the family, though sometimes

very fragmentary, clearly indicate diverging linos. These lines do not possess the

radical variabiHty met with for instance in the Merycoidodonts(Oreodonts) and the

Caraeloidea, but they are nevertheless of importance, when the conservative charac-

ters of the family as a whole throughout the lower Oligocene are considered.

This paper has been considerably delayed by the fact that the writer in the

early part of the year 1908 was suddenly detailed to take charge of the field-work

in the Agate Spring Fossil Quarries. The labors in these quarries were rewarded

with unusually good success, as has been the case every season since they were first

opened by the Carnegie Museum. Among other important material were found

a numberof portions of Individuals of the genus Dinohyus which are of great value,

as they help to clear up certain anatomical features of that genus which otherwise

would have been left in obscurity in the present publication.

For the privilege of study and for aid otherwise given me, I am indebted to Dr.

W. J. Holland, Director of the Carnegie Museum, at whose request the present work

was undertaken. To Professors Osborn, Scott, Schuchert, and Lull I am indebted

for free access to the splendid material of the American Museum of Natural History,

the Princeton Museum, and the collection of the late Professor Marsh of Yale. To Dr.

W. D. Matthew of the American Museum, Dr. Witmer Stone of the Academy of

Natural Sciences, Philadelpliia, Mr. J. "W. Gidley of the National Museum, Dr. M.

S. Farr of Princeton University, Professor John C. Merriam, and Mr. E. Ij. Furlong

of the California University, and Miss Lucy P. Bush recently of Yale Museum, I here

wish to extend my thanks and appreciation for important letters and information.

The excellent series of illustrations in the present paper are mainly due to the

skilful work of Mr. Sydney Prentice. These illustrations explain many features

which, without them, would be quite unintelligible. Most of the photographs except

when otherwise stated, were made by Mr. Arthur S. Coggeshall.

Last, but not least, hearty acknowledgment should be expressed to Mr. Andrew

Carnegie, the founder of the Institute, whose well-known generosity has made it

possible to carry on the work done both in the field and the laboratory.
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Family ENTELODONTID^ Lydekicer.^

rn

I

I

The characters of tliis group of mammals from the Oligocene and Miocene for-

mations of both the Old and New Worlds amply justified Lydekker (53b), Marsh

(64, p. 408), and Scott (87, p. 322) in placing them in a separate family. The com-

bination of the primitive bunodont dental structure with the highly modified limbs

and feet gives to this group an unusual and quite unique appearance.

Family Characters : Teeth bunodont. Muzzle loiig ; cranium short. Limbs
elongated

; feet didactyl.

Genus ENTELODON Aymard.

There has been much confusion both in Europe and America regarding the pri-

ority of the names Eiitehdon Aymard and Elotheriimn Pomel. Quite recently Miss

liucy P. Bush, who was one of Professor Marsh's assistants, wrote an article (4, pp.

97-^8) which stimulated inquiry as to these two names. After carefully looking

over the literature, it is quite plain that Aymard's paper on Entelodon, though per-

haps written in 1846, Avas not publislied until late in 1847 or during the year 1848.

The most conclusive evidence of this flict is found on page 247 of A^ol. XII, of the

Annales de la Societe d'Agriculture, des Sciences, et de Commerce du Puy for 1842-

1846, or on p. 23 in the reprint of this article. On these pages of Aymard's paper is

a foot-note correctly referring to page 385 of the Bulletin de la Society Geologique

de France, Vol. IV, which Avas published late in 1847 ; consequently Aymard's
paper could not have been published in 1846. Pomel's description of Elotlwrium

on the other hand was apparently published in 1847 ; but, in the first place, the

type Avas rather inadequate, judging from Pomel's article ; secondly, there is not in

Pomel's paper, or elsewhere, any illustration of the specimen ; and, thirdly, I am
informed that the type is lost.'^ These flxcts collectively should, in the mind of the

writer, exclude the use of the name " Elotherium'' especially since Aymard's article

on Entelodon is accompanied with good illustrations of satisfactory types. There
was apparently not a great lapse of time between the appearance of the tAvo publi-

cations, and it may yet possibly be established that Pomel's description Avas also

delayed and not pubhshed before Aymard's paper actually appeared.

Pri7icipal Generic Characters of Entelodmi: Upper and loAver premolars relatively

^The family name Enidodoniidx was apparently first used by Lydekker in 1883 (53b, p. 146), while Edward
Kichard Alston iu the ZoOlogical Record for 1876, p. 18, refers to Parahytis vagans, HeUhym, and " Eiotherium " under
the caption Eloihcrvidai^ without any further note or comment.

* Inquiries made by Dr. W. J. Holland while recently iu France reveal the fact that the type of Eiotherium is

lost. Professor Marcellin Boule, in a letter to Director Holland, states that he is under the impression that no
one, except Pomel himself, ever saw the type. In this connection it is quite significant that in the Catalogue of Verte-
brate Fossils in the British Museum, which ac<[uired Pomel's collection, no mention is made of the type of Eiotherium.

»
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large; posterior portion of the crown of P^ porportionally heavier than in Archxo-

therium; the crown of P^ with antero-internal angle of comparatively greater

development, which gives the outline of the tooth a more nearly square appearance

Fig. 1. Type Specimen of EnfAndnn magnum Aytuard. J niifc. size. (I) Grown View of Upper Dentition. (2)

Crown View of Lower Dentition. (3} External View of Lower Dentition. (Drawn by Sidney Prentice from Casts of

the Original, compared with the Figures given by Kowalevsky.

)

than in the American form
;

para- and metaconids completely united showing

no evidence of separations as in young and unworn teeth of ArchmtJierium.

The general appearance of the dentition of Entelodon magnum seems to point toward

a more specialized type, which either represents a later or a more advanced form,

so far as the dentition is concerned, than Archxotherium from the lower Oligocene

of America. ' Occipital condyle of proportionally great vertical diameter ; supra-

occipital greatly expanded superiorly and much contracted immediately above tlie
-A

condyles"; paroccipital process far in advance of the condyles, relatively compressed

antcro-posteriorly, and expanded transversely; no evidence of the external auditory

meatus immediately in front of the paroccipital process as in Archxotherium.

If Kowalevsky's observations ^ regarding the union of the foramen ovale and

lacerum medius, as in the recent 8uidx, is correct, this is of considerable importance,

^ Professor Scott {87, p. 284) seems inclined to doubt Kowalevsky's statement that *' forajnen ovale - . .

mit dem foramen lacerum medium versmolzen war, wie bei den heutigen SuidLu und bei Hippopotamus."

1
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since all the known American forms have the foramen ovale separate. In the Euro-

pean genus tlie manus is relatively low and broad; the magnum and unciform

articulate by facets at the dorsal borders; the fibula is free ;
and tlie tarsus is low

and broad.

,

Entelodon magnum Aymard.

Type: Fragments of skull, lower jaws, vertebrae, and femur.

Horizon : Oligocene of Ronzon, near Puy-en-Velay, Department of Haute-Loire,

Southern France.

Location of Type : Museum National d'Histoire Naturelle, Paris, France.

Two or more specimens were used by Aymard in his original description (1, pp.

227-242), and Entelodon is characterized by him as follows

:

Fig. 2. Lateral View of Skull of EH^e/ot/oH Jrta^nitm A^raard. ^ nat. size. (After Knwalevslsy.)

"Jje systeme dentaire ordonnc comme il suit : ^3^ dont 3+1+3
3+1 + 3*

"Toutcs les dents plus ou moins marquees de fortes stries ou dentelures aux

aretes longitudinales ; a collet cernant en partie la base de toutes les molaires in-

ferieures, entourant egalement en partie les trois premieres superieures, tres de-

veloppe au cote anterieur et au cote posterieur de la molaire principale et des trois

arriere-molairs d'en-liaut.

" Les incisives d'en-bas subtriangulaires, pen declives, subterminales, contigues

entre elles et a la canine, et augmentant, en grandeur, de la premiere a la troisieme
;

les superieures en cone subtriangulaire, assez epais avec un collet au bord interne.

Les canines, pen arquees, se dovernant pen en dehors ; la superieure moins forte

que rinferieiire-

ct

{'

I'

*
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"Les trois avant-mol aires, en haut et en has, coniques, deprimoes, portcos sur
doux racincs d'autant plus serces que le dent est plus rapproch6e de la canine. La

premiere inferieure a peu pres uniradiculee
; la pre-

miere superieure se detachant des suivantes par une

petite barre
; la troisieme etroite [surtout celle d'en

haut] relativement a son analogue des genres voi-

sins, et s'elevant fort au-dessus de la serie.

"La molaire prineipale inferieure a couronne

eonique, simple, elargie en arriere. Celle d'en-haut

formant une colline transverse t deux pointes, I'iii-

terne assez forte.

"Les trois dernieres machelieres divisees en

deux collines transvcrses, cliaque colline ayant trois

pointes mousses a la mrichoirc d'en-liaut et deux a

celle d'en-bas. Les superieures de figure trap6zoide,

la penultieme plus forte que la derniere. Celles d'en-

bas plus longues que larges
; la derniere depourvue

de talon ou troisieme colline.

" La premiere dentition de la machoij'c inferi-

eure ainsi coniposee : trois incisives ayant meme dis-

position qu'u la mandibule d'adulte, et a peu pres

meme structure, sauf une epaisseur moins forte de la couronne ; une canine de meme
forme que les incisives, mais plus haute et plus pointue

;
quatre molaires, la premiere

uniradiculee, la seconde f\ deux racines, la troisieme remarquable par la simplicite de
sa couronne unicuspidee, et la derniere a trois paires de cones mousses.

" Le systeme digital probablement paridigitc.

FiQ. 3. Posterior View of Skull of

Entelodon magnum Aymard. I uat. size.

(Drawn by Sidney Prentice after the Figure

given by Kowalevsky.

)

Type : Isolated teeth.

Entelodon ronzonii Aymard.

Horizon: Ohgocene of Ronzon, Department of Haut-Loire, Southern France.
Location of Type: Museum National d'Histoire Naturelle, Paris, France.
Aymard established this species on isolated teeth. His description is based

principally on the smaller size of the teeth, a lower crown, and greater width pos-

teriorly of Ms, than in his Entelodon magnum. Aymard's original description (1

p. 22) in full is as follows :

'^ Nous avons recueilli des dents isolees qui sembleraient indiquer une espece
d'entelodon plus petite que la precedente. Une troisieme molaire inferieure, tres

bien conservee, presente, outre le collet et les aretes dentelees caracteristiques du
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genre, une hauteur proportiounellement moiadre de la couronne, et une plus grande

largeur en arriere. Elle a, de plus, en avant et en arriere, des plis d'email et des

rugositos distinctifs. Si des decouvertes ult6rieures de pieces dentaires plus completes

venaient confirmir la valeur de ces caracteres, on pourrait iniposer ii cette nouvelle

especel'appellation dJentdodon Ronzonii, de la colline ou sont enfouies ses depouilles."

Genus AR(JH/EOTHP]RIUM Leidy.

In 1850 Dr. Leidy publisjied a description of the first American forms of the

family Entelodontidx under the name Archxotherium mortoni (40, pp. 93-94).

Material of this genus Avhich was subsequently collected from time to time by the

early expeditions to the bad-lands of South Dakota and Nebraska was submitted to

Dr. Leidy for study and was published by him in different publications under the

generic names Arctodon (41, p. 278), Entdodon (45, p. 392), and Ardixotherium. In

1857 (48, p. 175) Leidy recognized Pomel's name Elotherium, which he continued

to use for the American forms in different pubhcations, including his work "The

Extinct Mammalian Fauna of Dakota and Nebraska." On Plate IX, figs. 3 and 4,

in "The Ancient Fauna of Nebraska" are illustrations representing a fragment of

a skull which agrees quite perfectly with Leidy's original description (40, pp. 92-93)

and is undoubtedly that of the type. Other specimens figured and determined by

Leidy as Ardimotherium morioni agree with a number of skulls, portions of skulls,

and teeth in the Carnegie Museum, which were collected by the Avriter and others

in the Titanotherium beds of the same general locality (Nebraska and South Dakota).

The Oligocene of North America has yielded much material representing this genus,

which is now scattered through the museums of America and Europe.

Principal Generic Characters of Archxotherium: F^ of relatively small size,

with small internal tubercle ; the crown triangular in outline
;
P^ ^, ^ separated

by diastemata ; lower molars with the anterior much higher than the posterior

tubercles and separated by broad cross-valleys ; Py separated from canine and P^

by diastemata ; occipital condyles of proportionally small vertical diameter and no

accessory facets on the basioccipital ; foramen ovale separated from foramen lac-

erum
; dependent processes on the jugal and the inferior border of the mandible

;

long alveolar border of the premaxillary and a long chin ; limbs and feet propor-

tionally long and slender ; trapezium present; magnum and unciform articulating

slightly with one another at the dorsal border ; fibula free.

Archaeotherium mortoni Leidy.

Type: A fragment of a skull with P^ and P^ in place, and the alveolus for M^.

Horizon : Oligocene (Titanotherium beds).
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Locality : White River, South Dakota ?

Locality of Type : Academy of Natural Science, Philadelphia/'

Principal characters of Archxotherium morUmi : The first and second incisors

of this species are relatively large. The whole series is well spaced in both upper

and lower jaws, which is due to the proportionally long alveolar border of the pre-

FlG. 4. Bide View of Skull of Archmdherium moHonl Leitly. (Carn. Mns- Cat. Vert. Fosa. Skull No. 1900, Lower

Jaw No. 2097. ) i nat. size.

maxillary and the long chin of the lower jaw. The canines are long and pointed,

the premolars are compressed transversely and have comparatively high and pointed

crowns. M^ has small posterior tubercles. The lower molars have proportionally

higher and more developed proto- and metaconids, low and little developed hypo-

and entoconids and broad cross-valleys. The posterior process of the jugal is com-

FlG. 5. Crown View of Left Inferior Dentition of'^. moHoni Leidy. (Cam. Mua. Cat. Vert. Foss. No. 2097. ) ^ nat. size.

F

paratively lightly developed and does not form a buttress on the anterior margin

of the glenoid cavity, as in some of the later genera. The anterior protuberances of

the inferior margin of the lower jaws are slightly more developed than those further

back. The skull represents a comparatively small-sized animal. A specimen,

^ The specimen at this writing has no catalog number.
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fragments of skull and lower jaws (No. 2011, Carnegie Museum Cat. Foss. Vert),

was collected in the Oreodon beds near Dickinson in the Little Bad-lands of North
Dakota by Earl Douglass. This has the entoconid of M3 Avell represented, the

anterior tubercles of the lower molars very high, as in A. coarctation, the premolars

rather small, but I\ separated fi'om P^ by a diastema as in A. mortoni. The upper

molars are relatively longer and narrower than those in the typical specimens of A.

Pig. 6. Palatal View of Cranium of Arducothei'itim moi-toiii Leidy. J uat. size. (Cam. Mus. Cat. Vert. Foss. No.

1900. ) The oblong area in front of the condyle represents the broken tympanic bulliE.

mortoni. This would seem to indicate that there is a considerable range of indi-

vidual variation in the sj^ecies A. mortoni.

Archaeotherium mortoni subsp. clavum (Marsh).

Ii/pc : Skull.

Horizon : Lower Oligoccne (Titanotherium beds).

Locality : Bad-lands of South Dakota.

Local'dij of Type: In Collection of Yale Museum, No. 2035.

The type of this subspecies is the skull of an animal the size of ArcJueolherium

m,ortoni, and the characters which Professor IMarsh has given do not clearly distin-

guish it from the latter species. Marsh states that the skull agrees in many respects



IJ

50 MEMOIUS 01?^ THE CARNEGIE MUSEUM

witli that of A. crassum, but is smaller, " the malar process is quite slender atid

tapering below [and] extending downward. . . . The dentition agrees in the main

with that of E. [^.] crassum, the last lower molar in each having four cones only, and

no heel." The malar arch and the dependent angle of the lower jaw, which Pro-

fessor Marsh states, " will distinguish it from A. morloni,'' are found to be present and

more or less developed in all the specimens of this family found in America with

these parts preserved.

In my notes on the type of Jrchmotherium davitm taken in the Yale Museum I

find the following statements, which tend to show that Marsh's species should at

least be given a subspecific rank :

(( TThe general contour of the skull is much the same as that of ^. crassum, the

occiput is not overhanging, the anterior border of the orbit is opposite the middle

portion of M^, the antorbital foramen is large and placed over P^. Premaxillaries

produced forward giving plenty of room for the incisors, which are separated by

Fig. 7. Skull of Archmotlierium cjnvum Marsh. About \ nat. size. (After Marsh.)

diastemata except I- and 1-. The latter are, however, well separated at the apices.

The orbit is placed slightly higher than in A. crassum. The dependent broad pro-

cess of the jugal is not large, and, as Marsh stated, points directly downward and

also slightly outward. The zygomatic process perhaps did not reach to the anterior

border of the glenoid cavity. The condyles are well separated superiorly and inferi-

orly and the paroccipital process is rather short and truncated. The foramen mag-

num is large and subtriangular in outline. The chin has a considerable slope and

is quite convex from side to side. The anterior knob-like protuberances are not

large and are placed well back as in some species from the John Day formation.

The posterior protuberance has the same relative size as in A. crassum. The anterior

mental foramen is rather small and is placed low d(jwn on the mandible, opposite

the anterior face of P^. The posterior mental foramen is higher up upon the mandi-

ble and is opposite the posterior face of P^^-.
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"I- relatively large, vipper canines mucli elongated and pointed, M^ with well

developed cingulum externally, M- with cingulum faintl^^ developed externally,

and M-- with cingulum developed only on the antero-external angle. Lower canine

rather short, which may be due to the fact that the specimen pertains to a rather

young, though adult individual. Lower premolars high and sharply pointed

;

molars with high anterior tubercles. My^ with an unusually prominent posterior

basal heel.'^ Cingulum only fairly indicated on the external faces of the inferior

molars."

Archseotherium crassum (Marsh).

Type : Fragments of a skeleton.

Locality : Eastern Colorado.

Horizon : Lower Oligocene (Titanotherium beds).

Locality of Ty2)e: In Collection of Yale Museum, No. 12020.

In 1873 Professor Marsh founded this species on fragments of a skeleton (58a,

p. 487). It was apparently the first time that the characteristic dependent process

of the jugal of the American forms of the Entelodoniidw had been observed, and

Marsh compared this process with those on the zygomatic arch in some Edentates

and Marsupials. Marsh also pointed out that the radius and ulna of this species were

separated or very loosely united.^ Some idea of the foot structure of this species was

also derived from this specimen. In a later paper (63, p. 408) Marsh more fully

describes the type, together with additional material collected in Colorado, South

Dakota, and Nebraska. On Plate VIII of this publication Marsh figures the skull

and feet, which he regards as belonging to A. crassum, and states that the dependent

process of the jugal " extends downward to the inferior margin of the lower jaw in

front of the angle. This is the case when these processes are somewhat expanded

transversely, as shown in figures 2 and 3, which represent the skull as it lay

in the matrix " (see fig. 8). Marsh also calls attention to the small brains, the struc-

ture of the feet, and to the protuberances on the inferior border of the lower jaAV, of

which the anterior pair is slightly the heavier. In 1894 Marsh published the res-

toration of A. crassum (64, pp. 407-408, PL IX) and finally in 1897 published the

same restoration (65, PI. XXX) with the legend Entelodon crassus. In the text

of the same volume, pp. 522-523, Marsh also referred to ArclueofJierium as Entelodon,^

Through the courtesy of Professors Schuchcrt and Lull of Yale University the pres-

^ The posterior position of the chin-process, the high anterior tubercles of the lower molars, and the prominent

basal heel of M^ are amonf^ the more important characters of this subspecies.

^ This is probably true of nearly all the species from the lower beds,

^Thia indicates that Marsh had already obtained some information which led to Miss Lucy P, Bush's publication

of a later date iu the American Journal of Science (Series IV, VoL XVI, pp. 97-98, 1903).

\ [
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ent writer was recently able to carefully study the type and the other material referred

to A. orassum by Marsh. My observations are of some interest in this connection, as

they serve to further characterize this species. I at once detected tliat the premaxilla-

ries are long, as is usual in the species from the lower Oligocene, the preorbital foramen

is above P- and is of large size, the orbit is rather low, and has the anterior border

opposite the posterior part of M^. The downward projecting process of the jugal is

directed rather more forward than backward and terminates in an enlarged and some-

what oval free end ; the zygomatic process does not quite reach the anterior border

of the glenoid cavity. P^- has a characteristically limited antero-posterior diame-

ter. Py and Pg are abruptly reduced as in A. coarctaturn, Cope, and the anterior

tubercles of the molars are quite high, as in that species. Tlie superior molars are

yet buried in the matrix, so that nothing more can be said regarding their charac-

ters, than that they have apparently an-

terior and posterior cingula, as usual, but

are externally almost smooth.

There are only a few fragments of

vertebnc with the type. Portions of left

arches of two dorsal vertebrae show perfor-

ations of large foramina at tlio base of, and

immediately posterior to, the transverse

processes, but in neither of the two arches

arc there any indications of vertical canals

as in DinoJiyus.

The limbs of the type specimen are

very fragmentary; there is no scapula.

The great trochanter of the humerus is

very prominent and terminates superiorly

above the head in an enlarged and trun-

cated end, directed backward and with the

process of the lesser tuberosity nearly en-

closing the bicipital groove. The intcr-

trochlear ridge is prominent and the ex-

ternal condyle is narrow. The internal

epicondyle is relatively prominent. The calcaneal facet of the cuboid is broader than

that for the astragalus. Mt. IV is complete and measures 155 mm in length. Mt.

V was of relatively large size, judging from the facet for it on Mt. IV. The meta-

podial as a whole is rather delicate and the cross-section of the upper half of the

shaft has a square appearance.

--a

Fig. 8. Side and Upper View of Skull of Archxo-

therium crassum Marsh, i nat. size. (After Marsh.)
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In the Carnegie Museum is a good portion of a skeleton witli the vertebral

column well represented, but without the skull or jaws (No. 1665, Carn. Mus. Cat.

Vert. Foss.), collected by the writer in the Titanotherium beds on Sand Creek, Sioux

County, H'cbraska. This specimen has the sides of the walls of the neural arches

perforated in a manner similar to that of the type of ^. crasstim. The specimen per-

tained to a somewhat larger individual than the type in the Yale Museum, but it is

here referred to Archseothermm crassum. A skull and four cervical vertebrae (Carn.

Mus. Cat. Vert. Foss. No. 142) which are referred to A. crassum, were collected by

Mr. J. B. Hatcher in 1900, near the base of the Titanotherium beds on Lance

Creek, Converse C/Ountyj Wyoming. The skull of this specimen is much depressed by

crushing, but is of interest because it supplies characters which show a considerable

range of individual variation in this species. While the skull is of about the same

proportionate size as that of A. crassum in the Yale INIuseum, it is seen that the

dependent process of the jugal is of much smaller size and sliorter, the superior

border of the orbit is liigher^^ or more nearly even with the transverse face of the

frontals, the antorbital foramen is slightly further forward, and the cingula of the

teeth are more strongly developed than in the specimen in the Yale Museum.
^

*

Archaeotherium ingens (Leidy).

Types: Symphysis of lower jaws without teeth, the crown of an inferior

molar, and several mutilated canine teeth.

Horizon: Oligocene (Upper Titanotherium beds?).

Locality: Nebraska (White River?).

Locality of Tyjfcs: Unknown to the writer.^^

The figures 8-11, -which Professor Leidy gives on PI. XXVII in "The Extinct

Mammalian Fauna of Dakota and Nebraska," seem to agree with his original

description of '' Entelodon ingens'' (47, pp. 164-165) and are undoubtedly to be

regarded as the types of that species, although Leidy does not make this clear. The

species was originally separated wholly on account of its greater size. On pages

192-194 (Ext. Mam. Fauna) Leidy gives a list with measurements of specimens,

"which he regarded as pertaining to A. ingens, but with no adequate description.

To Professor W. B. Scott of Princeton University we are indebted for an admirable

Memoir (87, pp. 273-324), the descriptions in which are based on a very nearly

complete skeleton (Princeton Museum Collection No. 10885) collected in the upper

Titanotherium beds of South Dakota by the late Mr. J. B. Hatcher and regarded by

^"^Even when the crushiug of tlie skull is taken into proper consideration this cluaracter is especially noticeable,

" In the Proc- Acad, Nat- Sci. Philad,, Voh VIII, p. 1G5, 1856, Professor Leidy states that the specimens were

collected by Dr. Hayden for the St. Louis Academy of Sciences,
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Scott as ''Elotherium ingensy Scott states (87, p. 274) that tlie upper incisors ''in-

crease regularly in size from the first to the third, the latter being much the largest

of the series
; it has a conical or somewhat trihedral crown and resembles a canine

Fig. 9. Restoration of Skeleton of A. ingens Leidy. About iV "at. size. (After Seott.

)

in shape and appearance. . . . The other incisors have spatulate crowns, with
blunted tips, the attrition of use wearing down the apices as well as the posterior

faces of these teeth. This description applies more particularly to the larger White
River species, such as E. ingens and E. imperator ; in E. morioni the upper incisors

are of more nearly equal size and more conical shape." In speaking of the upper

premolars the same author states {I. c, p. 275): '' In the smaller species of the genus

such as E. mortoni, P-^ and P-'*^ are placed close together, while in the larger forms

these teeth are separated by a short space and the diastemata between the other

premolars and between P^ and the canine are relatively somewhat greater, the

enlargement of these teeth hardly keeping pace with the elongation of the muzzle."

The general contour of the skull in E. ingens is somewhat different from other species

especially those from the lower beds. Thus, Scott (^. c, p. 280) states : "Inmost
American species the forehead rises very gradually and gently behind to the sagittal

crest, but in E. ingens the rise is much more sudden and steep." The dependent proc-

ess of thejugal "descends from beneath the orbit downward and outward to below

the level of the ventral border of the mandible [and] forms a club-like thickening

at the tip, which . . . is coarsely crenulatc on the posterior border. . . . li\E. ingens,
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from the Titanotlierium beds, these openings [supraorbital foramina] are of good

size, are placed quite near to the median line, and have well-marked vascular

channels runnhig forward from them." On the ventral border of the mandible the

knob-like processes are well developed. In the type represented in Fig. 10, PL
XXVII (Ext. Mam. Fauna of Dakota and Nebraska) these proc-

esses are shown to be of quite large size. In the dorsal vertebree

of the specimen, which Professor Scott referred to E. ingcns, the
^

canals perforating the walls of the neural arch for the spinal

nerves are small and quite irregular in their position, indicating

that they had a less important function than was the case in

Fig. 10. lusideVievv

of Carpas of A. ingens

Leidy, showing Trape-

zium in Posifciou. ^ nat.

size. {Princeton Mus.

Cat. , No. 10885.

)

Dinohyiis and Sm. The trapezium (tm. in fig. 10) is present in

the manus of the splendidly preserved specimen in the Princeton

Museum.

Archseotherium coarctatum (Cope).

Type : A left mandibular ramus with molar-premolar series

complete.

Horizooi : Lower Oligocene, Titanotherium beds ?

Locality ; Cypress Hills, District of Assiniboia, Canada.

Locality of Type : Collection of the Geological Survey of

Canada, Ottawa.^^

The name Entelodmi m^ortoni was used by Professor Cope in his first report of

the presence of remains of th.Q Entelodontidx in Canada (17a, p. 163). Later he re-

ferred this material to ^' ElotJierium'^ coarctatum, which again Avas changed by him
in 1891 (23, p. 20) to " Elotherium arctatum." The type as figured on Plate XIV
(23) clearly indicates this species as valid and the more important characters mav
be quoted from Professor Cope's description :

" The species differs from E. mortoni,

with which it agrees nearly in size, in having all the premolars in a series uninter-

rupted by diastemata except a very short one between Pm. Ill and IV [1*^ and Tj].

Tlie second premolar [IV] ^^"is the most elevated, and the third and fourth [P-^ and

}^xY^^ are abruptly smaller. The fourth [Py] "'^ has one ^^ compressed grooved root.

• • . The posterior, or fifth tubercle is well developed, especially on the M. Ill

[M3]." 1^^ (See crown yigw in fig. 11.)

^^ Without catalog number.

^^ From the illustration it would appear that there were probably two roots on P^, perhaps coalesced near the

crown which is usual in many species from higher horizons.

'^'' The notatiuu of the teeth enclosed in brackets [ ] is given by the writer, iu order to facililate the understand-

ing of Prof. Cope's description, in which he used the now obsolete method of numbering the teeth from the back of

the jaw forward.

13a
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Professoi' Cope points out the "close-placed premolar teeth" and the elevation

of the anterior tul)ercles^' of the true molars as a more primitive character than is

displayed by an\^ of the American species so far known. To this may also be added

the abrupt reduction of V^, Avhich, though distinctly smaller than in A. morUmi,

is, however, again repeated in Dinohyus from the Miocene. The latter has 1\
and P-2 of ver}^ nearly the same relative size as in Arclixotherium coardatum. The

m,
^

X --^

/^

^ 3

:m^ 'o-^ .^>
€^

y
^

J(l|^'*^"u^

-:^- m \i!m

Fia. 11, Type of Archxolherium coardatum Cope. About I nat, size. (After Cope.

)

development of the posterior tul)ercles on Mg^ of the latter species seems to indicate

a slight advance in modification toward the later Ibrrns, Dinohyus nwd Ammodony

while in the typical forms of A- mortoni these tubercles are less developed,
r

Subgenus PELONAX Cope.

Pelonax ramosum Cope.
^

Type : The greater part of a mandible.

Horizon: Upper Oligocene?

Locality : Eastern Colorado.

Locality of Type: The American Museum of Natural History. (Cope Collec-

tion, No. 6393.)

In the original description (7, p. 27) of the subgenus Pelonax Professor Cope

enumerates strong specific characters, viz. : the ''great size of the tubercles on the
r

under side of the mandibular ramus, especially the anterior pair . . . the first and
r

'* It sliould Ije carefully Ijorne in mind tiiat all the species known From the lower Oligocene beds have the an-

terior cusps of the molars higher in a greater or less degree.
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second ot tlie four premolars are separated by a diastema and liave but a single ^'^ root

. . . the tubercles of the molars are low . . . the last molar two-lobed and rather

small," which should be regarded at least as of subgeneric value. Cope erected

the genus Felmiax in 1874 (6, pp. 504-505) and said that it embraces species

"nearly allied to Elotherium. It is more hippopotamoid than that genus \_Archxo-

theriuTrh] in the possession of four^' digits on all the feet and a rudimentary fifth on
the pes." The statement regarding the digits of Cope's genus Pelonax is misleading,

Fig. 12. Type of Fclonax rnmosum Cope. Cope Collection, No. 6393, About I nat. size.

but the very large tuberosities on the chin and the single-rooted premolars, together

Avith the characters enumerated above, are of considerable significance, and may
be regarded as characterizing this subgenus. More material representing limbs and
vertebrae associated with jaws and skulls from the type locality is of extreme impor-

tance in connection with the study of this subgenus.

Pelonax bathrodon (Marsh).
r

Tijpe : M3 of right side.

Horizon : Upper Oligocene. Protoceras Sandstones?

'^' In a letter of reply from Dr. Matthew, of the American Museum of Naturaf History, New York dated Feb- 2G

1908, I am assured tiiat Cope's statement regarding the siugle-rooted premolars is correct.

^''No true Eutelodonts from the Oligocene of America or Europe have as yet been found with four digits on all

tlie feet, as in hippopotamus.

.

f
',
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Locality : Bad-lands of South Dakota.

Locality of Type : Collection of Yale Museunij No. 12030.

The tooth figured in 1893 by Professor Marsh (63, Tl. IX, fig. 4), and referred

to the genus Ammodon, though inadequate as a type, fortunately shows characters

which at once separate it from Ammodon leidyanum, not only specifically, but also

generically (see fig. 13). In Marsh's original description in 1874 (59, p. 534), he

gives the principal characters of M-3- of his proposed species '' Elotherium " hathrodon,

which constitute the chief differences between that tooth of the latter species and

the genus Ammodon. Marsh says : '*This molar differs essentially from the same

Fig. 13. Last Lower Molar of F. hathrodon Marsh, \ nat. size. (After Marsh.)

tooth in the other known species of this genus [Elotherium'], especially in having

the anterior pair of tubercles much larger than the posterior pair, and elevated high

above thera." ^^ On comparing Marsh's figures reproduced in this connection (fig.

13) it is at once seen that the tubercles are more distinctly separated by narrow

longitudinal valleys, and that the cross-valley between the anterior and posterior

tubercles is open and very broad, which is due to the smalljievelopment of the pos-

terior tubercles ; a character common to the older American types of tlie family

Entelodontidx. In Ammodon and Dinohyus the development of the posterior tuber-

cles (ento- and hypoconids) is relatively greater and the cross-valley is very much
reduced in the antoro-posterior direction. The distinct development of the fifth

cone (hypoconid) in Ammod/)n leidyanum seems to have progressed in the same gen-

eral ratio as that of the posterior tubercles.

In the Yale Museum is a specimen of an Entelodont, which was collected in

1890 by Mr. J. Brown and bears the catalogue number 10008. This specimen is a

skull of a large individual apparently from the Protoceras sandstones of the Oligo-

cene. The front and back of this skull is broken ofi* so that its length cannot be

ascertained. The si/e of the molars corresponds quite well with that of the tooth

described by Marsh as the type of Pelonax hathrodon, and, from the fact tliat it was

'^This elevated position of the anterior portion of the crown seems to be greater than in FeJonaz potens.



PETERSON : A REVISION" OP THE ENTELODONTIDiE 59

found in the upper Oligoceiie, it would seem quite reasonable to suppose that it

belongs to the same species.

The premolars of this skull are rather pointed, with wrinkled enamel, and with

comparatively small antero-posterior diameter, approaching Dinohyus in these char-

acters. P^ has asmall paracone and avery strong cingulum, which nearly surrounds

the tooth ; . the external face is quite smooth, except the posterior and anterior angles.

The molars have distinctly separated tubercles and rather broad or open cross-valleys.

Opposite the cross-valley on the internal faces of M- and M- the heavy rounded

cingula, or swellings, which arc so prominent in Dinohyus hollandi, are indicated.

The anterior tubercles of M^ are well separated, while the posterior tubercles are
t

fused and elevated posteriorly, so as to form a basin of the cross-valley ; the tooth

as a whole is relatively small when compared with Dinohyus.

The frontals are much less inflated tlian in the type of Dinohyus. Judging from

the crushed condition of the skull, I am inclined to think that the anterior border of

the orbit is opposite the posterior part of M-, or perhaps somcAvIiat further back.

The anterior border of the posterior nares is opposite the posterior part of M-.

The dependent process of the jugal is very broad and extends well down.

A second specimen in the Yale Museum, which may be referred to Pelonax

hathrodon (No. 10009), is a skull and lower jaws of a rather young individual. This

has an unusual development of the posterior basal tubercles (hypoconulids) of the

lower molars. The onto- and hypoconids of My and M^ are also"relatively high in

comparison with most Entelodonts from the Oligocene, while those of M3 are low

as in the type of Pelonax hathrodon and the cross-valley is also broad in the same

manner.
Measuhements.

SlvuU No. lOOOS, Yale Museum.

Mm.

Total length of the skull fragment about 540

Breadth of skull at M^ 144

Antero-posterior diameter of P^ 33

Transverse " " P^ I9
" " "P^ 28

An tero-postcrior " " P-"- 41.

5

"P' 31

Transverse " " P^ 34
" " " Mi 40

Antero-posterior " " M^ 3g
^^M^ 'Z^^, 39.5

Transverse *' '' M?- 43
'' '' '^M^ 37

Ajitero-posterior *^ '* M^ 633

i
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Pelonax potens (Marsh).

Type : Greater portion of left ramus and symphysis.

Horizon: Not indicated; most probably upper Oligocene.

Locality : OHgocene of Colorado.

Locality of Type: Collection of Yale Museum, No. 12042.

The most conspicuous feature of this type is the great development of the ante-

rior dependent process of the inferior face of tlie lower jaw, which, as in Felonax

ramosuTii, gives to the chin an unusually short and rather broad appearance. The

alveolus for Pj- indicates that the roots were weiP'' coalesced near the crown,

a character usually found in types from the upper Oligocene, and which should be

regarded as of subgeneric value. The antero-posterior diameter of Pg- must have

Fig. 14. Type of P. potens Marsli. About J nat. size. (Yale Museum, No. 12042.)

been quite great, judging from the space which the alveolus occupies. The molars

indicate a smaller individual than Pelonax hathrodon, as stated by Marsh (63, p.^410),

but possessing the same characters as the latter, i. e., the anterior tubercles of the

molars are higher tlian the posterior, and the latter separated from the former by

broad, transverse valleys. When more complete material from the Oligocene of Col-

orado is found, the vahdity of the type of Pelonax potens will be more satisfactorily

established.

^^In Pelonar, ramosum Pj and P^ are apparently single-rooted.
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Subgenus (?) BOOCHCERUS Cope.

Boochoerus humerosus Cope.

Ty2)e : A portion of a skeleton without the skull or teeth.

Horizon: (Upper?) John Day For-

mation.

Locality : John Day River, Oregon.

Locality of Type : The American Mu-

seum of Natui-al History, Cope (Jollection,

No. 7380.

The genus Bobchmrm was proposed by

Cope and the type was fully described in

1879 (10, pp. 59-66). This John Day

form has been regarded as belonging to

Archxotherium by autliors who have occa-

sionally referred to it, and it is even now

difficult to correctly place the remains

generically, as there are unfortunately no

remains of tlie skull or teeth with the type.

The present arrangement must, therefore,

be regarded as only provisional, pending

the discovery of more material in the typi-

cal locality.

After restudying the type, and after

comparing it with the splendid skeleton of

Dinohyus hoUandi from the Agate Spring

Fossil Quarries, as well as with the Prince-

ton specimen of Archxotherium ingcns from

the Titanotherium beds, which was de-

scribed by Professor Scott, it appears that

there are certain characters of generic

value. When the skeleton of Dxodon is

thoroughly known, BobcllWrilS may pOS- Fig. 15. Front and inside view of Right Forefoot of

sibly have to be referred to that genus. ij. /™me)Mi(s cope. About ^ nat. size. {Cope collection,

Princi'pal characters of Boochosrus hu-

TTierosus : On comparing Bobchwrus Immerosus with Dinoliyus JioUandi it is quite ap-

parent that the humerus in the former is relatively long and the manus^" broad

2° Although B. humerosus is heavier thau D. hollandi, the feet of the former are considerably shorter and broader

than in the latter.
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(21, p. 168) and short (see figs. 15 and 16). The absence of an articular facet for

mt. Ill^^ on the lower tibial angle of the cuboid in the John Day form is also a

noticeable feature. Bodcho3Tus hvmierosus differs from Archxotherium, ingens by the

absence of the trapezium and by the fact that the unciform and magnum do not

t ^

FiG- 16- Left Humerus of B. Jmmerosus Cope,

About }- nat. size. (Cope Collectiou^ No. 7;J80.)
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Fig. 17. Right Hiud Foot of

B. humerosus Cope. (Coi^e Collec-

tion, No. 7380.) ^ nat. size.

touch one another dorsally when in position in the carpus.^^ From both Dinolvyus

hollandi and Archasotherium ingens the John Day subgenus differs by a relatively

greater transverse diameter of the distal end of the femur.

Additional specimens from the John Day formatioii Avill undoubtedly give more

complete information regarding this proposed geims. Cope states (10; p. 60) that

the "remains indicate an animal of the size of the Rhinoceros indicus. The animal

is characterized by the massive proportions of the humerus as compared with the

femur, and by the short robust form of the metapodials."

*' The head of mt. Ill in the type of Bodcho'rus is restored on the fiholar angle, bat it was evidently tlie same as

in Archxotherium ingens, judging from the absence ot the facet on the lower tibial angle of the cuboid.

22 Cope says {21, p. 171) that the lunar has penetrated so far as to almost divide the second row of carpals.
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Genus D^ODON Cope.

A description of this genus Avas given by Professor Cope in a paper (9, p. 15) read

before the American Philosophical Society, November 15, 1878, and published on

December 3, of the same year. Owing to the very poor condition of the type, Cope

Fig. 18. Type of Dseodon fthoshonensis Cope. About ^ nat. size. Cope CoUectiou, No. 7367. Oblique View to show

symphysis.

was unable to give any characters, except the absence of the osseous tuberosities on

the anterior under borders of the lower jaws, which differ from those of the Ameri-

can Entelodonts generally. Cope placed Dxodon in the suborder Perissodactyla

and associated it with Titanotherium and Chalicotherium. The genus has hitherto

been regarded as belonging to the Perissodactyla and Zittel (99, p. 304) referred to

it with a misprint under the name Daledon in connection Avith the synonymy of

Titanoihermm.

The fortunate discovery of additional material, which undoubtedly belongs to

this genus, by the California University and published by Dr. W. J. Sinclair (89,

pp. ] 32-134), furnishes much welcome light on the subject, and it now appears that

Dxodon may confidently be removed from the Perissodactyla and placed in the

family Entelodontidx,

Principal Generic Characters of Dxodon: Chin without knob-like processes on

the under border
;
posterior mandibular protuberance small and hollow; a grad-

ual backward slope of the dependent angle of the lower jaw; jugal process with a

moderate downward extension ; fibula not'-^ co()Ssified with the tibia.

^^ In a letter from Dr. E. L. Furlonff, of the California University, Berkeley, California, he assures me tliat
'

' there
is no fusion of the shaft of the libula with the tibia."

W

[V

\ I

I
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Daeodon shoshonensis Cope.

Type ; Symphysis of lower jaws.

Horizon : (Upper?) John Day Formation.

Locality : Bridge Creek, Wasco County, Oregon.

Locality of Type : The American Museum of Natural History (Cope Collec-

tion, No. 7387).

The principal characteristics of the type are the absence of the osseous bosses on

the chin and the evenly rounded under surface of the symphysis. Only the roots of

the teeth are preserved in the alveolar border of the type. These show that there

"were three incisors, a canine, and two premolars. The roots of the median pair of

incisors are laterally compressed and indicate that they were small as in Dinohyus

hollandi. Ig and I-3 were evidently much increased in size, l\ is close to the canine

and Pa" is separated from Yj by a short diastema as in Binohyus. That Professor

Cope had compared the type of Dxodon with Archseotherium is evident from his

statement (9, p. 15) that "the canine teeth are very robust, as in the species of

ElotheriumJ^ but he associated Dxodon with ChalicotJicrium and Titanotherium, per-

haps wholly on account of the absence of the large dependent processes of the chin.

In this connection I may state that the symphysis of Moropus is much more pro-

cumbent and is of a decidedly more delicate structure than in the type of Dxodon.

No Titanotheres have as yet been found in the John Day horizons, while Entclo-

donts of the same size are sometimes discovered.

Measueements of the Type Specimen oe Bwodon shoshonensis.

Mm.
Greatest antero-postei'ior diameter of symphysis ^* 164

" transverse " " " at Ty 144

Vertical diameter of ramus at Py 100

t

Dseodon calkinsi (Sinclair).

Type: Skull, several vertebnjo, and portions of fore and hind limbs.

Horizon : Upper part of the Promerycodiwrus beds.

Locality : Bridge Creek, Wheeler County, Oregon.

Locality of Type : Paleontological Collection of University of California, No. 953.

From the description and figures of Dxodon {Elotherium) calkinsi (89, p. 134,

PL XV) it is quite evident that the specimen pertains to the genus Dxodon de-

scribed by Cope in 1878(7, p. 15). Although the type of the latter represents an

animal of considerably larger size, it agrees perfectly, so far as comparison can be

made, with the species described by Sinclair. The character by which D. calkinsi

^* The alveolar border is broken, wliicli naturally reduces thcantero-posterJor diameter to some extent.

I

\
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is specifically to be separated from D. shoshoncnsis is principally the smaller size, so

far as can be determined by comparison of the two. Sinclair states that the type of

D. calkmsi represents a very old individual and that many of the teeth are shed and

Fig. 19. Outline of lUustratiou of Skull of D.Todon calkinsi (Sinclair). (After Sinclair.)

the alveoli closed. '^2 • • • resembles the smaller premolars of the upper scries.

Antei'ior and posterior cingula are well developed on the lower molars. In My the

hypoconnlid is not differentiated from the posterior cingulum, which projects

slightly, forming a very small heel. ...

"The mandible is peculiar in the absence of tlie knob-Iiko bosses on the chin

The protuberances beneath F4 are small and deeply cupped. The dependent angle

slopes gradually backward without the abrupt downward curvature characterizing

^. ingens. ...

"The chief point of specific value attaching to the cranium is in the shape and

direction of the jugal processes. These" processes are plate-like with a thickened

median rib. The free edges, especially the anterior, are thin and sharp. The

processes are short, not extending below the lower mandibular border. The orbits

are posterior in position, their anterior borders lying above the posterior edge of !NP-."

The unciform and tibia were kindly sent to the writer for purposes of study

by Professor John C. Merriain of the University of California. It is at once notice-

able that the lunar facet of the unciform is more elevated than in Dinohyiis and
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that the small facet for the magnum on the proximo-radial angle is more nearly

radially in position as in the Oligocene genus Archxoiherium. The unciform and

magnum apparently articulated dorsally as in the latter genus. There are other-

wise no marked differences between these two bones in Dxodon and Dinoliyus.

MeASUUEMENTB of UNCTIi'OUM.
Mm.

Greatest antero-posterior diameter 43

" transverse '* 40

" vertical " 35

The tibia in general resembles that of the Oligocene type rather more strongly

than the later Miocene form. The fibula was not coossifted with the tibia, although

a rough border on the fibular side of the tibia indicates that the two bones were in

close proximity to each other. On the anterior termination of the intertrochlcar

ridge of the distal end of the ti})ia is a facet, which indicates that upon extreme for-

ward flexure of the tibia this facet articulated with a corresponding facet in the

large pit on the anterior face of the astragalus, as in Dinoliyus. The general features

of the tibia are otherwise quite similar to those in the Entelodonts generally. The

proximal end of the tibia is wanting, as is also the external portion of the distal end,

in the specimen here described.

Measurements of Tibia.
Mm.

Greatest length of the fragment 276
'

' transverse diameter of shaft, medially 40

" antero-posterior diameter of shaft, medially 32
" " " " " distal end 42

Genus DINOHYUS Peterson.

(Plates LV-LXL)

In 1905 the writer sent from the field the original description of this genus to

Dr. W. J. Holland, Director of the Carnegie Museum, who suggested the name

Dinochoi'nis ; the description was published in Science (78, pp. 211-212). Later

Dinochcerus was found to be preoccupied, and a note of correction by the writer

appeared the same year in Science (79, p. 719). The skull and lower jaws were

pubhshed in 1907 (81, pp. 49-51, Pis. XVI-XVII) and the detailed description of

the skeleton is found on pages 77 et seq. of this memoir.

Dinohyus hoUandi l*eterson.

Type : A nearly complete skeleton.

Horizon : Lower Miocene (Lower Harrison beds).

Locality : Agate Spring Fossil Quarries (Quarry No. 1), Sioux County, Nebraska.
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Locality of Type : The Carnegie Museum (Catalogue of Vertebrate Fossils, No.

1594).

Principal Generic Characters of Dinohyus: Median incisor reduced and some-

tijnes wanting. Transverse diameter of P^ nearly equal to the antero-posterior, P4

with large deuterocone ;
the crown subquadrate in outline and the tooth of rela-

tively small size; a tendency to increase the antero-posterior diameter of M^, and

the meta- and hypocones of relatively large size
;
lower molars Avith subequal

height of posterior and anterior tubercles ; the tubercles separated by narrow cross-

valleys ; the trigon lost ; all the premolars spaced ;
dependent process of the jugal

of proportionally small size and the posterior termination of the zygomatic process

developed into a strong buttress at the anterior border of the glenoid cavity
;

small bony eminences on the chin and a strong knob-like process on the inferior

border of the ramus opposite V^ ; a relatively gradual backward slope of the angle
;

relatively short alveolar border of the premaxillary and rather short chin
;
verti-

cal and transverse canals of the dorsal vertebrae as in Sus
;
fibula coossified with

the tibia ;
trapezium absent and mt. V sometimes absent.

Genus AMMODON Marsh.

Although Professor Cope (5, p. 704), Leidy (50, p. 388), and Marsh (57, p- 3),

referred to the New Jersey specimen, there was no adequate description of the type

until 1893, when the latter author gave a short description together with good illus-

trations (63, pp. 409-410).

Knoum Generic Characters of Ammodon : P^ of relatively large size
;
large hypo-

conulid on M^ ; anterior and posterior tubercles of loAver molars subequal in height

;

the loss of the trigon ; cross-valleys narrow ; type representing an animal of large

size.

Ammodon leidyanum Marsh.

Type : P^ ; Neotype : M^ of left"' side.

Horizon : Middle Miocene ?

Locality : Near Farmingdale, Monmouth County, New Jersey,

Locality of Type: Collection of Yale Museum, No. 12040.

From Marsh's description (63, pp. 409-410) and also from my observations

upon the specimen it seems quite probable that P^ and M3 "which Marsh described

belong to the same individual. Working on this hypothesis it would seem

that P4 is of greater proportionate diameter than in Dinohyus hollandi. The poste-

rior heel of \\ in Ammodon is also lai'ger than in Dinohyus, which is due to a heavy

^^ Profeasor Marsh mistook the left M^ for that of the right side, a mistake which might lead to confasion.
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cingulum surrounding it in the former genus, but which is absent in Dinohyus.

Furthermore, in the type of Ammodon the crown is somewhat higher and on the

posterior face there are two mammilated ridges of considerable prominence

Fig. 20. Type of Ammodon leidy-

anum Marsh. Internal and Crown View
of P^. % nat. size. (Collection Yale

Museum, No. 12040.)

Fig. 21. External and Crown View

of M3 of Neotype oi Ammodon Uidyanum,.

f nat. size. (Collection Yale Museum,

No. 12040.)

I

which take their origin, one at the postero-internal angle and the other at the

antero-external angle of the heel, and continue to very near the apex of the crown

(see fig. 20). In Dinohyus liollandi there is only a slightly uneven folding of the

otherwise smooth enamel on the posterior face of the protoconid, and there are no

decided ridges. M^ of A niraodon leidymium is very

similar to that in Dinohytts liollandi. In the for-

mer the posterior heel (hypoconulid) is of rela-

tively greater development (see fig. 23) than in the

latter, and the tooth has a continuous cingulum on

the antero-external and antero-internal faces, while

the corresponding tooth in Dinohyus has the cingula

represented on the postero-external, and but very

slightly on the external and internal angles of the

anterior face. The teeth of Ammodon leidymium are

Fig. 23. External and Dorsal View of larger than thosc in Dinohyus and represent an even

Fragment of Astragalus of Ammodon? \ moYQ modified type than the latter.

nat. size. (Cam. Mus. Cat. Vert. Foss., tt r j_ i ^ ^^ l r a 7 i.iUnfortunately the type of Airimodon is rather

inadequate and consequently the basis of compari-

son is very limited, but the characters enumerated above would seem to indicate that

the geological horizon in which the New Jersey specimen was found, represents
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deposits as late, or perhaps later, than the lower Harrison beds of Nebraska, in

which the type of Dinohyus was discovered.

In this connection it is of interest to note that a portion of an astragalus of an

E'lUelodont of very largo size was found in 1901 on the surface near the top of the

upper Harrison beds in the upper Niobrara val]ey. This fragment (No. 1548, Carn.

Mus. Cat. Vert. Foss.) althougli considerably worn by the elements, plainly indicates

characters that are diflerent from those in the corresponding bono of Dlnohym.

Not only is the bone larger in size, but its sustontacular facet is proportionally of

greater vertical convexity and the distal portion of the bone is produced anteriorly

to a much greater extent than iu Dlnolujtis. This peculiar feature of the astragalus

under description would seem tojindicate that the tarsus of this genus [Ammodonf)

had a somewhat different angle.

Species tfir Generic Location of Which is Dottrtful.

Elotherium imperator Leidy.

Ttjpe : A canine, an incisor, and a portion of the crown of a premolar tooth.

Horizon : Middle John Day beds?

Locality : Bridge Creek, and John Day River, Oregon.

Locality of Type : National Museum, Washington, D. C.'P^

The first specimens of Entelodonts, which Professor Leidy reported from the

John Day Basin in 1873 (53, pp. 217, 320), are altogether indeterminable generically

and specifically and consequently inadequate as types. '^ Elotherium imperator'''

should therefore be regarded only as an historical record of the first report of the

existence of Entelodonts in the John Day formation.

Elotherium superbum Leidy.

Type : An incisor tooth.

Horizon : Miocene ?
4

Locality : Douglass Flat, Calaveras County, California.

Locality of Type : Unknown to the writer. [ v^^ i 7. ^

The type of ''Elotherium sthperhwn'' is altogether inadequate, and its geo-

logical horizon is apparently uncertain. The record (49, p. 175; 50, p. 388) of this

species should be regarded as only possessing value from the standpoint of history

and geographical distribution.

^'' No cataloK number at this writing has been given to the specimens.
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The History of the Discovery of the Agate Spring Fossil Quarries,

Where the Skeleton of Dinohyus Hollandi was Found.

While engaged in field work for the Carnegie Museum on the upper Niobrara

River, locally known as Running Water, Sioux County, Nebraska, in 1904, the

writer had often been invited by Mr. James H. Cook to visit his ranch, the Agate

Spring Stock Farm, located on that stream, some twenty-five or thirty miles east of

the Nebraska-Wyoming state line. One day in the latter part of July, I decided to

break camp and go down the river in search of new localities for fossils and also to

study the geological features of the neighborhood more fully. As Mr. Cook's ranch

was on our way down the stream, it was decided to pay him a visit, and accord-

ingly we stopped at his ranch. After a camp-ground had been pointed out to me,

Fia. 23. Ranch-House of Mr. James H. Cook, Agate ^Spring Stock Farra. (From a photograph

by Mr. Albert Thomson.)

on top of a high butte immediately to the south of the farm buildings, and arrange-

ments for wood, water, etc., had been made, the preliminary work of prospecting

the neighborhood was at once under way. A day or two later Mr. Harold Cook,

the eldest son of Mr. James H. Cook, accompanied the Avritcr to a small elevation

some four miles to the east of the farm buildings and immediately beyond the east-
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ern limits of the laud belonging to the ranch.^' The talus of this low hill was dis-

covered to be filled with fragments of boueSj and was afterwards designated as quarry

A (See fig. 24, A). On our return to the ranch 1 reported to Mr. James H. Cook

I

Fia 21 View of the Buttes Sliowinj^ tlie Location of the Different Quarries. Nos, 1-3, Quarries of the Carnegie

Museum, AM, American Museum of Natural History. NU, University of Nebraska. A, Quarry A. (From a

photograph by the writer.)

r

that the place which his son had shown me was of much interest and importance to

me and that I wished to start the work of excavation on tlie prospect immediately.

This was entirely satisfactory to Mr. Cook and his family. In fact there was evident

satisfaction on the part of Mr. Cook tliat I had found something which I regarded as

of interest and importance near his farm, and I was accorded every civility, which

I could possibly desire. As I wished to bo near my work, Mr. Cook invited mc to

camp in his " lower field." Accordingly our first camp was pitched on the south

bank of the stream close to the hill and the operation of excavating in quarry A
was begun during the last few days of July. We had worked three or four days in

this quarry when I decided to visit the two buttes (since named Carnegie Hill and

University Hill by Prof. E. H. Barbour) which lie about three hundred yards to

the south of the place where we were Avorking. One may easily imagine the thrill-

ing excitement of a fossil-hunter when he finds the talus of the hillsides positively

covered with complete bones and fragments of fossil remains.

It was Avith comparatively little effort that I was able to articulate portions of

"Mr. James H. Cook informed me tliat fall that tlie hills containing the fossils were on his ground (80, p. 487)
;

this statement was found afterward to he founded upon an error, and Mr. Harold Cook has since (1908} filed on this

government land.

»
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the feet of .Diceratherium coohi and Moropus using the disassociated bones picked up

in great abundance in the talus. Here then was a veritable wonderland ! I spent

a considerable portion of the afternoon before I returned to where my assistants,

Mr. T. F. Olcott and A. A. Dodd, were at work. The next day I again returned to

the hills with wrapping paper, twine, and a sack in order to pack and bring down

the bones which I had picked up the previous day ; and also to more fully ascer-

tain, if possible, the extent of these deposits. A few days later when I reported my
additional find to Mr. Cook, I leai-ned that I was perhaps notithe original discoverer

of the bones in these two hills, as he told me that he had seen bones there as long

Fig. 25. View o£ Carnegie Hill and University Hill, Showing Quarries No. 1 and No. 2 of the Carnegie Museum on

Carnegie Hill, and Qnarry of the University of Nebraska to the left. (From aphotograph by the writer.)

ago as 1890, but always thought them to be of recent origin. In 190<S I was further

convinced that the bones in these hills had been seen even earlier by Mr. Octave

Harris,28 a prominent ranchman of the neighborhood. To Mr. Cook is, however,

due much credit, as these deposits of bones would perhaps not have been brought to

the attention of paleontologists at this time, had he not invited me to his ranch.

In looking over the whole situation it was plain that the deposits required more

time and assistance than I then bad. Together with this fact I may mention that

I had not been well all thaf spring; in fact I was obliged to leave the field on

account of sickness a!)out the middle of August. I wish to here acknowledge, with

much appreciation, the kind and sympathetic treatment I received from Mr. Cook

and his family during my week of sickness at his ranch. Before leaving for the east

^^ Mr. Harris extended niuoh aid to our party during onr last ( 1908) season's work in the quarry, and the interest

which he took in our work is heartily appreciated and most gratefully acknowledged.
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I assured Mr. Cook that I would be back the following spring to systematically

take up the work in the hills, which decision he assured me was in accord with

his wishes.

Early in the spring of 1905 the writer accompanied by Mr. T. F. Olcott resumed

work in quarry No. 1 (see fig. 25). Mr. Cook impelled by curiosity had already

started in the previous fall to excavate in quarry No. 1 (see Plan of Quarry, PL

LIV, Cook Excavation), but after earnest entreaty by letter to await the coming of

more expert help desisted from his work. Many piles of fragments were found on

the edge of the opening which had been dug out by Mr. Cook. These fragments

were carefully gathered and packed before the commencement of systematic excava-

tions. The work being fairly started, Mr. Olcott was left in charge of the quarry,

while I returned to Pittsburgh in order to attend to other duties in the museum.

Thus was started one of the most important fossil quarries ever found in North

America.

When I again returned to the field later in the season, Mr. Olcott was still

engaged in the same hill, while Professor E. H. Barbour, of the Nebraska State Uni-

versity, had been invited by Mr. Cook to open a quarry in the adjoining hill, after-

wards named by Professor Barbour "The University Hill." Much material had

been uncovered in quarry No. 1 among which the most important were bones of

Moropus, many individuals of Dicerathernim and an unusually well preserved, and

pretty nearly articulated skeleton of a gigantic Entelodont (see PL LIV, Plan of

Quarry, Blocks Nos. 61, 86 in Sect. 4). The discovery of the latter was a surprise,

nothing having hitherto been found representing this family in the lower Miocene

of Nebraska. One hind limb and most of the parts of the skeleton anterior to the

pelvis Avere recovered. The pelvis, the lumbar vertebrfc, and perhaps also one hind

limb^^ were unfortunately dug out by Mr. Cook and those assisting him and only

portions of four vertebrai and the pubic symphysis of the pelvis were recovered,

from the fragments left on the edge of the quarry.

The skull was almost in contact with the atlas. The cervical and dorsal verte-

brae were found in a successive series back of the skull, the dorsals being articulated

^y their zygapophyses (see Plate LIV, Sect. 4, Blocks 61, 72, 86). The greater

number of the ribs and the sternum were found in close proximity in their relative

positions, while one hind limb was found a sliort distance from the main portion of

the skeleton. The fore feet were scattered. There is, then, no doubt that the fol-

lowing description of the skeleton is that of one individual.

In addition to this skeleton there were found, in Sections 16-21 in quarry No.

23 The head o£ a femur, which may or may not pertain to this specimen, was found on the dump.

I
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Ij opened in 1908 by the writer, many other bones, fragments, and scattered teeth

of'Dlnohi/us. Some of these fragments were much worn by the elements before

they were finally deposited, indicating that tlicy were probably transported by a

V '

^-. -Cv

"^*;slvj

Fig, 26, At Work at the North End of Quarry No. 1, (From a photograph by Professor Barbour.)
p

I

stream of water. When this additional material is used in this paper its catalog

number is always mentioned in connection with the description. •

n
r

Geological Notes.
r

^
. .

. The lower Miocene of western Nebraska and eastern Wyoming has been sub-

divided into four horizons. Successively overlying the Oligocenc formation tliese

horizons are; (1) the Geriiig beds; (2) the Monroe Creek beds; (3) the lower

Harrison beds
; (4) the upper Harrison beds. The latter liorizon is capped at

Spoon Butte and other high elevations on the divide between the Niobrara and

riatto rivers, by a hard stratum of pinkisli-gray sandstone (81, p. 23, fig. 1
; 72f, p-

73). This sandstone is from twenty-five to fifty feet (or about seven to fifteen
F

meters) thick. No fossils have been found in this stratum on Spoon Butte by which

its relative age can be determined. It is perhaps of considerably later origin than
r

the Harrison beds, and may even be as late as the Pliocene. For convenience in

this connection tliese beds may be called T/te Spoon Butte hcds}^

It also appears, judging from the fauna of the upper Harrison beds, that this
J J

3" From a recent publication by Dr. Mattliew (Science, N. S., Vol. XXIX, No. 735, p. 19G, 1909) it would seem

that these beds may be regarded as representing the Ogallala formation.
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horizon of the Miocene exposed along the upper Niobrara, should be regarded as

the base of the middle Miocene, or a horizon filling, in part at least, the hiatus

between the lower and the middle Miocene. Places of non-conformity betAveen the

upper and lower Harrison beds are frequently found, the first of which observed by

the writer in 1901 is situated immediately east of the Niobrara-Wyoming State line.
r f

Spoon BaTIe Beds
) BO-ft,

Upper Harrison Beds
'I

200ft.

Lower Harrison Beds
200-rt

Monroe Creek BeAs

300 ft

Genngj BeJ3
20Oft

Oliaocene Beds
^150ft

Fjq. 27. Diagrammatic Section of the Miocene Beds in Western Nebraska and Eastern Wyoming.

This is in reality the type locahty of tlie npper Harrison beds, which were called

to J. B. ITatcher's attention by tlie writer in 1901. Hatcher, then Curator of

Paleontology of the Carnegie Museum, decided these beds to be the " Nebraska

beds " of Scott. Viewing these beds from the standpoint of certain portions of the

fauna (81, p. 56) taken together Avith lithological characters, the sediment bcing
usually of a darker color, it would seem that a natural division between the lower

J--' -^1^1

and middle Miocene may be established at the contact of these two liorizons.

As has been stated elsewhere (80, p. 487; 81, p. 41) the Agate Spring Fossil

Quarries are located in the lower Harrison beds. The origin of the deposit in which
the fossil bones of these quarries are found is most likely a stream deposit. In sup-

port of this view may be cited the fact that the pax'ting plane underneath the la3'er

carrying the bones is a few shades darker in color than that laver itself, and the

MOfK>PJ5

eoHE L ^ren

BDUE&

— Hflrd, Jigl.r colored ConcreT^ons '

^ fQ- 28. Section of Face of Quarry of University of Nebraska at tbe End of the Season of 190S, showino- channels in the

stratum supporting the fossiliferous layeis. The Nos. 1-20 indicate sections 5 ft, in len*^th,

bones are often closely packed in irregular channels and pockets, which vary in

thickness from two or three to eighteen or twenty inches (8 to 50 cm,). The sur-

faces of the bones are sometimes highly polished and worn^ and there are numerous
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fragments of bones which are worn down to the shape of a pebble. These conditions

could have been brought about in no other way than by the action of water in

motion. There was here most likely a stream of considerable magnitude, instead

of a lake, as was suggested by the writer (80, p. 49). The fossil-bearing bed has all

the appearance of a stream the bottom of which was covered by quick-sands. In

the quarry located on " University Hill " (see fig. 28) there arc distinct evidences

of narrow and rather shallow channels, which were separated by sandbars of greater

or lesser dimensions. The bone-layer of this quarry is thus, irregularly separated,

although confined to one general level throughout portions of the base of the hill.

It seems reasonable to suppose that in the immediate vicinity of the Agate

Spring Fossil Quarries the ancient fauna of the region found a favorite crossing of

this stream. The remains of the unfortunate animals which attempted to ford the

river under unfavorable circumstances furnish the records which the collector is

fortunate in securing, and which* give a glimpse into the struggle for existence in

those early times.

In this connection it is interesting to note certain topogi^aphical features in the

vicinityof the Agate Spring Fossil Quarries. In this region the general direction of

the Niobrara River is east and west. Very often the side canons of this stream ex-

tend in a direction contrary to that which one would naturally expect. The draws

and canons on the north side extend diagonally southeastward and in a perfectly

natural direction towards the main stream, while very often the canons on the south

side extend diagonally northwestward or up-stream, which is generally regarded as

a feature of stream piracy. This anomalous feature was quite perplexing to me for

some time, and it was not until I had studied the character of the sediment in con-

nection with the topography that any tangible explanation was reached. It is a

well-known fact, which has been observed by Darton, Hatcher, Peterson, and others,

that in these Miocene beds are masses of pipey concretions of greater or less extent,

which always have their long axes directed in a nearly northwcst-and-southeast

direction. The canons to the north of the Niobrara would have no difficulty in

cutting their way through to the river in a natural course, while those on the south

side of the stream would sometimes have to accommodate themselves to the up-

stream direction which is the course of the least resistance to the erosive elements.

In this way there are developed sharp ridges and hogbacks, nearly always in the north-

west and southeasterly directiori on either side of the river. Chimney-rocks and

pillars of numerous shapes are seen along the course of the Niobrara River for some
F

forty miles in this genera,l locality.

The entire Miocene section, and especially the lower Harrison beds, are appa-

'



PETERSON : A REVISION OF THE ENTELODONTID^ 77

»

I

rently of considerably later age than the John Day formation in which Entelodonts

have been discovered, judging from the fauna which has been published elsewhere

(81, pp. 34-56). That some genera of the Enidodoniidm continued to the close of the

lower Miocene is now well established ; indeed it would perhaps not be surprising to

find them represented in the middle and possibly in the upper Miocene. Dinohyus,

which was discovered in the upper part of the lower Miocene beds (lower Harrison

beds), was in all probability followed in the Miocene in New Jersey, by Ammodon

leidyanum, which is without much doubt a later form.
r

Detailed Description of Dinohyus Holland! Peterson.

The Superior Dentition.

(Plates LVII and LVIII.)

The median pair of incisors are lost in the type, but the alveolus of the right

side is complete, and indicates a proportionally small tooth.^*^" I^ is present and is

much worn on the apex and the internal face
;
the tooth

has a crowded position, and its antero-posterior diameter

is greater than the transverse. I^- is the largest of the

incisors and is about twice the si/e of I^ ;
it has received

much wear on the postero-lateral angle from contact with

the inferior canine, and the apex is also much worn. The

antero-posterior diameter of this tooth is, as in its prede-

cessor, the greatest. All the incisors are more crowded

than in the Ohgocene forms generally. It is also notice-

able that the transverse groove immediately above the

enamel band, which Professor Scott refers to (87, p. 274),

is very well developed in the type, and could not have

been caused by the wear of the lower teeth.

As in other forms of the family, the canine tooth is

very large, recurved, and has an enormous fang. In the

present specimen the apex of the tootli has received con-

siderable wear as has also the antero-internal face. There

is a light cingulum on the posterior face, but externally the enamel is smooth.

The first, second, and third superior premolars in Dinohyus are in general quite

similar in shape to the corresponding teeth in Entelodon magnum of Europe. They

^"^ A preniaxillary bone (No. 2H5, Cam. Mus. Cat. Vert. Foss.) in tlie collection from the Agate Spring Fossil

Qaarries, {Quar. No. I, Sect. 19), which is here referred to Dinohyus, has only two alveoli, the median incisor having

dropped out and the alveolus closed.

Fig. 29. Oblique Side Views of

Premaxillary Bone of 7). hoUnndi

Petersou. (Cam. Mus. Cat. Verl.

Foss., No. 2145.)
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are, however, relatively small, P^ especially so, and tlie whole series is more spaced,

while in the latter genus the second premolar forms a closed continuous series with

the posterior' teeth, and P^ only is widely separated by a diastema. In
pi and P-^ are widely separated and P^ and P-^ are separated only by a very short

diastema. Back of P^ the dentition forms a continuous closed series. : [ '

P- is of relatively large size with a simple crown, the apex of which is placed

well forward the cingulum is quite heavy on the antero-internal angle and the

^ p

Fig. 30. Upper Right Canineof Type of Dinohyus hollandi Peterson, f nat. size. {('arn. Miis. Cat. Vert. Foss., No.

1594.

)

-
r

L

heel slopes rapidly behind. P-^ is of about the same size and shape as P \ except that

the antero-internal cingulum is slightly more developed and extends further toward

the external face of the tooth. The enamel of this tooth is less crinkled than that

of pi. P-^ has a relatively smaller antero-posterior and a greater transverse diam-

eter than in the Oligocene forms. This transverse enlaro^ement of the tootli
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causes n cliaracteristic triliedral cross-section, which is very mucli less apparent in

the forms from the Oligocene. The tooth is slightly larger than F-. The entire

crown is practically taken up by the large protocone. The ciuguluni has developed

into a narrow shelf on the antero-internal angle and continues in a much less con-

spicuous manner on the internal face, terminating in the heavy cingulum posteriorly.

1*- has no cingulum externally, which is also true of all the other premolars, and

its transverse is slightly greater than its antero-posterior diameter. The tooth has

a proto- and a deuterocone. The latter is relatively more developed than in Entelo-

don. There is a heavy cingulum posteriorly and on the antero-external angle a

prominent basal heel is developed, but there are no external or internal cingula.

The molars of JJinoItyus are more specialized than those of Archxothermm, as

is shown by the fact that the tubercles of the crowns are more depressed and consoli-

dated, and the posterior portion of M- is relatively more developed than in the

Oligocene geims. The crown of M- in the type specimen is much worn, so that it
r

shows two large and irregular ti'acts with the bottom of the cross-valley extending

beyond the triturating surface, especially on the inner portion of the tooth. There

are heavy cingula anteriorly and posteriorly and a less developed cingulum exter-

nally, Avhile internally the tooth is smooth. M^ is the largest of the series ; the

principal diPPerence between it and the corresponding tooth in the Ohgocene forms
ri r

'

(especially those from the lower Oligocene) is revealed in the interruption of the

internal exit of the cross-valley by a heavy rounded ridge (see PL LVHI, fig. 1)

which was undoubtedly developed from the cingulum. The anterior border is
I

entirely surrounded by a heavy cingulum, as is also the postero-external angle, while

on the external face immediately back of the exit of the cross-valley there is very

slight indication of a cingulum. The posterior portion of M^ is composed of (1)

metaconc, (2) hypocoue, and (3) mctaconule ; the first is of much larger size than the

second, and the third is very inconspicuous, in fact it is entirely absent on the corre-
F

spending molar of the right side of the type specimen. The cross-valley of M^ is

interrupted in the same manner as is the case in the preceding tooth, and in addition

this tooth has a mammillary cingulum which to some extent also closes up tlie

external exit of the cross-valley. This cross-valley is not closed up in the speci-

mens of Archxothermm known to me from the lower Oligocene. There is in the

present type a lieavy anterior cingulum on M-, but no posterior cingulum ; the

back part of the tooth having played a more important part in the malce-up of the

crown in this genus than is seen in older types.

The ajitcro-external tubercle of the last upper molar in Entelodon magimm has

reached a greater development than in v4rcA^t;ai/termm and in this respect is more
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nearly like what is seen in Dinohyus. The posterior portion of this tooth in the

latter genus is not unlike that of the European form, and shows a more advanced

development than in Archseotherium. Altogether in ArcJweotherium the crowns of the

molars are somewhat lower, the apices of the different points of the grinding surface

are less united, and the teeth as a whole are less modified than in Entelodon

magnum and Dinohyus hollandi.

Measurements.
Mm.

Lcngili of alveolar bonier of maxillary and prcmaxillary 4G5

Distance from median incisor to M^ 330

Length of molar series 132

Antero-posterior diameter of I^ 28
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The Infekioii Dentetioit.

(Plate LVIII.)

The incisors are much worn, but their outlines present more obtusely pointed

crowns than in the older forms and the median pair is proportionately smaller, so

that the gradual enlargement from ly to I^ is in about the same proportion as in

the superior series. The teeth are crowded and occupy a more nearly transverse

position in the front of the jaws than is seen in the Oligocene forms generally. The

crown of ly is much worn ; and its antero-posterior exceeds its transverse diameter,

so that it is oval in cross-section. Ig- is about twice the size of the median incisor

and is also oval in cross-section, its antero-posterior being greater than its transverse
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diameter. There is a heavy cingulum on the posterior face which extends half way

around the base of the lingual side. I-3 is nearly twice as large as the tooth just

described, but otherwise the two are quite similar. On the external faces of I2 and

I-3 are deep grooves across the faces, just below the enamel band, wdiich were not

caused by the wear of the upper teeth. Inasmuch as the canines of both sides liave

a similar and much greater worn area externally, which could not have been reached

by any of the upper teeth, it further supports the contention of Professor W. B. Scott

and C F. Brackett, that these animals used tlie lower tusks in digging in the ground

for roots (87, footnote, p. 275). They may also liave been used for stripping off the

foliage of shrubbery. There is a slightly developed cingulum on the posterior face
r

of the canine, otherwise the enamel is quite smooth. The crown is higher and more

pointed than that of the upper canine, but in general appearance and size it differs
r

little from that tooth.^^

Py is separated from the canine by a short diastema ; the tooth is implanted in

the jaw by two strong fangs which coalesce for some distance below the crown. The

latter is simple and is rather low when compared with that of Archwotherium. On

the internal face the enamel is crinkled, but externally the tooth is quite smooth.

Posteriorly there is a heavy cingulum and anteriorly there is a prominent oblique

ridge, which originates at the antero-internal angle and continues outward and

upward to the apex, constantly diminishing in prominence in its upward course.

The apex of the crown in the type is considerably worn, but it is quite easy to ascer-

tain its contour which was very much more obtuse than in ArcJuxotherium, There

is a considerable diastema between l\ and Pq. The latter is also implanted Avith
i

two roots which are, however, more divergent and do not coalesce below the crown

as in Px. The crown of P^ is of about the same size as the crown of the preceding

tooth, but its apex is less worn and there is a mammillated ridge on the anterior and

posterior faces of the protoconid. There are prominent anterior and posterior

cingula and the enamel on the internal face is throAvn into light folds, while the

buccal face of the tooth is smooth. P-g- is, as usual, the largest in the series ; it is

not crowded in the alveolar border, but is separated from Pg- by a very short dia-

stema. The apex of the crown is next highest to that of the canine and in general

form it is not unlike that of P-g. P4 has a heavy heel which agrees in general with

Px in Entelodon magnum. Altogether 1\ of the present genus presents a different

outline from that of the corresponding tooth in the earlier genera, which fact is

AvhoUy due to the increased transverse diameter of the tooth posteriorly.

" The left lower canine is disproportiooately short and stubby and was evidently broken off at the apex during

the life of the animal. .
.

r
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The inferior premolars of Entelodon are relatively large, raore regular in size,

and P-3 and P^ are entirely surrounded bycingula ; while in Dinohyus the premolar

teeth as a whole are smaller, Pg being conspicuously the larger of the series and Pg-

and 1\ have the cingula less strongly developed.

The molar series in Dinohyus is very crowded and occupies less than one half

of the antero-posterior diameter of the alveolar border. As in other allied gen(;ra,

the molars are of relatively small size in comparison with the jaw and they increase

Fig. 31. Crown View of Inferior Dentition, Left Side. Type specimen of Dinohyus hoUandi, Peterson. I nat. size.

(Carn. Mus. Cat. Vert. Foss., No. L-jQi.)

in size posteriorly. M^ is considerably worn in the type, so that the quadrituber-

cular pattern is converted into two heavy transverse tracts having irregular outlines

and with only a remnant of the cross-valley on the inner half of the tooth. On the

antero-internal angle the cingulum is developed into a small basal tubercle. Oppo-

site the cross-valley there are short and smoothly rounded cingula externally and

internally. On the postero-external angle is a cingulum, which is continuous with

a similar short cingulum on M^-- The posterior face of the tooth is closely crowded

against the anterior face of M^-.

In the type the quadritubercular pattern of W^ is plainer than is the case in

the tooth just described, but trituration has already caused the appearance of the

solid cross-crests ; the anterior being slightly more elevated than the posterior. An-

teriorly there is a deep, narrow fissure, which is caused by projecting horns from the

proto- and metaconids. On the external face the cingulum extends from the

postero-external base of the protoconid and continues around the hypoconid, termi-

nating in the posterior basal heeh^^ There is no cingulum on tlie external face of

the protoconid, nor on the internal face of the inferior molars.

The proto- and metaconids of M^ are very little worn, so that the separation is

still present, but it is reduced to a very narrow and shallow fissure on account of the

*2 In my preliminary notes on {Dinochosrus) Dinohyus hoUandi, Science, Vol. XXII, p. 212. 1905, I made tlie state-

ment tliat "There iano cingulum on the inferior molars," which is incorrect.
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transverse development of the tubercles. The fissure which corresponds to that de-

scribed on the anterior face of M.^ is present on M^ but is entirely closed in by the

lateral horns of the proto- and metaconids. There are slight cingula on the antero-

external angles and the external face of the hypoconid is surrounded by a heavy

mammillated cingulum. Posteriorly there is a heavy basal ledge and a minute

hypoconulid which is located at the base (posteriorly), between the hypo- and ento-

conids. One of the more significant characters of the lower dentition is seen in the

relatively greater development of the hypo- and entoconids, which causes the nar-

rowing of the cross-valley between the latter and the anterior tubercles.

There were found in quarry No. 1, the third lower molars of the right and the

left rami (Vert. Foss., 1835 ; 2114), which differ from M-3- in the type of Dinoliyus,

by having the hypoconulid well developed. The cross-valley between the anterior

and posterior tubercles is also interrupted externally by a heavy cingulum. The

postero-external face of these teeth are otherwise quite smooth, while in Dinohyus

h-)Ua')idi, there is a continuous cingulum from the cross-valley to the posterior face

of the hypoconid. These teeth may possibly represent another genus, but are in-

adequate as typos.

The molars of Entelodmi differ from those of Dinohyus in having the postero-

internal cusp (entoconid), especially on M-g- and M-3 much less developed. The

ledge produced by the cingulum on the posterior margin of the crown, which is so

prominent in Dinohyus, is only very slightly represented in Entelodon. The cingula

are also better represented on the molars of Eutelodon than in those of the American

genus. The most important feature of the lower dentition is seen in the greater

development of the posterior portion of the crown of M^ in Dinohyus than in

Entelodon which in the former is distinctly more specialized than in the latter genus.

This same feature of M-g is also observed on comparing Dinohyus with Archmotherium.

Measurements.
Mm.

Length of inferior dentition 4G5

** from median incisor to M^ 325

*^ of molar series 137

Antero-posterior diameter of I^- 16

Transverse '^ '' ly 12
i

Antero-postcrior '^ ^' I^ 25

Transverse '' ^' I^ 19

Antero-posterior '^ '^ I^ at the base of crown 34

Transverse '' '' I^ '' '' '' 27

Antero-posterior '^ of canine ^^ *' ^^
48

Transverse '' ''
'' '* '' 45
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The Milk Dentition.

(Plate LIX.)
r

r

In section 12, block 66 (see Plan of Quarry, PL LIV), were found the remains

(No. 2137, (Jarn. Mus. Cat. Vert. Foss.) of the skull, and close by in another block,

a portion of the lower jaw of a young individual, with the dentition partly in

place. An incisor is represented only by the crown
;
the tooth being too young for

the formation of a fang. This incisor is pressed by the matrix close to the canine

and has a simple conical crown slightly crinkled at the base and it is very thinly

covered by enamel. The only noticeable difference between this tooth and more

adult forms of the canine is its strongly serrated anterior and posterior ridges and

the crinkled enamel. By excavating the alveolar border at the antero-internal

angle of the deciduous canine the crown of the permanent canine was found.

The point of the crown of the permanent P^ appears in the circular alveolus

immediately back of the canine. It is thus seen that the temporary P-^ had a single

fang and was crowded out quite early. Professor Scott has also (87, p. 276) pointed

out a similar occurrence observed by him in a young specimen ot Archxotlierium

which would tend to firmly establish the fact that there are four deciduous premolars

in the upper jaw of at least two genera of this family. Deciduous P- of the specimen

under description is represented only by the alveolus, while the deciduous P- is in

position in the right maxillary and P^ again represented by alveoli. In the left

jaw temporary P^- has been placed in position. Deciduous P-^- of this specimen has

two large cusps and two smaller tubercles. The anterior cusp (protocone) is a

bluntly pointed pyramid which occupies the anterior half of the crown, while the

postero-internal cusp (tetartocone) is smaller, and is confined to about one quarter

I

(
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Fig. 32, Sup-

posed Deciduous

Upper First Pre-

molar. Nat, size.

(Cam. Mus. Cat,

Vert, Foss., No-

2127.)

+

of the tooth at its postero-internal portion. The two small cusps are nearly on a

direct transverse line and immediately external to the tetartocone. Anteriorly and

posteriorly there are very lieavy cingula ; externally and internally the cingulum is

only moderately developed. The deciduous P-'^ was found quite close

to its position and there is comparatively little, or no doubt, that this

tooth belongs with this specimen. The tooth is molariform, as in the

Oligocene genus (87, p- 287). It is strikingly similar to M^ of the'

permanent series, but has the antero-external portion of the cingulum

developed into a more decided cusp.^^ Anteriorly there are three

cusps on the crown : one internal, one external, and one directly an-

terior. The two former are of equal size, Avhile the latter is quite

small and occupies the anterior exit of the longitudinal valley. Pos-

teriorly there are two subequal cusps which are separated from the

anterior cusps by a deep cross-valley. The tooth'is nearly surrounded

by a cingulum.

The chief feature of the maxillary bone is its comparatively

short antero-posterior diameter. The premolar series is set closer to-

gether in the alveolar border than is the case in the adult ;
the preor-

bital foramen, however, seems to occupy the same relative position as

in the latter. The palatine plate is quite thick, but its transverse diameter is small.

The milk dentition of the lower jaw is represented only by the last molar (No.

2137A, Carn. Mus. Oat. Vert. Foss.). The crown of this tooth is composed as usual

of three transverse pairs of cusps and a small talon developed by the cingulum on

the posterior face. The tooth is very long and narrow with broad transverse valleys

separating each' pair of tubercles, while the longitudinal valley is much less distinct.

The crown is supported by two strong fangs which are bifurcated near their lower

extremities. The posterior portion of a lower jaw (IS^o. 2137A, Carn. Mus. Cat.

Vert. Foss.) was found near the tooth described above and undoubtedly belongs to

it. In this mandibular fragment the posterior alveolus for dPr is still preserved,

and into this the tooth referred to fits quite perfectly and is regarded by the writer
r r

^ , . - -

as belonging to the same individual (see PL LIX, fig. 3). When the jaw is exca-

vated from the inner side back of the last milk-molar there is seen the complete

crown of Mx, and only the anterior portion of M-^-. The crown of M-f is directed

upward in tlie usual way, while that of M.- is directly inward, and would have to

rotate outward and upward in order to erupt through the alveolar border in the

usual manner. As is seen from the illustration (1*1. LIX, fig. 3) the two anterior

^''ErofessorScott evidently mistook the anterior part of the tooth he described for the posterior portion {/, r., p. 276)
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cusps of M-2 are well united and apparently not developed independently, as in

young titanotheres.^ The posterior portion of Mi is not represented at all, as the

tooth is too young.

The jaw fragment was somewhat worn by the elements before it was finally

imbedded in the bone-bearing layer of the quarry. The coronoid process is, how-
ever, complete, and is low and broad antero-posteriorly. The condyle is on a hori-

zontal line with the alveolar border and the angle is seen to project quite strongly

downward below the ventral border of the jaw. The dental foramen is very large

and is situated immediately in front of, and below, the condyle. The temporal fossa

is high and very shallow.

An isolated upper tooth, which was found in the Agate Spring Fossil Quarries

(Quarry No. 1) by Mr. Harold J. Cook and presented to the writer for publication,

appears to be a deciduous upper premolar (dP^) of the right side (fig. 33). This

tooth is surprisingly similar to an upper tooth of a car-

nivore (canid) and was so regarded by the writer for some

time. Dr. W. D. Matthew kindly made a systematic

comparison with the material in the large collection of

the American Museum and suggested that it was per-

haps a deciduous tooth of an Entelodont. The addi-

tional material secured in the Agate Spring Quarries

during the season of 1908 enables us to correctly deter-

mine this tooth and it is here illustrated in order to

assist the student. The chief peculiarity of this tooth is

that instead of having three cusps on the posterior portion of the crown, as the tooth

described above, it has only two, and in this respect agrees better with the tooth of

Archxotherium described by Scott (87, p. 276). The portion of the posterior root

which remains unbroken is abruptly pointed and short, having characters one
would expect to find in a milk-tooth.

Pig. 33. Crown View of Deciduous

P^ Left Side, Dinohyus hollandi. Nat.

size. (Harold Cook's Collection.)

Measurements.
Mm.

Great diameter of the crown 43
Diameter across the paired tubercles 27

The Skull.

(Plates LV-LVIIL)

The orbits in the cranium of Dinohyus are so ]>laced that the eye looked directly

forward in an unusual manner (see Plates LVI, LX, and LXI). The eye is located
'* Hatcher, Annals Carnegie Museum, Vol. 1, pp. 260-261, 1901.
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well back in the skull, the fiice is very long, and the brain-case short. There is a

well developed sagittal crest, and an overhanging occiput. =^'^ The descending broad
r

and thin plate below the orbit is quite small when compared witli some Oligocene

species, and the zygomatic process of the jugal terminates in a heavy buttress, which

forms the anterior border of the glenoid cavity. The comparatively gentle down-

ward sweep of the angle of the lower jaw and the relatively small process on the

ventral border of the chin are other features of importance.

The base of the skull has received consideral)le injury by crushing, and the

sutures are entirely closed, but the character of the different bones are generally simi-

lar to, and agree quite closely with, the descriptions of those of the American Entelo-

donts given by Professors Leidy (44, pp. 57-67), Scott (87, pp. 278-287), and others.

The basiocclpital is short, slightly keeled ventrally, and has a rough area at its junc-

tion with the basisphenoid. The condylar foramen is of considerable size, and, as

in A. mortoni, is placed some distance in front of the condyle. The exoccipital has

a great transverse diameter at the base of the occiput and narrows rapidly superiorly.

The condyles are well separated by broad notches superiorly and inferiorly, and their

transverse diameters are a little less than three-fifths greater than the vertical, which

agrees better with the American species than with Entelodon magnum of Europe.

The foramen magnum is transversely oblong in a greater degree than is the case in

the Princeton specimen, but this may in part be due to crushing. The paroccipital

process is quite heavy, trihedral in cross-section, and terminates in a truncated and

rugose free end; its position is similar to that in Arclueotherium mortoni figured by

Professor Scott (87, PI- XVIII, fig. 2), but apparently relatively shorter.

The stylomastoid foramen and the pit for the tympano-hyal occupy apparently

the same relative positions as in the Oligocene genus (see 1*1. LVII), i. e., anterior

and external to the condylar foramen. The superior wing-like processes of the

supra-occipital are crushed laterally, but I judge that in their normal condition they

assume characters similar to the American forms generally. The basisphenoid, as in

ArchiBotherium ingens, is narrow and not keeled ventrally. There is a canal in the

median line, just at the point where the basisphenoid is concealed by the union of

the palatines and pterygoids ; this is also present in A. mortoni and has been figured

by Scott {L c, PI. XVIII, fig. 1). Whether or not there was a tympanic bulla in Dino-

hyiis cannot be determined from the material at hand.'' The pterygoids are much com-

pressed laterally, but they extend well down and terminate in short and backwardly

directed hamular processes. The foramen ovale is of considerable size and occupies

^'^Thisoverhauging of the occiput in the type is dne, to some extent, to crushing.

^'^ In a well preserved skull of Duioliyas hoUandi colleetea in the Agate Spring Quarries {University Hill Quarry)

by Professor Barbour in 1908, there are no tympanic bullic.

II
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practically the same position as in the Oligocene genus, i. e., just lateral to the ridge

of the alisphenoid which leads to the pterygoids. The skull is distorted in this re-

gion, so that the peculiar conditions of the pterygoids, which Professor Scott describes

(87, p. 283), cannot be ascertained from this specimen. The parietals extend well

down on the side of the cranium and terminate superiorly in the high and sharp

sagittal crest, which is rounded from before backward in a manner similar to what is
r

observed in some other American forms. The sutural contact between the frontal,

supraoccipitai, and the squamosal is entirely obliterated. The frontals are very

broad and much inflated over the orbits, terminating laterally in a heavy process,

which meets its fellow of the jngal ; the two are well coossified and form a heavy

vertical bar, which completely encloses the orbit posteriorly. The orbit is of lai'ge

size and faces forward and slightly outward. Immediately in front of the sagittal

crest is a broad canal, which extends obliquely upward and backward, apparently

piercing the cranial wall (see PI. LVI). The exit of this canal leads into a depres-

sion on the frontals, which is of considerable depth and triangular in outline. This

depression extends outward laterally by means of two large grooves, one on either

side, running parallel with the temporal ridges, and by means of a broad anterior

groove, which is continuous with the depressed median area of the frontals. On
account of the enormous inflation of the frontals over the orbit and the great lateral

extent of the postorbital process the eye was placed lower down and had a more

direct forward look than in the older types of this family (see Pis. LV, LVI).

The zygomatic process of the squamosal has an enormous development, which

seems to be relatively quite as great, if not greater, than is the case in the earlier

forms. The lambdoidal crest descends steeply to a point immediately above the

base of the paroccipital process ; the border of the arch then rises again to form a

broad, thin process similar to tliat in Sus, the peccary, and other ungulates. An-
teriorly the zygomatic process forms the sutural contact Avith the jugal at the base

of the orbital process. The temporal fossa thus has a tremendous transverse diameter,

which is one of the chief characteristics of the cranium in this family. The glen-

oid cavity is well defined and its anterior border is provided with a strong buttress

(the zygomatic process of the jugal referred to above), which seems to be a mark of

evengreater specialization in this genus, tlian in the John Day forms, and has

already been referred to in previous papers (81, pp. 49-51).

The jugal, as has been stated by Marsh, Scott, and otliers, constitutes one of

the most extraordinary features of the skull in this family. Anteriorly the jugal

extends but little on the side of the face, uniting by suture with the maxillary and

the lachrymal. In its backward extension the upper margin forms the lower half
^ a
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of the border of the orbit, and the lower margin descends rapidly to form the

dependent, broad, and laterally compressed process, which is in Dinohyus consider-

ably smaller than is the case in many earlier species. This anomalous process is

directed slightly outward as well as downward, and no doubt varies in shape in

different species, if not in different individuals ; at all events this appears to be true

of the Oligocene fornis.^'^ Superiorly the jugal sends out a postorbital process, which

is coossified with that of the frontal, as stated above and the posterior process is

received by the zygomatic process of the squamosal (see PL LV).

The lachrymal covers a considerable portion of the side of the face and articu-

lates anteriorly with the maxillary, superiorly with the frontal, not with the nasal,

and inferiorly with the jugal. The bone supplies a portion of the anterior border

of the orbit. The lachrymal tubercle is quiet prominent.

The lonf:^ and slender nasals articulate superiorly with the spear-shaped proc-

esses of the frontals, and laterally with the maxillaries and the premaxillaries.

At their junction with the frontals the median area of the nasals is very convex

transversely and on the sides of the muzzle the nasals have a slight inward bend to

accommodate them to the concave sweep of the nmzzle in front of the orbits. More

anteriorly the nasals are regularly convex from side to side and gradually decrease

in width ; their anterior ends are slightly damaged in the type, but it is seen that

their free ends are slightly separated in the median line, and also that they projected

slightly beyond the superior border of the premaxillaries.

The premaxillaries are more truncated anteriorly than in the known Oligocene

forms. This causes the reduction of the median pair of incisors stated above, and

the anterior border ascends slightly more rapidly than in tlie earlier forms. Super-

iorly the premaxillaries have a long contact with the nasals and posteriorly they

are received by the oblique border of the maxillaries. The premaxillaries are of

large size, but are relatively smaller than those in Hip-pojMamas and Siis. The

incisive foramina arc large and the palatine processes of the premaxillaries are only

thin bony bridges, which are suturally connected in the median line, and extend back

opposite the posterior portion of the canine.

The maxillaries have a great antero-posterior diameter and the sides of the long

and comparatively narrow muzzle are largely made up of these bones, although the

lachrymal and the jugal cover a considerable space. The alveolar border forms an

almost straight autero-posterior line until the canine is reached ; at this point the

maxillary lias a rapid outward curve to accommodate the root for the large canine.

The raaxillo-premaxillary suture is somewhat short in comparison with that in older

^^ These processes are present in all o£ the'A.merioan species, of wliich complete material, represeutiug this por-

tiou of the skull, has been found.

1
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forms. The infraorbital foramen is above the posterior part of P- The palatine

plates are comparatively narrow transversely and liave a considerable concavity in

the same direction.
w

In the region of the palatines the skull is much crushed and the sutures are

entirely obliterated, so tliat the outlines cannot be traced. The posterior nares are

long and narrow, and extend anteriorly to opposite the anterior portion of M-.

From Kowalevsky's illustrations (38, Plates XVI ; XVII, fig. 5) it is evident

that the base of the skull and the occiput in Entelodon is quite different from what

is observed in the American forms. Judging from Kowalevsky's figures, the occip-

ital condyle in the European form has a much greater vertical diameter in propor-

tion to its transverse, the region of the paroccipital process extends further below

the condyle, and the process itself is different in shape, being more compressed

antero-posteriorly, expanded transversely, projecting well downward, and termi-

nating in a rounded point. The base of the zygomatic process of the squamosal is in

contact with the paroccipital process not unlike what is seen in Sus (See fig. 2 on page

45). The anterior face of the paroccipital process (see Kowalevsky, PI. XVI), where

we should expect to find the solidly fused region between the base of the paroc-

cipital process and the postglenoid similar to that in the American Entelodonts,

shows a remarkable similarity to what is seen in Sus, and it would not be surprising

to find the external auditory meatus situated higher up on the cranium in Entelodon

than is the case in the American species. In examining the posterior view of the

skull of Entelodon {I. c, PI. XVII, fig. 5) it is at once observed that the summit of the

supraoccipital is greatly expanded and again much contracted midway between the

top and the condyles, and on either side of the median line is a long and narrow

excavation, which is not present in the A merican forms. Another similarity to S'lis,

and also to some extent to H'q^popotamus, is seen on the superior border of the fora-

men magnum, where the continuation of the supraoccipital sends down two blunt

projections, which impart an irregular upper border to the foramen. This latter

feature does not appear in the American forms.

The mandible is much elongated to conform with the extremely long muzzle.

The horizontal ramus is, as in the Oligocone forms, nearly straight, and is character-

ized by considerable depth and thickness. The inferior border has one large

knob-like tubercle in the middle region beneath P4 and Mx, and only a trace of a

tubercle opposite the posterior face of the symphysis. The angle is also extended

below the horizontal line of the inferior border, but not to the extent seen in some

earlier forms. These knob-like processes which are given off from the ventral

border of the mandible are proportionally small, especially tlie anterior pair, when



Fig. 34. (1) Inner View of Eight Ceratohyal
; (2) Inner View of Stylohyal

; (3) External View of Stjlohyal.

Belonging to type of D. hoUmidi Peterson. Nat. Size. (Cam. Mus. Cat. Vert. Foss., No. 1594.)

The different bones appear to be of somewhat smaller proportions than in Archxo-

therium ingcns described by Professor Scott. The shaft of the stylohyoid is a sinuous

rod with prominent and spiral ridges (ofwhicli one extends the entire length of the

r
>"_-

PETEKSON : A REVISION OF THE ENTELODONTID^ 91

\

compared with some of the large species {Pelonax ramosirni} from the upper Oligocene.

In the latter form these knobs on the lower jaws are particularly long and heavy,

indicating with other peculiarities a diverging line at that time. In Dinohyiis the

alveolar border has a rapid outward turn at the canine to accommodate the enormous

root of that tooth. The chin is square and the symphysis shows no mark of division

between the two rami. There are two mental foramina : the anterior, which is the

larger, is situated below P' ; and the posterior below P.j. The ascending rami are

low and rapidly flare outward in order to meet the widely separated glenoid cavities

of the squamosals, which is a peculiarity most nearly approaching what is observed

in Hippopotamus. The condyles are greatly convex antero-posteriorly and their

transverse diameter is considerable; they are only very slightly elevated above the

alveolar border. The coronoid process is low, but broad, and its free end terminates

in an enlarged truncated rugosity. The temporal fossa is deep and extends across

nearly the entire antero-posterior face of the ascending ramus, but does not reach

very low ; its inferior border isdeveh)ped into a heavy ridge, which unites with the

base of the condyle externally. The dental foramen is of rather small size and is a

little posterior to the middle antero-posterior diameter of the sigmoid notch and on

a level with the alveolar border.

The hyoidean arch of niiiohjjus hoilandiis represented by a number of frag-

ments and three very nearly complete bones, the stylohyoid and both ceratohyals.
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shaft) and expanded upper and lower ends. The upper half of the shaft is tri-

hedral in cross-section, while the lower half is subcylindrical. In Arohxotherium,

according to Scott (87, p. 286), the upper portion of the shaft is compressed later-

ally and has a more oval section lower down. The cerato-hyal is shorter than the

stylohyoid in about the same proportion as in Archxatherium. The proximal end is

expanded and cup-shaped, and immediately below the enlarged end the shaft

becomes quite thin transversely, but broad antero-posteriorly. The lower half of

the shaft is still more oval in section and terminates in an enlarged end for car-

tilaginous attachments. The bone as a Avhole is very like that in ArcJuxotherium.

I

Measurements.
Mm.

Greatest length of skull. 883

Bistanee from postoibital proecss ofjugal to and including promaxillaiies... 528

" " " " " " '' " occipital condyle 305

Length of alveolar border of maxillary and premaxillary 465

Distance from median incisor to M^ 330

Greatesttransvcrsediameter of condyles 165

Vertical diameter of condyle 56

Greatest transverse diameter of skull, approximately 580

Transverse diameter of muzzle in front of orbits, approximately 175

" " *' *' atP^ 132

Greatest length of mandible 725

Depth of mandible, inferior border of angle to and including condyle 200

'' " '' at M;^ 120

" '*
" " P^ 100

Vertebral Column.

Atlas.— The atlas, on the whole, is very similar to that of the Oligocene genus.

The more important differences are here given. The posterior exit of the vertebrar-

terial canal is shifted lower down on the posterior face of the transverse process

than in ArchmotJierium. In the latter genus the position of this foramen is higher

up, or, nearly on the superior face at the base of the transverse process.^^ In Dino-

hyits the facets for the axis are relatively higher and narrower, the cavities for the

occipital condyles shallower, the neural canal narrower, and the neural spine some-
what more prominent than in Archxotherium. The transverse process does not pro-

ject backward nearly as much as in the Princeton specimen, and consequently gives

to the atlas of the latter a relatively greater total antero-posterior diameter.

Axis. — The axis of Dinohyus differs from that of ArcJaeotherium in having the
r

3^ In a specimen (No. 1665) oE the Carnegie Museum collection, from the Tilanotherium beds, Sand Creek, Sioux

Co., Nebraska, this foramen is placed lower down than in the Princeton specimen.
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articular facets for the atlas more wedge-shaped ; the facets are also of relatively

less transverse and greater vertical ^^ diameter, and the transverse process is heavier.

This enlargement of the transverse process is especially noticeable at the superior

I

h^

I

Fig. 35. Anterior and Superior Views of Atlas of D. liollandl Peterson. \ nat. size.

base over the posterior exit of the vcrtcbrartcrial canal where there is a blunt and

rugose tubercle. The well defined ridge, which extends backward from the odon-

toid process along the floor of the neural canal in Archxoth erium, is in Binohyns

I
I

Fig. 36, Posterior and Inferior Views of Atlas of J), hollandi Peterson, I nat. size,

converted into a broad rounded surface, which slopes backward and is interrupted

by a rough ridge, which extends across the entire floor of the neural canal some
L

^^ Thfi vertical diameter seems to liave developed superiorly, as the ventral projection is of about the same pro-

portion as in Archxotherium,
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distance back of the odontoid process." Back of this ridge is a transverse excava-

tion, 8 or 10 mm. in antero-posterior diameter, which is again succeeded by an

elevated area along the posterior portion of the floor of the neural canal. As in

Fig. 37. T-,ateral, Posterior, and Anterior Views of Axis of D. hollandi. \ nat. size.

Archxotherium, the pedicles of the neural arches are not pierced by foramina for the

passage of the second pair of spinal nerves. These canals are more lateral and are

bridged over superiorly by heavy arms of the transverse processes which unite with

the sides of the pedicles.

Third Cervical.— The third cervical vertebra differs from that in ArchxofAerium

(87, p. 290) by having a proportionally much less developed neural spine, a sharper

inferior keel, and the bony bridge, which bounds the vertebrarterial canal extei'nally,

Fig. 38. Lateral View of Third Fig. 39. Posterior and Lateral Views of Fourth Cervi-

Cervical of D. hollandi Peterson. cal of D. hoUandi Peterson. J nat. size.

J nat. size.

narrower. As Professor Scott has stated {l. c, p. 290) in connection with his study

of Archseotheriurn,, there are no foramina for the spinal nerve through the anterior

portion of the pedicles as in Sus.

Fourth Cervical.— The neural spine of this vertebra is damaged, but I infer

that, as in the preceding vertebra, it is relatively less developed than in the OJi-

gocene genus. The inferior lamella has a slightly different shape, being more deci-

dedly separated from the diapophysial process and is less developed than in Archeo-

therium (87, p- 290). In Dinohyus there are deep excavations on the inferior side
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of the base of the diapophyses, which are scarcely indicated in the Princeton speci-

men. The diapophyses are fully as well developed as in ArchxotheHum, and the

inferior keel is sharper than in the latter genus.

Fifth Cervical. — As in the preceding vertebra, the neural spine is lost. The

centrum is relatively much more opisthocoelous, and the inferior lamella is shghtly

less developed and less everted tlian in Archxotherium. The inferior keel is sharp

Fia 40. Posterior aud Lateral Views ol Fifth Cer-

vical of D. hollandi Peterson. I nat. size.

Fig. 41. Inferior View of

Fifth Cervical of J), hollandi

Peterson. J nat. aize.

and continues to the postero-inferior border of the centrum, Avhere a blunt tubercle

is located on either side of the median keel. In Archieothermm the keel is heavier

and it terminates posteriorly in a heavy rugose mass, which indicates a relatively

Fig. 42.

2

Posterior (1), Lateral (2), and Anterior (3) Views of the Sixth Cervical of D. hoUamU Peterson.

I uat. size.

heavier attachment for muscles than in the Miocene genus. In the latter genus the

diapophyses present a more trihedral section and the ends are less expanded than

m Arcliccotlieriiim.
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Sixth Cervical — The base of the neural S[)ine of the sixtli cervical vertebra is

present, and the size indicates a proportionally less developed process than is tlie

case in the corresponding bone in ArcJueothe-

rium. As in the preceding vertebra, the cen-

trum is relatively more opisthoco3lous than in

the sixth cervical of the Princeton specimen.

The inferior keel is also sharper and terminates

in front in a swollen area. The anterior face of

the centrum extends down over this area, which

adds to the convexity of the centrum in a

peculiar manner, quite unusual in most of the

Artiodactyla, and is not unlike what is seen

in the recent horse. The diapophyses are of

about the same proportionate size as in Arclixo-

therium, but the inferior lamellae are relatively

more developed, which is remarkable when one

bears in mind that the neural spine is relatively

less developed, while the neural arch has about

the same proportions in both genera.

Seventh Cervical— As in the preceding ver-

tebrae the neural spine of the seventh cervical vertebra of Dinohyus is relatively

smaller than in Arch/xotherium. The postzygapophysis is placed higher up than in

Archicotherium,, but is less concave and looks outward more decidedly than in the

Oligoccne genus. The pedicle is more rounded and tlio postero-inferior portion of

the centrum is proportionally somewhat heavier, and has decided tubercles on

either side of tlie median line, which are absent in Arclixothe-

rkim. The transverse process has the same proportions as in

the Princeton specimen, and, as in that specimen, is not perfor-

ated by the vertebrartcrial canal.

First Dorsal Vertebra.— In the type of Dinohyus hoUandi

there are fourteen dorsal vertebra which were found in the

quarry articulated with one another by their zygapophyses.

The first dorsal vertebra is characterized by a long and very

heavy neural spine greatly exceeding in .length that of the

seventh cervical. The neural spine has about the same rela-

tive size as in the Princeton specimen, but the postzygapophysis is more distinctly

separated from the transverse process by a constricted area, and the centrum is

Fig. 43. Posterior and Lateral Views of

the Seventh Ceivical of D. hollandi Peterson.

J nat. size.

Fig. 44. Inferior View

of Seventh Cervical of D.

hollandi Peterson. \ nat.

size.

I

\



PETERSON : A REVISION OF THE ENTELODONTIDiE 97

more opisthoccelous. This vertebra is, except in these minor details, quite similar

to the corresponding bone in Archxotlicrmm.

Second Dorsal Vertebra.— The neural spine of the second dorsal vertebra is

higher than that of the first, but not nearly so robust. In relative proportions

the spine agrees quite well with that of ArGJixotherium. The vertebra as a whole

(

Fig. 45, Lateral and Posterior Views of

First Dorsal of D. holUuuU Peterson- ] nat-

size.
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Fig. 4G. Lateral View

of Second Dorsal of D. hol-

hmdi Peterson. ^ nat-
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Fig. 47. Lateral View
of Third Dorsal of D.

IioUandi Peterson. J

nat. size.
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i

differs in some important particulars from that of Arclmotherium, viz.: the vertical

diameter of the centrum is relatively greater, owing to the unusual development of

the inferior keel ; the anterior half of the keel is developed into a heavy and rugose

tubercle, which projects well below the anterior face of the centrum
;
the prezyga-

pophyses nearly meet in the median line, forming a narrow irregular cmargination,

while in Ardixotherium they are more widely separated. The posterior face of the

I

I
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centrum is decidedly more concave than in the Oligocene genus. The general out-

line of the bone, except in the matter of its deeper centrum, is quite similar to that

of the Princeton specimen.

Tliird Dorsal Vertebra.—^The tip of the spine of the third dorsal is broken off,

but it was evidently as high as that of its predecessor, and only slightly lighter.
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Fig. 48. Lateral View of Fourth Dorsal

of D. hollandi PetersoD. \ nat. size.

Fig. 49. Lateral View of Fifth Dorsal

of D. hollandi Peterson. I nat. size.

One of the most important differences between the vertebral column of Dinohyus

and that oi' ArchxotJieriuno is seen in the arrangement of the canals through the

sides of the pedicles and the vertical canals through the superior portion of the

neural arch, similar to that in Sus and Bison americamis. In Professor Scott's

admirable memoir (87, p. 290) it is stated that the pedicles of the neural arch are not

perforated by vertical canals as in Sus. While this is to a certain extent true, it is

seen upon very close scrutiny of the specimen, that some of the dorsals have the

vortical as well as the transverse canals present, although tliey arc relatively smaller,

are more irregular in their position, and could not have possessed the functional

f

f
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importance which they have in the Miocene genus. Back of the second dorsal in

Binohyus hoUandi the arrangement of these canals is almost identical with that in

Sus, the vertical canal being even relatively larger.

The costo-vertebral canals are very narrow but deep excavations, which lead

directly into these large horizontal and vertical canals, forming an excellent protec-

tion for the spinal nerves. The keel of the centrum is fully as well developed as in

the preceding vertebra. In Archxotherium the corresponding vertebra has a heavy

and rugose area on the anterior half of the keel, but the ventral projection is not

nearly so great.

Fourth Dorsal Vertebra.— In DinoJiyus this vertebra is more nearly like that of

the Archmtherium skeleton from Princeton than any of the preceding dorsals. The

vei-tical diameter of the centra back of the second dorsal in Archseotherium rapidly

increases, so that the centrum of the fourth has about the same proportionate diam-

eter as in Binohyus. The arrangement of the foramina through the walls of the

neural canal, which are sometimes absent in Arclmotherium ingens, is the chief char-

acter showing a difference between the''vertebra of the two animals.

Fifth Borsal Vertebra. —The top of the neural spine of the fifth dorsal is com-

plete, but unfortunately the contact is lost at the lower half of tlie spine. The

length of the spine is estimated by a gradual slope from the second to the seventh

dorsal vertebra?, which have complete neural spines. The general construction of

tliis bone differs so little from that in Archmtherium that a description seems hardly

necessary.^"

Sixth and Seventh Borsal Vertebrx.— With the exception of the broader and

undoubtedly longer neural spine in the sixth dorsal vertebra, the seventh differs

very little from it, and the two are so similar to the fifth dorsal that a separate

description seems superfluous in this connection. With the exception of the per-

forations of the transverse processes, the deep median furrow near the base and

rugose surfaces on the anterior faces of the neural spines, and the somewhat more

sharply keeled centra, there are no differences from the corresponding vertebra3 in

Archmotherium described by Professor Scott.

Eighth Borsal Vertebra.— This vertebra has no ventral keel on the centrum,

it being quite smoothly rounded below, and consequently having a smaller vertical

deptli than the vertebra) anterior to it. The median furrow or groove on the

anterior face of the neural spine extends well up and is still quite deep on the

fragment we possess, proving that the spine itself must have attained a consider-

^" Id cleaning off the matrix for a closer examination of the transverse process of the fifth dorsal vertebra in

Archxotherium ingens, which Professor Scott described, it is found that there is a small foramen on the upper face of the

neural arch which is apparently connected with the horizontal canal as in Sus.

I

^
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able length. The tubercular facet for the rib is of large size and concave in the

antero-posterior direction. The transverse process is heavy, as is also the upper

portion of the neural arch. The pedicle and transverse processes are perforated

by the canals referred to above.

Ninth Dorsal Vertebra.— The ninth dorsal is represented only b}^ a portion of

the neural spine, half of the neural arcli, and the upper third of the centrum of

i
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Fig, 50- Lateral View of Sixth

Dorsal of D. hoUandi Peterson. I

nat, size.

Fig. 51, Lateral View of

Seventh Dorsal of _D. hoUandi

Peterson- \ nat. size.

FiG- 52, Lateral View of

Eighth Dorsal of _D. hoUandi

Peterson. ^ nat, size.

the left side. The capitular and tubercular facets are only slightly smaller than in

the preceding vertebral. The transverse process is of about the same size, but the

perforations are somewhat smaller than in the eighth dorsal vertebra.

Tenth, Eleventh, and Twelfth Dorsal Vertehrx.— The tenth, eleventh, and twelfth

dorsal vertcbrse are represented only by fragments, but enough remains to supply

essential characters. The centra are depressed and apparently have no ventral keels,

and the neural spines still continue to have the median groove which extends from

the base upward for some distance on the anterior face of the spines. On the tenth

dorsal the rib-facets possess considerable size, but they rapidly diminish in the

following vertebraj. The neural spines also show a rapid reduction, but the perfo-
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Fig. 53. Lateral View of

Thirteenth Dorsal of D. hol-

landi Peterson' \ iiat, size.

rations of the pedicle and transverse processes continue to be of large size up to the

thirteenth dorsal. There is only a slight suggestion of the metapophysis on the

twelfth dorsal vertebra.

Thirteenth Dorsal Vertchra.— In the region of the thirteenth dorsal there is an

important cliange in the dorsal series. The neural spine was still, no doubt, of the

dorsal type, but short. The anterior zygapophysis is also of

the dorsal type, while the postzygapophysis fits into a nearly /' \^

typical lumbar articulation of the succeeding vertebra. The ^\ '\^

transverse process is quite heavy and has an almost flat sur- \^ \^^

face for the tuberculum of the rib. The metapophysial

area is divided into three small tubercles and the superior

aspect of the transverse process is on the whole very rugose.

The vertical perforation is very small and is placed near the

anterior margin of the neural arch. The horizontal canal

for the transmission of the spinal nerves, which perforates

the wall of the neural arch between the posterior capitular

and the tubercular facets is of large size. This vertebra

appears to correspond most closely with the vertebra described by Trofessor Scott

as the eleventh thoracic vertebra in Archivothermm ingens (87, p. 293).

Fourteenth Dorsal Vertchra. --'rhe fourteenth dorsal of Binohijus agrees most

closely with the one which Professor Scott regards as the twelfth of Archseotheriuvi

ingens. In Z)'mo%tts this vertebra differs in many important characters from either

the twelfth or thirteenth dorsals in the Princeton specimen in which the thirteenth

is the last dorsal according to Scott. From both the twelfth and the thirtcentli in the

latter specimen the fourteenth thoracic vertebra in Dinohyus differs, in having a very

well developed transverse process, a large perforation through the sides of the neural

arch back of the capitular facet for the last rib, and the absence of anapophyses.

Tlie superior portion of the neural spine is broken off, but its broad antero-posterior

aspect indicates that in shape it closely resembled the lumbar vertebrse. The pos-

terior zygapophysis is identical in form with that of the twelfth (thirteenth?)^' in

Archivotheriura. As Scott has shown in his memoir, page 203, the cross-section of the

zygapophyscs of the lumbar vertebrae present an S-hke outline which causes the

development of large cpisphenial processes. The neural canal is transversely broad,

but low. The centrum is well rounded and has no ventral keel or prominent rugosi-

ties for muscular attachments. The facet for the last rib is of large size, oval in

"Tlie writer is of the opinion that ArchTMhcrium from the Oligocene may have had fourteen thoracic (dorsal)

vertebrje thus agreeing in its vertebral formula with DinoJiyus.
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outline, and placed in an oblique position. The metapophyses are prominent on

tlii>s vertebra.

Lumbar Vertehrm.— There are only four lumbar vertebrse represented in the

type specimen of Dinohyus, but from the fragments at hand it is very plainly shown

that the last lumbar has been lost.^^ There are in the splendidly preserved sped-
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Fig. 54- Anterior, Inferior, and Lateral Views of Fourteenth

Dorsal of D. hoUandi Peterson. } nat. size.

Fig. 55. Lateral and Inferior Views of First

Lumbar of 7?. hoUandi Peterson- J nat. size.

men of Archxotherium in the Princeton collection, six lumbar vertebrse, which un-

doubtedly also must have been the number in the genus Binoliyus. This ari'ange-

inent is thought to be correct in view of the evidence at Iiand from the Miocene and

Oligocene genera and also from the fact that in 8us scrofa and the Pecora there are

sometimes twenty thoraco-lumbar vertebrae : fourteen dorsals and six lumbars.

4
1
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Fig. 56, Lateral View of

Second Lumbar of D. hoUandi

Peterson- ^ nat- size.

Fig- 57, Lateral and Inferior Views of Third

Lumbar of TK hoUandi Peterson. } nat- size.

The centra of the four lumbar vertebrae preserved in the type are all present

and in two instances portions of the arches and of the zygapophysesare also present-

The neural spines and the transverse processes were unfortunately all lost in the proc-

^^In the spring of 1905, the fragments of the lumbar vertebrae, the sacrum and a portion of the pubic sjnuphysis

of the pelvis was found by the writer on the edge of the quarry, 'rhese parts were dug out during the excavation in

quarry No. 1, in the fail of 1904, by Mr, Cook and his assistants.
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ess of collecting.''^ The neural spines are, howeverj restored from another specimen

(No. 2193B) collected in the Agate Spring Quarries (Quarry No. 1) in 1908 and

their shape (see Plates LX, LXI) is thought to be nearly correct. The centra in

the anterior portion of the series are somewhat different from those in Arcluxotherium,

having a transversely broader aspect ventrally and a

very rugose surface on the sides. Posteriorly the cen-

FlG. 58 Inferior View of Fifth Lum-

bar of D. hoUandi Peterson, i nat. size-

tra become more depressed and the rugosities on the

sides are divided into an anterior and a posterior area

by a decidedly broad and shallow groove, extending

obliquely from the posterior intervertebral notch to

the ventral portion of the centrum, where it fades away, leaving a sharp ridge on

the anterior margin of the exit of the groove. The neural arch of the first lumbar

vertebra is pierced by a canal immediately posterior to the base of the transverse

process. On the second lumbar is a similar canal on the right, while on the left

side there is no canal present.

In another specimen (No. 21 26^ Carn. Mus. Cat. Vert. Foss.) of Dinohyus hol-

landi is a last lumbar vertebra which approximates the proper size of the type speci-

men. This vertebra presents some interesting differences from the corresponding

bono in the Princeton specimen. Of these differences the more important ones

are : the proportionately lighter postzygapophyses and the much heavier transverse

processes in Dinoliyxis ; the enlarged transverse process of the last sacral vertebra in

Dinohyus, which is due in a great measure to the heavy and rugose posterior border,

somewhat after the analogy of some of the Perissodadijla {Equtis). In the last lumbar

Fig. 59. Posterior, Lateral and Anterior Views of Sixth Lumbar of 1). hoUandi Peterson. J nat. size.

(Carn. Mus. Cat. Vert. Foss., No. 2126.)

vertebra of Archxotherium ingens the transverse process has in its posterior border

near its base a small and rugose tubercle, wliich apparently had a tendency to meet

*3A series of four posterior lumbar vertebran (No. 9139B) wa-s fouud iu qusirry No. 1 during the last (1908) season

wliich furnishes some additional information. There were one and most probably two additional lumbar vertebrse in
I

L

front of this series, judging Ironi the absence of vertebrae with no perforations of the neural arches as in the first and

second lumbais of the type and also from the characters of the fourteenth dors:il, which is present in this series.
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a corresponding surface on the anterior face of the pleurapophysis of tlio first sacral

vertebra and is somewhat similar to what is found in Hippopotamus. The trans-
^

(i

verse process of the last lumbar vertebra in Arolixotherium is otherwise quite light,

as is the case in all the preceding lumbar vertebriXi. In the specimen under descrip-

tion the heavy posterior border of the transverse process of the vertebra does not
r

come in contact with the anterior face of the pleurapophysis of the first sacral, but

had a cartilaginous attachment with the ilium. The neural spine has a vertical

position and its anterior and posterior borders gradually taper from the base of the

spine to the summit. The latter is rounded; slightly enlarged, and rugose. The

neural canal is broad, but low, and its floor is occupied in the median, line by a

heavy ridge, which extends antero-posteriorly the entire length of the superior face

of the centrum. The centrum is depressed, but possesses a considerable transverse

diameter
; its posterior face is larger than its anterior. Tlie prezygapophyses have

prominent surfaces for the episphenial processes of the vertebra in advance of it, and

these processes of the postzygapophyses are also quite prominent.

Sacrum.—The sacrum is composed of three well coossified vertebrse.^* The
centrum of the first sacral vertebra is quite large, but the succeeding two rapidly

FiQ. 60. Inferior and Superior Views of Sacrum of J), hollandi Peterson, f Dat. size. (Cam- Mus. Cat.

Vert. Foss., No. 2126.)

decrease in size, so that the posterior facie of the centrum of the last vertebra has

the transverse diameter less than one half of the anterior face of the first sacral.

The pleurapophyses, which are very heavy on the first sacral, decrease in the

posterior sacrals as rapidly as the centra. Unfortunately the neural spines arc lost,

*'In examining the saorum of the Princeton specimen, ArcJiir.olherium ingcns, No. 10885, it is seen thiit on its ven-

tral face there are three distinct centra, which are very firmly coossified. Professor Scott [87, p. 294) mistook the two

posterior centra of this sacrum for one only.

\
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but their bases indicate that they were coossificd so as to form one solid spine.
r

The neural canal is of considerable size a nd its outline anteriorly is subtrian-

gular; it diminishes rapidly backward agreeing in its diameter witli all the

other measurements of the sacrum. The chief differences revealed by tlie sacrum

of Vlnohyus when compared with that of ArcJuEotherium are the relatively smaller

antero-posterior and transverse diameters of the centrum, the actual measurements

of length and breadth in the former being only very little greater than those of the

latter genus, notwithstanding the smaller size of Arch<xothe'rhim. The vertical diam-

eter of the anterior face of the centrum more nearly corresponds to that of the Oli-

gocene genus. The prezygapophyses have, as in Arclueotherium, the additional

articular surfaces for the episphenial processes of the last lumbar vertebra.

Prom material acquired in 1908 I am able to give complete illustrations (see

figs. 60-62) and also to more fully describe parts of the sacrum, which are partially

or wholly lost in the type specimen.

The reduced diameter, especially the antero-posterior, of the centra in the

sacrum observed in the typo specimen of Dmolujus hollandi is repeated in other

individuals. In No. 21^6 (Carn. Mus. (.^at. Vert. Foss.) there is a complete sacrum

(see figs. 60-62) and its measurements agree quite closely Avith those of the type.

Fig. 61. Anterior and Posterior Views of Sacrum of D. hollandi Peterson.

Foss., No. 2126.)

nat. size, (Cam. Mus. Cafj. Vert.

Anteriorly the neural canal, which is triangular in outline, is of large size and

rapidly decreases posteriorly. All the sacral foramina are of large size. The two

anterior spinous processes are very heavy and quite solidly coossificd, except at their

extremities,^^ which arc slightly separated and also greatly enlarged. The spine of the

^^lu a sinaller though older specimen (No. 2139) the summit oE the spines is solidly eoiissiiied and much es-

panded laterally.
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last sacral vertebra is entirely free from those in front of it and all of its diameters,

though of considerable size, are much reduced, when compared with the heavy spines

of the first two vertebrae. The postzygapophyscs are quite well developed and bear

distinct articular facets for the prezygapophyses of the first caudal vertebrae. The

posterior extension of the pleurapophyses exhibits a free area back of the iliac con-

Fia. 63. Lateral View of Saorum of D. hoi-

landi Peterson, a nat. size. (Cam. Mua. Cat.

Vert. Foss., No. 2126.)

Fig. 63. Anterior, Superiorand

Inferior Views of Caudal fromabout

the Middle of the Tail of D. hoi-

ta^rft Peterson, gnat. size. (Cam.

Mus. Cat. Vert. Foss., No. 2135.)

Fig. 64. Superior

and Lateral Views of

Posterior Caudal of

D.hoUandi Peterson.

§ nat. size. (Carn.

Mus. Cat. Vert

.

Foss., No. 1833.)

tact which is fully as large if not larger than is the case in Archxotherium ingens (see

The caudal vertebrae of the type of Dinohyus are not present.

fig. 62).

Caudal Vertebrae. —

From several isolated bones found scattered throughout the bone-bearing layer of

the quarry and also from a vertebra (No. 2135) found in the same horizon north of

the Niobrara River, it is plain that the tail was of practically the same proportionate

length as that of the Oligocene genus. Cuts of this bone and of one of the posterior

bones of the tail found in quarry No. 1 are here given (figs. 63 and 64).

Ribs.
I

The ribs on both sides (especially the ones in the anterior portion of the thoracic

cavity) are well represented in the type of Dinohyus hoUandi. The first rib is some-

Avhat sub-cylindrical proximally and broadens almost immediately below the head,

while in Archxotherium ingem it continues rod-like to a greater distance distally and

flares out more suddenly at the ventral end. In the anterior portion of the series

!
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the ribs are broad, with compressed sessile heads, and large tubercles, which are

separated from the heads by deep cavities in the same nianner as in Archxotlierium.

The fragments of the posterior ribs indicate that they were perhaps proportionately

Fig. 65. (1) First Eih
; (2) Second Rib

; (3) Fifth Rib. From type of D. hoUandi Peterson. ^ nat. size.

broader than those in Archieofherium. In their relative lengths the ribs are not un-

like those of the Oligocene genus, those behind being I'elatively perhaps somewhat

longer.

Sternum.

There are six stcrnebrcc present in the type. The structure of the sternum is

unique and can hardly be compared with that of the Suidse. The presternum has

an unusual vertical diameter, it is compressed transversely and the side view pre-

sents an irregular and curious outline.

The superior border of the presternum is slightly concave and terminates in

front in a lieavy and rugose tubercle ; anteriorly the bone is strongly emarginate,

producing the superior tubercle which has just been mentioned and an additional,

larger, inferior tubercle (see No. 1 in fig. 66). Ventrally the bone again has an

emarginate border which terminates posteriorly in a rapidly expanded, truncated,

and very rugose process. The contact for the succeeding segment continues, from the

truncated process mentioned, obHquely forward and upward and terminates in a

slightly enlarged area which forms the contact for the second pair of ribs. The

attachments for the first pair of ribs are situated on the lower half of the bone,

nearer the anterior than the posterior border. In Archxotherium ingems the pre-

sternum has the same general outline as in Binohyus, but the borders, especially the
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anterior, are less omarginate, which gives to the manubrium of the former genus a

less striking appearance.

The first segment of the mesosternum has a curious structure. It is compressed

laterally and its vertical is much greater than its antero-posterior diameter. The
side view shows a Q-shaped outline with the straight border behind. .The segment

is expanded on its borders, those behind being the heaviest. The antero-posterior

Fig. 66. (1) Lateral View of sternum. (2) Inferior View of Sternum. Type oi n. hollmidi PeterBbn. 4 nat. size.

diameter of the bone is slightly greater ventrally than dorsally. The bone differs

greatly from that in Archxotherium ingens which has a relatively greater diameter
vertically and a more angular outline laterally. The following two segments in the
sternum ofUinohyus are coossified and their vortical diameter rapidly decreases, wliile

their transverse diameter increases. The transverse diameter of the dorsal border is

twice that of the ventral, and the posterior face of the fourtli segment very suddenly
expands laterally. The succeeding two segments of the mesosternum are broader
than deep and the last segment is the broadest and shallowest. The dorsal face is

considerably broader than the ventral and the last two segments are sHghtly concave
both dorsally and ventrally. The posterior border of the last segment is injured
by- erosion, but the suture separating the following segment (xiphistcrnum)
is plainly indicated (see fig. 66, No. 2). The sternum as a whole is not unlike that
of Archseotliermm, but it possesses a proportionally smaller antero-posterior diameter,
which seems to indicate that the thorax oi Dinoliyiis was relatively shorter.

Sternal Ribs.— There were four ossicles found with the sternum which are
evidently the sternal ribs. They are much enlarged at one end and taper rapidly
to the other (the attachment for the sternum) and have rugose faces for a heavy
cartilaginous covering.

f
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Measurements-
Mm.

AtlaSj greatest antero-posterior diameter 152

'' '' transverse '' 337

'^ ^' vertical diameter including neural spine 127

transverse diameter of articulation for condyle ^ IfiG

'' *' '' '^ *' '' axis 144

Axis, greatest antcro-postcrior diameter 140

'' " transverse ^' 145

'* " vertical diameter including neural spine 160

*

' length of odontoid process 44

^' transverse diameter of centrum posteriorly 78

'' vertical " *'
'' '' 78

Third cervical, greatest antero-posterior diameter 110

'' '' transverse diameter 1C2

'' vertical '* 148

'^ ** transverse '^ of centrum posteriorly 80

*' '' vertical ^^ '* '' '* including ven-

tral keel ! 9(5

Fourth cervical, greatest antero-posterior diameter 105

'* '' *' transverse '' 144

" '* '^ vertical *' approximately 145

'* '* transverse diameter of centrum posteriorly 80

" '' vertical " '* ^^ '* including ven-

tral keel 98

Fifth cervical
J
greatest antero-posterior diameter 105

*' '* " transverse '' 145

^^ '* '* vertical '' approximately 160

'' '* transverse diameter of ccntrunij posteriorly 80

'' " vertical '' " '* *' 97

Sixth cervicalj greatest antero-posterior diameter \ 110

^' '^ '^ transverse " approximately 140
" " " vertical " " 2G0
'^ '' transverse diameter of centrum posteriorly 76

vertical '' '' '' '* 88

Seventh cervical, greatest antero-posterior diameter 118

'' '' " transverse '' 125

^' '^ ^' vertical '' including neural spine.. 318

'* ^' antero-posterior diameter of centrum 86

** '* transverse diameter of centrum, posteriorly 91

'' '' vertical '' '' '' '' 83

First dorsal, greatest vertical diameter 480

^^ '* antero-posterior ^' of centrum 70

'^ *' greatest transverse '^ ^* '* posteriorly 93

'^ '* vertical diameter of centrum, posteriorly 69

Second dorsal, greatest vertical diameter 512

109

»' I
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Mra.

Second dorsalj antero-poRtcrior diameter of centrum, posteriorly 65

'' *' greatest transverse *^ *' '' '^ 89

** '^ vertical diameter of centrum^ posteriorly 65

Seventh dorsal, greatest vertical diameter 365

^ ^ * ' antero-posterior ' ' of centrum 67

'' '* greatest transverse '' '' " posteriorly 62

^ ^ * * vertical diameter of centrum, posteriorly, 67

First lumbar, antero-posterior diameter at tbezygapophyses 90

'' '' " *' '' of centrum
'

65

" *' transverse diameter at anterior zygapopliyses 98
L

W

*' • " ^^ *' of centrum, posteriorly / 68

'' ** vertical '^ ^' '' '' 54

Sacrum, greatest antcro-postcrior diameter, approximately 150

'^ antero-posterior diameter of centrum 105

*' transverse diameter of centrum, anteriorly 66

" vertical '' an u 42

** transverse " " sacnimj posteriorly 31

*' vertical '^ ^' '' " ". 22

*' greatest transverse diameter of sacrum 165

Bibs.

Greatest length of lirst rib 430

^ '' '' second rib : 467

'' '' '' sixth rib
" 620

'' '' '' eleventh rib 710
^^ ^' ^' last rib, approximately 540

Sternum,

Greatest antero-posterior diameter 505

'' '' " '' of presternum 172

'' vertical '* '' ''
;..,, 148

'

' transverse " '

'

*

'

anteriorly 35

'' '' '' '' '' posteriorly 13

^^ antero-posterior *' ^^ first segment in mcsoslernuin 60

'^ vertical '^ '' '' '' '^ '* 112

'' transverse " '^ ^' '' *' ^' 40

Antero-posterior diameter of sixth sternebne, approximately 90

Transverse '' *' *' '' 82

Vertical ' *
'

^ *

'

^

'

approximately 24

Greatest length of largest sternal rib 100

'^ transverse diameter at largest end of sternal rib 44

The Fore Limb.
L

J

The comparative lengths of the different elements of the limbs in Dinohyus,

when compared with ArcJiseotherium, in the judgment of the writer reveal characters
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of sufficient importance to warrant, when the many other differences arc also talvcn

into account, tlie generic separation of the two forms. From the very complete

description of Archeotherium ingens by Professor Scott it is quite plain that the Oligo-

cene genus was already capable of high speed, which appears to have been a require-

ment of these animals throughout the successive geological ages in which they

existed. We naturally look for a reduction in the length of the humerus and femur

accompanied by the retention or increase of the length of the lower portions of the

limbs among the later survivors of the family. The limbs of Dmohyiis which fortu-

nately were found with the skeleton, shoAV a greater advance than is found in Archxo-

thcrium ingens'^^ in those characters whi(;h are necessary for speed and endurance.

Fig, 67, External View of Right Scapula of Type of 7>. Iwllandi Peterson, } nat- size.

^'''The philosophy of the increase in lenj^th of the lower part of the limb in recent hoofed mammals has been (lis

ousfled by Dr. Matthew in the Memoirs of the American Museum of Natural History, Vol. I, Part 7, p, 432 (1901)-
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Scapula. — The scapula of Dlnohjus is relatively higher than that of the Prince-

ton specimen from the Oligocene. Its neck also has a relatively greater transverse

diameter. In other respects very little difference in the general make-up of this

bone of the fore limb is shown in the two genera. The pre- and postscapular fossae

are divided by the spine in very nearly the same way in Dinohyus and Archasothe-

rium, while according to Scott (87, p. 298), the John Day form, Boochosrus Immer-

osiis Cope, has a much broader blade Avith the pre- and postscapular fossai of nearly

equal width.
Measurements.

Mm.
Scapula, greatest length ' 560

" width 335

" transverse diameter of ueck 93

'
' antero-posterior diameter of glenoid cavity 86

'* transverse " " " " 07

Humerus.—The greater tuberosity of the humerus of Dinohyus was unfortu-

nately lost in the process of collecting, so that its elevation above the head is only

conjectural.'^' The bone is otherwise complete and its length is relatively less than

that of BoiJchwrus humerosus from, the John Day formation, and considerably less

than that of ArchmotJieTium. Indeed the humerus of JHnohyus is even proportion-

ately somewhat shorter than is the case in Bos and Equus cahallus, while that of

Archxotherium is relatively longer than in these two recent genera. The proximal

end of the humerus in Dinohyus is, as in Arclmotlierium, of great antero-posterior

diameter; its transverse diameter, though less than the antero-posterior, is also

great, perhaps relatively greater than that in Archxotherium. The head is largo and

takes up a considerable portion of the proximal end. The greater tuberosity is very

massive and evidently terminated above in a heavy blunt process, as in other represen-

tatives of the family. The lesser or internal tuberosity is unfortunately also dam-

aged, but its anterior border indicates a strong margin Avhich bounded the bicipital

groove. The latter is broad and displays a large, smoothly convex tubercle, over

which the tendon for the biceps muscle spread. The deltoid ridge is prominent and

extends well down on the shaft. The distal end is much expanded, especially trans-

versely, as the supinator ridge and the surfaces for the attachments of the ligaments

arc well developed. The internal epicondyle which is on the point of disappearance

in Archxotherium is still smaller in Dinohyus. The intercondylar ridge, which is fully

as prominent as in Archxotherium, is shifted even more outwardly than in that genus,

and the trochlea has a more modernized appearance. The ridge wdiich bounds the

supratrochlear fossa externally is more prominent than in Archxotherium; the differ-

" Froro material recently (1908) acquired in the Agate Spring Fossil Quarries, it is very evident that the dotted

lines in Fig. 68 are too high.

\
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cnce in the relative depth and size of tlie supratrochlear^ and the anconeal fossas in

the two genera is sraalL

Ftg- 68. External aud Posterior Views of Humerus of

Type of D. hollandi Peterson. \ nat. size. The dotted lines

in the cut are too high.

Fig, 69, Radial and Anterior Views of the Ulno-

radius of Type of D. hollandi Peterson. J nat. size.

Measukements.
Mm.

Humerus, greatest length, approximately 480

'' head of humerus to and including distal end 444

Lt

ii

it

middle of head u u ii ii ii 425

antero-poyterior diameter, proximal end, approximately 175

transverse '' '' '^ " 120

ii

antero-posterior

ii

CL

distal ic

ii it

120

105

i

•I
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Raditis and Ulna.— As has been intimated above, the ulna-radius in Dinohyus

is proportionately longer than in Arohscotherium. ingens ; it is also more curved or

bowed forward ; the olecranon process is more truncate ; and the sulcus for the exten-

sor tendon is less clearly defined. The humeral articulation of the radius differs

only in minor details from what is seen in the Princeton specimen. The most

noticeable of these minor differences are : the relatively narrower articular surface

external to the intertrochlear groove, and a rugose pit, which interrupts the humeral

articulation near the posterior margin. The transverse diameter of the shaft of the

ulna-radius is shortest immediately below the liead ; from this point it rapidly in-

creases distally, and the distal extremity has only a slightly greater diameter than

the shaft of the compound bone. All traces of the suture between the radius and

ulna are practically lost, except at the proximal and distal ends. The deeply

channeled external face of the shaft shown in Archaiotherium ingois is not so notice-

able in Dinohyus. The ridge which separates the pyramidal and lunar facets is

more developed, and the ridge separating the latter facet from that for the scaphoid

is less developed than is the case in the Princeton specimen. In this way the

peculiar condition found in Archxotherium ingens in which the ulna occupies the

entire proximal face of the pyramidal and also cIFects a lateral contact with the

lunar is even more emphasized in Dinohyus hoUandi. The oblique direction of

these ridges and the articulating surfaces to receive the carpus are practically nearly

the same as in the Oligocene genus. Between the radius and ulna on the posterior

face is a deep pit to accommodate the posterior hook-like process on the proximal end

of the pyramidal when the manus is flexed backward. This pit is less developed

in Archxotherium. The pisiform facet in Dinohyus as in Arcluwtherium is continuous

with that of the pyramidal.

Measurements.
Mm.

Ulna-radius, greatest length 605
" head of radius to distal end 475
'

'

length of olecranon process 157
'

'

transverse diameter of head of radius 105
" " " " shaft immediately below head of radius 76
" greatest transverse diameter of distal end 117
" " antero-posterior diameter of distal end 83

The Manus.

Scaphoid. — The scaphoid is not present in the manus of the type specimen of

Dinohyus. Judging, however, from the proximal articulation of the magnum and

the corresponding articulation of the radius, which are quite broad, it is evident

*i
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that the scaphoid in the Miocene genus had a relatively greater transverse diam-

eter than in Archxotherium from the Oligocene.

In 1908 the Carnegie Museum field pai'ty was fortunate in finding (see plan of

the quarry, PL LTV, Sect. 19, No. 47) a fore foot which was almost completely

Fig. 70. Posterior (1) and Anterior (2) Views of the Right Fore Foot of Type of D. hollandi Peterson. \ nat. size.

ps, facets for palmar sesamoid.

articulated. This specimen (No. 2136, Carn. Mus. Cat. Vert. Foss.) adds materially

to our knowledge, inasmuch as the fore foot of the type specimen was found scat-
_ L

tered, though in close proximity to the skeleton.

The scaphoid as a whole has a small transverse diameter, while antero-posteri-

orly it has the greatest diameter of all the carpal bones, which is due chiefly to the

large palmar process. The more important characters in which this bone differs

from that of ArcJueoiherium, described by Professor Scott (87, pp. 302-303), are the

\
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Archxotlierium.

relatively greater vertical diameter, the enlarged projection on the dorso-ulnar angle,

which causes a slightly greater transverse diameter in this region, and also the

absence of the third facet for the lunar on the ulnar face. The articular surface for

the radius is divided into two parts, an antero-external and a postero-internal, as in

The postero-internal facet is saddle-shaped, concave antero-posteri-

orly, and constitutes the principal articulating surface of the proximal face. The

antero-external facet is small, convex, continuous with the former facet, and descends

steeply to conform with the anterior portion of the articular surface on' the lunar

On the ulnar face of the scaphoid there are two articulating facets for the lunar,

one dorsal and one palmar, while in Archasotherium there are three. The dorsal

facet is located on the prominent point which overhangs the ulnar surface of the

radius and articulates posteriorly with the proximal radial face of the lunar by a

The lunar facet, which is

This

broader surface than is the case in ArcJixotJiermm.

dorsal and distal in Archieotheriurn^, is, as stated above, absent in Dinohytis.

facet though small is quite distinct in the former genus, while in Dinohyus, the

further development of the prominent ridge on the proximal face of the magnum

has so effectually separated the scaphoid and lunar in this region that the two bones

perhaps very rarely, if ever, came into actual contact. The palmar facet for the lunar

is of large size and occupies the entire lunar face of the palmar process of the scaph-

oid. Between the different facets the lunar face of the scaphoid is much excavated

and extensively arched in the anteroposterior direction. The latter character is

chiefly due to the excessive outward turn of the large palmar process. Distally the

scaphoid has three facets : one posterior for the trapezoid, one anterior for the

magnum, while on the ulnar angle there is a long narrow facet which also articu-

lates with the high and antero-postoriorly directed ridge on the proximal face of the

magnum. The articular surface for the trapezoid is concave antoro-postcriorly and

is continuous with the surfaces for the magnum. The two latter surfaces are irreg-

ularly convex and concave. Radially the bone is quite rugose and gently convex,

while the anterior face is much more convex from side to side.

From Kowalevsky's illustration (38, Fl. XXVI, fig. 23) it would seem that the

scaphoid of Entelodon has a smaller antero-posterior diameter, when compared with

its vertical dimension, than is seen in the American forms. In Ardhracotheriwrrh (see

Kowalevsky, Paleontographica, Vol. XXII, p. 299 ; Tl. XI, fig. 38) the scaphoid has

a remarkably close similarity to the scaphoid in the Eiilclodo'iitidiBy as has been

pointed out by Kowalevsky and Scott (87, p. 303). The scaphoid in Sus and Hip-

popotamtts on the other hand is more unlike that in the Nidelodontidx, being broader,

and of smaller antero-posterior diameter.

1
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- Limar.— The lunar of Dlnohyus is distinctly more modified than is the case

in Entclodon and Arclixotliermra. In Dmohyvs the vertical and antero-posterior

diameters in relation to the transverse, are greater tlian in the Princeton specimen,

a character naturally to be looked for in a later form. As in Archwtherium, the

facet for the radius is divided into two parts, an anterior and a posterior; the

former has a less abruptly rounded transverse ridge than in ArchR^otherwm, and the

latter has a relatively greater antero-posterior diameter and is deflected on the ulnar

side to a greater degree. The dorsal face has a slightly dif-

ferent outline from that figured by Kowalevsky (38, PI-

XXVI, figs. 21-32), and also different from that which ap-

pears in the Princeton specimen. The principal difference in

outline from that of the older forms is caused by the convex

facet for the magnum on the radial face. In Archxotherium

the facet is altogether the reverse, being concave instead of

convex (see fig. 71). In Dmokyus it is seen that both the

magnum and the unciform have yielded to the development

and modification of the beak of the lunar so that the lateral

contact of the two is entirely lost dorsally, and the loAver end

of the lunar is almost in touch with the proximal end of the

third metacarpal (see fig. 70, 2). The beak which is more

bluntly pointed than in ArcJucotherium is also apparently

shifted farther toward the radial side than in the latter genus.

The palmar face has a more oblique outline above ;
other-

wise it is quite similar to that of the Ohgocene genus. The

ulnar side has two facets for the cuneiform, which are almost

identical with those of ArcJucotherium. The dorso-proximal

facet for the scaphoid is more clearly defined than in Archx-

otherium and the changed condition of the dorsal facet for the

magnum, as stated above, gives to the radial face of the bone

a more nearly vertical position than in the latter genas. The

posterior portion of the facet for the magnum is recurved downward and developed

into a hook on the posterior radial angle, which is relatively larger than in the

Princeton specimen.

Pig. 71. Anterior View of

Portion of Fore Foot of Archx-

oihei'iuvi crassum Marsh. ^ Dat.

size. (Carn. Mus. Cat, Vert-

Foss,» No. 1605,)

Meahxjilements,
Mm.

Lunar, greatest antcro-posterioi diameter 60

^t '^ transverse " anteriorly 45

a a u '^ posteriorly 50

a (t vertical '* anteriorly,,.. 60

ti a a posteriorly 45
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Pyramidal.— In Dinohjus the posterior ascending tubercle of the facet for the

ulna is more prominent than in Archmotherium, which results in a greater concavity

antero-posteriorly in the former. The facet for the ulna extends down on the bone in

an unusual manner and hence it is proportionally greater than in Archieotheriurn, Hip-

popotamus, or Sns. The pisiform facet is more oblique than in the Oligocene form.

Below this facet is a large and deeply excavated sulcus which extends parallel to

the sharp ridge on which is located the above mentioned facet. The radial face has

two facets for the lunar
; the supero-anterior one is plane, subtriangular in outline,

and inclined obliquely upward and outward ; the postero-inferior facet is convex

antero-posteriorly and concave supero-inferiorly and separated from the ulnar facet

by a sharp ridge, while in Archxotherium. the two facets are separated by a sulcus of

considerable diameter. The distal articular facet is similar to that of the Princeton

specimen in every respect.

Measurements.
Mm.

Pyramidal, greatest antero-posterior diameter 61

" " transverse " posteriorly 43
" " vertical '' anteriorly 43
" " " " posteriorly 64

Pisiform.— There is no pisiform present with the type of Divohyus. In another

specimen (No. 2136, Carn. Mus. Cat. Vert. Foss.) the pisiform was found nearly in posi-

tion and is here described in connection with the type specimen. There are only slight

differences in the shape of the pisiform of Dinohyus and that of the older American

types. The facet for the ulna extends slightly further back and is surrounded by a

much heavier border so that the proximal face of the shaft has a deep excavation

while in Archseotherium it is more evenly rounded. The facet for the pyramidal is

larger than that for the ulna. From the attachment of the carpus the bone is

strongly recurved backward and radially as in Archxotherium and the free end is

enlarged into a thick knob. The bone, though comparatively small, is relatively of

sliglitly larger size than that of the Oligocene genus.

The pisiform of Entelodon, as Scott (87, p. 304) has pointed out, is very different

in its outline, though not altogether unlike that of the American forms. Scott

suggests that the irregular shape of the pisiform which Kowalevsky (38, PI. XXVI,
fig. 27) figures ''might be due to disease." It would, however, seem from the illus-

tration that the facets also differ in having an irregular convexity while in the

American forms they are obliquely concave. The pisiform of Anthracotherium is

considerably larger and somewhat different in form, having a more decided shaft, a

less club-shaped free end, and apparently differently shaped articular facets for the
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carpus and ulna (Palaoontographica, Vol. XXII, PL XI, fig. 58). In 8us the

pisiform is shorter, tliinner, and deeper, wliile in Hijypopotamus it lias a general

similarity to the pisiform of tlie Entdodontldic.

Measub-bments-

Pisiform, greatest length 70

J

" vertical diameter of proximal end 32

" transverse " " " " 31

" " " " distal " 32

" vertical " " '' " 30

Trapezium.— The trapezium o^ Dinohi/its is no doubt entirely wanting, judg-

ing from its rudimentary condition in the Oligocene genus,''^ and its entire absence

in the John Day form. Professor Cope states (10, pp- 62-63) that there is no trace

of a facet for a trapezium on the trapezoid of Booohcerus humerosiis, which was veri-

fied by me on examination of the type specimen in the American Museum. ^^

Trapezoid. — Though absent in the type of Dinoliyits this bone was found in posi-

tion on the magnum of a fore foot, found in section 19 (see plan of quarry, PL LIV,

No. 47) and is here described.

The transverse diameter of the trapezoid (No. 2]36,Carn. Mus. Cat. Vert. Foss.)

is only two millimeters greater than in Arclnvofhcrium, while the antcro-postcrior

diameter is proportionately somewhat greater. The bone is consequently mucli com-

pressed laterally and has a subquadrate outline, when viewed from its ulnar face.

Radially the proximal face is more rounded before backward, by the articulating sur-

face for the scaphoid, which gives this (radial) face a more irregular quadrate appear-

ance. The transverse diameter of the bone is greatest proximally, and it gradually

tapers distally, terminating in a border, whichis rather narrow and rounded inferiorly.

The facet for the scaphoid is obliquely convex antero-posteriorly and extends well

back on tlie posterior face of the bone. Theulnar face bears three facets for the mag-

num, two of which are distal and one proximal. The proximal facet is well defined

near the dorsal face and continues backward as a smooth rounded ridge on the proxi-

mo-ulnar angle. The two distal facets are a palmar and a dorsal, and may be regarded

as practically one facet, as they are divided only by a very shallow, almost imper-

ceptible, groove, while in ArchscotJieriwrrh there is a moderately large median swelling

on the ulnar face which puts the two facets at a considerable angle with each other.

*^ There is, in the Priacetoa specimen described by Professor Scott, a trapezium with a well formed facet for the

trapezoid, and the bone, though laterally compressed, is of considerable size antero-posteriorly and extends well down

over Mo. II, but does not articulate with the latter. (See fig. 10 on page 55.)

*^Iu my note book I find the following statement regarding the trapezium of Boochosrus :
" The trapezoid has a

small pit radially which may have lodged a trapezium, but there is no distinct facet.'-
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Between the proximal and distal facets the surface of the bone is very shghtly

excavated while the corresponding face on the magnum is very deeply excavated,

forming a large sinus. Radially there is but one small facet : that for the

rudimentary Mc. II (see fig. 72). This facet is situated near the dorsal face and

has a radial position, while that in Ardixothe-

£;:;r>^ '^^ Tiuw^ described by Professor Scott (87, p. 305)

:** 7 r''^^^vT?i C //^\V?i is direct! yon the distal face. There is no facet

,m^^irfIk^#ki"M ki''P''/'m^^^^^ for the trapezium, while in Archxothermm the

i'"Uji^^^E>i'm! 4--'?. v".'^%>^'Y lacet is q uite plain and the trapezium is present.

I^^Ji^^^ ^**^^S;;p>^ In the Euroj>ean genus Entelodon the trap-

Fig. 72. Eadial and Palmar Views of Magnum ezoid is UOt kuOWU, wllicll is also trUC of Authva-

with Trapezoid in Position. J nat. size. (Cam. COihCTitCTil.

Mus. Cat. Vert. Fosa., No. 2136.) rm j. ^ a i i * tt-The trapezoid m ^Sus and also m Inppo-

potariius is relatively large; it has more functional importance in the make-up of

the carpus, and can hardly be compared with the rudimentary form, which the bone

possesses in the Entelodontidse.

Measurements.
Mm.

Trapezoid, antero-posterior diameter 28

" transverse '* 12

'' vertical " 25

Magnum. — Proximally there are two oblique facets on the magnum : an

antero-radial for the scaphoid ; and a postero-ulnar for the lunar. The former

facet is concave from side to side and convexo-concave from before backward. The

latter facet is convex antero-posteriorly and concave on the postero-ulnar angle

presenthig a sinuous surface, which terminates behind in a beak-like process on the
r

proximo-ulnar angle of the palmar process. In Archxotlicrium the palmar process

is placed more distally and has not an upward recurved beak, as in the present

genus. The facet for the scaphoid is relatively broader and more concave on the

ulnar angle than in the Princeton specimen. The facet for the lunar has a propor-

tionally smaller transverse diameter than in ArcJucotherium and the dorsal contact

with the lunar is entirely lateral and concave supero-inferiorly, while in Arclixo-

therium it is convex in order to receive the concave facet of the lunar, as stated

above. The ulnar side has two deeply excavated areas ; one of large size in front,

and one smaller, back of a broad obliquely located ridge, which terminates above in

the lateral facet for the unciform. This ridge is much less developed in ylrc/z.;i;o-

therium. The groove for the trapezoid seen in the latter genus is less clearly defined

in its vertical portion in Dinohym, while in the antero-posterior direction it is
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broadly developed. This is due to the fact that the extension of the superior

border articulates with the scaphoid, while the inferior border articulates with ]\Ic.

Ill in Dinoliyus. The articulation for the trapezoid is also relativelj^ smaller and

reduced to two facets, a small superior and a larger inferior, while in Archxotherium

there are three facets, one superior and two inferior. The palmar process is com-
pressed laterally, but attains a considerable vertical diameter, reaching the lunar

above and articulating with it by a beak-like process referred to above. The position

of the palmar process is oblique and the shape is thus very different from what ap-

pears in the Princeton specimen, described by Professor Scott (87, p. 306), which has

a more rounded palmar process. The head of the magnum rises more abruptly

toward the palmar side in Dinoliyus than in the Oligocene genus, which Scott used

for his comparison with the European form. In the latter Scott says "the head of

the magnum rises less abruptly toward the palmar side." In Hippopotamus the

palmar hook is even more prominent, but is placed more transversely and is ex-

tended more downward than in Dinohyus. Distally there is in the latter genus only

one articulation, that for the third metacarpal. It is concave antero-posteriorly

and convex laterally. The antoro-posterior diameter of the facet is proportionally

greater than in Archxotherium ingens.

The magnum of Eutelodon figured by Kowalevsky (38, PL XXVI, figs. 21, 23,

29-32) is, as Scott has stated (87, 306), generally similar to that in the American

genera, but there are a number of minor differences. The facet for the scaphoid in

the European genus is less horizontal ; the facet for the lunar is more oval in form

and is not continued outward on the palmar hook ; the articulation for the trape-

zoid is relatively larger and is in a different position, i. e., near the dorsal face and
also at the palmo-distal angle of the bone. The palmar process is relatively as large

as in Dinohyus, but different in shape, being more rounded. The sulcus, which on
tiie distal ulnar face separates the lunar facet, is very much smaller than in Dinohyus.

Measurements.
Mm.

Magnum, greatest antero-posterior diameter 70
" " transverse *

' posteriorly 47
'* " " ** anteriorly 43
" " vertical '* 58
" " " ** anteriorly 31

Unciform. — The greatest antoro-posterior and transverse diameters of the unci-

form are very nearly equal. The bone as a whole is massive, and is, as in Bobchmrus

humerosus, the second largest bone of the carpus. Its anterior face is rugose and
unevenly convex transversely. Posteriorly there is a palmar hook not unlike that
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of Hippopotariius, tliough somewhat less produced downwards. At the base of this

palmar process on the ulnar side there is a facet for Mc. V, which meets the facet

for the pyramidal at right angles. In Archxothermni ingtns these two facets are

separated by a considerable surface, which is concave vertically and convex trans-

versely. The radial side is occupied by a large facet for Mc. Ill, Avhich is strongly

inclined radially. Back of this facet is a large excavated area, which extends over

the remainder of the radial face of the bone. The small oblique facet for the mag-

num on the radial angle of the unciform in Archxotherium is almost entirely proximal

in Dinokyus, and passes imperceptibly into the lunar facet. Proximally the lunar

and pyramidal articulations are divided by a prominent ridge, Avhich extends antero-

posteriorly, the pyramidal facet being the larger of the two. The distal face is occu-

pied almost entirely by the large facet for the fourth metacarpal, which on the

radial angle presents an abrupt continuation of the facet for Mc. Ill as in Arclixo-

therium. There is no dorsal articular surface for the magnum on the radial face, as

in older forms '^" of this family, and these two bones (unciform and magnum) when in

position in the carpus appear well separated (see fig. 70).

Professor Scott has already pointed out that " the unciform of Kowalevsky's

specimen does not differ in any significant way from that of the American species
"

87, p. 306). In Hippopotamus and Sus the unciform is larger, which is due to the

tetradactylous condition of the feet in these genera.

Measurements.
Mm.

Unciform, greatest antero-posterior diameter 64

^' " transverse " 54

" " vertical " 47

Metacarpal IT. — The second metacarpal is not present in the type of Dinohyus,

but a deep vertical groove on the lateral face and a minute articular facet on the

proximal angle of the third metacarpal indicate the presence of this bone. In

niv notes on Boochcerus humerosus in the American Museum, I find it stated that

Metacarpal II has two facets proximally : one small one for the trapezoid and a

larger one for the facet on the radial face of Mc. III. The reduction of these two

elements (trapezoid and Mc. II) in the manus of the Nebraskan Miocene form is in

all probability carried to a greater degree tlian in the John Day form. The second

metacarpals of the fore feet are present in the Princeton specimen, which Professor

^"In the type of Boochcerus humerosus the unciform and magnum are separated, but not to the same extent as in

Dinohyus; the beak of the lunar in the latter genus extends lower down than in the former. This fact is not well illus-

trated in fig. 15 on page 61 where the lunar appears too low.
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interlocking manner.

Scott described {I c, p. 307). They are small nodular bones with well defined facets

for Mc. Ill, the magnum, and the trapezoid, but with no facet for the trapezium.

Metacarjml III. — Unfortunately the third metacarpal is represented only by

the proximal and distal ends, as the contact of the shaft was lost in collecting the

material. The head is much expanded transversely, especially on the ulnar side,

which has a heavy cubital process articulating with Mc. IV and the unciform in an

Besides the dorsal articulation for Mc. IV, there is also a

palmar articulation on the uhiar side, which is located on the very prominent palmar

process. Continuous with the latter facet, and separated from it only by a sharply

defined ridge, is a facet evidently for a palmar sesamoid. ^^ Proximally the bone is

taken up by the large facet for the magnum, which is convex antero-postcriorly and

concave laterally. On the dorso-ulnar angle is a smaller and obliquely placed facet

for the unciform referred to above. The radial side is excavated quite deeply and has

two facets, one dorsal and one palmar, for the rudimentary Mc. II ; the dorsal facet

is quite large and is wedge-shaped in outline with the apex do\Yn\vaTd ; the palmar

facet consists only of a minute rounded ridge on the radial angle of the articular

surface of the magnum. The shaft of the bone is quite broad transversely and com-

pressed antero-posteriorly. When held in a vertical position the distal trochlea is

well shown on the anterior face of the bone, less so beliind. The metapodial keel

is confined only to the plantar portion and is proportionately less developed than in

the Oiigocene genus. In general appearance there are no very marked differences

of the metacarpals from those of the known earlier forms ; though in the present

genus they are relatively of slightly greater length, and have rugosities on the inner

sides. The comparative length of the metapodials with the upper arm-bones is a

significant feature in Dinohyiis.

Professor Scott states that the third metacarpal in Kowalevsky's specimen (87,

p. 307) "does not differ in any important way from that of the American species,

though the magnum facet is somewhat more concave transversely and the shaft is

rather more slender." Kowalevsky, however, points out (38, p. 444, PL XXVI, fig. 23)

that there are three facets on the radial face of Mc. Ill, of which the two lower undoubt-

edly articulated with the rudimentary Mc. II, while the upper one articulated with

the trapezoid. In all the specimens of the American forms, which I have examined

and in which these parts Avere present, I have not been able to find more than two

facets, those for Mc. II, on the radial face of Mc. III. From this fact it is quite evi-

dent that the trapezoid in Enielodon had not suffered the reduction, which is seen

"In specimen No. 2136 (Caiu. Mus. Cat. Vert. Foss.) this palmar process was found very nearly in position (see

fig. 70, ps.).
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in the American forms, and had a somewhat similar though less prominent contact

with Mc. Ill, as in Sus. In AnthracotJierium, the general similarity of Mc. Ill

(Palseontographica, Vol. XXII, p. 308, PL XIII, fig. 80) to that of the Entdodontidx

is quite striking, as Scott has pointed out, but it " is relatively heavier; at the prox-

imal end the tubercle for the insertion of the extensor carpi radialis muscle is more

conspicuous, and the palmar projection of the head more prominent." To this

might also be added that the facet for the trapezoid is apparently indicated, which is

naturally to be expected in a tetradactyl form, although Kowalevsky does not

mention it.

Measurements.
Type No. 1504. No. 2136.

Mm. Mm.

Metacarpal III, greatest length 240
4

'^ *' antero-posterior diameter, proximal end 57 58

'' '' transverse '' '' '' 57 Go

*' ^' antero-posterior ** distal end 45 46

^^ '' transverse '' '' '* 54 55

Metacarpal IV. — The fourth metacarpal is complete in the type, and, as in the

earlier forms of this familyj smaller than the third. There are two articulating

surfaces on the proximal face, one for the unciform and the other for Mc. III. The

former is large and nearly triangular in outline ; the latter has a wedge-shaped out-

line with the apex directed posteriorly. On the radial side are two facets, one dorsal

and the other palmar ; the two articulate with Mc. III. On the radio-palmar angle

is a third facet of small size, which supports a palmar sesamoid (see fig. 70). On the

ulnar side there is a prominent process, which has a round articular surface for Mc.

V. The shaft has the greatest constriction immediately below the head and gradu-

ally becomes wider distally. There is no essential difference in the distal trochlea

from that of Mc. III.
Measurements.

Type No. InM. No. 21M.

Mm. Mm.

Metacarpal IV, greatest length 215 220

*' " antero-posterior diameter, jiroximal end 58 56

" " transverse " " '^ 62 63

" " antero-posterior diameter, distal end 44 45

" " transverse " " " 55 57

Metacarpal V. — The fifth metacarpal is a rudimentary almond-shaped sesamoid

which is of about the same proportionate size as that in ArcJuxothcrium.^'^ Proxi-

mally there are two distinct articular surfaces : a superior one for the unciform, and

an inferior one for Mc. IV.

^^ The fifth metskCELvpalin BoSchwrus humerosus from the John Day formation is apparently of greater size and

also longer than in Dinohyus,
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Measurements,

125

Mm,

Metacarpal Y, greatest length 40

^* '^ transverse diameter 25

Phalanges. — The proximal and second phalanges are broad and depressed-

The proximal phalanx has a shallow groove for the metapodial keel^ confined to the

plantar portion of the proximal articulation. Distall}^ there is a smooth articular

surface for the second plialanx, wliich is convex antero-posteriorly and concave

transversely. The articulation is carried around upon the plantar surface of the

bone, but does not extend very high up on the dorsal face. The plantar face has

prominent rugosities for attachments not unlike what is seen in the recent camels.

The second phalanx is even more suggestive of the camel though relatively much

shorter and less depressed. It is unusually broad on the plantar face, but slopes

rapidl}' dorsally. The proximal end has a smooth surface, Avhich is deeply concave

supero-inferiorly and gently convex laterally, to receive the correspondingly smooth

surface of the distal end of the proximal phalanx. The distal ti'ochlea is flexed in a

much greater degree, especially dorsally, than that of the proximal phalanx. The

bone is quite asymmetrical, having the internal border shorter than the external and

also very rugose and heavy, wliile the external border shows no unusual characters.

The ungual phalanges of the fore foot are not present in the type, but fortu-

nately they are represented in the fore foot of specimen No. 2136 (Carn. Mus. Cat.

Vert. Foss.). This bone is unusually short and quite high. Anteriorly the ungual

plialanx is much truncated and the bone as a whole has a curious nodular shape. The

plantar surface is quite broad and convex in all directions except posteriorly. The

sides slope rapidly to form a rounded and prominent dorsal ridge
; this ridge termi-

nates on the postero-dorsal angle in a broad, rather large and truncated tubercle

for ligamentary attachments. Proximally there are two articulating facets for the

phalanx of the second row, an external and an internal, and these are imperfectly

divided by an oblique ridge.

The phalanges of Entclodon, which Kowalevsky figures (38, PI. XXVII, fig. 38),

are quite similar in shape to those in the American forms, except that the proximal

phalanx according to this author is relatively longer in Entclodon. By comparative

measurements it seems that the three ^^ phalanges of a digit in Enteledon are together

perhaps longer than those in the American genera of this family ; in Sus the pha-

langes are of a different shape, the proximal being thicker in proportion to its

length, with a deeply grooved proximal trochlea for the keel of the distal end of the

metapodial, while the ungual is longer, broader, and more pointed. In the Ameri-

''^The ungual phalanx of Entelodon is not known and is here only estimated.
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can forms of the Entelodonti<M on the other hand the three phalanges together are

far from being as long as the metapodiah In Hippopotamus the ungual is reduced

and has a nodular form, as in the Entelodonts^ while the proximal and median

phalanges are broad and very heavy-

Measuuement.s,
Mm.

Greatest length of a first phalanx 78

transverse diameter of a first phalanx, proximally 54

antero-posterior diameter of a first phalanx, proximally 44

transverse *' '^ '* ^' distally 48

antero-posterior *

'

'
' '

* " " 38

h^ngth of a second phalanx 58

transverse diameter of a second phalanx, posteriorly 41

antero-posterior diameter of a second i>halanx, posteriorly 35

distally 38t( ti a it u

transverse ^ a a <c (( a 43

The Hind Limb.

Pelvis. The only part of the pelvis of the type which is preserved is the pos-

terior portion of the pubic symphysis. This fragment agrees, except in its larger

size, with tlie corresponding portion

of Archxotlieriwm ingens from the Oli-

gocene.

In one individual of iJinohyus

(No. 2126, Carn. Mus. Cat. Vert.

Foss.), secured in 1908 in Quarry No.

1, Sec. 17 (see plan of quarry, PI.

UV) there is found a nearly complete

half of a pelvis, not fully adolescent,

but which apparently agrees quite

well in size with the type. A second

specimen (No. 2139, Carn. Mus. Cat.

Vert. Foss.) of smaller size found in

section 19 (No. 33) has tlie pelvis
r

practically complete. The former

specimen will be used in this de-
Fia. 73. Superior View of Pelvis of /). /w/?rfHrft Peterson, i . ,.

, i -i ,i

nat.si.e. (Cam. Mus. Cat. Vert. Foss.. No. 2126.)
SCriptlon aS a paratype, wlllle the

latter, wliicli may represent another

species, is used only to more fully elucidate the description.

It is at once observed that the pelvis of Binohyus is relatively shorter though
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slightly deeper than that of Archxotherium ingens from the lower Oligocene

formation. The shortening of the pelvis is principally confined to the region

hack of the acetabulum. The ilium has nearly the same relative length as in the

Oligocene genus, and its anterior plate is suddenly expanded into a strongly everted

antoro-inferior portion. The dorsal surface of the ilium is basin-like, the entire

crest having a slightly everted border. Ventrally it is strongly convex and the

greater portion of its surface is taken up with the attachment for the sacrum. The

latter is so placed that when articulated with the vertebral colunm the pelvis

has a more vertical position than in Arch^Tofhcrium. The shaft of the ilium is

relatively shorter than in Arch^eotherium, but has the same general trihedral out-

FiG. 74. (1) Lateral View of Pelvis of Archicothemim ingens Leidy (Princeton Museum, No. 10885). (2) Lateral

View of Pelvis of Dinohyus Iwllandi Peterson (Carn. Mus. Cat. Vert. Fosa., No. 2126). f nat. size.

lines, while its ilio-pectincal tubercle on the inferior border is heavier than in

the latter genus. The great sacro-sciatic notch has a heavy rounded border on its

anterior margin, while further back the border becomes sharper, though not to' the

same degree as in Archcotherium. The ventral or anterior border of the ilium has

a sharper border than the notch above and is arched to a greater degree than in

Archseother'mm, which is chiefly due to the larger development of the ilio-pectineal

eminence in the Miocene genus. In Hippopotamus the ilium is not very like that

t

1
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of the Entelodontidx, the peduncle being shorter and much heavier, the ilio-pectineal

eminence wanting (except a slight enlargement at the extreme anterior border of

the acetabulum), and the anterior portion flares out into a heavy fan^shaped plate

with little or no eversion such as is found in Archseotherium and Dinohyus.

The ischium, as has already been said, is much shorter in Dinohyus, and its

vertical diameter posteriorly is somewhat greater than in the Princeton specimen.

The depressed area for ligamentary attachments takes up a considerable space

of the acetabulum and the cotyloid notch is wide, though quite shalloAv. The
dorsal border, or spine, of the ischium is not nearly so prominent as in Archxothe-

rium, and the lesser sacro^sciatic notch is quite short, with a heavy rounded border,

which gradually decreases in its backward trend. Posteriorly this notch is suddenly

recurved, due to the anterior extension of the prominent tuberosity of the ischium.

The vertical diameter of the ischium from the point of the tuberosity to the

symphysial border, is relatively somewhat greater in Dinohyus than in ArchtrMhe-

rium, and this results in giving the former genus a slightly deeper pelvic cavity.

In Hippopotamus the body of the ischium back of the acetabulum is longer and more

nearly circular in outline than is known in the Entelodonts, and posteriorly it flares

out to form a heavy tuberosity as in the latter family, but the symphysis of the

ischium is rather delicately developed. Another important difference is seen in the

small area of the acetabulum taken up by the ligamentary attachments and the

small deep cotyloid notch in Hippopotamus.

The pubis, though short, is relatively slightly longer than in Archseoiherium. In

the region of the spine the pubis is very heavy and there is a large symphysial sur-

face which meets that of its fellow, making the symphysis unusually heavy. Further

back the ramus of the pubis is thinner and unites with the ischium to form the

lower border of the obturator foramen. The latter is of large size, but is, as might

be expected, less elongated in the antero-posterior direction than in Archxothcrium.

In neither 8as nor Hippopotamits is there any marked similarity to the Entelodonts

in the region of the pelvis, though there is more general resemblance, as Professor

Scott has stated (87, p. 310), between the latter genus and the Entelodonts than

there is in the former. ,

Measurements of Pelvis.
Mm.

Greatest lengt^h, approximately 490

Length from middle of acetabulum to end of ischium 195
" " " " " " crest of ilium, approximately 300

Greatest vertical diameter of ischium 192

Femur. — The femur is complete, except the great trochanter which was lost in

the process of collecting. The femur is long and slender, but proportionately
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heavier, and also considerably shorter, than in the Princeton specimen. The head

is well rounded ; it is set on a distinct neck, and the depression for the ligamentnm

teres is rather small and shallow. The lesser trochanter is quite large, and projects,

as in the Oligocene genus, almost enti]-ely backward. ^^ Between the greater and

lesser trochanters is a ridge extending obliquely across the posterior face of the shaft

which is more prominent in the present

genus than in Archfeotherium. Immediately

in front and superior to the lesser trochanter

is a prominent and very rugose ridge, which

runs parallel with the shaft and is separated

from it by a deep groove. The middle re-

gion of the shaft is proportionally less con-

stricted than in Archwiherium and the linea

aspera is more developed than in the latter

genus, a character which agrees better with

what we know of Boochwrus through Cope

(10, p. 65). The large and rugose groove

above the external condyle, for the plantaris

muscle, terminates above in a heavy and

very rugose tubercle ; immediately above

the internal condyle on the posterior angle

there is a prominent ridge for muscular

attachment. The shaft of the femur as a

whole is more arched than in the Princeton

specimen. The rotular trochlea is short, not

very deep, but broad, and slightly oblique.

The condyles are rather small, the external

being the larger of the two, and placed

more directly fore-and-aft than the internal.

Fig. 75. Interual and Anterior ^'iews of Femur of

Tjpe of D. hoUandi Peterson. ^ nat. size-

The intercondylar fossa is deep, oblique, and wider in front than behind.

One of the more important differences between Dinohyiis and Bobchcerus humer-

osus is revealed in the comparative diameter of the distal end of the femur. In Bi-

noJiyus the femur has the antero-posterior diameter proportionately greater than in

Archseothermm ingens, and in this respect Dinohyus more nearly resembles Hip'po-

potamus, while, in Boochosrus /mmcro^tts the diameter of the distal end is more nearly

^* Cope states (Bull. U- S. Geol. Surv., ifol. V, p. 65, 1880) that tbe lesser " trochanter is large and projects well

inwards."

1

. I

i
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equal transversely and antero-posteriorly, like what may be observed in Sus and

the peccaries. Unfortunately no complete femur of Boochcems Immerosus has been

as yet discovered and we are therefore unable to compare it with the correspond-

ing bone of earlier and later forms.

Measuiiements of Femur,
Mm.

Greatest leniith 470

It transverse diameter of proximal end, approximately 155

Antero-posterior diameter of head 63

Transverse " " " 63
4

Greatest antero-posterior diameter of distal end, approximately 144

transverse " " " " 120

transverse 53

antero-posterior 56

a

Diameter of shaft at middle.

Patella. — The patella which was found with the type and undoubtedly belongs

to the same individual, is quite different from those found with the Princeton speci-

men. The diameters are relatively smaller in the vertical and antero-posterior direc-

tions, while transversely they are greater than in Archmotherium. The general out-

line of the bone is sub-oval, with a short, blunt process below and an angle greater in-

ternally than externally. It is evenly convex in front. The articular facet for the

rotular trochlea of the femur is evenly ronnded without a separating ridge, which

agrees perfectly with the condition of the groove of the femur. The patella of Di-

nohyus is further characterized by having a considerable rugose area on the postero-

internal angle which is separated from the main articulation by a very narrow,

Fig. 76. Lateral, Posterior, and Anterior Views of Patella of Type of D. hollandi Peterson. } nat. size.

but well marked groove. In Archmtliermm instead of this rugose area there is a

small recurved tubercle, which adds to the transverse diameter of the femoral articu-

lation of the patella. The patella oiBobchccrus Immerosus is relatively larger than that

of Dinohyus hollandi and in this respect more nearly resembles that of Archmtheriuw.
r *

ingens; the general shape is also more nearly like that in the latter genus, though

there are some differences, for instance in Boocho^rus the patella is more massive,

with a rapid contraction in the lower portion to form a process distally, while in A.

ingens the patella is of the greatest antero-posterior diameter proximally and grad-

ually diminishes to a transversely broad and antero-posteriorly compressed process.
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Measurements of the Patella.
Mm.

Vertical diameter 100

Tranverso " ^8

Antero-posterior diameter 40

Tibia. — One of the more noteworthy characters of Dinohyus is seen in the

coossification of the tibia and fibula. In the Princeton specimen from the Oligocene

the fibula, though much reduced, is entirely free, while in Dlnohijus it is firmly

coossified. The internal condyle extends somewhat more over the shaft than in

Archxoiherium, which results in a relatively greater expansion.

The two condyles are separated by a prominent spine which

rises more abruptly than in tlie older forms. The cnemial keel

is prominent and extends very nearly to the middle of the shaft

before it disappears. On the internal face of the cnemial crest

the shaft is quite flat, while externally there is a large fossa for

the flexor tendon, which is bounded superiorly by the ex-

panded head and the deep tendinal groove, laterally by the

hidi cnemial keel and the rounded external border
;
distally

the fossa gradually becomes shallower and finally fades away on

the shaft below the cnemial keel. Posteriorly there is another

prominent fossa for the tibiahs posticus, which is bounded above

by the overhanging borders of the popliteal notch, and laterally

by the internal and external borders of the bone. Distally the

fossa fades away and the surface of the shaft is almost flat,

while internally, externally, and anteriorly, there are greater

convexities imparting to the bone a sub-oval cross-section.

More distally the shaft becomes nearly quadrate.

The transverse expansion of the distal end is not great and

the antero-posterior diameter is only very moderate. The troch-

lea is unequally divided by a prominent ridge extending an-

tero-posteriorly ;
the external portion is the larger, and more

elevated than the internal, which causes a considerable ob-

liquity of the trochlea. This character is more nearly hke

what maybe observed in the Meo-ycoidodonts [Orcodonts) iha^n any of the recent

Sitidce. The bifid termination at the anterior margin of the intercondylar ridge in

Archxothcrium is absent in Dinohyus, and instead there are two facets on the ex-

treme antero-inferior end, which touch corresponding facets in the median portii)n

of the neck of the astragalus when the tibia is flexed forward. A similar arrange-

FiG. 77. Anterior View

of Tibia-fibula of Type of

D. hoUandi Peterson, i

nat. size.
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merit is also seen on the intercondylar ridge of the tibia in Dmodon calkinsi from the

John Day formation. The articulating surface of the inter-condylar ridge is pro-

portionately more interrupted than in the Oligocene genus, as the irregular-shaped

sulcus continues to the posterior border, at which point it entirely separates the ar-

ticulations of the trochlea. The internal malleolus is rather small ; it is compressed

transversely, does not extend much below the distal end of the fibula, and it covers

only one-half of the antcro-posterior diameter of the trochlea.

The proximal end of the fibula is "well coossified with the head of the tibia.

Immediately below the head the shaft is separated from the tibia for a distance of

100 mm.
; below this point the fibula, as stated above, is entirely fused with the tibia

leaving little or no trace of a suture between the two bones, except at the distal end.

The distal end is much expanded antero-posteriorly and rather compressed trans-

versely. On the anterior half of the external face is a prominent vertical ridge

which forms the anterior border of the tendinal groove and extends upAvard for a

distance of 60 mm. where the ridge becomes rapidly contracted and disappears on the

side of the fibular face. Distally the fibula extends well down below the trochlea

and furnishes a symmetrical appearance to the outline of the distal end of the tibia-

fibula.

Kowalevsky in his memoir figures a tibia and a portion of a fibula which was

found with Entelodon magnurrh (37, PI. XXVII, fig. 33).

These illustrations, together with the casts of the specimens now in the Carnegie

Museum, present characters quite similar to those of the corresponding bones in

the older American forms. The proximal end of the tibia of Entelodon is possibly

somewhat more expanded, but this may be due in great measure to crushing, as the

bone has apparently received some injury laterally. The fibula, which is quite

delicate, is represented by a portion of the shaft lying closely approssed to the shaft

of the tibia as figured by Kowalevsky. This bone appears to have been turned end

about ; the lower portion, as seen in the specimen, apparently agrees better with the

proximal than distal end of the American forms.
41

Measueements of Tibia.

Mm,
Greatest length 450

" antero-postcrior diameter of proximal end, approximately 115
'

' transverse " " " " 126

" " " distal " 97
'

' antero-posterior " " '* *
' 65

f 1



PETERSON : A REVISION OF THE ENTELODONTID^ 133

J f

\\-l

-5''

J

» i .

< ]

Li «

"Si
ly fi

<'ffy '.
;ff

11 -,\

^[j
?/

^^rt-:

r^. { ^J
.̂sv.

lU/

^^Jflii ^

ir^

J /

i'li

The Hind Foot.

As in other representatives of the Entelodontidm, the pes, as well as the manus

of DlnoliyiLS, is didact^'l. The total absence of the facet on the cuboid ''''

for mt. V
in the type of Dinolvjus hoUandi is interestin

and of some importance in connection with

other modifications of the genus. Professor

Scott states (87, p. 318) that in Archxothenum

ingens from the Oligocenc of America the fifth

metatarsal is present. From Kowalevsky's

statement and figures it is also very evident

that Entelodon magnum of Europe had a fifth

metatarsal (38, p. 449, PL XXVII, fig. 35).

Unfortunately the cuboid and mt. TV of the

type of Bodchcerus humerosus from the John

Day formation, are badly preserved in the

region where the facet for nit. V would be

found, so that its presence or absence is only a

matter of speculation. Through the courtesy

of Professors Schuchert and Lull the writer

had the opportunity of studying the material

representing Entelodonts which was collected

for Professor Marsh from the John Day region

as long ago as 1875. In this collection is a

portion of a skeleton of an Entelodont from

the green sandstone (probably the middle beds)

whicli is somewhat smaller than Boochwrus

described by Cope. The general features of

the remains seem to indicate a more primitive

type having a closer resemblance to Arclixo-

theriuvi ingens from the Oligocene than the

new genus Dinohyus. On the cuboid of this

specimen from the John Day formation the

facet for mt. V is plainly indicated.

Astragalus.— In correspondence with the

oblique trochlea of the tibia the proximal

^^A cuboid (No. 1926) referred to this genus, which was found in quarry No. 2 (Agate Spring Fossil Quarries),

is somewhat heavier than that in the type. The two specimens, which represent two individuals, are almost identical

in their general characters, except that in No. 1926 there is present a minute articular surface for mt. V, which would

seem to indicate individual or specific diilereuees.

;//
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FiG- 78. Dorsal aud Palmar Viewa of Left Pes

of Type of I), hollandi Peterson, ps, palmar sesa-

moid. \- nat. size.
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trochlea of the astragalus displays considerable asymmetry. The external condyle

Is much higher and more produced dorsally than the internal condyle, but the

articular surface does not extend so far distally on the anterior face as that on

the internal condyle, which nearly meets the articulation for the navicular. The

pit on the dorsal face, Avhich separates the distal and proximal articulations, is large,

comparatively shallow, and in the bottom are located two facets, which articulate

with corresponding facets on the anterior termination of the intertrochlear ridge of

the tibia when the latter is flexed forward. In Archscolherium this pit is deeper

and has no facets. The trochlear articulation of the external and internal condyles

of Binohyus are entirely separated by a broad sulcus, which takes up the deepest part
4

of the trochlea and is directly opposite the corresponding sulcus on the intertrochlear

ridge of the tibia when the two bones are in position. The distal trochlea is oblique

and unequally divided into two facets, the navicular facet being larger than the

cuboidal. The latter facet is proportionally of a less transverse diameter than that

in the Princeton specimen, which indicates a tendency toward the narrowing up of

the tarsus. The distal trochlea as a whole is more deeply concave on the median

line, the ridge separating the two facets being more prominent than in the Oligocene

genus. The sustentacular facet is relatively limited in the vertical direction and

also somewhat narrower superiorly when compared with that in ArchxotJieriura.

There are three calcaneal facets externally ; one is situated on the extreme distal

angle of the bone, while the other two are superior to the deep cavity which takes

up a large area of the external face.

The appearance of the astragalus figured b}^ Kowalevsky (38, PI. XXVII, fig.

34) is not unlike that of the American genera, although the pit on the dorsal face,

which separates the proximal and distal articulations, is apparently somewhat

smaller in proportion than in these.

Measurements op Abtragalus.
Mm.

Greatest length 106

'
' transverse diameter 68

' ^ ' ^ ' of proximal trochlea 58

'^ '' '' '' distal '' 59

'
' antero-posterior diameter of astragalus 55

Calcaneurfh.— As in Archceotherium the calcanoum has a long tuber, which is

deeply channeled externally and terminates posteriorly in an enlarged and truncated

end, but differs from that of Archxothermm in having an open flat surface for the

tendo-achillis instead of a decided groove. The fibular facet is divided by an oblique

ridge into a superior and an antero-inferior portion. The two facets are confluent,
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but at right angles, and are quite similar to those in Sus and Hippopotamus. The

unusual dorso-plantar extent of the distal facet for the astragalus in Archasothermm,

which was pointed out by Scott, is in Dinokyus fully as great. The latter facet is

confluent with the lateral facets for the cuboid, and only separated from the distal

facet for the same bono by a rounded angle, which is confined to the anterior half

of the distal facet. The distal facet for the cuboid is divided into two parts : an

anterior, which is plane ; and a posterior, which is obliquely concave antero-pos-

teriorl}^, and is carried high up upon the tibial face to accommodate the corre-

sponding facet of the prominent plantar hook of the cuboid. Above the cuboid and

distal astragalar facets there is on the fibular face a deep excavation, which is

bounded superiorly by the fibular and sustentacular facets and posteriorly by the

heavy border of the tuberosity. The sustentacular facet is quite large and is slightly

convex transversely and concave in the dorso-palmar direction.

Measurements of Calcaneum.
Mm,

Greatest length / 188

Length oftuher 100

Greatest antero-posterior diameter at fibular facet 82

*' transverse diameter at sustentacular facet 60

Navicular. — The proportions of the navicular are different from those in the

Oligocene genus, which fact is due to the relatively smaller transverse and greater

antero-posterior diameters in Dinohyus. The articulation for the astragalus is

divided by a broad rounded ridge, Avhich is evenly

convex from side to side, deeply concave an-

tero-posteriorly, and terminates in elevated and
F

rounded borders dorsally and palmarly. The frntur--^

fibular portion of the astragalar facet is rapidly

deflexed externally and terminates abruptly at

the fibular angle, while the tibial portion is gently

concave transversely and greatly concave antero-

posteriorly. The fibular face has three facets for

the cuboid, two dorsal and one palmar, as in

Archieoiherium, There is apparently a tendency

toward coossification between the navicular and

iwt.iy

Fig. 79. Distal View of Tarsus of Left

Pes of Type of D. hollandi Peterson, j nat.

size. / =^ facet. Ec= eoto-cnneiform. 3fc -=

mesocuneiform.

cuboid, as tlie articulating facets are reduced and

the surfaces very rugose throughout. The dorsal face is plane except the rugose and

sharp fibular angle which abuts against the cuboid. On the anterior portion of the

tibial face the bon« is convex vertically, and more so posteriorly. This convex por-

tion is suddenly succeeded by a prominent and rugose area for muscular attachments.

I
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The plantar hook is quite prominent and extends well below the distal facets,

while in ArcJucotherium it is much reduced, and is, as Professor Scott states, " hardly

more than a roughened ridge." The anterior portion of the distal face is taken up

by the facet for the ectocuneiform. The latter facet is divided into two areas by

fibular and tibial sulci leaving a narrow isthmus midway between the two. The

small facet for the mesocuneiform, on the tibial angle in ArcJixotherium, is entirely

absent in Dinohyus. Another interesting difference in Dinohyus is seen in the very

much less prominent tubercle on which the facet for the entocuneiform is located
;

the facet being almost on the same level with that for the ectocuneiform, and sad-

dle-shaped, with the posterior margin deflected on the base of the plantar hook.

The navicular of Entelodon magnvm, (38, PL XXVII, figs. 34 and 37) is rela-

tively shorter antero-posteriorly, and has a less developed palmar hook than in

Dinohyus. In Sus the navicular is quite different, being broad and articulating dis-

tally with the three cuneiforms, as is also the case in Hippopotamus. In the latter

genus, however, the navicular has no palmar hook, and the articulating surface

between the navicular and cuboid is situated near the palmar face.

Meastjrements of Navicular. Mm.

Greatest antcror-posterior diameter 73

transverse ,
* * 4X

vertical
'

** anteriorly
; 33

" *' posteriorly 55
i i

Entocuneiform.— Unfortunately the entocuneiform is lost in the type. Judging,

however, from, the space on the navicular, and cuneiform when in position, this bone

was of considerable height, rather compressed trans-

versely and antero-posteriorly, and in general appar-
+

ently somewhat different from that in ArchiGotherium.

An entocuneiform of Dinohyus (No. 2139a,

Carn. Mus. Cat. Vert. Foss.) which was found in
I.

quarry No. 1, section 20 (See plan of quarry, PL

LIV), is of an animal of approximately the same

size as the type specimen. The bone differs some-

what from the corresponding bone in Arclixothe-

riicm, being dorsally less produced and more de-

veloped in the palmar direction ; it is not pointed

distally, and its navicular articulation is less ob-

lique. It is further to be observed that there are

two facets, one near the proximal end for the

1 z
Fig. 80. ( 1 ) External View of Right En-

tocuneiform of A. ingcm Leidy (Princeton

Museum, No. 10885), (2) Same View of

Corresponding Bone in D. hoUandi Peterson

(Carn. Mus. Cat. Vert. Foss., No. 2139a).

1

I
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mesocuneiform (fig. 80, mc), and another small one near the distal end for Mt. II.

These are not present in Archxatlierium ingens (the Princeton specimen). The

distal fibular angle of the bone under description is entirely taken up b}^ a large

facet, which is slightly convex iii all directions, and articulates with a corresponding

facet on the palmar process of Mt. III. The bone as a whole has a great vertical

diameter, while antero-posteriorly and transversely it is rather compressed, especially

in the latter diameter.

Scott (78, p. 316) has already stated that the entocuneiform has not yet been

found in connection with Avihro^cotherium or with Entelodon. In Sus the ento-

cuneiform is larger distally than proximally, the palmar tubercle is very prominent

and the bone as a whole is altogether different from that in Archseothenimi or

Dinohyics, having a large and veiy prominent articular facet for Mt. II. In Hippo-

jmtamns the entocuneiform is also heavier, and broader than in the latter genera.

Mesocuneifoo-m. — The mesocuneiform is entirely ankylosed with the ecto-

cuneiform, but its outline, especially on the palmar and tibial angle, is clearly

defined (Fig. 79, Mc). There is, however, no articular facet on the proximal end

for the navicular as in ArcJixothermin and there is no facet for Mt. II, but on the

proximal fibular angle is a facet for the entocuneiform.

EctoGuneiform. — The ectocuneiform is of considerable size and Q-shaped in

general outline viewed distally or proximally. The entire proximal face is occupied

by the facet for the navicular, and the distal face is taken up by the facet for Mt. III.

On the palmar tibial angle of the distal face is a very minute articular surface for

Mt. II. The fibular face is very rugose back of the facet for the cuboid, which is

located near the dorsal face and occupies the entire vertical diameter of the bone
;

there is no facet for the cuboid on the proximo-palmar angle, as in Archxoihcrium.

In this respect the ectocuneiform of Dinohyus is more like that in some peccaries,

while in Hippopotamus the ectocuneiform articulates with the cuboid only by the

large palmar-fibular facet. The antero-posterio}- diameter of the facet on the distal

face for Mt. Ill is proportionately greater than in Archmoiherium, and, as in that

genus, the facet is in its dorsal portion obliquely convex from side to side, and near

the plantar region obliquely concave antero-posteriorly. The fibular border of the

facet is deeply emarginated by a sulcus.

Measurements of Ectocuneiform.
Mm.

Greatest antcro-posterior diameter including mesocuneiform 52

'' transverse diameter 32

'
' vertical '

'
28

The general outline of the ectocuneiform of Entelodon magnum {38^TL XXVIIj
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figs. 34, 35, 37) is quite similar to that of Dinohyus, but tlie distal articulation is

interrupted on the fibular angle and it is plainly seen from the figure that Mt. Ill,

did not come in contact with the cuboid as in Dinohyus.

Cuboid. ^The cuboid is relatively large and reveals some interesting and

important differences from that of the earlier types. The articular facets for the

calcaneum and astragalus occupy the proximal end in nearly equal proportions,

the former facet being slightly wider,^^ whicli is directly the opposite of what

is the case in Ardumtherium ingens, Avhere the astraga]ar facet is the larger of the

two. The cuboid of the type of Bo'ocJiosrus humerosns more nearly approaches

that of Dinohyus so far as the two specimens can be compared. The astragalar

facet of the present genus is plane transversely, deeply concave antero-posteriorly,

and the articular surface is confined to the anterior and posterior parts, with an

interrupted median area twelve millimeters long. A deep pit is located on the

fibular side of this interrupted sinus, which separates the calcaneal and astraga-

lar facets at this point. The calcaneal facet is less interrupted than that in

Archxotherium, as described by Scott, and continues obliquely from in front upward

and backward, terminating near the summit on the postero-tibial angle of the

ascending palmar hook. The tibial border of the dorsal face is heavy and very

rugose; the fibular angle is also prominent and abruptly convex antero-posteriorly.

The tibial face is rugose and in addition the dorsal facet for the navicular has

developed a projecting ledge '^^ so that together with the palmar facet, which also

occupies a similar though much larger ledge, the cuboid and navicular bones are

very strongly interlocked. Below the navicular facet near the dorsal angle Is a

small facet with square outlines, which articulates with the ectocunoiform. The

latter bone was undoubtedly connected posteriorly by cartilage only, as the corre-

sponding surfaces oil the two bones are very rugose Avith no distinct facets, such as

are found in Archasotherium ingens. In:imediately below the facet for the ectocunei-

form there is a third facet on the tibial angle. ^^ This facet articulates in a pronn*-

nent and quite important manner with a process of Mt. Ill which extends above

the head of Mt. IV similar to, though less prominent than, that in the manus (figs.

70, 78). These articulations are not present in the peccary, Stts, Hippopotamus, or

Entelodon magnum, but on Mt. Ill in Archxotherium there is a very slight indication

^'^ On page 448 (38) Kowalevsky says that the cuboid of Entelodon magnum has a narrower facet for the astragalus

than for the calcaneum, which is also well shown in his illustrations (PI. XXVIII).

" In Boochcerus Immerosus this projecting ledge is more developed than in the Princeton specimen from the Oligo-

cene, but is not so prominent as in Dinohyus.

^^ In the type of Boochcerus humerosus this facet is not present on the cuboid, but in a smaller individual from the

green sandstone (middle beds) of the John Day formation (Yale Museum No. 12765 ; Collector, L. S. Davis, 1875) this

facet is fairly well developed on the cuboid.

t
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of a facet on the fibular angle of the head, which is quite prophetic of tlae conditions

found in Dlnohijas. The anterior portion of the distal face is taken up by the facet

for Mt. IV, that for Mt. V being entirely absent in the type. The palmar face is

greatly excavated above the liook ; the latter is very prominent and covers the entire

lower portion of the palmar face. Distally there is on the tibial angle a facet of

considerable size for the palmar process of Mt. IV.

The vertical diameter of the cuboid is relatively less than in the Princeton

specimen, which in this respect as well as in the deeper tendinal sulcus on the fib-

ular side of the Carnegie Museum specimen, seems to agree more nearly with Ente-

lodon magnum (38, pp. 448-449, PI. XXXVII, figs. 34, 35, and 36). In the latter

species the facet on the palmar hook for the palmar process of Mt. IV is absent,

and the facet for Mt. V on the fibular-distal angle is present, just the reverse of

what appears in Dinohyus, in which there is no facet for Mt. V, and there is a facet

present on the palmar hook for Mt. IV.

MJilASUREMENTS OF CUBOIl).
Mm.

Greatest antcro-posteiior diameter '

^

*
' transverse "

" vertical " anteriorly 55

(I " " posteriorly 71

MdatavHal /I.— The second metatarsal is reduced to a very small oblong nodule

about half the size of Mt. II in the Princeton specimen. The nodule is held in

place chiefly by the distal end of the entocuneiform, for Avhich it has an articulating

facet of considerable size on the palmar face. On the proximal tibial angle is a

small facet for the ectocuneiform.

MEASUItEMENTS OF SECOND METATARSAL.
Mm.

Greatest length ^^

'
' transverse diameter ^^

'
' autero-posierior diameter 7

Mckdarsal III — The third metatarsal is larger and slenderer than Mc. Ill, but

the articular facets for Mt. IV on the third metatarsal are surprisingly similar to

the corresponding facets for Mc. IT. Thus the fibular angle of the head rises to a

prominent tubercle which overlaps the head of IMt. IV and articulates witli the

cuboid in much the same manner in which Mc. Ill articulates with the unciform.

This character of the pes seems to be a modification perhaps brought about since

Oligocene times, as the genus Archxollierium has only a very faint suggestion of a

facet for the cuboid, and has the fibular angle of the head of Mt. Ill only very
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slightly higher than the tibial angle.^® The proximal facet for the ectocuneiform is

slightly concave transversely in the dorsal region, and convex antero-posteriorly in

the palmar region to conform with the facets of the ectocuneiform already described..

On the postero-fibular angle of the head is a very minute facet which articulates with

Mt. 11. Below this facet is a rugose shallow channel, which receives the second

metatarsal. The palmar process is strongly developed, and, as in Archxotherium,

bears three facets ; the one on the tibial side is for the entocuneiform, the one on the

fibular side is for Mt. IV, and the one on the palmar end is for a largo sesamoid.
r

The facet for Mt. IV, which is near the dorsal face is larger and more pronounced

in Dinohytts than in the Princeton specimen. The shaft is quite flat, long, and

slender on the palmar and fibular faces, round on the tibial and dorsal faces, and is

similar to that of Archa^otherium, except for its greater rugosity on the fibular face,

which is .a marked character, showing a tendency toward the coossification of the

two functional digits in Dinohyus. The large tubercle Avhicli is developed on the

fibular border of the dorsal face just above the trochlea in Archdsotherium, is in Dino-

hyus developed into a swollen area which occupies the entire dorsal face of the shaft,

causing a deep depression distally. This depression is the superior boundary of the

distal trochlea. The latter is, as in Archwotherium, rather low and narrow. The

carina, which is confined principally to the plantar side, is plainly indicated on the

dorsal face by a faint ridge, which continues to the extreme proximal border of the

articulation. On either side of the carina is a shallow depression, which causes a

slight lateral convexity in the tibial and fibular portions of the trochlea.

Measurements of Thied Metatarsal.
Mm.

Greatest length 240

'
' an tero-x>osterior diameter of head 55

'
' transverse " " 40

Antero-posterior diameter o^ shaft medially 30

Transverse " " *' 30

" an trochlea '. 40

Antero-posterior " " ' * 45

Metatarsal IV. — The fourth metatarsal is of very nearly the same length and

thickness as the third. The head does not rise as high as that of the third, but the

palmar process is, as in Arclixotlierium, longer than that of the third metatarsal.

Dorsally the articular facet for the cuboid is slightly concave in all directions and

rises into an antero-posterior convexity in the palmar region. There is a large facet

for the cuboid on the end of the palmar process ; the tibial face of the process is

''^'^Sorne species oE the John Day formatiou more nearly approach Dinohyus iu the matter of tlie articular

facets of the cuboid and Mt. Ill-
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occupied by the flicet for Mt. Ill ; and immediately behind and at almost right

angles is a third Hicet, which corresponds to that on Mt. Ill and which supports a

palmar sesamoid. There is no evidence of a facet for Mt. V on the fibular angle of

the head. Dorsally the shaft is quite flat on its dorsal, tibial, and fibulai* faces,

while the palmar face is unevenly rounded. Towards the distal end the shaft is

more cylindrical, the palmar face being by far the flattest. Distally the bone is

similar, including the trochlea, to that of the third metatarsal.

Measurements of Fourth Metatak>sal.'
Mm.

Greatest length, 237

" antero-posterior diameter of head 59

'

' transverise " " 41

" " ^' shaft medially 28

Antero-postei'ior " " " '
* 32

" " " trochlea 33

Transverse '' " " 37

Metatarsal V. — Judging from the total absence of facets for the fifth metatarsal

on the cuboid and Mt. IV it would seem that this clement is entirely wanting in

Dinohyus. There is, however, a minute scale-like eminence on the fibular angle on

Mt. IV, which may, or may not, represent the fifth metatarsal.

A water-worn fi-agment of a fourth metatarsal which I refer to Dinohyus (No.

1927, Carn. Mus. Cat. Vert. Foss.) was found in the Agate Spring Fossil Quarry,

No. 1, where the type of Dlnoliyus was found. On the postero-fibular angle of the

facet for the cuboid of this metatarsal the articulation is flexed downward in such a

manner as to suggest the pi'esence of a small fifth metatarsal in this individual.

ralmar Sesamoid.— The palmar sesamoid is a large bone, triangular in outline,

compressed antero-posteriorly, and much expanded, especially in the tibial and
r

distal directions. The palmar surface is rugose and on the dorsal face near the

fibular angle are two facets for the third and fourth metatarsals described above.

There are facets on the palmar processes of the metatarsals in Archxotherium which

indicate the presence of similar sesamoids.

Mkasurements or Palmar Sesamoid.
Mm*

Greatest vertical diaipeter 38

'^ transverse *' 32

'
' antcro -posterior diameter 12

riiaUiiigcs. — The proximal and median phalanges are proportionately longer

and narrower than those of the manus ; otherwise they are similarly depressed

antero-posteriorly and expanded transversely. The articulation for the metatarsal

\

V
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Oil the proximal phalanx is divided into two parts by a faint groovCj which extends

across the face and terminates in the deep plantar notch. On either side of the

latter are facets on the extreme plantar angle of the proximal end which abuts

against the sesamoids. The distal trochlea is, as in the manus, simply cotivex

antero-posteriorly and concave transversely. The median phalanx is quite similar

to that in the manus. The ungual phalanx is short, high, and somewhat com-

pressed. They suggest strongly those of the recent camels though proportionally^

larger.

Measurements of Phalanges.

Proximal phalanx.
Mm.

Greatest length 78

" transverse diameter of proximal end 42

" antero-postcrior " " " " 35

'* transverse '' *^ distal '' 37

'* antcro-posterior ^* ^* '^ '* 23

Median phalanx.
Mm.

Greatest length 57

" transverse diameter of proximal end 36

*' antero-posterior ^* '' ^* ^* 35

*
' transverse ^

' ^ ^ distal ' ^ 34

*' antero-postcrior ^^ *^ *' '' 30

Ungual phalanx.
Mm-

Greatest length 39

'* vertical diameter, approximately 30

' * transverse ^ ^ 27

Sesamoids.— The sesamoids; though of considerable size^ are much smaller than

those of the manus. They are heaviest anteriorly and taper to "an obtuse hook pos-

teriorly. The dorso-proximal angle carries an articular surface which abuts against

a corresponding surface on the proximo-plantar angle of tlie first plialaiix described

above.

Restoration of Dinohyus Kollandi.
r

(riates LX, LXI.)

The most conspicuous features of the skeleton of Dinohyus hoUandi are the

disproportionately large skull, the long muzzle, the heavy neck, the high withers,

and the elongated limbs. Many other characters are impossible to fully appreci-

ate without seeing the skeleton mounted in full relief. The thorax has nearly the

sam.e proportions as in Bos iaurus, but the lumbar region is shorter. In Siis the

lumbar region is relatively longer than in Dinohyus, and the latter genus is, in this

i
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The right femur and certain bones of the manus

respect, more analogous to the Hippopotawous. The sternum is of enormous size

and there are osseous sternal ribs present. The fore limbs are powerful and the

skeleton in this region is not unlike that of Bison americanus. In the region of the

fifth, sixth, and seventh cervicals the neck was of enormous vertical diameter.

There are only four lumbar vertebree present derived from the type and a

fragment of tlie pubis represents all that was found of the pelvis. These parts were

found in a pile of fragments left on the edge of the quarry by Mr. Cook who

started to excavate in the fall of 1904. The pelvic raaterial, which was found in

quarry No. 1 in 1908, is used in this restoration and its anatomical features are

thought to be practically correct,

were also found in quarry No. 1 and are here used for the purpose of accuracy.

The right cuboid, the entocuneiform and Mt. IV are derived from other individuals.

The caudal region is restored tliroughout.

The skeleton was mounted by Mr. Serafino Agostini of the paleontological

staff, to whom much credit is due for the skill he has displayed in his work.

In 1894 Professor Marsh published (64, pp. 407-408, PI. IX) a restoration

which is based on rather incomplete material and as a consequence a number of

errors occur, some of whicli were pointed out by Professor Scott in his memoir on

"Elothermm'' (87, pp. 320-321). In Dinohyus holkmdi there are unquestionably four-

teen dorsal vertebras, whicli were found in a continuous series. The character of the

anterior sacral vertebra in comparison with the lumbars present in the type of Dmo-

Jiyus hoUandi seems to indicate that there must be two vertebrge missing. Two verte-

brse have therefore been inserted (1. 3 and 1. 6) which appears justifiable. Further-

more, it is quite evident from Professor Scott's publication (87), as well as from my

own observations on the same material, that there are six lumbar vertebroe in Archxo-

therium ingens. It would then seem that Marsh (1. c.) was correct as regards the

number of presacral vertebrffi of his restoration, but made a mistake in the division

of the dorso-lumbar series, while Scott's restoration (fig. 9) shows only thirteen dor-

sal vertebrae. In examining the Princeton specimen it occurred to me that tlie

spines in the posterior dorsal region are too abruptly shortened and that there was

probably an additional dorsal vertebra.

In comparing the articulated skeleton of Dinohyus with that oi ArclueotheriuTfh

ingens (see fig. 9) it is at once seen that the former has a relatively larger head,

shorter and heavier body, higher withers, and a shorter pelvis. Furthermore, the

sagittal crest is higher posteriorly, which indicates a greater vertical diameter of the

neck immediately back of the skull. Thus, it is seen that the Miocene genus had

a relatively heavier neck than its Oligocene predecessor.

I

^

\
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Measurements of the Restored Skeleton.
Cm.

Length from premaxillary of skull to the posterior end of ischium 288

Length of cervical region 51

*' '' dorsal '' 91

'' '' lumbar '' 38

'^ '^ sacral ^' approximately 12

* * * ' sternum 52

Height at 2d dorsal vertebra 177

'^ at superior border of ilium 140

'^ *' end of ischium 113

A model in full relief of Dinohyus koUandi^ a photograph of which is given on

Plate LXIIj has been made by Mr, Theodore A, Mills under the direction of the

"writer. An examination shows that this figure is at variance with the painting

prepared by Mr. Charles R. Knight under the direction of Professor Henry Fair-

field Osborn (72a, p. 713). ArcJueotherium is represented in that figure as having

long stiff bristles on a very broad neck, with the ears as in the Stu'mx, and as having

heavy pendant wattles hanging from the bony tubercles of the inferior margins of

the mandibles. Although the bristles and the broad neck shown in Knight's illus-

tration may be correct, there is reason to believe that the ears wore placed lower

down and were more drooping, judging from the position of the external auditory

meatus, which in the true pigs is directed upward and slightly outward, while in

those American genera of the Entelodontidse, in which this part is known, the

auditory meatus is directed nearly horizontally outward and has a prominent over-

hanging border on the upper side formed by the squamosal. In the restoration by

Mr. Mills the dependent processes on the inferior border of the mandibular rami of

Dinohyus are represented as supporting muscles, it being believed by the writer

that these processes, at least in the genus Dinohyus, existed for the attachment of
4

muscles in order to give required strength to this portion of the head. The model,

of which the figure is given, is of course to a certain extent conjectural, but is

believed by the writer to very fairly represent the animal as it was in life, and he

takes occasion to compliment Mr. Mills upon the skill wdiicli he has shown in
r

carrying out the suggestions made to him.

Conclusion.

While the osteology of at least two genera of this interesting family is now

quite completely before us, I make no attempt to present a succession of species, as it

seems to me that we have not yet the necessary material in order to satisfactorily

study the more detailed questions of the phylogeny of this group. Aymard and

Pomel with the extremely limited material representing this family at their com-
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mand, were constrained to place it among the living swine, where it has since, with

only one or two exceptions (Suhursi of de Blainville and Arctodon of Leidy), gener-

ally been placed by different writers. That the family is a " collateral branch " of

the Suidae, which " branched off in early Eocene time " as Marsh says (64, p. 406), is

from all the evidence at hand unquestionable. " Schlosser has referred the genus

l^Elothermm'] to the bunodont division of the family AnthracoiJieriidw, which family he

derives from an Eocene stock common to the Anthracotheriidx, the A.na2:)lotheriidm^

the ITqypopotamidx, and the Siddx" (87, p. 322). Scott says (l. c.) : "The genus

l^Elothcrkim] is so far specialized that it implies a long ancestr^^, not a member of

which is, as yet, certainly known, although there are certain Eocene genera, which

throw some light upon the problem." Stehlin in his discussion of the dental struc-

ture of the EntGlodoniidsc (90, pp. 121-123) concludes in a footnote (p. 123) by say-

ing: "jedenfalls liegt die Vorgeschichte der Elotherien noch sehr im Dunkeln."

It is apparent that, although we are well acquainted Avith the general anatomical fea-

tures of this family, we can for the present at best onl}^ speculate in a 'general way

as to the early histoiy of the group. From the Avork of Schlosser it is plain that he

regards the earl}^ Tertiary of the Old World as the home of the ancestral line of

the Entclodo7itidx, which may possibly prove to be true, unless " we may suppose," as

Matthew has stated in connection Avith his study of the genus Ancodon,'^'^ " that from

a diffusion center in Northern Asia early stages in the evolution of [this] phylum

[also] reached Europe," and that the American form reached North America at the

beginning of the Oligocene.

As for the knoAvn forms in the early American Tertiary there is not one Avhicli

can properly be regarded as truly ancestral to the family. Achxnodon of the Bridger,

and A, uintense of the Uinta are already too far advanced in the modification of

their dentition, having but three premolars, Avliile the limbs of A. iiindense would

seem to have retained a more primitive condition, having " four [? functional] digits

in the pes" (72, p. 105).

Achxnodon found in the Bridger formation, and A, uintense of the Uinta, should,

I think, be regarded only as pointing to a remote relationship ; indeed it Avould seem

that no great violence is done in referring these general resemblances to parallelism,

which Avas no doubt a greater factor in moulding characters than is sometimes real-

ized. The primitive bunodont teeth, the characteristic glenoid cavity of the skull,

the expanded zygomatic arches, and the elongated muzzle of these earlier Tertiary
4

forms are not to be dismissed so easily, as they are certainly most suggestive of the

Entclodordidx. But, as has been suggested by others (87, p. 322) there is no more

The suggestive resemblances of the knoAvn characters of

GO Bull. Am. Muesum of Natural History, Vol. XXVI, p. 4, 1909.
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reason why we should not expect a parallelism here as Avell as, for instance, in the

odontoid process of the axis, the selenodont molars, the reduction of the lateral digits,

and many other features, which have heen independently acquired by several dis-

tinct lines.

In regard to the ancestry of the Eiitdodontidx Dr. Herluf Winge (92a, p. 134) seems

to have reached a somewhat similar conclusion to that of Schlosscr. From a study

of the dental, cranial, and other skeletal characters of the .Entelodontidse, Winge {L c,

p. 141) seems also to think that they perliaps were less in the habit of rooting in the

earth than their ancestors and that, instead of the usual plant-food of the Ungulates,

which they perhaps entirely excluded, they accustomed themselves to mixed, or

flesh-food. In fact Winge (/. c, p, 141) states that the incisors, canines, and premolars

served as grasping-tools and weapons similar to those of carnivores ; and (/. c, p. 142)

that it is also not altogether unlikely that they lived in a similar manner to that of

dogs, preying on live animals, or, when they discovered carcasses, fruits, etc., that

they fed on them. That these animals actually seized live animals as their food, as

Dr. Winge seems inclined to believe, may well be doubted, while that they fed on

carrion and fruits, as well as on plants, is not altogether unlikely.

Lydekker has very suggestively said (53a, p. 78) that the ''food of the higher

selenodont pigs consisted in great part of leaves and grass (which require finer tri-

turation . . .) while their bunodont allies feed, as we know, more generally on roots

and tubers, and occasionally on animal matter. Hence it is probable that the

muzzles of most of the selenodonts were less elongated than in the true pigs, which
F

require to turn up the soil to obtain nutriment." It has been, I think, quite con-

clusively shown, by Scott (87, p. 278), and also in the description of the dentition of

Dinohyus in the present paper, that the wear of the lower canines and incisors could

not have been caused, in this animal, except by the habit of digging up roots.

The dental structure of Tetraconodon, from the Siwalik hills of India, precludes

its introduction into the family Entclodmdidse and it has quite correctly been placed

in a distinct family by Lydekker (53a, p. 78). This genus is apparently quite far

removed from the Fmtelodontidx as is Achxnodon of the American Eocene.

The phyletic and geologic position of the family Enidodontidm may then be

expressed in a general way as follows :
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Diagram Expressing the Phyletig and Geologic Position of Entelodontidm.

As Pomel (74, p- 1085), Leidy (50, p. 174), Marsh (64, p. 408), Kowalevsky

(38, p- 450), Scott (87, !>- 322), Sclilosser (83, p. 80), and others have shown us, this

family has in the pigs and Hipj)opotamus its nearest ^^ representatives of the recent

forms, while the direct ancestors are yet to be found. In the meanwhile we have

soon that during the relatively short geological time in wliich we are able to trace the
r ^^

family in Europe and America there are certain anatomical diiferences, indicating

lines of divergence. These lines probably point to habits due to the varied environ-
n

ments during the life-history of the group.

We have, for example, in the European genus Entehdon, a form with enlarged

premolars indicating a diverging step from Arcluwtherium. It has further been

pointed out that the base of the skull of Entelodon is very greatly different from that

of the American forms ; and also that the trigon of the lower molars is entirely

absent, while in Archxotherium it is quite plain in young, but fully adult specimens.

Felonax ramosum of the upper Oligocene has tremendously heavy chin-processes, a

very prominent angle, and single-rooted first and second lower premolars. Dxodon

of the John Day formation has no chin-processes at all and has a light angle of the

lower jaw; while in the Miocene of Nebraska we have in Driwhijus a form with

very small chin-processes, and a gentle sweep of the down>vard projection of the

angle approaching what is seen in Biwdon. The median upper incisors of Dino-

hyus are distinctly reduced and are in fact sometimes wanting, having been perhaps

shed quite early and the alveoli closed up.

In confining ourselves to these characters of the mandible alone and leaving

out Entelodon whose generic position can hardly be doubted, it would seem that

there is a variation of importance, when we consider the fact that all the specimens

<" The reUitiousbip to these recent forms is a very remote one.
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i.'i

found with these parts present in the Oh'gocene formation have the chin j^i'ocesses

present. This character then cannot be regarded as only of sexual importance so

far as the Oligocene forms, which are most abundantly found, are concerned. It

then remains to be seen whether certain forms like Archxotheriimi davum with the

relatively small and posteriorly placed chin-processes led up to such forms as Dxo-

don or if we will yet find in the lower Oligocene a form minus these protuberances.

The discovery of such a form would indicate that the various lines even to quite

small details of differences were already well established in older Tertiary time.

While the variation in the canine teeth, the dependent processes of the lower jaw,,

and the jugal of the skull in the different species of the lower Oligocene, may seem

comparatively small, they are nevertheless of some importance when it is shown that

certain other parts, as for instance the vertebral column, are quite varied. In

Archxotherium ingens from the lower Oligocene, the neural arches of the dorsal

vertebrse are iuiperfectly pierced by canals, Avhile in Archxotherium crasmm from

the same horizon, the horizontal canals are apparently present as in Bos taurus. In

Dinohyus from the Miocene we know that the neural arches of the dorsals are not

only perforated by horizontal canals, but by vertical canals as well ; a character

which is identical with what is found in Sits.

While the geographical distribution of this family in Asia is at present only a

matter of speculation, it is clear that Europe and especially North America were
^

occupied by it. Thus we have seen that while their remains are comparatively

abundant on the flanks of the Rocky Mountains, evidence of their existence is not

altogether wanting in California and New Jersey (" E. superhum,'' Ammodon leidy-

ami-m). From the lower Oligocene upward, and before the close of the Miocene,

then, they occupied certain areas of the North American continent from the Pacific

to the Atlantic coasts. Judging from their anatomy, their undoubtedly omnivorous

dental structure, their elongated limbs, and their distribution, it is highly probable

that these animals were capable of combating adverse conditions when occasion

required change. While we know that the representatives of this family continued

in America to a later geological age than was recently believed and that there were

distinct genera and species during the known existence of the group from the lower

Oligocene to the middle Miocene, there is yet much to be ascertained and we are far

from having solved the whole history of this interesting branch of the suborder

Artiodact/jla. When a more extensive survey of Asia, especially its northern part,

is made, and its Tertiary fauna becomes better known, we probably will be supplied

Avjth much valuable information on obscure points in connection with the study

of the vertebrate paleontology of the Tertiary formations of the coiHinents of the

northern hemisphere.
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EXPLANATION OF PLATE LIV.

Agate Spring Fossil Quarries. Plan of Quarry No. 1. Bl. = " Block " and associated with

numbers indicates relative size of blocks taken out of the quarry. Sections 2Aj to 21, indicate

relative position of each block and specimen as they were taken out.
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Memoirs Carnegie Museum, Vol. IV.

Sec.a I

Plate LIV

fl



^j trfc *n"*"J - ^^ I iT?T?fc=-'"

Memoiks Carnegie Museum, Vol. IV. PLATE LV.

S. Prentice del.

View of Right Side of Skull of Btnohyus liollandij Peterson. /- Nat. Pize. (Carn. Mus. Cat. Vert. Foss. Ko 1594.)



I

1l

H'

1'

\^

^-

r

ri',

I''

Jj

'

'-'
I I

.1'
J

J"

i -_- V- -



Memoirs Carnegie Museum, Vol. IV. Plate LVL

S, Freatice del

SUPERIOR View of Ckaxium of Dinohyus hollandi PEXEK^oy. /^ Nat, Size.
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o- Prentice del.

Palatal View of Cranium of Dinohyus hoUandi Peterson, ^t Nat. Size
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S*. Prentice del.

Dentitiox of Dinohyus hollandi Peterson. ^ Nat. Size. 1. Crown View of Uppee Dentition of Left Side. 2. Bide View of Lower
Dentition of Left Side. 3. Crown View of Lower Dentition of Left Side.
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A CATALOG OF THE FISLIES OF THE ISLAND OF FORMOSA, OF.

TAIWAN, BASED ON THE COLLECTIONS OF ])Il.

HANS SAUTER.

By David Starr Jordan and Robert Eakl Richardson.

In the year 1906 a large collection of the market-fishes of the island of For-

mosa was made by Dr. Hans Sauter. These were sent to the writers for identifica-

tion, and were at"our sugsjestion purchased by the Carnegie Museum, in which they

are now preserved. A number of duplicates have been presented to tlie Museum of

Stanford University in California.,

This collection was obtained in the port of Takao, or Takow, on the south-

western coast of the island of Formosa, called in Japanese Taiwan. It is in excel-
h

lent condition, and gives a good representation of the market-fishes of Formosa.

For the sake of completeness we have included in this list the fishes recorded

by Jordan and Evermann in a paper entitled " Notes on a Collection of Fishes

from the Island of Formosa" (Proceedings U. S. National Museum, Vol. XXV,

1902, pp. 315-368), and also the species recorded by Gunther, Regan, and others,

Avliich are preserved in the British Museum.

We desire to acknowledge the courtesy of the authorities of the United States

National Museum, who have permitted us herewith to reproduce the figures of

those species, which were given in the paper referred to above. The plates accom-

panying this article were drawn by Mr. William Backston Atkinson.

The following species are here described as new to science :

Scolopsis eriomma,Pristiurus sauteri,

Raja Jiollandi,

Leptoceph ahis edenurus,

Ophichilms everma7ini,

Pseudotolithus hruimeoluSy

HeTfiiptcronohis evidcs,

Glossogohius ahacopus,

Gymnotho rax leitcostigma.

159
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As noticed by Jordan and Evermann, the fauna of Taiwan boars close relation

to that of Southern China, and also to that of Southern Japan. In tlie main, how-

ever, the fauna is tropical, a large proportion of the species being found in India

and the Phihppines. The coral-reef species of Formosa are still unknown, except

as recorded from the Riu Kiu Islands, which lie to the northward. ^ Few of the

species of Central Japan extend their range southward to Taiwan.

I

Family SCYLLIORHINID^.

1. Cephaloscyllium umbratile Jordan & Fowler.

One specimen from Takao, measuring two feet to end of tail.

2. Pristiurus sauteri sp. nov. (Plate LXIII, Fig. 1.)

Body not so slender as that of Pristiurus eastmani of Japan ; head measured to

first giJl-opening 6 in total length ; depth equal to half distance between tip of

snout and fourth gill-opening ; snout 21 in head ; front and back edge of each nos-

tril with a pointed flap; these crossing and closing the nostril at middle ; entire

width of one nostril equal to the internarial space and ahnost exactly twice the

distance of the inner angle of nostril from mouth
; width of mouth sliglitly greater

than length of snout and about equal to interorbital space ; teeth each Avith a

median long cusp, on either side of which is a cusp of about half its length ;.each

short cusp may or may not have at its base one or two rudimentary cusps ; roof of

mouth and tip of tongue with minute prickles ; spiracles directly behind eye and

distant slightly less than their diameter from it ; distance from first to fifth gill-

opening equal to distance from spiracle to first opening.

Scales minute, each with a strong central cusp, on each side of which is a rudi-

ment, and with an evident median keel ; upper edge of tail with a low keel being-

ning a little less than two eye-lengths behind second dorsal and extending backward

to merge into upper lobe of caudal fin ; tliis keel armed on each side with a row of

enlarged scales, between which are four rows of ordinary scales.

First dorsal originating over back of base of ventrals, its base reaching nearly

an eye-length farther back than base of ventrals; origin of second dorsal a little

behind middle of base of anal ; second dorsal only a little, but distinctly, smaller

than first ; free edges of both dorsals nearly straight ; caudal with a shallow notch

on under side near tip ; width of ventral base equal to distance in front of eye to

middle of spiracle ; inner distance between bases of pectorals equal to length of eye
;

free margin of pectorals straight or shghtly concave ; tip of anal a little short of a

vertical from tip of second dorsal.
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Color uniform brownish on back an<i upper part of sides, paler below
;

first and

second dorsals black on upper anterior half, white on posterior third ;
upper lobe

of caudal with a broad blackish margin
;
pectorals dark brownish anteriorly above,

whitish behind and on free margin ;
ventrals and anal with rather indistinct pale

margins.

Six specimens, twelve to fourteen inches long, from Takao. The species is

apparently close to Parmaiurus plosus Garman fi'om Japan, but it seems to differ

from the latter in the insertion of the first dorsal and in the coloration of the fins.

We agree with Regan that Farmaturus is not recognizably distinct from the

European genus Prid'iaru.s.

Family OREOTOLOBID^..

3. ChiloscyIlium indicum (Gmelin).

Formosa (Jordan & Evermann).

Fig. 1. Chiloscyllhim indicum (Gmelia). (After Jordan & EvermauD, Proc U. S. N. M ,
Vol. 25, p. 317.)

4. Orectolobusjaponicus Regan.

Formosa (Regan).

Family CARCHARIID.^.

5. Scoliodon walbeehmi (Bleeker). (Plate LXIII, fig. 2.)

(Native name Soo Jill, = "sandfish.")

One specimen from Takao, thirty-five inches long to end of tail. Another

specimen, eleven inches long, and figured by us, may represent a different species,

having the mouth characters of >S. walbeehmi, but the tail much longer. Its descrip-

tion follows

:

Head 5 times in total length ; depth 5 in length to base of ventrals; eye 2| in

interoi'bital space, which is contained 2-^ in head (to first gill-opening) ;
length of

snout from front margin of moutli equal to distance from back of orbit to second

gill-opening ; a short labial groove, equal to width of nostril, on upper jaw
;
lower
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jaw with a groove a little more than half that length ; distance between nostrils a

httle more than half interorbital space and less than twice eye ; teeth not yet appear-

ing through the gums
;
scales apparently as usual in Scoliodon, but httle developed

in the specimen, the body being smooth in places when rubbed forward with

finger; base of first dorsal equal to distance from eye to first gilhopening, its

middle almost exactly half-way between ventrals and last gill-opening; second

dorsal inserted over back of anal ; caudal noticeably longer than in specimens

of ^. walhechmi of the same size, the distance from the pit to the notch on under

side near tip equal to length of head to second gill-opening; posterior margin of

pectoral slightly concave
; color bluish-olive above, pale below; free margin of first

dorsal and upper and lower edge of caudal black.

The above description is based on a single young specimen, eleven inches long

apparently very recently a fcetus (see figure), from Takoa. Except for the sinoother

body, absence of teeth and longer tail (all fetal characters?) the specimen does not

seem to differ from specimens of Scoliodon walhechmi from Manila of the sanie size.

One specimen of 8. uulheehmi from Manila one-fourth inch shorter in total length has

the scales evident over whole body and fins, the teeth well through, and the umbilical

scar absorbed. If our specimen is a recent fcetus of this species, as it may be, it is

then necessary to assume either that it is somewhat overgrown for its age, or tliat a

marked shortening up of both body and tail occurs at about the time the teeth

appear and the scales attain their full development.

(J. Triakis scyllium Mliller & Plenle.

Formosa (Jordan & Evermann).

7. Galeus japonicus Miiller <& Henle.

Formosa (Jordan & Evermann).

Family SPliyilNlDTE.

8. Sphyrna zygsena (Linnaius).

Formosa (Jordan & Evermann).

9. Alopias vulpes (Gmelin).

Family ALOPIlDyE.

Two specimens from Takao, ten and one-half inches to base of lower caudal

lobe
;
twelve inches to tip of tail.

Family SQUALIDiE.
10. Squalus japonicus Ishikawa, (?).

A foetus from Formosa (Jordan & Evermann).
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Family RHINOBATIDyE.

11. Rhinobatus schlegeli Miiller & Henle.

Formosa (Jordan & Evermanu).
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Family RAJID.E.

.

12. Raja hollandi sp. nov. (Plate LXIV.)

Tnterorbital space 3f in distance from eye to tip of snout
;
width of mouth If

;

length of first dorsal H times, caudal (upper lobe) 1^ times interorbital space;

length of eye nearly equal to interorbital space.

Body rhomboid, broad, the widtli of the disk one-fourth greater than its length

;

head not large and snout not much produced, though ending in a small point;

anterior margin of disk full (slightly convex) in front of and lateral to eyes, weakly

concave in outer half; distance between eye and margin of disk twice interorbital

space
; mouth scarcely undulate, the angle made by meeting lower jaws about 75°-

80°
; teeth small, rounded, about forty-five rows in upper jaw : nostrils large, sepa-

rated a distance about equal to width of mouth, their length (antero-posterior) about

one-half width of mouth, with which nostrils are confluent; posterior margin of

nasal flaps fringed ; interorbital space concave; a supraorbital semi-circlet of eight

or ten short spines, directed backward ; spiracles a little wider than half length

of eye, directly posterior to eye's outer half; width of gill-opening about 2-^^in length

of eye ; body and head smooth except for the supraorbital spines and a single median

dorsal spine a little farther behind eyes than their distance apart; back and sides

of tail with five rows of short backwardly directed spines; under edges of snout, to

a point even with outermost gill-opening, beset with numerous minute spines.

Dorsals separated a distance H times length of base of first dorsal; second

dorsal separated from caudal a distance three-fifths length of base of first dorsal

;

total length of tail from axilla of veutrals equal to seveiv tenths width of disk;

angle of pectoi-als falling a little in front of midway of length of disk
;
ventrals

deeply notched, distance from ventral notch to posterior tip of ventral about four

times in length of tail.

Color in spirits brown above, lighter bluish to greenish beneath ; back and all

upper surface except tail and snout densely covered with small black specks about

the size of coffee grains; snout translucent, its upper surface appearing whitish in

reflected liglit ; the numerous mucus i)ores of under side of snout and sides of mouth

each surrounded by a circle of black ; tail brownish above (perhaps faintly mottled),

paler with some dusky underneath.
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Described from a single specimen, female, from Takao
; length of disk eight and

one-fourth inches, width ten inches, tail seven Indies. It is named for Dr. WilHam

J. Holland, Director of the Carnegie Museum.

Family DASYATIDyE.

13. Dasyatis bennetti (Mdller & Henle) (?). (Plate LXV.)

{Trygon carnea Richardson, Ichth. Chin., 197, f(jctns.)

One specimen from Takao with disk fourteen inches long and thirteen inches

wide, and tail thirty-one inches long, we refer provisionally to this species, which

was desci'ibed from Hong Kong. Front margins of pectorals converging at an angle

of 65°
; sides of tlie short tip of snout meeting at nearly a right angle ; tail with a

low black cutaneous fold on under side, originating under the serrated spine and

extending backward a distance three times interorbital space; a very short fold on

top of tail extending back of reflexed spine a distance equal to interorbital space;

top of tail for remainder of its length roughened by miiuite spine-liko tubercles ; a

median dorsal row of short but strong spines originating behind gill-cavity and

reaching to base of serrated tail-spine ; many small tubercles on either side of this

row anteriorly ; width of mouth contained two and one-half times in space between

anterior gill-openings; margin of nasal flap with a short fringe; color uniform

blackish above, pale below ; tail without bands. The tail is shorter than in Dasyatis

bennetti and the armature somewhat different. It is questionable whether this

identification is correct and the species may be undescribed.

FiQ. 2. Dasyatis akajei (Sclilegel). {After Jordan and Kvermanii, Proc. U, S. N. M., Vol. 25, p. 319.)

t.
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14. Dasyatis akajei (Schlegel).

Formosa (Jordan & Ev^ermann).

Family ELOFID^E.

15. Elops hawaiiensis Regan. (Plate LXVI, upper figure.)

Depth 6.8; head 4.2; snout a htte longer than eye, the transverse diameter of

which is 3 in maxiUary ; interorbital width (measured on skull) a little over

5 in head ; maxillary extending beyond eye, more than one-half length of head
;

lower jaw shutting inside upper (tip slightly projecting), so that the whole of the

premaxillary band of teeth is exposed when the mouth is closed
;
length of gular

plate two-tliirds that of lower jaw; twenty-seven branchiostegals ; thirteen gill-

rakers on lower limb of anterior arch ; ninety-seven scales in a longitudinal series

from gill-opening to the base of the caudal ; dorsal twenty-three, with nineteen

branched rays ;
anal fifteen, with twelve branched rays

;
pectoral one-half width of

pupil, more than one-half length of head, extending three-sevenths of the distance

from its insertion to the front of the ventrals ;
origin of the ventrals slightly nearer

the base of the caudal than the end of the snout ; caudal peduncle scarcely com-

pressed anteriorly, its width over the tip of the anal scarcely less than its depth;

least depth of caudal peduncle S-^ in head, least width 6.

One specimen thirty-six inches and one twelve inches long were received from

Takao. The lai-ger specimen seems to agree well with one thirty-four inches long

recorded by Evermann and Scale (1906) from the PhihppineSj measurements of

which have been furnished by Dr. Evermann. Specimens in the museum of Stan-

ford University from Honolulu and Manila seem also to belong to this species,

though none of these is over fourteen inches in length. In specimens of that size

and under the body is notably less slender and the caudal peduncle much more

compressed than in the adult specimen here recorded from Formosa.

This species is recorded by Jordan & Evermann from Suwata, Formosa, as

Elops macJinata, which is the species of the Red Sea.

Family MEGALOPID.E.
15. Megalops cyprinoides (Broussonet).

(jriran, Formosa (Jordan c*^ Evermann).

Family CIIIROCENTRID.^.
16. Chirocentrus dorab (Forskul).

(Native name Sai do).

One specimen twenty-two inches and two sixteen inches long from Takao.
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Family CHANID/E.
17. Chanos chanos (Forskal).

Giran, TaihokUj and Toil (Jordan &. Evermann).

Family CLUPEIDiK.

18. Sardinella toll (Cuvier & Valenciennes).

Five specimens three to four inches long from Takao. Kotosho (Jordan &
Evermann). The genus Sardinella is identical with Ilarengula and probably also

with Koiuala. The Sardines and rilchards should stand as Amhlygaster Bleeker,

a name earlier than that of Sardinia T*oey.

19. Amblygaster maculatum (Richardson).

Giran (Jordan & Evermann).

20. Amblygaster immaculatum (Kishinouye).

Seven specimens, four and one-half inches long from Takao, Formosa.

Dorsal 16 or 17; anal 16; scales 44; head 3.6 in length without caudal, a

pupil's width more than greatest depth of body ; depth 4.3 in length ; body com-

pressed, greatest width nearly 2 in depth ; eye 3 in head, equal to snout without

adipose eyehd ; lower jaw slightly projecting when mouth is closed ; maxillary 2

in head, not quite reaching middle of eye ; small teeth in front of lower jaw ; vomer,

tongue and palatines smooth
; origin of dorsal nearer snout than base of caudal ; ven-

trals inserted in front of middle of dorsal
;
gill-rakers fine, length two-thirds of eye

;

scales deciduous, posterior edges smooth or broadly sinuate, some with evident strito.

Color silvery below, bluish black above ; upper and lower jaw tipped with

blackish
;
a narrow median frontal line of blackish from above pupil to even with

nostrils.

This is probably identical with Clupea invmamlata described by Kishinouye

from the Riu Kiu Islands.

21. Ilisha elongata Bennett.

Formosa (Jordan &, Evermann).

22. Dussumieria elopsoides (Bleeker).

Kotosho (Jordan & Evermann).

Family ENGRAULID^..
23. Anchovia hamiltoni (Gray).

(Native name Foe hoe.)

Four specimens three to four inches long from Takao.

i\
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24. Anchovia indica (Van Hasselt).

(Native iiaiBO Gang a hii; Jaic a.)

Three specimens four inches long from Takao.

25. Anchovia koreana (Kishinouye).

(Native name Un na.)

One specimen four inches long from Takao. Dorsal 12; anal 30 ;
lower jaw

very short.

Family D0R080M1D.E.

2G. Konosirus thrissa (OsLeck) = Dorosoma nasu.^ (Blocli).

(Native name Beng iikin.)

Four spechnens seven and one-half inclies long from Takao.

Family SALMONIDyE,

27. Plecoglossus altivelis Temminck & Schlegel.

Taihoku (Jordan & Evermann).

Fig. 3. Pkcoglossus aUivcfi,^ Tein. & Sclil. (After Jordan & Eveiniauii, Tioc. U. S. N. W., Vol. 25, p, 328.

)

Family SALANGID^,

28. Parasalanx acuticeps (llegan).

Lake Candidius, Formosa (Regan).

Family SYNODONTID.E.

29. Trachinocephalus myops (Forster).

(Native name Gau hu.)

Seven specimens five to six and one-half inches long from Takao. We have

not yet separated the Japanese Trachinocephahts trachimts from T. myops of the

Atlantic.
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30. Saurida gracilis (C^uoy <k Gaimard).

(Native name Soa tngah.)

Six specimens three to eight inches long from Takao.

31. Saurida argyrophanes (lUchardson).
4

(Native name Gau hu.)

Three specimens twelve inches long from Takao. Adipose eyeUd thick and

broad, as much so as in the figure of Saurida eso of Jordan & Pierre.

32. Saurida tumbil (('uvier) ?

A single specimen from Takao, six and one-half inches long, is referred with

doubt to this species. Scales 61 ; cross bands not evident on back
;
adipose eyelid

narrow.
Family PLOTOSID.^.

33. Plotosus anguillaris (Bloch).

Five specimens from Takao, six to eight inches long. Giran (Jordan & Ever-

mann).
Family SILURlDyE.

34. Parasilurus asotus (Linnaeus).

Taihoku (Jordan & Evermann).

Fia. 4. Parasilurus asofus (LianEciis). { After Jordan & Evermann, Proc. U. S. N, M., Vol. 25, p. 320.)

35. Tachysurus sinensis Lacepede.

Suwata (Jordan & Evermann).

36. Tachysurus falcarius Richardson.

Suwata (Jordan & Evermann).

37. Liobagrus formosanus Regan.

Lake C'andidius (Regan).

Family CLARllDyE,

38. Clarias fuscus (Lacepede).

(Native name tan or taro sat).

One specimen from Takao, seven inches long.

Taihoku (Jordan & Evermann).
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KJG. 5. Ctarias J USCV.S (Liicupule), (After Jonlaii & Everniai]i), Proc. U. S. N. RI,, Vol. 25, p. SSL
)

Family COBITID.E.

39. Misgurnus decemcirrosus (Basilewsky).

Three specimens from Formosa, Tan Sin River at Taihoku (Jordan & Ever-

mann). Scales 121
;
depth 6.7 in length

;
longest barbel 2 in head. This is a fiyli

with a deeper, less pointed head, and paler color than 71/. anguillicaudatud.

' Family CYPRIXIDyE.

40. Carassius auratus (Einn?cus).

Four specimens from Takao.

41. Cyprinus carpio Linna>us.

Formosa (Jordan & Fvermann).

42. Gymnostomus labiatus Regan.

Lake Candidius (Regan).

43. Rohita decora (Peters).

Formosa (Jordan & Evermann).

44. Candidia (gen. nov.) barbata (Regan) = Opsariichthys harhatus Regan.

From Lake Candidius (Regan).

This species, differing from Opsariichthys, hy the presence of barbels, must be

regarded as the type of a distinct genus, Candidia,

45. Ctenopharyngodon idellus (Cuvier & Valenciennes).

Taihoku (Jordan & Evermann).

46. Hemibarbus barbus (Temminck & Schlegel, Gunther).

Formosa (Jordan & Evermann).

47. Culter brevicauda Giinther.

Formosa (Gunther, Jordan & Evermann).

48. Cirrhina sp.

Formosa (Jordan & Evermann).
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49. Pararasboramaltrechti Regan.

Lake Candidius, Formosa (Regan).

50. Zacco pachycephalus (Gfmther).

Suwata, Taihoku (Jordan & Evermann).

51. Zacco evolans Jordan & Evermann.

Tan Sin River, Taihoku (Jordan & Evermann

Fig. G. Zacco evolans J. & E. {After Jordan & Evermann, Proc. U. S. N. M., Vol. 95, p. ^23.)

52. Acheilognathus mesembrinum Jordan & Evermann.

Kotosho (Jordan & Evermann).

Fig. 7. AcheiJognalJius ma^amhrinum J. & E. (After Jordan (."fe Evermann, Troc. U. S, N. M., Vol. 25, p. 324.)

53. Dillonia sp.

Formosa (Jordan & Evermann).



JORDAN AND KICHARDSOW : FISHES OP THE ISLAND OF FORMOSA 171

Family MOXOPTERIDyE.

54. Monopterus albus Zuieuw.

Hokoto (Jordan &. Evermann).

Faiiiily ANG.UILLID.E.

55. Anguilla sinensis McClelland.

Seven specimens, thirteen to sixteen inches long, from Takao. Taihoku (Jor-

dan & Evermann).

5G. Anguilla manilensis (Blocker).

Kotosho, Jordan & Evermann.
L

57. Anguilla mauritiana Bennett.

Kofcosho^ Jordan & Evermann.

58. Anguilla remifera Jordan & Evermaim.

Hokoto (Jordan & Evermann).

Fl«. 8. Anguilla rant/era J. & E. (After Jordan & Evermann, Proc. U. S. N. M., Vol. 25, p. 325.)

1

Family LEPTOCEPHALlDyE.

59. Leptocephalus anagoides (Bleeker).

(Native name Tsoan.)

Eleven specimens from Takao six to eleven inches long. This species seems to

differ clearly, thongh slightly, from Leptocephalus (CongreUus) anago (Schlegel) in

the more anterior insertion of the dorsal (in front of base of pectoral), dai^ker color

about head, especially on under side, broader black margin on dorsal and anal, and

reduction in size, or absence, of the white tip of the tail.

^0. Leptocephalus ectenurus sp, nov. (Plate LXVI, lower figure.)

Head 1.25 to 1.3 in trunk; head and trunk 1.9 to 2.12 in total length; tail
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tapering rapidly, becoming very slender toward tip, much as in Uroconger Jepiurus

;

head notably large, occipital region elevated; snout long, 1.5 times eye, 3.75 in

head, projecting beyond lower jaw a distance equal to two-thirds of eye; eye 5.3 in

head
;
anterior and posterior nostrils with low raised flaps; cleft of mouth reaching

to middle of eye
; teeth in jaws all pointed, closely set in broad bands in both jaws;

vomerine patch subtriangular, rounded anteriorly ; a few scattered, pointed teeth

slightly longer than the rest in the front portion; the posterior (vomerine) teeth

short and blunt ; circular part of patch of teeth on vomer exposed when mouth is

closed; tongue free
;
pectoral 3.3 in head; dorsal beginning over gill-opening, dis-

tinctly in front (one-half width of pupil) of pectoral ; thirty-one pores before vent.

Color in spirits light olive brown, paler below; top and sides of head more
heavily punctulated with dusky; dorsal and anal black edged, the whole of both

fins tending to blackish on last third or half of tail
;
pectorals plain

; tip of tail

black.

Described from two excellent specimens eighteen and nineteen inches long

from Takao.

This species seems to bridge the rather sligiit distinction heretofore made
between Lepiocephalus and Covgrellus, having the long tail of the former and the

anteriorly inserted dorsal of the latter.

We may note that Myrophis {Gnathophis) heierognathus (Bleeker) seems, to be a

young specimen of LejHoccphalus nystromi Jordan and Fowler, both species being

described from Nagasaki. The species should stand as Leptocephahcs heterognathus.

Family OrillCHTHYID^.
61. Ophichthus evermanni sp. nov. (Plate LXVII upper figure.).,

Two specimens from Takao, seventeen and twenty-one inches long, seem to

agree fairly well with the 'Variety" OpJdchthus cephalozona recorded by Dr.

Giinther from Japan (Catalog of Fishes in the British Museum, Vol. VIII, p. 70),

having the body very distinctly marked with numerous blotches resembling cross-

bands. The nuchal band is scarcely less distinct than in the figure by Dr. Bleeker.

The dorsal of one specimen shows no distinct white edge, while in the other (nine-

teen inches long) the white margin shows plainly. In both specimens the dorsal

partakes more or less of the mottled coloration of the body. The pectoral is 3^- or

4 in head
;
the dorsal begins in front of the posterior fourth of the rcflexed pectoral.

This species is recorded as Ophichthus r.rphalozona from Hokoto, by Jordan &
Evermann.

62. Pisobdonophis boro (Hamilton Buchanan).

Toii (Jordan ct Evermann).
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Family MUR^NID^^.
63. Echidna polyzona (Richardson).

One specimen eighteen and one-half inches long from Takao

64. Gymnothorax reticularis Bloch.

Five specimens ten to fourteen inches long from Takao.

65. Gymnothorax pescadoris Jordan & Evermann.

Pescadores Islands (Hokoto) (Jordan & Evermann).

Fig. 9. G>jmmthora.t pescadoris J & E. (After Jordan & Eveniianu, Proc. U. S. N. M., Vol. 25, p. 32G.)

66. Gymnothorax fimbriatus (Bennett).

{Marxnophis stcUcUus Lacepede?; Gtjmnothorax isingleenoides Bleeker.)

One specimen from Takao, twelve and one-half inches long, agreeing in all

I'espects with Bleeker's description and figure (of young) of G. isingleenoides. The
specimen agrees very well also with examples from Samoa, recorded by Jordan &
Seale as G. sfellatus (Lacepedo) and. with a single young specimen from Sumatra
received from Mr. H. W. Fowler. It may be that the name stellatus should stand

in place o^fimhriatas. Mrnxna bidlata Richardson, figured by Bleeker, seems to be

distinct.

^7. Gymnothorax flavomarginatus (Riippell).

One specimen from Takao twenty-two inches long.

6^S. Gymnothorax pseudothyrsoideus (Bleeker). (Perhaps not of Day.)

A large specimen two feet in length from Takao, appears to agree in all essential

I'Gspects with Bleekers figure and description. The dorsal begins half way between

the gill-opening and the back of the orbit ; the ground color is rather dark brown,

finely reticulated, or marbled everywhere with lighter, and is scarcely paler on the

chin and the belly than on the upper parts; there is no black about the gill-opening,

^-nd no light border to the fins except at the tip of the tail. The species is near
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Gyranoihorax philippinus Jordan & Seale, but seems to have a heavier body, less

pointed tail, and darker chin and belly. The markings on the sides of the tail are

obscured in the specimen.

69. Gymnothorax melanospilos (Bleeker). (Plate LXVII, lower figure.)

"Head 6.9 in total length, 2.5 in trunk ; head and trunk equal in length to tail

;

depth 2 in head ; snout 5.75 in head, much compressed, its width in front of eyes

hardly more than one-third width of head ; eye small, 12 in head, 2 in snout.

Body rather slender, the tail tapering but the tip rounded rather than pointed
;

mouth large, the eye midway between its angle and tip of snout ; teeth in single

series; two depressible canines in upper jaw
;
gill-opening a little longer than eye

;

dorsal inserted half way between gill-opening and eye, its height apparently a little

less than half the depth of the body; anal low.

Ground color in spirits light purplish brown, considerably paler on chin and

fore part of belly ; body and fins everywhere covered with roundish or elongate

(when double) black spots, as a rule a little larger than eye, and when confluent or

double oftenest arranged longitudinally; there are evident on the tail three more

or less distinct longitudinal rows of the larger spots, and a row of smaller ones along

the base of the anal ; the spots on the trunk and head are not in distinct rows,

though about four or five rows migbt be surmised as the basis of the pattern
;
the

spots on chin, cheeks, and snout are distinct, but smaller and more irregular in form

than those on the hinder part of the head and on the tail and body ;
on the neck

underneath the gill-opening are about five narrow blackish longitudinal streaks,

coinciding with cuticular creases; the dorsal has a basal and a marginal row of

spots like those of the body, wliile the anal has one row of such spots ; the edge of

both dorsal and anal is pale between the black spots, but there is not a continuous

pale edge, except at tip. (Dr. Giinther, Avho had Bleekcr's type, says G. melanospilos

has fins with a narrow whitish edge.)

This species seems scarcely difFerent from Gymnothorax pescadoris Jordan cfe

Evermann, except in coloration (spots on head and tail larger). The width of the

snout is not stated in the original description of that species. The very much com-
r

pressed snout of our specimen (agreeing with Giinther's statement about G. Tfidano-

spilos) is very striking.

70. Grymnothorax leucostigma sp. nov. (Plate LXVIIl.)

Head G.G in length, 2.05 in trunk, 3.6 in tail ; tail about i head's length longer

than head and trunk ; depth 1.7 in head ; snout 5.5 ; eye 11.5.

Body rather heavy and short, tail pointed ; occipital region elevated, the de-

>

i

\
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scent stoep to eye ; snout compressed laterally to scarcely more than the width of

the interorbital space, which is 3 in width of head ; mouth large, the eye being

midway between its angle and tip of snout; teeth in single series in jaws; no dc-

pressible canines or other teeth on vomer
;
gill-opening about diameter of eye

;

dorsal inserted in front of gill-opening one-third distance from it to front of eye

;

height of dorsal more than one-third depth of body ; height of anal about equal

to eye.

Ground color reddish brown ; head, body, tail, and fins covered with large

roundish pale spots, usually larger but sometimes smaller than eye ; the spots are

plainer and in tlirce to four fairly definite rows on tail, and there are four to five

indefinite rows on body ; the spots on sides and top of head are numerous, but much

smaller than the large ones on body ; chin, breast, and belly apparently without

spots and not much paler than the upper ground color
;
some blackish about gill-

opening, in the thoracic creases, and at angle of mouth ; dorsal with two rows of

pale spots, anal with one row ; margin of dorsal blackish between pale spots.
+

One specimen 31 inches long from Takao.
r

4

'^l- Evenchelys macrurus (Bleeker).

One specimen forty-tliree inches long from Takao ; Kotosho (Jordan tfe Ever-

niann).

Family BELONlDyE.

72. Tylosurus caudimaculatus (Cuvier).

One specimen twelve inches long from Takao.

'^S. Tylosurus coromandelicus (Van Hasselt).

(Native name Ian.)

Two specimens, one twenty inches, and the other sixteen inches long, from Takao.

^^4. Tylosurus schismatorhynchus (Bleeker).

(Native name Ian.)

One specimen twenty inches long from Takao.

^^- Tylosurus leiurus (Bleeker).

Formosa (Jordan &, Evermann).

76. Tylosurus melanostigma (Cuvier & Valenciennes).

Formosa (Jordan & Evermann).

Family HEMIRAMPHID^.
77. Hemiramphus far (Forskal).

Two specimens, respectively ten and twelve inches long, from Takao.

(Jordan ^ Evermann).

Formosa
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78. Hemiramphus melanurus Cuvier & Valenciennes.

' Fifteen specimens tliree to five inches long from Talcao.

79. Hemiramplius georgii Cuvier ct Valenciennes.

Formosa (Jordan & Evcrmann).

'

80. Euleptorhamphus longirostris (Cuvier).

Formosa (Jordan & Evermann).

Family P]X0CGETID7E.

81. Cypsilurus spilonotopterus (lUeeker).

Formosa (Jordan & Evermann).

Family FISTULAMTDZE.
82. Fistularia petimba (Lacepede). .

Four specimens five to fifteen inches long from Takao. Formosa (Jordan &
Evermann).

Family MUGILIDiE.

83. Mugil oeur Forskal.

Keerun
;
Taihoku (Jordan & Evermann).

84. Liza troscheli (Bleeker).

One specimen six inches long from Takao. ITokoto (Jordan & Evermann).

Family SPHYRyl^^NlD^^.

85. Sphyrsenajello Cuvier & Valenciennes.

(Native name Soh ah.)

Two specimens ten inches long from Takao. Formosa (Jordan & Evermann).

86. Sphyrsena langsar Bleeker.
r

Two specimens twelve inches long from Takao.

87. Sphyrsena japonica Temminck & Schlegel.

Formosa (Jordan & Evermann).
_ ....

88. Sphyrsena forsteri ((Juvierlcfc Valenciennes).

Formosa (Jordan & Evermann).

Family ATHEPvTNIDTIL

89. Atherina bleekeri Giinther.

Four specimens three inches long from Takao.

Family POLYNEMIl)^.

90. Polydactylus plebeius (Broussonet).-

Four specimens three to ten inches long from Takao. Scales G3 to 05
;
pec-

toral filaments 5.
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91. Polydactylus zophomus Jordan & McGregor.

' Kotosho (Jordan & Evermann) (as P. iileheius).

92. Eleutheronema tetradactylum (Shaw). {Polydactylies rhadinus Jordan &
Evermann.)

^^'^'

Fig. 10. Ehutheronema tetradacUjlmn (Sliaw). (After Jordan & EvermaDii, Proc. U. S. N. M., Vol. 25. p.35I.)

Two specimens, respectively ten and twelve inches long, from Takao. De-

scribed from Formosa by Jordan & Evermann as Polydactylus rhadinus. Our speci-

mens agree fairly well with the published figure of Jordan & Evermann.

The genus Eleutheronema Bleeker may perhaps be retained as defined by the

absence of the air-bladder. This is present in Polydactylus.

Family HOLOCENTRIDiE.

93. Ostichthys japonicus (Cuvier & Valenciennes).
^

Formosa (Jordan & Evermann).

Family SCOMBRID.E.

94. Scomber japonicus Houttuyn.

Formosa (Jordan & Evermann).

95. Rastrelliger kanagurta (Russell).

Formosa (Jordan & Evermann).

96. Euthynnus alleteratus (Rafincsque).

Three specimens ten inches long from Takao. Formosa (Jordan & Evermann).

The genus Euthynnus Liitken should apparently be separated from Gymnosarda

{nuda). The latter has the corselet scalelcss, covered by wrinkled skin (Riippell).

97. Scomberomorus commersoni (Lacepede).

(Native name To to.)

One specimen twenty-one inches long from Takao.

9S. Scomberomorus guttatus (Bloch ct Schneider).

(Native name Be ka.)
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^i

One specimen twenty inches long from Takao.

99. Scomberomorus kuhlii (Cuvier & Valenciennes).

Formosa (Jordan & Evermaian).

Family CARANGID^,

100. Scomberoides sancti-petri (Cuvier & Valenciennes).

(Native name SJd chang all.)

Three specimens from Takao, four to eight inches long.

101. Scomberoides tol (Cuvier &, Valenciennes).

Five specimens from Takao, ten inches long. Giran (Jordan & Evermann, as

>S^. orientalis).

102. Megalaspis cordyla (LinnLcus).

(Native name Thi gha.)

Two specimens from Takao, fourteen inches long. Formosa (Jordan & Ever-

mann).

103. Decapterus muroadsi (Temminck & Schlegel).

Formosa (Jordan & Evermann).

104. Decapterus macrosomus (Bleeker).

Formosa (Jordan & Evermann).

105. Trachurops crumenophthalma (Bloch).

(Native name Ba lang.)

One specimen from Takao, nine inches long. Formosa ; Giran (Jordan &
Evermann, as T. forva).

106. Caranx leptolepis Cuvier & Valenciennes.

Keerun (Jordan & Evermann).

107. Caranx malabaricus (Schneider).

Keerun (Jordan Evermann).

108. Caranx jarra Cuvier & Valenciennes.

Keerun (Jordan & Evermann).

109. Caranx affinis Riippell.

One specimen from Takao, eleven inches long.

110. Caranx djeddaba (Forskal).

One specimen from Takao, eleven and one-half inches long.

111. Caranx sexfasciatus (Quoy & Gaimard).

(Native name A'mha Koyo = ''red eye.")

Two specimens from Takao, one eight and one-half inches, and another fourteen

inches long.

.^",r:
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112. Caranx forsteri Cuvier & Valenciennes.

Keerun (Jordan & Everniann, as C. sexfasdatxis),

113. Caranx ignobilis (Forskal).

(Native name Go yan.)

One specimen from Takao, six inches long.

114. Caranx speciosus (Forskal).

One specimen from Takao, twelve inches long.

115. Caranx plumbeus (Quoy & Gaimard).

(Native name Go yen.)

Three specimens from Takao, eight to ten inches long.

110. Caranx rastrosus Jorcian & Snyder. (Plate LI.)

(Caranx plumheits Jordan & Scale, Gavite, P. I.)

(Native name Go yen.)

One example, thirteen and one-half inches long, the type, from Takao.

117. Caranx formosanus Jordan & Snyder. (Plate LII.)

(Native name Go yan.)

One specimen, the type, eleven and one-half inches in length, from Takao.

Formosa (Jordan &, Evcrmann, as C. armatus).

118. Ulua richardsoni Jordan <k Snyder. (Plate LIII.)

One large specimen eighteen inches long, type of the species, and one cotype,

eight inches long, fi-om Takao.

119. Apolectus niger (Ploch).

One specimen from Takao.

Fig. 11. ApoUcius niger (Bloch). {After Jordan & Evermaun, Proc U. S. N. M., Vol. 25, p. 339.)
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120. Trachinotus bailloni (Lacopode).

Three examples from Takao, three to thirteen inches long.

121. Trachinotus russelli Cuvier & Valenciennes.

One specimen from Takao, fifteen inches long.

122. Trachinotus ovatus (Linneeus).

One large specimenj twenty-seven inches long, from Takao.

123. Alectis major (Cuvier & Valenciennes).

Two fine specimens, seven and ten inches long, from Takao. This is identical

with Zeus gallus Bloch, not of Linnseus, and with Scyris indica Riippell. It seems

to be distinct from Alectis ciliaris.

Formosa (Jordan & Evermann, as A. ciliaris).

Family MENID7K.
124. Mene maculata (Bloch).

Five specimens from Takao, four inches long.

Family RACHYCENTRIDil^l

125. Rachycentron canadum (Linnaeus).

Three specimens, sixteen to twenty-four inches long, from Takao.

w

Family TRICHIURIDiE.

126. Trichiurus haumela (Forskal).

Three specimens from Takao, Formosa, eighteen inches to three feet long.
r

Scales 134 or 135 ; eye in snout 2.5 in smaller, 2.7 in larger specimen ; whip of tail

less slender and elongate than in specimens of T. jajwnicus from China.

127. Trichiurus japonicus Temminck & BchlegeL
^

Hokoto (Jordan & Evermann).

Family LEIOGNATHIDyE.

128. Leigonathus caballus (Cuvier & Valenciennes).

(Native name Go yan.)

Five specimens from Takao, five to nine inches long.

129. Leiognathus splendens (Cuvier).

Three specimens from Takao, one to two inches long.

Formosa (Jordan & Evermann).

130. Leiognathus rivulatum (Temminck t&Schlegel).
r

Twelve specimens from Takao, two to three inches long.
r

131. Leiognathus edentulum (Bloch).

Formosa (Jordan & Evermann). (Probably the same as L. caballus.)

^



JORDAN AND RICHARDSON : FISHES OF THE ISLAND OF FORMOSA 181

132. Gazza sequulseformis (Hiippell).

Kotosho (Jordan & Evermann). :

133. Equula ruconia (Hamilton-Bucbanan).

Three young specimens from Takao, one to one and one-half inches long,

Somewhat slimmer than E. ruconia of larger size from the Philippines.

Family STROMATEID/E.
r

134. Psenopsis anomala (Temminck & Schlegel).

One specimen three inches long from Takao.

Family PEMPHERIDiE. '

135. Pempheris nyctereutes Jordan ct Evermann.

Hokoto (Jordan & Evermann).

Fia. 12. Pempheris nyeJereutes J. & E. (After Jordan & Evermaun, Proc. U. S. N. M., Vol. 25, p. 340.)

Family APOGONICHTPIYID.E.

136. Amia quadrifasciata (Cuvier tt Valenciennes).

Four specimens, two and one half inches long/from Takao. Araia elizahethse

Jordan &, Seale (Proceedings Davenport Academy of Sciences, Vol. X, p. 9, PL IV,

1905) is very close to this species, but the lower stripe is fainter and the body deeper-

137. Apogonichthys fo (Jordan & Seale).

Two specimens, two inches long, from Takao.

138. Archamia macropteroides (Bleeker).

. Six specimens, two to two and three quarters of an inch long, from Takao.

139. Archamia notata (Day).^ (Plate LXIX.)
' Not Apogon notatus Jordan & Suyder ^ Sparus notahis Ilouttuyu whicli is a valid Amia.

'j
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L-

Head 2.5 in length
; depth 2.75 to 2.9

; eye 3 m head, 8.6 to 9 in length to

base caudal; snout 4.7 to 4.9 in head; interorbital 4.2; dorsal VI-I, 9 ; anal II,

16 or 17 ; scales 3-25-5.

Body noticeably more elongate and thinner than in Archamia macroptenis^

(Bleeker); depth of caudal peduncle 2.3 in head; profile straiglit to a point over

front of eye, the tip of the snout a very little upturned ; mouth largo, upturned
;

maxillary 2.2 in head; maxillary extending to nearly under middle of eye ; upper

lip on level with middle of eye ; tip of lower jaw slightly projecting when mouth is

closed
;
minute vilhform teeth in jaws and on vomer and palatines ; no canines ; 16

gill-rakers on lower limb of outer arch, longer than the corresponding filaments, the

longest about 2 in eye
;
preopercle finely denticulated about angle on both hinder

and lower margin ; operculum with a thin flat point, even with middle of eye,

and a little above'' it a second less prominent point ; scales ctenoid ; lateral line

apparently complete (some scales missing in all specimens) ; cheeks scaled ; origin

of spinous dorsal half-way between axil of soft dorsal and front of eye ; longest

dorsal spine 2.7 in head, first dorsal spine |- second ; origin of anal a little in front

of that of soft dorsal ; ventrals 1.8 in head, their origin slightly in front of base of

pectorals; pectorals 1.4 ; caudal weakly emarginate.

Color in spirits light straw, rather sparsely and faintly punctulated above on

head and body ; lower parts of sides and belly nearly plain ; a small but very dis-

tinct blotch at base of caudal, its diameter less than one-half that of pupil ; tip of

lower jaw dusky ; dorsals, caudal, and anal tinged with dusky ; no fin with dark

tip or edge ; no spot on shoulder.

Described from six specimens from Takao, two to two and one-half inches long.

This species seems to be well distinguished from Archamia macropteroides by its

slenderer form, smaller eye, different coloration, fewer punctulations tending to

form no pattern, and the prominent but very small caudal spot. The first

dorsal spine is little shorter than the second, wliich is also the case in Archamia

hleeheri Giinther {= Apogon m.acropterus Bleaker, not Kuhl & Van Hasselt). In

Archamia macropteroides the first spine is scarcely more than half the lengtli of the

second. In Archamia hleeheri there is a distinct black blotch on the shoulder, as

well as at base of caudal. In Archamia macrojAeraides the caudal spot is much less

distinct, and the shoulder spot indistinct or absent. Archamia fucata (Cantor)

has a smaller mouth and most of the other nominal species have fewer rays in the

anal fin.

^Tbe specimen from Samoa called Archamia Uncolata by Jordau & Seale should probably stand as Archamia

macropteroides. Archamia Uneolata from the Red Sea with fourteen soft rays in the anal and with twelve dark cross

streaks must be different and also distinct from the present species.
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» Family KUHLIIDiK.
i

140. Kuhlia marginata (Ouvier & Valenciennes).

Formosa (Jordan & Everniann)-

f^

I

I

Family SEREANIDiE.

141. Psammoperca waigiensis (Cuvier & Valenciennes).

Formosa (Jordan & Evormann).

142. Lateolabrax japonicus (Cuvier & Valenciennes).

Keerun ; Formosa (Joi'dan & Evermann).

-^ 143. Epinephelustauvina (Forskal).

(Native name Loh luah.)

Nine specimens from Takao, three to eight inches long. Dorsal XI, fourteen

or fifteen ; teeth in sides of lower jaw in two rows.

Keerun (Jordan &, Evermann).

144. Epinephelus moara (Temminck & Schlegel).

A single large specimoUj twenty-three inches long, from Takao.

145. Epinephelus chlorostigma (Cuvier & Valenciennes).

One large specimen, eighteen inches long, from Takao. It does not appear to

differ from Jaj;)anese examples.

Keerun (Jordan & Evermann).

146. Epinephelus ^woara (Temminck ct Schlegel).

Two specimens, one eight and one half inches, the other fifteen inches long, from

Takao. Mr. Sauter states that the color in life is "light brown, with the under

parts suffused with yellow; fins grey, with yellow borders." The specimens in

spirits show five indistinct broad cross-bands, and the large one has traces of pale

spots on the head and the lower anterior part of the sides, A full description, with

figure is reserved for publication in a paper in preparation on the serranoid fishes of

Japan.
.

*

147. Epinephelus fuscoguttatus (Forskal).
F

Formosa (Jordan & Evermann).

. 148. Epinephelus epistictus (Temminck & Schlegel).

Giran
; Formosa (Jordan & Evermann).

149. Epinephelus diacanthus (Cuvier & Valenciennes).

Formosa (Jordan & Evermann).

^50. Epinephelus hcedti (Bleeker).

Formosa (Jordan & Evermann),

II

li
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151. Promicrops lanceolata (Bloch).

Formosa (Jordan & Evermann).

Family LUTIANID7K.

152. Lutianus argentimaculatus (Forskal).

(Native name Ang isoh.)

One specimen from Takao, ten and one-half inches long. Keerun (Jordan &
Evermann).

153. Lutianus fuscescens (Cuvier & Valenciennes) — Mesoprion hoteen Eichardson.

Five specimens, three to five inches long, from Takao. Specimens from Keerun,

called Lutianus fulviflamma by Jordan & Evermann, probably belong to this species.

154. Lutianus quinquelineatus (Bloch) ?

Four small specimens, two inches long, from Takao.

155. Lutianus fulviflamma (Forskal).

(Native names Chcm tsi ah; CJdocId.)

Throe specimens from Takao, two and one-half to four inches long, agreeing

perfectly with the ones obtained by Mr- McGregor at Cuyo, Philippine Islands, and

recorded by Jordan & Richardson as Lutianus russelli.

156. Lutianus annularis (Cuvier & Valenciennes).

Formosa (Jordan & Evermann).

157. Lutianus kasmira (Forskal).

One specimen, three inches long, from Takao.

158. Lutianus vitta (Quoy & Gaimard).

(Native name Si Kong.)

Two specimens, eight inches long, from Takao. Keerun (Jordan & Evermann).

159. Lutianus lineolatus (Riippell).

A specimen from Takao, seven and one-half inches long, is referred with some

doubt to this species. It bears a general resemblance to L. vitta, but is well distin-

guished from that species by its slenderer body, larger eye, and longer pectoral.

Depth 3.1 ; eye 3.2
;
pectoral nearly equal to head ; a faint dusky stripe, less than

width of pupil, from middle of eye to base of caudal, and three or four narrower

and fainter ones below it ; the posterior nostril is notably small, being more roundish

and less slit-like than in most species of Lutianus.

IGO. Lutianus rivulatus (Cuvier & Valenciennes).

Two specimens, two and one-half to three inches long, from Takao.

161. Lutianus erythropterus Bloch.

(Native imme Hai ling.)
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Four specimens, four to eight inches long, from Takao.

1G2. Glaucosoma burgeri Richardson.

Two large specimens from Takao.

Keerun (Jordan & Evermann).

185

Fig. 13. Glaucosoma burgeri Richardson. (After Jordan & Evermann, Proc. U. S. N. M., Vol. 25, p. 342.)

163. Platyinius sparus (Temminck & Schlegel).

Formosa (Jordan & Evermann).

FJG. H. riatyinhis sparus (Tern. & Schleg.)- (After Jordan & Evermann, Proc. U. S. N. M., Vol. 25, p. 344.)
h

164. Dentex hypselosomus lUeeker. (For figure see p. 186.)

(Native name Ga lah.)

Three spf'^'mens, nine inches long, from Takao.

Formosa (Jordan & Evermann.)

165. Nemipterus ovenii (Bleeker).

(Native name Ang hii.)
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Five specimens from Tcakao, seven to eight and one half inches long,

166. Nemipterus virgatus (Houttuyn).

Keerun (Jordan & Evermann).

1

Fig. 15. Dentex hypsehsomus Bleeker. (After JordaQ & Evermann, I'roc. U. S. N. M., Vol. 25, p. 345.)

167. Nemipterus matsubaree Jordan & Evermann.

Giran (Jordan & Evermann),
. .

Fig. 1G. Nemipterus matmhane J. & E. (After Jordan & Evermannj Proc. IT, S, N. M,, VoL 25, p, 347,)
' 1

168. Nemipterus japonicus (Bloch) = Sijnagris japonims of Day, not of Giinther.

A specimen, eleven and one half inches long, from Takao, agrees fairly well
r

with Day's description and figure, but the serrature of the preopercular edge is very

faint, and the dorsal rays are only eight in number. Day examined Bloch's type

in Berlin.

I



i

t

t

*

t

JorvDAN AND lUCHARDSON : FISHES OF THE ISLAND OF FORMOSA

Family HyEMULIDiE.

169. Terapon theraps (Cuvier ct Valenciennes).

Keerun (Jordan & Evermann).

170. Terapon cancellatus (Cuvier & Valenciennes).

Kotosho (Jordan & Evermann).

171. Terapon quadrilineatus (Bloch).

Two specimens, one and one half to three inches long, from Takao.

Giran ; Keerun (Jordan & Evermann).

172. Terapon jarbua (Forskal).

Two specimens, eight inches long, from Takao.

Formosa (Jordan ct Evermann).

173. Terapon sexlineatus (Quoy & Gaimard).

One specimen, five inches long, from Takao.

187

\

174. Plectorhynchus ocyurus Jordan & Evermann.

Formosa (Jordan & Evermann).

FIG. 17. Plectorhynchus or.yurnsJ. & E. (After Jordan & Evermami, Proc. U. S. N. M.. Vol. 25, p. 348.)

175. Plectorhynchus radjaban (Lacepede).

Formosa (Jordan & Evermann).

176. Plectorhynchus poecilopterus (Cuvier & Valenciennes).

Keerun
;
Giran (Jordan & Evermann).

177. Pomadasis hasta (Bloch).

One specimen, eleven inches long, from Takao.

Keerun (Jordan & Evermann).

178. Pomadasis maculatus (Bloch).

Three specimens, eight inches long, from Takao.

Keerun (Jordan & Evermann).
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179. Scolopsis vosmeri (Bloch).

One specimen, four and one-half inches long, from Takao.

Keerun (Jordan & Evermann).

180. Scolopsis monogramma (Kuhl & Van Hasselt).

Giran ; Keerun (Jordan & Evermann).

181. Scolopsis eriomma sp. nov.

Head 3.4 :

(Plate LXX.)

;
depth 2.6; width 2.4 in depth; eye 2.9; snout 1.3 in eye; maxil-

lary 2.75 in head ; interorbital space equal to eye ; dorsal X, 9 ; anal III, 7 ; scales

3-48-12. Body oblong, compressed, dorsal and ventral outlines about equally

arched
; head short, muzzle rather rounded than pointed ; mouth moderate, oblique,

lower jaw slightly projecting; back of maxillary under front of pupil ; teeth in

jaws fine, vilhform, in broad bands, a few of the outer ones slightly enlarged as

very weak canines; vomer, palatines, and tongue without teeth
; eye very large, its

diameter one-third greater than length of snout
;
posterior limb of preopercle very

finely but distinctly serrate ; opercle with a short but strong and sharp spine ; depth

of infraorbital over back of maxillary less than one-third of eye, its lower hinder

edge with several small serratures, the upper one of which is strongest ; nostrils

moderate, subequal
;
gill-rakers eleven on lower limb of outer arch, their length

about half that of the corresponding filaments
; the larger rakers terminating

in a flattish, disk-like expansion, which is fringed. Scales very large, ctenoid

;

cheeks with three rows behind eye, four below it ; lateral line complete, arched,

about parallel with back
;
pores thirty-five. Dorsal fins continuous, the spines strong

and stiff, the longest !(fourth or fifth) 2.25 in head; origin of dorsal over base of

pectoral ; insertion of anal slightly in front of second soft ray of dorsal ; caudal

moderately forked, the lobes subequal
;
pectoral nearly as long as head, pointed,

reaching past tips of ventrals and nearly to vent ; ventrals 1.4 in head.

Color in alcohol light straw*, tinged with pinkish along middle of side ; belly

whitish; no black markings on body or fins. (The color in life was probably

reddish.)

Described from three specimens from Takao, in excellent condition, eight to

nine inches long. Vernacular name said by Mr. Sauter to be Bai hii or Hai tai.

182. Caesio chrysozona (Kuhl & Van Hasselt).

Keerun (Jordan <& Evermann).

183. Csesio bile Cuvier & Valenciennes.

Keerun (Jordan & Evermann).

184. Anoplus banjos (Bleeker).

Formosa (Jordan & Evermann).
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Family SPARID.E.

185. Lethrinus amboinensis Bleeker.

(Native name Leng tsian.)

Six specimens, tliree to six inclies long, from Takao.

Depth 2.6; head 2.8; snout 1^ times eye; teeth conical. The cross-bars on

body show plainly in the specimens, and the ventrals are barred, not plain, or with

diffuse dusky, as in many species of Leihrimis. The specimens from the I.ung col-

lection recorded by Jordan & Seale as Lethrinus amboinensis have the ventrals plain,

and are probably a different species.

186. Lethrinus leutjanus (Bloch).

Giran (Jordan & Evermann).

187. Lethrinus richardsoni Gitnther.

Formosa (Jordan & Evermann).

188. Lethrinus insulindicus Bleeker.

We provisionally refer a specimen eleven inches long from Takao to this

species. The depth is 2.6; nose 2J times eye. There are traces of dark cross-bars

on the upper portion of the sides and a suggestion of a dusky blotcli under the

lateral line forward ; ventrals plain. A color note by Mr. Sauter states that in life

the " general color was light greenish-brown, whitish beneath; iris yellow; oper-

cular flap and base of pectoral crimson ; caudal dusky, suffused with red ; hind part

of dorsal red ; membranes of anal reddish at border." Tliis description agrees well

with the coloring in Bleeker's plate.

189. Pagrus major (Temminck & Schlegel).

(Native name Ga la hii.)

One specimen, eleven inches long, from Takao.

Formosa (Jordan & Evermann).

190. Pagrus cardinalis (Temminck & Schlegel).

Formosa (Jordan & Evermann).

191. Argyrops longifilis (Cuvier & Valenciennes).

(Native name Poa'n.)

Two specimens from Takao, seven and one-half inches long.

Kotosho (Jordan & Evermann).

192. Sparus berda Forskal.

Formosa (Jordan & Evermann).

193. Sparus latus Houttuyn.

Giran (Jordan & Evermann).

194. Sparus longispinus (Temminck c*^ Schlegel).

(Native name Ang Ice.)
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A fine specimen from Takao, twelve inches long, agrees in all essential respects

with the original description and figure by Temminck & Schlegel of the type from-

Japan.

Family KYPI10SID7E.

195. Girella mezina Jordan & Starks.

One example, eleven and one-half inches long, in good color, was received from

Takao. It is very dark in color, the pale cross-bar shown in the original type being

entirely obliterated. Apparently this marking, like the white spot on the back of

the related California species, Girella nigricans, is a character of youth. The

Crenidens leoninus of Richardson from Canton after a figure of Reeves may be this

species, or it may be the Japanese species called Crenidens mela^iichihys by Richard-

son and Girella leonina by Jordan & Starks (Proc. U. S. Nat. Mus., 1907, p. 497).

In view of this uncertainty, until we know which species occur at Canton, we may

use the name Girella melanicltthys for this species, wliich is the Melaniclithys of Tem-
t

minck & Schlegel. There are thus three species of Girella in the waters of southern

Japan and Formosa. These are, Girella punctata Gray, Girella melanichthys Richard-

son (= Melanichthys Schlegel = Girella leonina Jordan & Starks, perhaps not Creni-

dens leoninus Richardson) and Girella raezina Jordan & Starks (perhaps = Crenidens

leoninus Richardson). Temminck cfe Scldegel describe and figure the opercle in

Melanichthys as scaled throughout, which is not the case. The figure shows the

more oblong form and general profile of the fish we call here Girella melanichthys.

The type of Girella jjunclala came also from Canton. The description of Dr.

Giinther (Cat. I, p. 427) evidently includes Girella melanichthys as well as Girella
r

punctata.

Family GFRRID^..

196. Xystsema punctatum ((Juvier & Valenciennes).

Three specimens from Takao, four to seven inches long. Of fifteen specimens

examined from the Philippines and Formosa none had more than seven anal rays.

This is th.Q Xystiema punctatum of Jordan & Scale and probably also the original

Gerres punctatiis of Cuvier &, Valenciennes.

Kotosho (Jordan &, Evermann). ;
'

197. Xystsema abbreviatum (Bleeker).

(Native name 0-lce.)

One specimen from Takao, four inches long. The anal has eiglit rays, though

two young specimens from Cavite have only seven. These were not distinguished

from X. punctatum by Jordan & Scale. This is, however, a shorter, deeper-bodied

I
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t

t

(

fish than X. punctatum [filameniosum), has thicker and less flexible, dorsals pines,

and has a dark spot on each scale above the lateral line, and four or five less dis-

tinct rows of such spots below it.

Family SCIyENlD/E.

108. Pseudotolithus brunneolus sp. nov. (Phite LXXI.)

(Native name Ga hang lie.)

Head 3.40; depth 4; eye 4 in head; nose 4 ; maxillary 2.2 ; intcrorbital 4
;

dorsal X, 30-31
;
anal II, 7-8; scales 8-56-13. Body moderately elongate, com-

pressed
; head bluntly pointed ; mouth large, oblique

;
jaws equal

;
maxillary reach-

ing slightly past the middle of the orbit; interorbital space slightly convex, nearly

flat; opercle with a weak flat spine ; upper and lower limb of preopercle each with

a few small and weak denticles
;
gill-rakers on lower limb of outer arch twelve,

counting rudiments, the longest equal in length to the corresponding filaments, less

than one-half eye ; teeth of upper jaw in two series, the outer consisting of a single

row, strong, recurved, and canine-like ; the inner villiform teeth presenting the appear-

ance of a band in the posterior half of the jaw, but forming a single or nearly single

row anteriorly
; sides of lower jaw with canine-like teeth in a single row ; some

smaller teeth behind the canines at the symphysis. Origin of dorsal slightly be-

hind that of pectorals ; spinous and soft dorsals connected by a low membrane

;

third dorsal spine longest, 2.6 in head ; anal spines weak, the second spine half the -

length of the longest rays
;
origin of anal under middle of soft dorsal, its base 4.7

in head; ventrals 1.5 in head; pectorals 1.2; caudal rhomboidal, 1.4 in head.

Entire body and head scaled, except maxillary and lower jaw ;
lateral line com-

plete, extending to end of caudal, the pores branched, 54 to 56 in number to base

of caudal.
r

Color in spirits brownish above
;
paler (silvery), more or less densely punctu-

lated with dusky on belly, breast, and lower parts of head and under jaws ; a large

diffuse dark blotch on opercle ; spinous dorsal dusky, darkest on outer two-thirds
;

soft dorsal dusky, somewhat darker along margin; anterior part of anal brown-

specked
;
posterior half of pectorals dusky ; ventrals plain.

Described from three specimens, eight inches long, from Takao. We refer this

species to the genus PseiidotoIHIms Bleeker, as a provisional matter. It is not clear

that this genus differs from Pseudoscixna and it has much in common with Odon-

torcion and with Corvula.

199. Corvula argentata Houttuyn.

Formosa (Jordan & Evcrmann).

(

I
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Family SILLAGINID.^.
r

200. Sillago sihama (Forskal).

Eiglit specimens from Takao, three to six inches long,

Formosa (Jordan & Evermann).

201. Sillago aeolus Jordan & Evermann.

Keerun (Jordan & Evermann).

Fio. 18. Sillago imlus .7. & E. (After Jordan & Everraano, Proc. U. S. N. M , Vol. 2.5, p. 3G0.)

Family PENTACEROTIDyE.^

202. Histiopterus typus Temmintik tt Schlegel.

One specimen, Takao, twelve inches long.

Family PRIACJANTHIDiE.

203. Priacanthus tayenus Richardson.

(ISTative name Giaffi hong.) •

Three specimens, ten inches long, from Takao, two males and one female. The

female lacks the dorsal and upper caudal filament and tlie conspicuous black spots

on the inside of the pectoral.

Family LATILIDyE.

204. Latilus japonicus (Houttuyn).

Three specimens from Takao, ten to thirteen inches long.

Giran (Jordan & Evermann).

Family MULL1D7E.

205- Upeneus indicus (Shaw).

(Native name Ilai iai)

^ The name reniaceros Cuvier & Valencicmics is apparently not preoooupiedj as recently supposed by Jordan,

Proc. U. rf. M., XXXII, 1907, p. 238, Tlie first use of the name Pmlaceios for a starfish hy Schultzc, 17G0^ is non-

biDomial, according to Dr- Walter K. Fisher.

i
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Eight specimens from Takao, three to ten inclies long.

I Keerun ; Cliran (Jordan tt Evermann).

20G. Upeneus ischyrus Snyder.

One large specimen from Takao, ten inches long.

207. Upeneus cyclostomus Laccpcde.

{Upeneus luteus Oavier & Valenciennes.)

Keerun (Jordan & Evermann).

208. Upeneoides bensasi (Tcmminck & Schlegel).

Three young specimens from Takao^ three inches in lengtl

Keerun ; Kotosho (Jordan & Evermann).

209. Upeneoides tragulus (Ricliardson).

(Native name Iloe sm.)

Seven specimens from Talvao, four to ten inches long.

Giran ; Keerun ; Hokoto (Jordan tt Evermann).

210. Upeneoides vittatus (Forskal).

Keerun (Jordan &. Evermann).

]

Family OPHK^ErtlALID/E,

211. Ophicephalus tadianus Jordan & Evermann.

(Native name Loch'd.)

Fig. 19. OphioejiJialus tadianus J. & E. (After Jordan & Evermann, Proo. TJ. S. N. M., Vol. 95, p. 331.)

Eight large specimens, eight to fifteen inches long, from Takao. This species

is allied to 0. polylepis from Sumatra, as noted by Dr. Steindachner, but has a much
larger mouth.

r

212. Ophicephalus maculatus Lacepode.

Giran (Jordan & Evermann).

213. Channa formosana Jordan &. Evermann.

Suwata (Jordan &. Evermann).
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Fra 20. Chmiiia formoiana J. & E. (After Jordan & Evermann, Proc. U. S. N. M., Vol. 25, p. ;i3-3.

)

Family CIIEILODACTYLIDyE.

214. Goniistius zonatus (Ouvier & Valenciennes).

One specimen from Takao, twelve inches long.

Family SCORP^.NIDilC.

215. Sebastapistes tristis (Klunzinger).

(Native name Ho Jdi.)

Seven small specimens from Takao, two and one-half inches long,

Family PLATYCEPHALlDiE.

216. Platycephalus indicus (Gmolin).

One specimen from Takao, fourteen inches long.

217. Thysanophrys scaber (Linna3us).

Takao, one specimen five inches long.

218. Thysanophrys japonicus (Tilesius).

(^ Silurus inermis Houttuyn.)

(Native name Gu bo.)

One specimen from Takao, seven inches long.

Family POMACENTIUDyF,
219. Abudefduf saxatilis (Linnaeus).

Formosa. (Jordan & Evermann).

220. Abudefduf sordidus (Forskal).

Kotosho (Jordan & Evermann).

Family LABRID^.

221. Choirodon azurio (Jordan & Snyder).

Keerun (Jordan & Evermann).

I
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222. Choirodon nyctemblema (Jordan & Evermann).

' Formosa (Jordan & Evermann).

Fig. 31. Choirodon ni/dcmblcma J. & E. (After Jordau & Evermann, Proc. U. S. N. M., Vol. 25, p. 353.)

223. Duymseria flagellifera (Cavier & Valenciennes).

Keerun (Jordan & Evermann).

224. Anampses caeruleopunctatus (Riippell).

Formosa (Jordan & P^vermann).

225. Halichoeres dussumieri (Cuvicr & Valenciennes) = Halicliwres nigrescens

Bleoker.

One specimenj Takao, three and one-lialf inclies long,

226. Hemipteronotus verrens Jordan & Evermann.

Keerun (Jordan &, Evermann).

\

Fig. 22. HemipU-ronolus verrens J. & E. (After Jordan & Evermann, Proc. U. S. N. M., Vol. 25, p. 355.)



tl

196 MEMOIliS OF THE CAKKEGIE MUSEUM

N

227. Hemipteronotus pentadactylus (Linnajus).

Nine specimens from Takao, five to six inches long.

228. Hemipteronotus evides sp. nov. (Plate LXXII.)

Head 3.25 in length ; depth 2.6
; eye 4.7 in head ; snout 3 ; interorbital equal

to eye; dorsal II-VII, 12; anal III, 12; scales 3-28-8. Body short, deep, much
compressed, the greatest width 3f in greatest depth ; head short and deep, the

anterior profile nearly vertical ; a depression over eye ; eye high, nearly half of

length of head above angle of mouth ; mouth rather small, nearly horizontal, max-

illary not reaching front of eye, 3 in head ; teetli in jaws small, sharp, close set in

a single row ; two outwardly-directed recurved canines at front of each jaw. Scales

thin ; cheeks with smaller scales, in four or five rows ; rest of head naked ; lateral

line high, continuous to near end of dorsal, where it breaks, to be continued on the

third scale row below. Dorsal inserted over back of eye, the first two spines sepa-

rated from the others by a deep notch, but not detached ; length of second spine 2.4

in head ; origin of anal under second ray of soft dorsal ; caudal rounded
;
pectoral

1.3 in head, its free margin nearly straight ; ventral with outer ray produced, reach-

ing past front of anal.

Color in spirits dull greenish-olive
;
under posterior third of spinous dorsal an

r

obliquish blotch of black surrounded by pale, the black covering most of three

scales; dorsals and caudal with many small pale specks on a dusky ground ; anal
4

obliquely barred with dusky ; ventrals plain
;
pectorals dusky.

Described from two specimens from Takao, four and five inches long.

229. Cheilio inermis (Forskal).

Three examples from Takao, seven inches long.

Formosa (Jordan & Evermann).

Family SOARlCHTHYIDiE.

230. Scarichthys auritus (Kuhl & Van Hasselt).

One specimen from Takao, seven inches long.

231. Calotomus waigiensis (Quoy & Gaimard).

{Callyodon spinidens Cuvier & Valenciennes.)

Four specimens from Takao, three and one-half to four inches long.

232. Callyodon dussumieri (Cuvier & Valenciennes). (I'late LXXIII.)

(Native name Eng kochu.)

A fine specimen twelve inches long from Takao, agreeing with Bleoker's figure

and description of Pseudoscarus dussumieri, but with the right canine rather small

and the left wanting. Valenciennes states that Scarus duss'iimeri has no canines at

the angle of the jaws, but the description is Vjased merely on a drawing.

;



JORDAN AND KICHARDSON : FISHES OF THE ISLAND OF FORMOSA 197

233. Callyodon lacerta (Cuvier & Valonciemies).

Formosa (Jordan & Evermann).

Family SCATOPHAGID.E,

234. Scatophagus argus (Gmelin).

One specimen from Takao, seven inches long.

Suwata and Giran (Jordan & Evermann).

)

Family EPHIPPID^.

235. Ephippus orbis (Blocb).

Three specimens from Takao, six inches long.

Formosa (Jordan & Evermann).

The genus Ephipptts of Cuvier includes argus and orhis, the former in the text,

the latter in o footnote. The first restriction of the genus, that of Ouvier & Valen-

ciennes, makes orhis the type of Ephvppus. We have therefore so regarded it, in

spite of the fact that it Avas not named in the text of the account of Ephippus, but

oi;ily in a footnote. This view may be open to question.

Family PJATACID^,
236. Platax teira (Forskal).

One specimen from Takao.

Formosa (Jordan &, Evermann).

Family CIIyETODONTIDyE

237. Chaetodon reticulatus Cuvier & Valenciennes.

Formosa (Jordan ct Evermann).

238. Chaetodon lineolatus (Cuvier cfe Valenciennes).

Pescadores Islands (Jordan <k Evermann).

239. Chaetodon lunula Lacep6de.

Kotosho (Jordan & Evermann).

240. Chaetodon citrinellus Cuvier <Sc Valenciennes.

Kotosho (Jordan & Evermann).

241. Microcanthus Strigatus (Cuvier & Valenciennes).

. Formosa (Jordan &, Evermann).

Family HEPATID^.
242. Hepatus triostegus (Linnaeus).

Kotosho (Jordan & Evermann).
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243. Hepatus dussumieri (Cuvier & Valenciennes).

Formosa (Jordan & Everuiann).

244. Hepatus bipunctatus (Giinther).

Kotosho (Jordan & Evermann).

245. Hepatus olivaceus (Bloch & Schneider).

Formosa (Jordan & Evermann).

"-^^Atj^JiiftiSft^HlLyiJirT—

^

Fia. 93. Jlepaius o/waceus (BL & Schuoid.), (After Jordan & Evermann, Proo. U, S. N. M., Vol. 95, p. 35R,)

^

Family SIGANIDiE.
r

246. Siganus virgatus (Cuvier & Valenciennes).

(Native name Trau toli.)

Two specimens from Takao, three inches long.

247. Siganus vermiculatus (Kuhl & Van TTasselt).

SuAvata (Jordan & Evermann).

248. Siganus fuscescens (Ilouttuyn).

Three specimens, three to eight inches long, from Takao.

Keerun (Jordan &, Evermann).

249. Siganus guttatus (Bloch).

(Native name Niu e.)

One example, eight inches long, from Takao. Specimens from southern Negros,

P. L, recorded by Jordan & Scale q,s Siganus lineatus belong to this species. Others

called Siganus lineatus from the Philippines belong to the next species, whatever

that may prove to be.
r

250. Siganus lineatus (Cuvier & Valenciennes) 'i

I

>

(Native name Niu e.)

Two small specimens, three inches long, from Takao, are referred with consid-

erable doubt to this species. They are apparently identical with specimens from

til

\
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Manila and Cuyo, P. I., called Siganus lineatui> by Jordan & Seale and Jordan &
Richardson. (Bull. U. S. Bur. Fish., XXVI, 35, 1907, and XXVII, 271, 1908).

A field note on the Cuyo specimen mentions a " large golden-yellow spot at back
r

of dorsal," as in Siganus lincatus, which does not show in spirits. The preserved

specimens all show some small dark spots about the caudal peduncle and on caudal,

dorsal, and anal. None of them show the linear dark markings on the body figured

by Cuvier & Valenciennes. Only a thorough comparison of many specimens, with

perhaps an examination of original types, can show what names these and other

species of Sigmins should bear.

FAMILY MONAGANTHID.'E

J

251. Stephanolepis sulcatus (Holland).

Keerun (Jordan & Evermann).

FAMILY TETRAODONTID.E.

252. Tetraodon stellatus (Bloch & Schneider).

One large specimen, fourteen inches long, from Takao.

253. Spheroides lunaris (J')loch).

(Native name Gui Mi.)

Five specimens from Takao, ten to thirteen inches long.

254. Spheroides ocellatus (Osbeck).

Hokoto (Jordan & Evermann).

255. Spheroides sceleratus (Forster).

Hokoto (Jordan & Evermann).

FAMILY OSTRACIIDyE.

256. Ostracion cornutum (Linnscus).

(Native name Koh gong.)

One large specimen from Takao, measuring seven inches in length to tip of tail

Family DIODONTIDiE.

257. Diodon holacanthus Linnreus.

Hokoto (Jordan ik Evermann).

Family TRIGLID^.
258. Lepidotrigla alata (Ilouttuyn).

{Lepidotrigla hilrgeri Temminck & Schlegel.)

Hokoto (Jordan & Evermann).



200 MEMOIRS OF THE CARNEGIE MUSEUM

Family CEPHALACANTIIIDiE.
259. Dactyloptena japonica (Bleeker).

Giran (Jordan & Evermann).

Family GOBITDTE. ,

260. Eleotris oxycephala Temminck & Schlegel.

One specimen from Takao, three and one-half inches long.

261. Eleotris fusca (Bloch & Schneider).

Suvvata (Jordan & Evermann).

262. Rhinogobius caninus (Cuvier & Valenciennes).

Two specimens from Takao, three inches long.

263. Rhinogobius giurinus (Rutter).

Kotosho ; Taihoku (Jordan & Evermann, as Ctenogohius i')latyGe][>h(dns).

264. Glossogobius brunneus (Temminck &, Schlegel).

Kotosho ; Keerun (Jordan & Evermann).

265. Glossogobius abacopus sp. nov. (Plate LXXIV.)

Head to tip of lower jaw, 3 in length ; deptli 5.5 ; eye 4 in head ; dorsal VI,

10 ; anal 10 ; scales 128-30 ; snout 3.5 in head ; maxillary 2.4 ; interorbital

space slightly greater than width of pupil. Body elongate, rather depressed in

front, tapering gradually backward to the depressed caudal peduncle ; depth of

caudal peduncle 3.4 in head ; head pointed ; lower jaw projecting width of pupil

;

mouth large, maxillary reaching vertical from back of pupil
;
jaws, vomer, and

palatines Avith rows of fine, sharp-pointed teeth ; tongue deeply notched ; origin of

spinous dorsal nearly an eye-length behind insertion of ventrals, its base 2.4 in

head; base of soft dorsal 1.5 in head ; longest dorsal spine 2.25 ; longest ray 2 in

head ; origin of anal under second ray of soft dorsal, equidistant between base of

caudal and back of eye
;
pectoral 1.3 in head ; ventrals 1.4 ; depth of membranous

cup of united ventrals % of length of eye ;
caudal 1.3 in head, rounded

; a large anal

papilla with notch behind.

Color in spirits brownish-olive, back and caudal peduncle crossed obliquely by

four broad saddle-like bands of darker color; membranes of dorsals and of anal

chiefly blackish, with some small spot-like intervals of paler on these and on rays;

caudal and ventrals dark barred or checkered
;
pectorals lightly specked with dusky,

with darker and denser specks below at base ; under parts unevenly punctulated,

the dots forming indistinct bars on chin and lower jaws ; tip of lower jaw blackish.

This species is near Glossogobius vaisiganis from Samoa, but differs distinctly

in the details of coloration, notably in the sharply checkered ventral fin.
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Described from four specimens from Takao, two and one-half inches long.

266. Amblygobius phalsena (C^uvier & Valenciennes).

Two specimens from Takao, three inches long.

267. Amblygobius sphinx (Cuvier & Valenciennes).

Three specimens from Takao, three to three and one-half inches long.

268. Oxyurichthus papuensis (Cuvier ct Valenciennes).

201

Two specimens from Takao, three inches long.

269. Oxyurichthus cristatus (Day).

One specimen from Takao, three inches long. Scales 55; dorsal VI, 13
;
anal

14. The specunen seems to differ from specimens of this species from the Philip-

pines in having a slightly larger mouth, and may not be the same.

i

Family ECHENEID.E.

270. Remora remora (Linmcus).

Two specimens from Takao, six inches long.

Family PLEURONECTID^.

271. Psettodes erumei (Block).

(Native name Bin hii.)

One fine specimen from Takao, twelve inches long.

272. Pseudorhombus oligodon (Bleeker).

Four specimens from Takao, seven inches long.

Formosa (Jordan ct Evermann).

273. Platophrys myriaster (Temminck & Schlegcl).

Keerun (Jordan & Evermann).

274. Sceeops orbicularis (Bleeker). \^

A very small specimen from Takao, two inches long, is probably this species,

Family SOLEID^.

275. Liachirus nitidus (xiinther.

Giran (Jordan & Evermann).

276. Synaptura orientalis (Bloch and Schneider).

{Synapium foliacea Richardson.)

Formosa (Jordan & Evei-mann).

277. Usinosita japonica (Temminck & Schlegel).

Keerun (Jordan & Evermann).
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278. Paraplagusia bilineata (Blocli).

Keerun (Jordan & Evermann).

Fig. 24. Liackirm nilidns Giinther. (After .Tordau & Evermanu, Proc. U. S. N. M., Vol. 25, p. 360.)

'

279. Cynoglossus diplasios Jordan &, Evormann.'

Formosa (Jordan & Evcrrnann).

Fig. 25. Cynoglossus diplasio-t J. & E. (After Jordan & Everniann, Proc. U. S. N. M., Vol. 25, p. 367.)

280. Zebrias zebra (Blocli).

Formosa (Jordan & Evormann).

Family CALLTONYMID^.
281. Callionymus schaapii Bleeker.

Head 3.2 ; depth 9 ; dorsal I V, 10 ; anal 9. Body moderately elongate, broader

than deep and tapering gradually backward. Head broad, much depressed, its

width two-thirds of its length, its depth 3 in its width; snout bluntly pointed,

scarcely longer than eye; eyes close together, 4^ in head; mouth small, inferior,

the upper jaw projecting, maxillary reaching half way to orbit
;
jaws with bands of

villiform teeth
;
preopercular spine with four or five strong teeth and sometimes a
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rudiment directed upward, besides the hook at tip, and a sharp spine projecting

forward from its base ; occipital region weakly rugose
;
gill-optjning about one-fourth

diameter of e_ye, about equidistant between back of eye and origin of dorsal.

Spinous dorsal inserted midway between back of eye and origin of soft dorsal ; first

and fourth dorsal spines longest, the first (specimens females) 2^ in head ; height of

soft dorsal at its middle about one-third length of head ; last ray elongated, about

1^ in head ; anal beginning a little behind second ray of soft dorsal ; last ray of

anal 2^ in head; pectoral 1^ in head, its median rays longest; ventrals reach-

ing past origin of anal ; caudal as long as head, its middle rays not produced
;

caudal peduncle depressed ; lateral line single.

Color in spirits olive, rather heavily punctulated above, the punctulations on

the back of the head and on the back as a rule encircling paler areas, some of which

are more or less confluent ; under parts pale ; spinous and soft dorsals rather faintly

splashed and specked with dusky ; anal with a basal and a marginal row of brown

blotches, the basal row smallest ; ventrals dusky, brown-dotted on inner two-thirds;

upper pectoral rays with dark specks.

Described from two specimens from Takao, two and one-half to three inches

long, probably females.

This species is near and perhaps not different from Callionymus schaapii Bleeker

described with dorsal IV-10, anal 10, six processes on preopercular spine, and with

ventrals and anal black-edged. There is no point in which our species clearly^

differs from the scanty account given by Bleeker, whose specimen was from Banka.

Family BLENNIID/E.

282. Salarias namiyei Jordan & Evermann.

Hokoto or Pescadores Islands (Jordan & Evermann)

Fia. 26. SalaHas namiyei J . & E. { After Jordan & Evermaon, Proo. U.S. N. M
.

, Vol. 25, p. 362.

)
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Family CEPOLIDJR.

283. Acanthocepola mesoprion Blocker.

Giran (Jordan & Evermann).

i

1 :

1

h

(!

I':
I 4-

I,

N

Fig. 27. Acayilhocejjola mesoprion Bleeker. (After Jordao & Evermaun, Proc. U. S. N. M.., Vol. 25, p. 3(i^.)

Family AMMODYTIDyl^].

284. Embolichthys mitsukurii (Jordan & Evermann).

Giran (Jordan & Evermann, as Bleeheria mitsukurii).

Fig. 28- EmholichfJnjH mitsukurii J. & E. {After Jordan & Evermann, Proc. U. S. N. M., Vol. 25, p. 334.)

Family BR0TULID7E.
285. Brotula multibarbata Temminck & Schlegel.

Two specimens from Takao, fifteen inches long.

286. Brotula formosse Jordan & Evermann.

Formosa (Jordan & Evcrraaiin).

Fig. 29. Brotula formosir, J. & E- (After Jordan & Evermann, Proc. U. S. N. M., Vol. 35, p. 364.)
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Errata et Corrigenda.

Page 227, lines 3 and 4 from top, for "especially in the latter"

read "especially the latter."

Page 229, line 8 from top, for "vertebra/' read "vertebrce."

Page 251, last line, for "fibular" read "tibial."

Page 255, line 3 from bottom, dele "the."

Page 257, line 19 from bottom, for "Oligocence," read "Oli-

gocene.
5J

Page 260, line 3 from top, for "Paradapho^nus" read "Para-

daphgenus."

Page 261, line 9, for "Cynadesmus" read "Cynodesmus."

Page 263, last line, for "posteriar" read "posterior."

Page 2yy, lines 9 and 10 from top, for "Brachygale" read

"Sthenictis."

Page 278, line 5 from the bottom, for "Melivoradon read

"Melivorodon.
J)

Page 278, line 2 from bottom, for "Brachygale" read

"Sthenictis."
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VOL. IV. NO. 5

DESCRIPTION OF NEW CARNIVORES FROM THE MIOCENE OF

WESTERN NEBRASKA.

By 0. A. Peterson.

While prospecting in the hiyer of fossil bones, which is exposed around "Car-

negie Hill" and "University Hill" in the Miocene formation on the upper

Niobrara River in Sioux County, Nebraska, with a view to opening additional quar-

ries/ the writer, assisted by Messrs. T. F. Olcott and A. A. Dodd, was extremely

fortunate in hndini^ in what is now called Quarry No. 3 (see Fig. 1, 3) various

Fig. 1. Agate Spring Fossil Quarries. 1-2, quarries Nos. 1 and 2, on Carnegie Hill
; 3, quarry No. 3 ;

AM,

American Museum quarry on Carnegie Hill ; NU, Nebraska State University quarry on Uuivereity Hill
;
A, quarry A.

(From a photograph by the author.)

remains of carnivora, among wliich is a nearly complete skeleton of a canid. The

material having been entirely freed from the matrix and prepared for mounting by

the skillful work of Mr. S. Agostini, the writer was entrusted by Director W. J.

Holland with the task of describing and illustrating the new material.

1 No quarries except quarry A had at that time (1904) been opened in these hills.

205
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In the quarry designated as No. 3 in the accompanying illustration, there were

found from five to nine individuals of Daphmnodon superhus, of which No. 1589 is

practically a complete skeleton. The latter was found imbedded together with

another individual of the same species not fully adult. The soft sandstone in Avhich

the two were found was taken out in a large block and transported to the Museum.

On examination it was found that the adult individual was partly articulated,

especially the vertebral column and portions of the feet. The tail was found

attached to the sacrum and thrown backward in a graceful curve so that the tip

was lying close to the pelvis and abdominal region. The anterior nine vertebrae and

the anterior portion of the tenth were preserved in position. At this point the

caudal region had been exposed and the vertebree had dropped out. By carefully

measuring the natural curve, in which the tail was undoubtedly placed, its length

was ascertained and the missing vertebrse were either restored in plaster, or by other

vertebrse which were found in the talus below the place where the skeletons were

dug out. The ribs of No. 1589 are not well preserved while those of the younger

individual, No. lo89a, are quite complete. The posterior portion of the sternum is

not present. One hind limb and foot of No. 1589 was found articulated.

The posterior portion of the pelvis is weathered away, as is also the extreme

anterior portion, leaving only the middle region. When material other than the

type is used in the following description it is only for the purpose of elucidation and

the catalog number will be mentioned in connection with the specimens referred to

in order to prevent confusion.

Scattered remains of a number of individuals, apparently of the same species,

were found in all of the Agate Spring Fossil Quarries, but in Quarry No. 3 were

found the most abundant remains of Daphcenodon superhus. Besides the type of

Nothocyon annectens Peterson and another small carnivore described later in this

paper there was little else found in Quarry No. 3 except remains of Daphcenodon

supcrhm. This is interesting from the fact that hardly more than a stone's throw to

the north and practically on the same level, the very rich and classic quarries, No.

1, No. 2, and the "University Quarry" are located (see Fig. 1). The lithological

characters of the bone layer of Quarry No. 3 are similar to those in the largo quar-

ries and it was observed that the same barren pinkish bedrock found in the main

quarries is also present in this quarry. The irregularity of the fossil-bearing stratum

was observed to be quite like that in the quarries immediately to the north. As

has been stated elsewhere, the stratum containing fossil bones in the Agate Spring

Fossil quarries was most probably laid down by a stream full of shallow channels

which shifted from time to time during its existence.

\

1
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Much field-work has been done and a considerable amount of material repre-

senting the carnivora has been found in the lower and middle Miocene of South

Dakota, western Nebraska, eastern Colorado and Wyoming during the past few

years by tlie different museums of North America.' Since further explorations of

this region are likely to occur in the near future it has seemed best to postpone a

more detailed and systematic work upon the carnivora of these localities and

for the present only to publish the new forms recently found by the museum

parties and especially to accurately describe the skeleton of Daphtvnodon superhus.

It is believed that the study of the lower Miocene Canidte will be facilitated by

the publication of an account of the nearly complete skeleton of one individual.

In the following description the exceptionally well preserved and almost com-

plete skeleton of Daphmmts felinus Scott (No. 492, Carnegie Museum Catalog of

Vertebrate Fossils) which Mr. J. B. Hatcher described (Memoirs Carnegie Museum,

Volume I, pp. 65-108) will be used for comparison. In the first place it seems

quite certain that Daphccnus is in the direct ancestral line of Daphosnodon, and

secondly, the skeleton from the Oligocene now in the Carnegie Museum, represents

the most complete individual of that genus as yet discovered.

Valuable aid in this work was rendered by the authorities of the American

Museum of Natural History and of Princeton University Museum, who courteously

sent to the Carnegie Museum a number of types for comparison. The illustrations

are from drawings made by Mr. Sydney Prentice and photographs by Mr. A. S.

Coggeshall and the author.

Family CANID.E.

Subfamily Ami'hicyonin^:

Daphoenodon superbus (Peterson).

Amphicyon superhus Peterson, Annals Carnegie Museum, Vol. IV, pp. 51-53,

PL XVIII, 1908. Daphomodon superhus (Peterson), Science, N. S., Vol. XXIX, pp.

620-621.

Type: Skeleton nearly complete, No. 1589, Carnegie Museum Catalog of

Vertebrate Fossils.

Horizon : IMiocene (Lower Harrison Beds).

Locality : Agate Spring Fossil Quarries (Quarry No. 3), Sioux County,

Nebraska.

Distinctive cliaracters, ~ In my previous notes in Science 1 g^\Q the following

distinctive characters : Cranium comparatively short, hroad, and low; muzzle large;

^ Professor F. B. Loomis, of Amlierst, recently discovered two miles east of the Agate Spring Fossil Quarries tlie

greater portion of a fine skeleton which he regards as belonging to the same genus described below.
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sagittal crest prominent ; hrain-case small ; incisors heavy and short; canines compara-

tively small and oval in cross-section; P* with antero-internal cusp of moderately large

size and located relatively close to the main body of the teeth; 3P and 3P large andhroad;

M^ present, though small, practically one-rooted and aligned with the internal border of

AP and IP. To the above cited characters should be added : 1% Ci P| Tl/f; the

symphysis of the iriferior ramus separated or slightly coossified ; the tubercles of all the

molar-premolar teeth blunt; the heel of the lower carnassial tooth large: metatarsals not

appressed at their proximcd ends ; feet sub-digitigrade ; tail long and heavy.

rnThe Skull.

(Plates LXXIV-LXXVII.)

In the articles cited above attention was paid to the cranial and dental charac-

ters of Daphwnodon superbus. In tlie present paper, therefore, T will only give a

short review^ of my previous description and add cliaracters which I regard as of

interest and importance to the student.

The cranium of this new genus represents an animal very nearly as large as a

fully adult gray wolf, but the skull is proportionally shorter and broader, the brain-

case smaller, the occipital condyles smaller, the basioccipital and basisphenoid of

greater transverse diameter, the paroccipital process further separated from tlic

tympanic bulla and directed more backward, the mastoid larger, the tympanic bulla

smaller, and the postglenoid process heavier. When compared with Dapheenus

felinus the skull is distinctly shorter and broader but the brain-case is evidently

not much enlarged and there is a large frontal sinus; the muzzle is heavier;

the pterygoids are shorter, and the region back of the pterygoids is apparently

also somewhat shortened. The postglenoid and paroccipital processes are of the

same relative size and position while the mastoid process is a truncated rounded

knob, and is of proportionally greater size. In fact the entire mastoid region of

Daphamodon seems to have increased, which is a distinct step away from the line of

Canis. The space between the paroccipital process and the condyles is shorter, so

that the occipital condyles arc more sessile in the specimen under description than

in the Oligocene genus.^ The tympanic buUui are present on both sides in the type

specimen ; they are of moderately large size and triangular in general outline. The

tubular process, which encloses the external auditory meatus is quite prominent and

is protected posteriorly by the heavy mastoid, though not so completely coossified

with the latter bone as in the recent dogs. On the postero-internal angle of the

bulla there is a sharp vertical ridge which unites with a similar though nmch
^In Daphmms fdinus (No. 492, C. M. Cat. Vert. Foss. ) the base of the skull iu the region of the condyles ia some-

what injured and the separation of the condyle from the paroccipital process may, io part, be due to this fact.

—-^ r

'i
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heavier ridge on the antero-internal angle of the paroccipital process, thus separating

the Large pit for the tympanohyal externally, the jugular foramen, and the foramen

laceruQi posterius internally. The bulla seems to be fairly well fused to the tym-

panic region while in the Oligocene genus it apparently always slipped off From

a study of the tympanic bulla in Daphienodon superhus it is quite evident that though

quite sohdly attached along the antero-external angle and along the border of the

basioccipital, the bone is not nearly so well ankylosed by the paroccipital process

and the mastoid as for instance in Canis, In Daphcenus felinus the bulla appears

to be more loosely attached to these processes than in the type under description.

This fact apparently supports Mr. Hatcher's contention that the ankylosed auditory

bulla in recent dogs should be regarded as a specialized character.*

It is interesting to note that the tympanic bulla in Gynodesmus brachypus (Cope)

is, in the first place, larger; and, secondly, much better ankylosed with the sur-

rounding bones than in the form under description, and more nearly approaches

that of Ca7iis. Professor Cope ' and Dr. Matthew ' have observed that the paroccipi-

tal process in Cynodesrnus hrachypus projects " backwards nearly as far as the pos-

terior face of the occipital condyles." After a careful study of this region in the

type of Cynodesmus hrachypus, now before nie, it would seem that the backward pro-

jection of the paroccipital process, regarded as a primitive character by Matthew, is in

reality due very largely to crushing, there being no part of the base of the skull

which is left undisturbed. Besides, if the present position of the paroccipital process

of the skull of G. hrachypus is a natural one it would interfere with the free move-

ment of the occipital condyle upon the atlas. Unfortunately the paroccipital proc-

ess of the left side of G. hrachypus has been broken off, which otherwise might have

furnished good verification. From Dr. Matthew's statement and illustrations {L c.)

it is very evident that the paroccipital process in Cynodesmus ihomsoni is closely

connected to the tympanic bulla and points almost directly downward at the tip,

\vhi\Q in Gynodcsmus thooides Scott' the process is heavy and projects faore back-

ward. It is quite likely that in a more perfect specimen of G. hrachypus the condi-

tion of the paroccipital process would be found to be more like that in C. thomsoni

and certainly not more backwardly directed than in G thooides. The postglenoid

process of G. hrachypus has proportionally a less transverse diameter than in

Daphmndon superhus and is more nearly similar to that of Canis, while the foramen

opticum occupies a similar position, i. e., more in advance of the exit of the foramen

rotuiidum than in recent dogs.

*" Oligocene Cauidsc/'^MEMOiBS Caknegie Muskum, Vol. I, pp. 72-73, 1902.

^BuU. U. S. Geological and Geographical Survey of the Territories, Vol. VI, p. 389, 1881.

"Bull. Am. Mus. Nat. ITistory, Vol. XXIII, p- 186, 1907.

'Trans. Am. Philos. Society, Vol. XVII, p. 6(5, PI. I, fig. 1893.
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In the type under description the greater number of the foramina are Avell pre-

served. With the exception of the more internal position of the stylomastoid fora-

men ^ and the sliglitly more anteriorly placed foramen opticum, the size and position

of the foramina are quite similar to those of Canis, which is well illustrated in Plate

LXXV. The more internal position of the stylomastoid foramen is due to the large
^^^ r

development of the mastoid process and limited backward extension of the tympanic

bulla, while the position of the optic foramen may be due to the more advanced

positicm of tlie oi'bit in Daj)hwnodon than in Canis. The alisphenoid canal is appar-

ently larger in proportion than in the Oligocene genus.

Fig. 2. Skull of young indiviJnal of Daphcemdon superhus. j nat. size. No. 1589a, C. M. Cat. Vert. Fose. Per,

mastoid portion of periotic
; Gp, posfcglenoid process ; J, jugal ; PI, palatine

; S(i, sq^lamosaI ; Pa, parietal
; Fr,

frontal ; As, alisphenoid
;
Os, orbitosphenoitl ; I, lachrymal with foramen

; Mx, maxillary ; to, infraorbital foramen
;

op, optic foramen
; fr, foramen rotnndum ; s/, sphenoidal fissure- (Note: The occipital plate, the jugal, the nasals and

the preraaxillaries are missing and a portion of the zygomatic arch is removed in order to give a better view of the dif-

ferent elements of the skull in this region.)

In Fig. 2 is given a side view of the skull of the younger individual (1589a)

which was found together with the type. The premaxillary, nasal, malar, supra-

occipital, and the base of the skull are slipped off and lost, but what remains

furnishes an admirable idea of each element and their relative proportions in com-

parison with those in Canis. It is seen that the parietal and frontal are longer,

lower, and less convex ; the alisphenoid of apparently the same proportion ; the

orbitosphenoid as long, but of less vertical diameter ; the lachrymal larger ; and the

maxillary shorter than in the recent form. From the type specimen the process of

the premaxillary, which extends upward between the maxillary and the nasal, is

much shorter and weaker than in Canis and in this respect more nearly similar to

what is observed in Daphccmts.

3 The stylomastoid foramen is not nearly so well separated from the large pit for the tympanohyal as is generally

the case in recent dogs.
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Lower jauK—The mandible is quite similar to that of Canis lupus in its general

characters, but may better be compared with such a form as Lycaon on account of its

broader symphysis and condyles. The alveolar border is, however, more completely

taken up by the premolars in the latter form than in the fossil. There are two

mental foramina : one directly below P2 and the other below P^. The inferior

border of the horizontal ramus is less curved fore-and-aft than in Daj)ha"nus, while

the line of the alveolar border is about the same. The temporal fossa is broad and

deep, the coronoid process large and the process of the angle very robust and more

inflected than in Dajihcenus or the recent forms-

Aside from the large pit, which lodged a considerable sized tympanohyal in the

skull, the hyoid arch is not known in Daphcenodon suiJerhus,

Measurements of Skull and Jaws. .

Mm.

Greatest length of skull ^^^

Distance from occipital condyle to incisors 228

Distance from occipital condyle to M^ 112

Distance from M^ to and inclnding the incisors 117

Greatest transverse diameter of the skull 148

Transverse diameter of occipitiil condyle 46

Greatest transverse diameter of the brain case 58

Transverse diameter of the frontal^ at postorbital processes 68

Transverse diameter of muzzle at canine 51

Greatest length of inaudible 1^2

Height of maudible at coronoid process 82

DcnfAtion.—'\:\\^ dentition (If C^ P^ Mf) of Daphcenodon suiKvhus is completely

preserved. The first and second upper incisors are laterally compressed and

resemble those of Dajihcenus more than those of recent forms. I^, however, displays

a rapid approach to the characters found in Cariis, i e., it has attained a much larger

size and a more nearly caniniform structure. The tooth (I^) is isolated by diastomata

;

the one in front being quite short, while the one behind is equal to the greatest

transverse diameter of the tooth. As a whole the incisors are proportionally some-

what larger than those of Baphwnus felinus and I^ is distinctly fui'ther advanced

toward conditions found in Canis, As has been stated elsewhere, the canine,

though quite robust, is not so large, nor of the shape seen in Amphicyon giganteus of

Europe, to which genus it was wrongly referred. In the present genus the tooth is

of moderately large size, oval in cross-section and recurved quite as in Canis occi-

dentalis, though somewhat less compressed than in that species. The base of the

tooth and the fang are rounder, which causes a greater swelling on the side of the

niuzzle than is seen in the latter form.

The molar-premolar teeth have rather blunt cusps. P- is single-rooted and

H
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has a simple crown ; it is separated from the canine and P~ by short diastemata.

The latter tooth is also isolated, but the diastema back of it is very short. This

tooth has two roots ; its ciown is comparatively simple, there being no anterior or

posterior basal cusps. P- is simple-crowned, like the anterior premolar, and other-
-J

wise has about the same relative proportions as in Daphcenus felinus. Its position

in the alveolar border is oblique, which makes it appear of small antero-posterior

diameter in the side view of the skull. In P^ (carnassial) a slight change from what

is observed in the Oligocene genus has taken place. The deutorocone is slightly

reduced in size and is closer to the main body of the tooth than in either Daphcenus

or any of the allied John Day forms, and in this respect is more like the corre-

sponding tooth in A'mphicyon major of Europe. The deuterocone is, however, sup-

ported by a much heavier root than eitlier in Am^phkyon or Canis and its oblique

position in the alveolar border is totally unlike the latter genera. The smaller
J

antero-posterior diameter and otherwise primitive features of the tooth places the

genus rather closer to the Oligocene form and reiKioves it further from Cards. M- and

M- are larger than in any of the allied John Day forms {Temnocyon, Mesocyon, Para-

daphxrms) and liavc also undergone some changes from the corresponding teeth in

the Oligocene genus, while M^ is apparently the same. This change of the molars

is principally due to the greater development of the postero-internal angle, which

gives these teeth a slightly greater antero-posterior diameter internally than is

usually seen in the Oligocene species, find the tooth is otherwise apparently inter-

mediate between that of these early forms and Canis occidentalis, which has a very

prominent, sharp, and crescentic postero-internal tubercle, especially on M-. The

development of the postero-internal angle is unusually like what we find in Am-

phicyon major and it is quite curious to find the conical structure of the different

tubercles so nearly alike in the two genera. M- and M- of the European genus

are, however, proportionally larger, the posterior intermediate cusp (metaconulc),

especially on M2, is more strongly developed and the antero-external cusp (para-

cone) is the larger, while in Daphwnodon para- and metacones are subequal and of

the primitive type met with in Baphwnus ; in fact the tubercles are more depressed

than in the latter genus, as is seen by referring to the illustrations, PL LXXV. The

internal border of the grinding surface of M- extends slightly below that of the

preceding tooth. This character, which is well shown on PL LXXIV, may, in part

at least, be due to slight displacement. M^ is, as stated, practically a duplication of

that tooth in Daplmnns, i. c, a small tooth with transversely oval and very low

crown with a very short root, the alveolus which is posteriorly formed by a thin and

very delicate border in the maxillary.

r

m
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rn
1 he lower incisors are laterally compressed. ly is quite small in comparison

with that of Canis, while I^- and I3, though small, are in better proportion. The
canine is robust and resembles that of Canis occidentalis very closely, the cross-section

of the crown being somewhat more regularly oval and less excavated on the antero-

internal angle. Py is a small single-rooted tooth with the crown extended well

forward from the base, the apex being nearly directly over the anterior face of the

root. The tooth is isolated by diastemata, of which the one in front of it is the longer.

The next three premolars are also well separated in the jaw. P^ and P-3 have simple

conical crowns with larger posterior than anterior bases and their shape and relative

diameters are quite similar to those in Daphwmis, while Py is somewhat enlarged

and has a strong posterior cusp and prominent cingulum similar to some species

from the Oligocene, Daphojn.us dodgei Scott and Temnocyon altigenis Cope from the

John Day formation of Oregon.

In My (carnassial) is observed the greatest change from what appears in the

Oligocene form in the direction of the more recent type. It is at once seen that this

tooth has increased in its antero-posterior diameter, the metacouid is situated lower

down,^ and the hypoconid is bluntly trenchant and is greatly developed, while the

entoconid is rather small. The tooth is not, however, modified into the perfect

shearing blade met with in Canis, as it still retains to a greater or less extent the

conical structure of the tubercles so characteristic of Bapha^nus and its ancestors, the

Miacid^. M^ is quite large ; the trigonid is raised only very slightly above the heel

;

the proto-, para-, and metaconids are fused into a more or less solid and obtuse mass,

the protoconid being the largest of the three, while the paraconid is represented only

as a basal heel on the antero-internal angle. The heel is quite large and is occupied

principally b}^ an antero-posteriorly placed ridge (hypoconid) which is low and

located nearer the external than the internal border. The entoconid is represented

by a low and oblique ledge on the postero-internal angle of the crown. Mg is single-

rooted and is reduced to a small oval-sliaped crown with a slight elevation on the

anterior half, while postero-internally there is a shallow valley produced, to some
extent by trituration. The size of the tooth with reference to the one preceding it
ft

IS proportionally the same as in Daphcenus felinus here used for comparison.

^It is interesting to note that Cynodesmits hrachypus from the Miocene of the Laramie Peak locality ia apparently

inrther advanced towards the recent dogs in having the premolars larger, M^ reduced and the lower carnassial of less

transverse diameter.
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Measurements of DENTiTroN,
Mm.

Length of superior premolar series ^^

Length of superior molar series ^^

Autero-posfcerior diameter of siiperior canine at base 13

Transverse diameter of superior canine at base 10

Antero-pOrtterior diameter of P^ ^

Transverse diameter of P-^ ^

Antero-posterior diameter of P^- >
^^

Transverse diameter oEP-^ ^

Antero-posterior diameter of P^ :
1^

Transverse diameter of P^ ^

Antero-posterior diameter of P+ ^^

Transverse diameter of P\ anteriorly ^^

Antero-posterior diameter of M^ 1^

Transverse diameter of M^ '^^

Antero-posterior diameter of M^ 1^

Transverse diameter of M^ 1^

Antero*posterior diameter of M- ^

Transverse diameter of M'^- "

Length of inferior premolar series ^^

Length of inferior molar series ^^

Antero-posterior diameter of inferior canine at base.. 12

Transverse diameter of inferior canine at base 1'*

Antero posterior diameter of Pj ®

Transverse diameter of Px

Antero-posterior diameter of P^ i®

Transverse diameter of P;^ ^

Antero posterior diameter of P^ "
Transverse diameter of Py ^

Antero-po?terior diameter of Pj ^^

Transverse diameter of P^ ^

Antero-posterior diameter of Mj ^^

Transverse diameter of M^ ' ^l

Antero-posterior diameter of M^ ^^

Transverse diameter of M^ -*^

Antero-posterior diameter of M;, ^

Transverse diameter of M^ '

r

Although there are a number of apparently strong specific characters in the

dentition of tlie second specimen (No. 1589a) found with the type, I refrain from

establishing a second species on account of the immaturity of the specimen. In

this second specimen the upper and lower premolars are much more crowded in the

alveolar border in comparison with those in the type specimen. The upper carnas-

sial has a better developed postero-external cutting ridge (tritocone) and the cusps

are generally more trenchant. P4 is relatively somewhat larger with a higher

crown, the metaconid of the lower carnassial slightly smaller and Mg two-rooted.
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The remains indicate an animal of slightly larger size when fully adult (see Figs.

2 and '3).

Fig. 3. Lower Jaw of Yonng ludividnal of DapJiisnodon supcrhiis. f nat. size. No. 1589a.

In section 17 of Quarry No. 1 was found a fragment of a mandibular ramus

with the deciduous sectorial in position and the permanent p:^ buried in the jaw.

The latter tooth is only partially developed. The differ-

ent cusps of the deciduous tooth are quite sharp and

the heel is of considerable size and completely basin-

sluiped. The fangs are excessively spread in the an-

tero-posterior direction, due to the constant pressure

from below by the permanent tooth, and furnish a sure

indication of the juvenility of this tooth. Except for

its slightly smaller size, the tooth most nearly resembles

that of "Cams" anceps Scott and is here figured for

the purpose of warning the student. The specimen

may or may not represent Daphwnodon siq^erhus.

Fig. 4. Daphccnodon snperhus?

Frajjinent of lower jaw of young
individual with deciduous sectorial

in pliice nud p^ buried iu the jaw
(No. 2201). Nat. size.

The Vertebral Column.

The formula of the vertebral column is as follows : cervicals seven, dorsals thir-

teen, lumbars seven, sacrals three, and caudals twenty-eight?
+ >

With the exception of the missing region ofthe caudals, already referred to in,the

introduction, the vertebral column of the type specimen is in excellent preservation.

Atlas.—The atlas is quite long antero-posteriorly. Its large attenuated and
wing-like transverse process gives the bone a transverse diameter proportionally equal
to that in Canis. In general outline the bone is quite similar to that of the latter

genus, but there are a number of differences shown on closer examination which
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reveal conditions more nearly identical with those found in Baphamus. Thus the

posterior exit of the vertebrarterial canal is not superior as in the dogs, but more

nearly posterior as in the cats;^'' the anterior cotyles are small; the transverse
r.

Fig. 5. Atliis of D. superbus. ^ nat. size. 1, dorsal view ; 2, lateral view ; 3, veutral view.

diameter of the articulation for the axis is proportionally less in size ; and tlie bone,

with the exception of the transverse process, is, as a whole, rather heavier than in

Canis. The atlanteo-diapophysical notch is deep and as in the dogs is not covered

with a bony bridge to form a foramen. This character was observed in Daphosnus

,
by Professor Scott," while in some of the genera of the Alia-

^^^^^ \ <^'>^dx (Oodectes) this notch was already converted into a fora-

'^-'^^Zf^^^^ men.^'^ The foramen in the arterial groove, which pierces

the wall of the neural arch on the ventral face of the trans-
FiG. 6. Atlas of Cmodes- . i-i tii-t'i,t

mn. hrachypusco^e. No. 8140,
^ersc proccss, IS exceedingly small, which IS also the case m

Cope Collection, Am. Maseum the atlas of Dapliwnus here used for comparison. In Canis
Natural History, i Dat. size. . i • /• • /> i

tins loramen is oi larger size.

In the atlas of Cynodesmus h-ackypus the posterior exit of the vertebrarterial

canal is more dorsally located (see Fig. 6) ; its atlantal notch is not nearly so deep

and the foramen piercing the neural arch on the ventral face of the transverse proc-

ess is as large as in Canis.

Mkasuekmknts of Atlas.
Mm.

Greatest antero-posterior diameter 52

Greatest tranaverse diameter , 99

Antero-posterior diameter at cotyles 39

Transverse diameter of cotyles anteriorly 51

Transverse diameter of cotyles posteriorly 36

Axis.— In comparison with Canis the axis is short and high and according to

Professor Scott's description of the axis in Daphwnus it appears also to differ from

that genus in some important and rather surprising details. Scott sa^^s :
*' The cen-

'0 Wortman, J. L., " Osteology of Patriofelis, " Bull. Am. Mus. Nat. Hist., Vol. VI, p. 137, J894.

""Notes on the Canidse of the White River Oligocene," Trans. Amer. Pbilos. Society, Vol. XIX, p. 337, 1894.

^^ Matthew, W. D., "Carnivora and Insecfcivora of the Bridger Basin," Memoirs Am. Mas. Nat. Hist., Vol.

IX, p. 367, 1909.
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Fig. 7. Lateral and Posterior Views of Axis of

D, superbus. ^ nat. size.

trum is elongate, narrow, and depressed, with a thin and inconspicuous hypopophy-

sial keel." In Daphamodon superbus the centrum, though somewhat depressed, is

short in comparison with that of Cams and the hypopophysial keel is more strongly

developed than in the latter. The ventral face of the centrum in the present genus

is not nearly as concave antero-posteriorly as in the dog, and the ventral keel ter-

minates posteriorly in a broader area, which

is extended downward very slightly so as to

form of its posterior three-fourths a slight

antero-posterior concavity, hut there is no

prominent tubercle as in Canis. The articu-

lation for the atlas is more convex and rises

higher upon the sides than in Cams and is

apparently not materially changed from

that in the Oligocene form. The odontoid process also agrees with Professor

Scott's description of that in the older form, which he says is " a long, slender,

bluntly pointed peg, with a heavy, rounded ridge upon its dorsal surface, which

is continued back along the floor of the neural canaL" The transverse process

is heavier, shorter, and is more nearly parallel to the centrum than in Canis,

which is also characteristic of Daphwnus. On the lower border of the transverse

process is developed an inferior branch or costal element (see Fig. 7) which is rather

unusual on the axis among the dogs and is not mentioned by Scott in his descrip-

tion of this process in Daphosnus. The vertebracterial canal is apparently slightly

further forward than in Daphosnus, but it is still further back and slightly longer

than in Canis. The neural canal is large, as in Daphosnus, and does not contract

so much towards the hinder end as in Canis. The spinous process is a long high

keel which is produced into a laterally compressed process anteriorly, rapidly ex-

pands posteriorly, and is proportionally lighter than in the cats, e. (/., Felis leo. The

posterior face of the spine is excavated somewhat as in Felis, though in a less degree,

and forms a different attachment for the cervical muscles than is seen on the con-

vex and rugose surface in Canis. According to Scott, the neural spine in Daphosnus

corresponds practically to the description here given.

In Cynodesmus hrachypus the centrum of the axis is long and narrow and in its

general features, including the inferior keel and the odontoid process, answers more

nearly to that of Canis than to that of Daphosnus and Daphwnodon ,while the neural

spine is extremely long and overhanging both anteriorly and posteriorly. The

latter process is proportionally longer than that in Leo, and tapers more gradually

from the base of the postzygapophyses to the free end as in the Eocene creodonts.
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Measurements of Axis,
Mm.

Anteroposterior diameter of the centrum, odontoid process included 54

Greatest transverse diameter of centrum, anteriorly 36

Greatest traasverae diameter of centrumj posteriorly 22

Antero-posterior diameter of spine 53

Transverse diameter across postzygapophyses 34

Third Cervical Vertebra. — The general characters of the third cervical vertebra
4

are similar to those of the same bone in Cdnis, though certain features are rather

feline. Thus the inferior branch of the transverse process is strongly developed, the

tubercle superior to the postzygapophysis is large and points directly backwards,

and the neural spine is considerably developed, while in Canis the transverse process

is smooth, the tubercle above the postzygapophysis points more upwardly and the

neural spine is less developed. The centrum is short and has a strong keel, which

terminates posteriorly in a broad area, but does not form a hypopophysial tubercle

as in the dogs ; the transverse process is shorter and broader, and the vertebrar-

terial canal is longer.
V

Measurements of Third Cervical Vebteiiba.
Mm.

Antero posterior diameter of centrum 31

Antero-posterior diameter of neural arch including zygapophyses 46

Transverse diameter across transverse processes, posteriorly 52

Transverse diameter of centrum posteriorly -•• 22

Vertical diameter of centrum posteriorly 14

Fourth and Fifth Cervical Vertehrx.— The fourth and fifth cervical vertebra)

are heavier than the preceding vertebra. The postero-inferior branch, or costal

t
element of the transverse process,

j? is also more developed ; the neural

/^^oA^~^^ arches are more deeply emarginated

iW It ^^^ front and behind
;
the neural

^~'^Mj^^\^ spines are higher and the tubercles

^^^m^)M^ above the postzygapophyses are

1
^ *"

3 smaller. There are otlierwise no

Fig. 8. Fifth Cervical Vertebra of D. superbus. I nat. size. 1, niarked differences between the
. posterior view ; 2, lateral vievF ; 3, anterior view.

i . t ,. ,^ i n ^, i • t

third, fourth, and fifth cervical ver-

tebrfB. In the two latter vertebrse the ventral keel of the centrum docs not termi-

nate posteriorly in a tubercle as in Canis, but laterally has a broad area with small

tubercles^ similar to what is observed in Felis leo'.

r
'

! r

+

+

i

f
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Measurements of Pourth and Fifth Cervical Vertebra.
C. 4

Mm.

Antero-posterior diameter of centra 31

Transverse diameter of centra, posteriorly 29

Vertical diameter of centra, posteriorly 15

Transverse diameter across transverse processes, posteriorly 55

Transverse diameter across prezy^apopbyses, posteriorly 43

Transverse diameter across postzygapophyses 41

C. 5

Mm.

30

22

16

59

43

39

Fig. 9. Sixth Cervical Ver-

tebra of D. siqyfrbiis. ^ nat.

size.

Sixth Cervical Vertebra.— The sixth cervical vertebra has the faces of the centrum

more oblique than in any others of the cervical series, but not more opisthocoelous.

The centrum, is otherwise depressed and ratlier broad, as are

the centra of all the cervicals. The ventral keel is quite

prominent in the anterior region, but fades away to an

evenly convex border posteriorly and is quite similar to

that in Canis. The transverse process is very prominent,

as in the latter genus, but the inferior lamella is divided

into two parts, a small anterior and a larger posterior por-

tion (see fig. 9). In the thooids this lamella forms a solid

and thin blade, while in the alopecoids it is generally

slightly divided. In the cats it is divided in a greater or

less degree. The vertebrarterial canal is proportionally longer than in Canis. The

neural arch is broad, but does not form the connecting ledge between the pre- and

postzygapophyses as prominently as in Cams; there is no excessory process devel-

oped on this connecting ledge as in the latter genus, though it would appear from

Professor Scott's description {I c, p. 338) that these ledges are perliaps more promi-

nent on the arches of the cervical vertebrse in the present genus than in Daphwnus.

The anterior and posterior emar-

giuations on the neural arches

which separate the zygapophyses

in front and behind the neural

spines of the cervical vertebrte are

deeper than in Canis ; they are not

unlike those in Viverra africana,

and in this respect are similar to

what was found by Scott to be the

case in the Oligocene genus. The

neural spine of the sixth cervical in the t3'pe is slightly damaged, but its entire

lengtli is represented, and it is shown to be robust and high.

Fig. 10. Cervical Vertebra; of Gynodesmus hrachypus Cope (No.

SHOCope Collection, Am. Museum of Natural History). ^ nat. size.
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In the sixth cervical vertebra of Cynodesmus hrachypus the inferior branch of the

transverse process is divided, but the anterior portion is much larger proportionally

than that in Daphwnodon. In all other respects the bone is more nearly like that

in Canis than Daphmnodon. In fact the entire cervical series in C. hrachypus is

strikingly similar to that of the recent form except that the posterior exit of the

vertebraterial canal of the atlas is further back, the neural spine of the axis more

produced posteriorly, the inferior lamella of the transverse process of the sixth

cervical is divided, and the neural spine of the seventh cervical is more robust and

higher.
Measubements of Sixth Cjebvical Veetebba.

Mm.

Antero-poaterior diameter of thecentrura 29

Transverse diameter of the centrum posteriorly 23

Vertical diameter of the centrum posteriorly 27

Transverse diameter at transverse processes 59

Transverse diameter of prezygapopbyses 43

Transverse diameter of postzygapophyses ^"^

Seventh Cervical Vertebra.— The seventh cervical is characterized by its long

and heavy transverse processes and neural spine, which are proportionally quite

large when compared with those of Canis. From Professor

Scott's observation it is quite clear that Daphoemis also had

high neural spines on the cervical vertebrre, which is gen-

erally characteristic of the felines. It is further noticed

that the anterior and posterior faces of the neural spine of

the seventh cervical in Daphcenodon have conspicuous ex-

cavations at the base, which are not present in Canis and

Felis, while in Viverra zivetta they are represented to a slight

extent. These excavations have rough surfaces for muscular

attachment, and the one posterior is deeper than the one

anterior. The four vertebrae preceding the one under de-

scription have similar rough excavations (see Fig. 8) and these excavations also ap-

pear in the case of the anterior dorsals. (See Fig. 13.)

Fig. 11. Seventh Cervical

Vertebra ot D. superhus. }

nat. size.

MEASUKEftlENTS OF SEVENTH CERVICAL VeETEBBA.
Mm.

Antero-posterior diameter ot centrum 27

Transverse diameter of centrum posteriorly 25

Vertical diameter of centrum posteriorly 18

Transverse diameter of transverse processes 6'7

Transverse diameter of prezygapopbyses 43

Transverse diameter of postzygapophyses 43

Height of neural spine 47

4

a

1

r

\

i
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1

First Dorsal Vertebra.— The centrum of the first dorsal is, as in Daphwnus,
broad and depressed, which seems to be true of the dogs generally. The trans-

verse process is heavier than in Canis hqnis. The postzy-

gapophyses point forward and outward in a greater degree;

their zygapophysial articulations are larger and present a

more obliquely concave appearance than in the later genus,

while the postzygapophyses are quite similar in every re-

spect. The neural spine is robust and high, but on the

whole proportionally lighter than in Canis. The excava-

tions on the spine referred to in the description of the pre-

ceding vertebra are also continued to the dorsal series, and-1-1 ... r 7^ 7 /T ^^^r^^ r^ i « FiG. 12. Fkst Dorsal of D.m his description of Daphcenus (I a, p, 339) Scott speaks of 71.-
this condition as follows : '^the notcli bet\Yeen them [prozy-

gapophyses] is very deeply incised, invading the base of the spine, a very different

arrangement from that seen in CanisJ^

Measurement's of First Dohsal Vertebra.
Mm,

Anteio-posterior diameter of the centrum
2

Transverse diameter of the centrum

Vertical diameter of the centrum

5

29

16
Transverse diameter across the transverse processes 6j
Transverse diameter across prezygapophyses 4c

Transverse diameter ncrosa postzygapophyses qh

Height of neural spine ^^

Second Dorsal Vertebra. —The centrum of the second dorsal is less depressed

than that of the first, its anterior face being of more
nearly circular outHne and quite convex. Ventrally

there are two prominent ridges on either side of the

median keel, which extend nearly the entire length

of the centrum. The transverse process and the

zygapophyses are lighter than on the preceding verte-

bra. The prezygapophyses face inward and slightly

npwa]:d
; at their lower margins they are abruptly

concave, due to sharp ridges at their bases which ex-

tend diagonally upward and inward, uniting with

the anterior border of the neural spine a short dis-

tance above the arch. The triangular area on the anterior flicc of the spine, which
is bounded laterally by these ridges, is quite deep and has a rugose surface identi-

Fia. 13. Lateral and Posterior Views

of Seeoud Dorsal of D. superbus. I nat.

size.
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cal with that which has been described in the preceding vertebra, and is well

shown in the illustration, Fig. 13-

MEASURE:\rENTS OF SECOND DORSAL VERTEBRA.
Mm-

AnterO'posfcerior diameter of the centrum "^

Transverse diameter of the centrum, posteriorly 27

Veitical diameter of the centrum, posfceriorly 1"

Transverse diameter at the transverse processes ^0
r

Transverse diameter at the prezygapophyses ^5

Transverse diameter at the postzygapophyses 22

Height of neural spine ^'

TJdrd and Fourth Vertehrx.^The third and fourth

dorsals liave their centra similar to that of the second.

The transverse processes are lighter, the prezygapophyses

are less complicated, facing directly upward,and the

neural spines are less expanded at the top than in the

preceding vertebra ; there are otherwise no characters

which require a separate description.

Fig. 14. Lateral Views of Third

and Fourth Dorsals of D. superhus.

^ nat, size-

Measurements of Third and Fouiith Dorsal Vertebra.
D. 3. D 4.

Mm. Mm.

Antero-posterior diameter of centra *^ ^^

Transverse diameter of centra '^^ ^^

Vertical diameter of centra ^^ ^"

Transverse diameter at transverse processes '*' ^^

Transverse diameter at prezygapophyses
"^ ^1

Transverse diameter at postzygapophyses ^^

Height of neural spine approximately • ^*

Fifth, Sixth, Seventh, Eighth, and Ninth Dorsal Vertehrm.
^,,^,

— This series of dorsals are so similar to one another that

they do not each require a separate description. The cen~ . ,,,,

tra are quite uniformly concave on tlie sides and have a
^^

ventral keel more or less indicated, while the individual in-

crease in the antero-posterior diameter from the fifth to the

ninth is hardly perceptible. The articular surfaces for the

ribs are large and the intervertebral notches are low but p^^, ^^5 mn\h Dorsal of

of considerable antero-posterior dimensions. The transverse d. superhus. ^nat. size.
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processes decrease but very slightly from the fifth to the ninth, the articular sur-

faces for the ribs are extensive on the free and expanded ends, but the excessory

processes on the superior faces, which are so prominent in the recent dogs, are very

inconspicuously developed. The neural spines in the whole series are heavy, but

gradually reduced in height in proceeding backward, the ninth being quite thin

transversely though broad antero-posteriorly.

Measurements of Fifth and Ninth Dorsal Vertkbrte.
D. i D.

9

Mm_ Mm,

Antero-posterior diameter of centra 24 25

Transverse diameter of centra 24 26

Vertical diameter of centra ]6 17

Transverse diameter at transverse processes 50 47

Height of neural spines 60 43

Tenth Dorsal Vertebra.—The centrum of the tenth dorsal vertebra is similar to

that of the ninth, with the exception of the absence of facets for the capitulum of

the rib. The transverse process is still quite heavy and has a large facet for the

tuberculum of the rib, as is well shown in Fig. 16. The prezy-

gapophysis is like that in the preceding vertebra, while the ^^'

postzygapophysis is placed high and faces downward and out-
^^'

ward, similarly to that in the recent dogs. The neural spine, ^y"^'

however, is very characteristic in the present genus and differ- p^^

ent from that in the recent form. In Cawis hqnis the spine is

thin transversely, quite broad antero-posteriorly, very low and fig. is. Tenth Dorsal

upright in position— a character which was apparently o^ -^^ ^"i'^'*"^. ^
nat. size.

already established in some of the early tertiary forms (Miacidx).^^ In Baplicenodon

superhus the neural spine of this vertebra is more back^vardly inclined, and, with

the exception of the postzygapophysis and the sudden reduction in size, it is like

that in the true dorsals. InCanis laWans the neural spine of the tenth dorsal is ap-

parently quite similar to the one here described, though much shorter in proportion.

Measurements of Tenth Doksal Vektebea.
Mm.

Antero-posterior diameter of centrum 25

Transverse diameter of centrum, posteriorly 25

Vertical diameter of centrum 16

Transverse diameter at transverse procewses 47

Height of neural spine, approximately 35

r

^^Matthew, W. D., " Carnivora and Insectivora of the Bridger BasiUj" Memoirs Araer. Mus. Nat, Hist, VoL

IX., p. 3G7, 1909,
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Eleventh Dorsal Vertehra.— The centrum of the eleventh dorsal vertebra is

longer and also of slightly greater vertical diameter than is the case in the preced-

ing vertebra and, as in the latter, there are no facets for ribs

-s^^ / /MM on the posterior face. The eleventh and twelfth dorsals in

.fe^JT the skeleton of Daphcenus felinus (No. 492) have no facets on

.^:s£.. ^ the posterior faces, although tliere are instead little rounded

processes which extend slightly behind the faces of the cen-

Fia. 17. EieveDtb Dorsal tra, but which apparently never touched the heads of the

otD. superhus. I nat. size.
^-^^^^ ^^ ^^^^^.^ ^^.^ ^^ articular faccts noticed on them.

The characters of the neural arch, zygapophyses, and spinous process are sud-

denly clianged in this vertebra, and are on the whole more like those of the true

lumbars. The bone is injured in the region of the transverse process, but enough

is preserved to indicate its rather small size, and it is quite doubtful whether it car-

ried an articular facet for the tuberculum of the rib as in Cards and other recent

Carnivora. The meta- and anapophysis are more prominent than in Canis; in fact

the vertebra as a whole is heavier. Judging from the base of the neural spine it

was thin transversely and rather broad antero-posteriorly ; it did not attain a great

height, and was perhaps more or less anticlinal.

Measurements of Eleventh Dorsal Vertebra.

Mm.

Autero-posterior diameter of centrum 26

Transverse diameter of centrum..... 24

Vertical diameter of centrum, approximately 17

Transverse diameter at transverse processes 37

Height of neural spine, approximately 15

Twelfth and Thirteenth Dorsal Vertebras.— The twelfth and thirteenth dorsal

vertebrae increase rapidly in size from the one preceding them. The twelfth is

characterized by the practical absence of a transverse

process, there being only a trace of a tubercle present iwVwV^m. /^«!k'^'^

near the posterior border of the pedicel immediately P \^^^^ f-%|^

above the intervertebral notch. On the thirteenth fegv^*^ m" ^T
dorsal is a decided knob-like transverse process which

is shifted lower down than on the eleventh. The
, , , . , 1 J -J 1 • Fig. 18. Twelfth and Thirteenth

ventral keel is a heavy rounded ridge and is more
, ,, , , , ^ ^ . ^*' ^ Dorsal Vertebrrc of D. svperous. ^ nat.

prominently developed on the thirteenth than on the
gj^e.

last vertebra mentioned. The meta- and anapo-

physes are seen to be decidedly more robust in the two vertebrte here described
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and tlie zygapopliyses and neural spines, especially of tlie thirteenth dorsal, are

typically lumbar in character.

t

I

Measurements of Twelfth and Thirteenth Dorsal VEETEBEiE.

n 12

Mm.
Autero-posterior diameter of ceutra 28

Transverse diameter of centra posteriorly 26

Vertical diameter of centra posteriorly 17

Transverse diameter at transverse processes 31

Height of neural spine

D. 13

Mm.
29

27

19

33

25

First Lumbar Vertebra. — The first lumbar vertebra is sliglitly larger than the

last dorsal. Besides the absence of facets fur ribs it also

differs from the latter in having a sharper ventral keel^ bet-

ter developed lateral tubercles on the ventral posterior face

Fig. 19. First Lumbar Ver-

tebra of D.superbns. I nat.size.

of the centrum, larger transverse processes, which are placed

lower down, and a slightly heavier neural spine. In Daphw-

nus felinus the lumbar vertebras have relatively longer and

narrower centra, with the ventral keel and lateral posterior

tubercles of greater prominence, longer transverse processes,

and the neural spines possibly somewhat higher tlian in the present genus.

Measurements of First Lumrar Vertebra.
Mm.

Antero-posterior diameter of centrum 33

Transverse diameter of centrum 27

Vertical diameter of centrum 39

Transverse diameter at transverse processes, approximately * 45

Height of neural t^pine 26

Fjg, 20. Lumbar Vertcbnc of />. superhus. \ nat. size. 1, second lumbar ; 2, third lumbar ; 3, fifth lumbar.

Second^ Thirds Fourth^ and Fifth Lumbar Vertchrx. — This series of the lumbars

may conveniently be described together. Their centra are broad and heavy, not

unlike tliose in Ganisj while the transverse processes, though quite heavy and

directed forward, are much shorter than in the latter genus. The latter character
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is a curioxis feature of this genus which seems to have departed from Daphcenus,

Temnocyony^'^ and also from the recent canids generally, while, according to observa-

tions by Dr. Matthew {I. c, p. 367) upon Miacis, its aflfinity with regard to the short

transverse processes would seem to recall the earlier tertiary types. As in Daphcenus

the metapophyses, anapophyses, and neural spines are proportionally more robust

than those in the recent dogs. The meta- and anapophyses are heaviest on the first

lumbar and gradually decrease in size backwards, the anapophysis of the fifth

lumbar being quite small. Except on the first, second, and seventh lumbars the

neural spines are broken off superiorly, but enough remains to ascertain their great

antero-posterior diameters, which are not unlike those in canids generally.

Measurements of Second and FiiTii Lumuar Vertedr^.
L. 2 L. 5

Mm. Mm.

Antero-posterior diameter of centra 36 40

Transverse diameter of centra posteriorly 27 29

Vertical diameter of centra posteriorly 19 19

Transverse diameter of transverse processes 50 72

Length of transverse processes from base (posterior) to tip end 14 24

Height of neural spine 18 ?

r

.^ Sixth lAtmhar Vertebra.'—The sixth lumbar ver-

^^^'^ tebra is characterized by the absence or very rudi-

'^^^^^m^J^^ mentary development of anapophyses, and also by a

.,xj(^ ' considerable transverse broadening of the centrum

A posteriorly. There is otherwise very little difference

between tliis vertebra and the one preceding it.

Fig. 21. Sixth Lumbar Vertebra of
r

D, supcrbus. J nat. size-

Measurements of Sixth Lumbar Vertebra,
Mm,

A ntero- posterior diameter of ceDtrum 40

Transverse diameter of centrum 31

Vertical diameter of centrum 19

Transverse diameter at transverse processes, approximately 84

Heiglit of neural spine, approximately 45

Seventh Lumbar Vertebra.—The centrum of the seventh lumbar vertebra is as

usual quite depressed. The transverse diameter of the posterior fiice is nearly equal

to its antero-posterior diameter and the ventral keel and lateral ridges are promi-

nentj especially on the anterior half of the centrum. The transverse process is

^^EyermaDj J. "The Genus Temnocyon and a New Genus thereof, etc," Amer, Geo!., Vol. XVII, pp, 273-

274, 3896.

f
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unfortunately not completely preserved ; enough remains, however, to determine

that it is fully as heav}^ as in Canis, but probably did not attain the length seen in

the latter. The pre- and postzygapophyses, especially in

the latter, are much expanded in comparison with those of

the preceding lumbars, and the neural spine is also quite /^T^^^^:^^^

light, although comparatively heavier than in the recent ^^-^n^^^' ';''^;

doirs ll>--^- 'Vi^-'''

In the type of Gynodesmus hrachypus the lumbar series

(seven) is apparently completely represented. The centra,

especially in the anterior part of the series, are somewhat fig. 22. seventh Lumbar

less depressed than in Daphwnodon. The transverse pro-
""'''''''" "^ ^- "'^''^""-

^
" Dat. size.

cesses, though relatively longer than in Daphcenodon, are not

attenuated to the same degree as in recent dogs. The raetapophyses, anapophyses,

and neural spines are proportionally lighter than in Daphcenodon and on the whole

more nearly resemble the lumbar vertebra) of Canis.

Measurements oi^ Seventh Lumbar Vertebra.
Mm,

Antero-posterior diameter of centrum 34

Trauaverse diameter of centrum posteriorly 31

Vertical diameter of centrum posteriorly *,

18

Transverse diameter at transverse processes, approximately 72

Height of neural spine 33

Fig. 23. Dorsal, Lateral, and Ventral Views of Sacrum of D. siiperhus. ^ nat. size.

Sacrum. — The sacrum is greatly developed, and, as usual, it consists of three

well coossifiod vertebrae. In its relative size it is fully equal to that of DapJicenus

described and figured by Professor Scott (I. c, p. 341, PL XX, fig. 14), and is very

much larger than in the recent dogs and proportionally somewhat more robust than

in the lion or the tiger. The centra are unusually massive and not nearly so depressed

as in the recent dogs, but resembling more those of the tiger. The transverse proc-

esses however, are, very differently arranged, only tlie first sacral supporting the

ilium by its very licavy pleurapophyses ; the second has the transverse .process rep-

I

%

^
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resented b}^ a comparatively delicate roughened ridge, while the third has a promi-

nent process which extends laterally and slightly back of the posterior face of the

centrum. In the recent forms the transverse j)roccsses of the sacrum are more

strongly developed, the first and second sacrals, especially, taking a more prominent

part in the support of the ilium. In comparison with the heavy centra the neural

canal is rather small, thus agreeing with what is observed in the Oligocene genus

and differing from recent forms. The neural spine of the first sacral is relatively

smaller than in the recent dogs or cats, while that of the last sacral is much heavier,

the spine on the median vertebra consisting only of a sharp low ridge, which uninter-

ruptedly connects with the spines in front and beliind.

In Cjjnodesmus hrachypus the sacrum is shorter and broader, the second sacral

helps to support the ilium more prominently and the anterior neural spines were

apparently proportionally more robust than in Daphwnodon. The spinous process

on the last sacral in C. brachypits however, is, quite prominent, and is more com-

pletely separated from the spine in front of it than in either Baphwnodon or the

recent dogs.

Measurements of Sacrum.
Mm,

Antero-posterior diameter of centra 77

Greatest transverse diameter across the pleurapophyses 59

Greatest transverse diameter at transverse processes of last sacral 49

Caudal Vertehrsc. — The tail is very long and heavy; it has undergone practi-

cally no change from that of the Oligocene form and is practically as well developed

as in the lion or the tiger. The anterior face

of the centrum of the first caudal is more con-

vex and less depressed than the posterior.

The transverse process is very heavy and pro-

jects well backwards. The pre- and postzyga-

pophyses have perfectly formed articular facets

and are well expanded transversely. The

neural canal is of moderately large size and

the spinous process is quite robust.

The length of the centra of the succeeding

two caudals agrees with that of the first. The

transverse process on the second however.

23^ 25 26 27 28

FlQ- 24. Caudal Vertebrx of D. superbus. J

nat. size. (1-28 indicate their respective posi-

tions in the tail.

)

is, broader antero-posteriorly than in the first, but the neural spjne is very much

reduced, while on the third caudal the neural spine is represented only by a low

ridge. The centrum of the fourth caudal is four or five millimeters longer than

\
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that of the first, while back of this vertebra the increase in length is more noticeable.

The transverse processes are single up to the sixth, and the seventh caudal still

bears the pre- and postzygapophyses witli perfect articular facets in front and behind,

while on the eighth and ninth the postzygapophyses are more or less imperfect, but

the neural canal is complete and extends throughout nearly tlie entire length of the

vertebrae. The last mentioned vertebra is the longest in the series which was at-

tached to the sacrum when the specimen was found, but there is reason for believ-

ing that the vertebra continued to increase in lengtli up to the eleventh or twelfth

caudal. There are seven chevron bones present whicli were found more or less in

position in the series of caudals here described.

At the anterior portion of the tenth caudal the skeleton was exposed and a
section of the tail dropped out. As mentioned in the introduction, the natui-al

curve in which the tail undoubtedly was lying would allow room for six or possibly

seven vcrtebrie. Working on this hypothesis the next vertebra which was found in

position in the skeleton would be the seventeenth or eighteenth. This vertebra has
the pre- and postzygapophysial prominences, anterior transverse processes, and
ventral tubercles for chevrons well represented, and the centrum is of considerable

length and robustness. The ten succeeding vertebrsi gradually decrease in length
and robustness, the last being only seven millimeters long.

In tlietypeof Ci/nodcsmus b rack i/pus the anterior four caudal vertebrfe are pres-

ent together with various others which represent different parts of the tail. The
transverse process on the first is yery long and robust, while on the second it is much
shorter and indicates a greater decrease backward than is seen in Daphwnodon. The
centra are less depressed than in the latter genus and approach more closely those

in the dogs. It is quite likely that the tail in C. hrachyjms when completely known
will be found to be proportionally shorter than in Daphcenodon sitp^ , as.

Measurements of Caudal VertehrvM.

C. 1 C. 2 C. 9 C. 17 C. 28

Mm. Mm. Mm. Mm. Mm.
Antero-posterior diameter of centra 93 34 45 35 «

Transverse diameter of centra posteriorly 22 20 16 8 2
Vertical diameter of centra posteriorly 15 14 14 9 2

Transvere diameter at transverse processes 57 C7 26 12

Ribs and Sternum.

There are very few ribs represented with the type specimen, while in No. 1589a
(the young individual found with the type) they are quite complete. The series as

a whole is rather short and stout with much expanded ventral ends. In the ante-
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rior region of the thorax the ribs have largo caxjitular and tubercular articulations

and rather flat shafts as in Canis, while pos-

teriorly they are raore cylindrical; the elev-

enth, twelfth, and thirteenth having no tuber-

cular articulations.

Sternum.— The sternum is represented

only by the manubrium, which is more nearly

like that in the tiger than in the dogs. Thus

its size is proportionately large audit is greatly

produced in front and much expanded trans-

versely at the attachment for the first pair of

ribs. In front of the rib facets the superior

face has a subtriangular area which is concave

from side to side and also slightly concave an-

tero-posteriorly. In front the bone terminates

in an obtuse, laterally compressed process,

which projects forward and slightly down-
FiG. 25. Ribs of Left Side of D. superbus. ^

nat. size. 1, first rib, type No. 1589 ; 2, second

rib No. 1589a; 3, tliird rib No. 1589a ; 5, fiEth

rib No. 1589a ; 6, sixth rib No . 1589a.

ward. The ventral face is produced

into a heavy rounded antero-posterior

ridge, which gives the bone a strong

keel-like appearance. The posterior

half of the presternum is more angular

on cross-section.

Fig. 26. Presternum of D. superhus. J nat. size. 1,

dorsal view ; 2, ventral view ; 3, lateral view.

Measurements of Presternum.

73
Greatest length

33
TraDsverse diameter at first rib facets.

1 ^

Vertical diameter at first rib facets

The Os Penis.

The OS penis which is so well developed and characteristic in Daphmms is not

less so in Daphmodon. With the type and the younger skeleton there was found

the anterior portion of an os penis (Fig. 27, 2) which I judge might belong with the

young individual. The portion of the shaft present is sub-cylindrical in cross-

section, with a sinuous curve and deeply grooved near the bisected end.

-"r _
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In the material belonging to a skeleton of Daplicenodon in Amherst College,

Massachusetts, now in the Carnegie Museum,^^ there is an os penis of very large size,

and also different in its general shape from tliat described above (see Fig. 27, 1).

Fig. 27. Os Peuis o£ D. superhus. \ nat. size. 1, superior and lateral views of os penis, Amberst specimen ; 2,

superior and lateral views of os peuis with skeletou No. 1589a, Car. Mus. Cat. Vert. Foss.

Thus its shaft is more elHptical in cross-section, especially toward the posterior end,

and it has a less complex curvature at the anterior end. It is, however, deeply

grooved near the anterior end as in the smaller specimen, though not bisected, but

suddenly expanded to a round spout wit]i many small tubercles on the anterior

border. How much longer this bone was is rather difficult to say, but it would

seem that it is broken off immediately in front of the rugose surface for the attach-

ments of muscles to the pubes. Whether the larger bone represents the fully adult

stage of development or pertains to another species cannot now be fully determined.

If, on the other hand, the two different bones represent fully adult forms there is

apparently a great range of variation of this bone in this genus.

The Fore Limb.

(Plates LXXVIII-LXXX.)
r

Scapzda (Plate LXXVIII). The scapula is well preserved and completely

represented in the type specimen as well as the younger specimen found with it.

This important bone of the fore limb displays a number of rather surprising features

and probably sheds considerable light on the characters of the scapula in Dajjhcoius,

which is not yet known. The bone as a whole reveals a curious combination of the

features of the scapula of the tiger and the bear, and shows less similarity to tliat of

the Canido3. As in the tiger, the bone is elongated, with sub-equal pre- and post-

scapular fossse, the coracoid border is suddenly expanded and again contracted

'"Ou further excavation by the writer in the quarry where Prof. Loomis of Amherst fotiud the skeleton, there

were found various parts which belong to the Amherst specimen and will be forwarded to that institution.

fi
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before the suprascapular border is reached, and the acromion process on the spine is

well developed, while the postscapular fossa is unequally divided by the prominent

and sharp glenoid border, identically as in the bears. In the fox the scapula has a

small area developed for the teres major muscle at the superior portion of the glenoid

border, but it is quite small in comparison with that in the present genus, in which

the scapukx as a whole is proportionally broader transversely. The spine is high

and terminates in an overhanging acromion, which, however, does not project

below the glenoid cavity. Judging from the heavy acromion process there was

undoubtedly a clavicle of perhaps considerable development. The glenoid cavity

is not so large proportionally as in the large cats, and in this respect is ratlier more
like that in Cards. The coracoid process also has about the same proportionate

development as in Canis and is relatively much shorter than in the tiger.

Professor Scott states {l. c, p. 381) that in Cynodiciis "the coracoid process is

unusually large ..." that the "prominent acromion descends below the level of

the glenoid cavity ..." and that in general character the scapula " is rather viver-

ine or raccoon-like than canine," which is not true of the scapula in Daj^limnodon.

In Temnocyon ferox, according to Eyerman's description '''"' the greatest vertical

length [of the scapula] is from the coracoid to the posterior upper edge and not

along the spine, as in C. familiaris. This is not the case in the present genus, nor

is the spine " faUing short of the supra-scapular border," as in the John Day genus,

but in this respect it is more nearly like the dogs.

It is interesting to note that the area for the teres major muscle on the upper

part of the glenoid border of the scapula in Iloplo'plioncus is also quite large, and is

quite similar to that in Daphcei'iodon.

Measurements of Scapula.
Mm.

Greatest height from glenoid cavity to siipraFcapular herder 167

Greatest antero-posterior diameter 104

Antero-posterior diameter of glenoid cavity, including the coracoid process 39

Transverse diameter of glenoid cavity 33

Humerus (Plate LXXIX).—The humerus has apparently changed Yory little in

its general characters from that of the Eocene forms. The slight shortening of the

bone and the less developed supinator ridge, together with the somewhat greater

development of the internal epicondyle in the present form arc, the only noteworthy

differences from those in the Oligocene genus Daphoenus. The tendency to a

reduction of the supinator ridge in Daphcenodon is a distinct step from the early

^•^Eyerraan, J. The American Geologist, Vol. XVII, p. 274, 1896.

I
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types ^^ toward the recent canids, while the bone on the whole tenaciously retains

features met with in the eai-ly progenitors ; viz., the presence of the entepicondylar

foramen, the heavy deltoid ridge which extends well down on the shaft, and many
other minor details.

In comparing the humerus with that of the tiger the similarity is surprisingly

close, the deltoid crest of the recent form being proportionally even less developed,

while the distal trochlea is transversely somewhat broader in proportion. The

:^. % ^^ ^___ __
^Au.;* ^^——^ vV ^ ^-^^ ^^^^^^':i^%

Fig, 28. Eadius and Ulna of D. superbus^ ^ nat, size,

humerus ofAmjMcyon major of Europe has also a greater transverse diameter distally

and the supinator ridge is more rounded and heavier than in the genus under

description.

Measurements of Humerus.
Mm.

Greatest leogth
, 2H

Antero-posterior diameter of head 53

Transverse diameter of bead at tuberosities 44

Greatest transverse diameter of distal end 55

Greatest transverse diameter of distal trochlea 34

Greatest an tero-poster!or diameter of distal end 32

Radius and Ulna (Plate LXXIX).— The radius is proportionally longer and
the humerus shorter in Daj-fhcenodon than in Daphwnus. It is also observed that

the shaft of the bone in the former genus has a less sinuous curvature than in the

latter ; in other respects there are only minor details of difference in the two genera,

and the feline characters are practically as prominently shown in the later as in the

earlier form, i. e., the inner margin of the head overhangs, the shaft as in

the cats, the articular surface with the lesser sigmoid cavity of the ulna extends

well around on the internal side of the head, and the tubercle for the biceps muscle

is very prominent, while the distal end is quite broad transversely and displays well

marked tendinal grooves^ which, however, are not as well developed as those in the

tiger.

The radius in AmjjJdcijon major is also quite cat-like, though the tendinal

grooves on the inner angle of the distal end are apparently less developed than in

Daphwnodon.

^f Woitiiian, J. L., "Stiuly of Eocene Mammalia," etc., American Journal of Science, Vols. XI-XIV, p. 348, Fig

9, p. 438, ]902.
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The olecranon process of the uhia is very short, truncated, and more inwardly

produced than in the Oligocene genus. The tendinal sulcus, though well defined

and wide, is not so deep as in Canis lupus, and consequently much less developed

than in the cats. The principal feature of the greater sigmoid notch is its heavy

coronoid process, which character is feline rather than canine. The shaft is very

heavy and not much ' curved. The tuberosity for the flexor profundus digitorum

muscle on the external border of the shaft is very heavy, as is well shown in Figs. 5

and 6, PI. LXXIX. Distally the shaft is more trihedral in cross-section due to the

sharp ridge which separates the internal and posterior surfaces as in the tiger.

The articulation for the radius on the distal end is a heavy rounded knob much

as in the large cats and entirely unlike that in the dogs. The styloid process ex-

tends well down and has a decided constriction above the articulation for the

cuneiform.

In Cj/nodesmus hracliypus both ulnse are represented. The olecranon process is

short and truncated^ the tendinal groove is deep as in CaniSj but the coronoid

process is larger in proportion than in the recent dogs^ as is also the shaft- The

distal end^ however, lacks the heavy and broad development of the rounded tubercle

which articulates with the radius and is so conspicuous in the genus under descrip-

tion. The feature of this reduction of the ulna in C- brachypus is apparently a

decided step towards conditions found in Canis.

Measurements of Radius and Ulna.
Mm,

RadiuBj greatest length 184

Eadius, antero-posterior diameter ot proximal end 16

EadiuSj transverse diameter of proximal end 23

EadiuSj transverse diameter of shaft medially 15

Eadius, antero-posterior diameter of shaft medially , 12

Eadius, greatest antero-posterior diameter of distal end 23

Eadius, greatest transverse diameter of distal end 34

Ulna, greatest length 293

Ulna, antero-posterior diameter at coronoid process 32

Ulna, transverse diameter at coronoid process 25

Ulna, transverse diameter of distal end at tubercle 20

Ulna, antero-posterior diameter of distal end at tubercle 11

lite Manus (PL LXXX).-—With the exception of the trapezoid the manus of

the type specimen is quite completely represented. As the forefoot was found

more or less disarticulated the respective positions of the phalanges as determined

by the writer may be somewhat conjectural ; their positions are, however, suffi-

ciently correct for a general description.

In comparing the scapho-lunar bone with that of Daphcenus felinus it is found
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that the similarity is remarkabl}^ close. The dorsal face of the bone in the present

genus has a less vertical diameter than in the Oligocene form, which is due to the

fact that the articulation for the radius is carried further downward on the anterior

face than in the older type, in fact lower than in the lion and tiger, consequently

far removed from conditions in the recent dogs, in Avhich the dorsal face of the

scapho-lunar is very large, the bone being much higher throughout.

The articular facet for the radius also

extends far downwards on the palmar face

near the ulnar angle, as in the lion and tiger,

which indicates that there was even more power

of flexure between these two bones (radius and

scapho-lunar) in the present genus than in

DajyliceniLS, and is a condition strikingly similar

to what is seen in the large cats. The radio-

palmar process is well developed, but has not

the vertical diameter seen in Cams, and is

more nearly like that in the cats. It is, how-

ever, more distinctly separated, b}^ a constric-

tion, from the main body of the bone than in

the felines, which is due to the greater devel-

opment of the palmar face of the scapho-

lunar in the latter. The ulnar face has no facet for the cuneiform, which is

identical witli that in Daphmnus, in which the cuneiform and scapho-lunar did not

come in touch with one another sufficiently to establish facets. Distally there are

well defined facets for the unciform, magnum, trapezoid, and trapezium respectively.

The facet for the unciform is deeply excavated as in Daphcenus, while that for the

magnum is extended downward somewhat less near the dorsal border, the beak of

the lunar being less produced downward in the present genus. The facet for the

trapezoid is a large, irregularly shaped, and obliquely placed surface, indicating a

trapezoid of considerable size. The facet for the trapezium is located on the extreme

radial angle, but is poorly demarcated from the facet for the trapezoid.

Fig. 29. Scaplio-luBar (left sides) of D .super-

bus. Nat. size. 1, dorsal view ; 3, palmar view;

3, radial view ; 4, ulnar view ; 5, inferior view
;

6, sux:)erior view.

Measueemtents of Scapho-lunar.
Mm.

Greatest antero-posterior diameter, iucladiug the radio-palmar process 29

Greatest transverse diameter 29

Greatest vertical diameter near dorsal face 10

Cuneiform.— As iu Daplixniis the cuneiform is broad laterally, much depressed

in the vertical direction, and has a large process which occupies the dorso-ulnar
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face of the bone, and furnishes muscular attachment for Mc.V, but docs not articu-

late with the latter as in the dogs. The facets for

the ulna and pisiform on the pi'oximal face are sub-

equal in size and are separated by a promhient ridge,

the former being more concave antero-posteriorly

than the latter. In the dogs the facet for the ulna is

difiPcrentj being more sinuously curved, with an antero-

posterior cavity on the ulnar angle and an antero-

posterior convexity on the proximo-dorsal angle of

the bone. The distal fiice is taken up by a large

facet which is concave in all directions and articu-

lates with the unciform. The bone as a whole is not

unlike the cuneiform of the tiger.

Cuneiform (left aide) of Z>.

superhus. Nat, size. 1, dorso-uinar

Tiew
; 2, dorsal view ; 3, inferior view

;

4, superior view ; 5, palmar view ; 6,

palmo-radial view.

Measueementh of Cunbiform,
Mm.

Greatest autero-posterior diameter 14

Greatest transverse diameter 20

Greatest vertical diameter of dorsal face 8

Pisiform.— In its general proportions the pisiform ^^^^^^>^
IS quite robust; it is proportionally slightly heavier K^ -^fi* ^S
than in the tiger, but has n, relatively shorter shaft. ^ ^"^^

,
^^ 2

The articulations for the ulna and cuneiform are sub-

equal in size and thus quite unlike the corresponding w^^- ''^''=^' '-^^

surfaces in Canis, in which the articulation for the

cuneiform is much the larger of the two. As stated
^'^- ^^- ^''''^**"" ^^^^^ ''^"^ °^

D, superhus. Nat, size, 1, uluar
above the shaft is short and heavy and terminates in ^^^ superior views; 2, view of ar-

an expanded and truncated free end with the ver- ticuiar facets of cuneiform and ulna;

tical diameter greater than the transverse. '' "' ^"•^^'f^'-"^ ^^^ ^^^^ ^^^^^'^ ''-

spectively.

Measurements of Pisiform.
Mm.

Greatest diameter 23

Antero-posterior diameter of articular facets 14

Vertical diameter at articular facets 9

Vertical diameter at free end 14

Trapezium,—The trapezium is of moderately large size. Its dorsal or dorso-

radial face is considerably exposed (when viewed from in front), and its general out-

luies are pentagonal, while on the palmar or postero-ulnar angle there is a heavy
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process for attachment of muscles. On
the ulnar face is a large facet for the

trapezoid, which extends well back, cov-

ering the base of the palmar process,

referred to above. On the proximal

radial angle there are Avell formed facets

for the scapholunar
; the one on the ra-

dial angle is scarcely separable from the

one on the palmar process, Distally

there is a large obliquel}^ placed facet

237

Fig. 32. Trapezium (right side) of D. supcrbiis.

Nat. size. 1, dorsal view; 2, radial view; 3, superior

view; 4, posterior view; 5, uln^r view; 6, inferior

view.

for Mo. I which is concave from before backwards.

Measurements of Trapezium.
Mm.

Greatest autero-posterior diameter 12

Greatest transverse diameter 7

Greatest vertical diameter 10

Trapezoid.— The trapezoid is not known, but judging from the space in tlie car-

pus when the trapezium is placed in position it would seem that the trapezoid is

larger than the trapezium which is the

reverse of what is seen in Daphcenus,

studied by Mr. Hatcher
(J,,

c, p. 86) and

compared by the present writer.

Magnum.—The magnum has a small

dorsal face, but is in general a much

larger bone than is indicated by this sur-

face. The dorso-radial angle has a small

facet for the trapezoid and this region of

the bone is much depressed, while the

radial face has a great vertical diameter,

Fig. 33. Magnum (left side) of D. supcrbus. Nat.

size. I, dorsal view; 2, ulnar view; 3, radial view;

4, palmar view; 5, inferior view; 6, superior view. due to the sharp ridge Avhicli extends up-

ward, articulating radially with the scapho-lunar, and on the ulnar face with the

unciform. In Canis the ulnar face has a large dorsal and a smaller palmar facet for

the unciform ; the two facets being separated by a deep groove, while in Dapliccno-

doii the facet is uninterrupted and surrounds an excavated area in the middle and

posterior portions of the ulnar face. The radial face of the magnum is also deeply

excavated. The palmar tuberosity is of considerable vertical diameter, while trans-

versely it is compressed. Distally the bone is occupied by two facets, the larger for
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Mc. Ill and the smaller for Mc. IV. In IJaphcenus the latter facets are divided in

about the same proportions as in the present genus.

Measurements of Magnum.
Mm,

Greatest antero-posterior diameter 20

Transverse diameter of dorsal face 11

Greatest vertical diameter 16

Unciform.— The facet for the cuneiform does not extend so far down on the

ulnar angle as is the case in Daj>]u£nus, otherwise I cannot see any difference in the

unciform in the two genera. On the dor-

sal face the bone has a transverse exca-

1 2

vation and lacks the heavy convex ru-

gosity for muscular attachments seen in

the tiger, nor is the palmar tuberosity so

well developed ; otherwise the bones in

the two forms are not greatly dissimilar.

From Gaiiis the unciform in Daplimnodon

is at once distinguished by the lateral

position of the facet for the cuneiform, the

latter facet being more nearly superior on

the bones in the true dogs. The radial

face is deeply excavated by a sulcus which corresponds to the one described on the

ulnar face of the magnum. Around this sulcus is a large continuous, although ir-

regularly shaped, facet for the magnum, which is altogether different from the four

separated facets for the magnum in Canis. Immediately above the facet for the

magnum there is a second facet, which articulates with the scapho-lunar. The ante-

rior portion of this continues into the facet for the magnum in an imperceptible

manner, while further back there is a decided ridge separating the two facets, Dis-

tally the bone is entirely taken up by the large facets for Mc. IV and V.

Fig. 34. Unciform (left side) of D. superhvs. Nat,

size. 1, dorsal view ; 2, palmar view; 3, superior view;

4, ulnar view ; 5, radial view
; 6, inferior view.

Measurements o]^ Unciform,
Mm.

Greatest antero-posterior diameter 16

Greatest transverse diameter dorsally 13

Greatest vertical diameter 17

Metacarpal L — In their general characters the metacarpals are feline rather

than canine. The first metacarpal is of approximately the actual length of that in

an adult specimen of Canis Iwpus, but it is heavier, its proximal end is more expanded,
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and the articulation for the trapezium is broader. In comparative size the bone is

very little smaller than in Daphccnus and consequently

much heavier and longer than in Cards. On the ulnar face

the rugosity for the ligamentary attachment to Mc. II is

quite prominent and the tuberosity on the radial side of tlie

head is as large proportionally as in recent cats, though the

bone as a whole however, is, lighter and longer than Mc. I of

the pollex in the latter. The distal end has a well formed

facet which is separated palmarly by a prominent keel. The

shaft is sliglitly curved, so that the distal end points a little

in the ulnar direction.

Measurements of Metacarpal I.

Fro. 35. Dorsal and Ra-

dial Views of Left Metacar-

pal I of D. superbus. Nat. size.

Mm,
Greatest length 32

Greatest antero-posterior diameter of head 10

Greatest trausverse diameter of head.„; U

Metacarpal 11.— While the actual length of the first metacarpal is equal to that

in Canis the second, third, fourth, and fifth are much shorter. This gives a char-

acteristically low and broad appearance to the manus, as in

Meles or perhaps even more similar to that in Arctictis.

Thus the second and fifth are of subequal length and are

considerably shorter than the third and fourth. The head

of Mc. II has tlie antero-posterior diameter much greater

than the transverse, which is due to the comparatively small

extent in the ulnar direction of the flange which carries the

facet for Mc. III. In the cats this flange is very prominent

on Mc. II and III, and forms a more completely interlock-

ing condition of the metacarpals than is seen in the present

genus and in the recent dogs generally. The shaft is sub-

cylindrical in cross-section and strongly arched in the dor-

sal directioji.

Fig. 3G. Dorsal aud Radial

Views of Left Metacarpal II

of B. superbus. Nat. size.

The distal end is suddenly expanded and

the trochlea is more cat- than doiif-Iike.

JIeasukemknts op Metacakpal II.

Mm.
Greatest length 5j

Greatest antero-posterior diameter of head 16

Greatest transverse diameter of head : jg
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Metacarpal III. — The third metacarpal is slightly longer than the fourth and

is consequently the longest in the series. The proximal articulations of this meta-

carpal as well as all the others are so placed that when articulated the distal ends

spread very much more than in the recent dogs. This is also true of the metacarpals

in Daphosmis. As in the latter genus the dorsal face of tlie proximal end has a

rugose excavation for tcndinal attachments, while that area in Canis is raised higher

up and in place of the excavation there is a considerable eminence. On Mc. Ill in

Ggnodesmus brachypus this eminence is also well developed. The shape of the dif-

ferent facets of the proximal end are identical with those in Daphmnus ; i. e., the

facet for the magnum is narrow and deep, that for Mc. II larger and more oblique

xJ

Fig. 37. Dorsal and Radial Views of Right Metacarpal

III of D. supcrbus. Nat, size.

Fig. 38- Dorsal and Kadial Views of liighfe Metacarpal

IV of Z). superhua. Nat, size.

than in Canis, and the facet for Ma IV larger and more angular near the proximal

border. As in Mc, II the shaft is round and arched forward. The distal trochlea

is narrower than in the dogs and the dorsal portion is more spherical, while the

carina is very prominent.

Measurements of Metacaepal m.
Mm.
62Greatest length

Greatest autero-posterior diameter of head 14

Greatest transverse diameter of head 11

Metacarpal IV.— The general features of the head of Mc. IV are not unlike

those of the third. The shaftj in fully adult forms however, is, characterized by

the prominent rugosity for tendinal attachment on the ulnar angle, while in young

individuals it is less noticeable. The shaft is arched in the dorsal direction and the

distal end is similar to that of Mc. III.

I
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Measukements of Metacarpal IV-
Mm.

Greatest length 60

Greatest antero-posterior diameter of head 15

Greatest transverse diameter of head 12

V

Metacarpal V.—The fifth metacarpal is as heavy as the fourth, but it is shorter, as

has been stated before. The proximal end is much expanded, especially in the ulnar

direction, which is due to the heavy and rough tuberosity for

the attachment of ligaments and muscles. The articulation

for the unciform is regularly convex from before backward, the

transverse diameter of the palmar area being greater than that

near the dorsal face. In Daplnnniis this articulation is pro-

portionally broader, but the ulnar face of the head is not as

prominently developed as in the genus under consideration

(see Fig. 39). The dorsal face of the shaft faces to the ulnar

side of the manus as Avell as forward, and the shaft is arched

forward in approximately the same proportion as that of Mc.

I. The distal end is expanded and points slightly in the ra-

dial direction when the bone is in position in the manus. Tlie

articulation for the proximal phalanx is similar to those on

the metacarpals described above, except that the facet on the ulnar side of the pah

mar carina is placed higher up and is of larger size than the one on the radial side.

Fig. 39, Dorsal and

Eadial Views of Left

Metacarpal V of Z>. super-

bus. Nat. size.

Measue,emknts of Metacarpal V,
Mm.

Greatest length 47

Greatest antero-posterior diameter of head 33
+

Greatest transverse diameter of head 13

PJialanges.—The proximal phalanges are proportionally somewhat shorter

than in the Oligocene genus, otherwise they hear a close similarity in every respect.

They are hroad, deprossedj strongly

arched in the dorsal direction, com-

paratively gently convex dorsally, and

rather flat on the plantar faces. The

proxirnal ends are deeply pitted for the

distal ends of the metacarpals and the

tubercles for ligaraentary attachments

are very prominent. The distal troch-

lea is well formed, but is confined almost

entirely to the plantar face.

Fig. 40. Phalanges of Digit V (left forefoot) of D.

superhus. Nat. size. 1, dorsal and radial views of firdt

pbalans ; 2, dorsal and radial views of second phalanx
; 3,

plantar and radial views of terminal phalanx.

•w
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The phalanges of the second row are also proportionally shorter than tliose in

the older genus, but display the same <?urious depression and asymmetrical outlines.

Perhaps the most curious feature of these phalanges are their articulations with the

terminal phalanges. In the dogs these articulations are decidedly concave from

side to side and convex from the dorsal to the plantar faces, while in the present

form they are very much less concave in the plantar region and inclined to be

convex from side to side at the dorsal faces, like those in the cats.

The ungual phalanges are high, not very long, and compressed laterally. There
*

is a plainly marked groove on the plantar faces near the distal ends of the claw-

plates. The latter rise to a sharp ridge dorsally and are of slightly greater trans-

verse diameter on the plantar faces. Proximally the claw-plate is surrounded by a

heavy hood, which terminates palmaii}^ in a heavy mass together with the subungual

process. The latter extends well back under the distal articulation of the middle

phalanx, when articulated with the latter, and supported a strong tendon of the

flexor profundus digitorum. Dorsally the hood does not project backward so as to

overhang the articulation for the median phalanx as in the cats, but the hood in

this region is nevertheless of considerable size and has apparently a rugose area for

the attachment of some retractal ligaments. The articulation for the median

phalanx is biconcave as in the felines.

After a careful study, there does not seem to be any reason to doubt that tliis

animal had some power of retracting its claws, and in this respect it is identical

with Dapho3nus.

In Amphicyon major Mc. III? is proportionally short, the shaft is more greatly

arched dorsally, the palmar tuberosity is heavier and the distal trochlea is more

hemispherical on the dorsal face than in Baphcenodon, which altogether gives even

a more feline look to the manus, so far as we know it, in the European species. In

Cynodesmus hrachypus the only bones present which represent the manus are the

magnum and Mc. III. The former is decidedly more canine in character than the

corresponding bone in Dapkwnodon, being less depressed in front, having the ascend-

ing ridge, which articulates with the scapho-lunar, of much less vertical and greater

transverse diameter, and the distal articulation more sharply notched on the radial

border. Mc. Ill in Cynodesmus is shorter and lighter than in Cams latrans, but the

bone is otherwise quite like the latter, especially the proximal end, while its length

is about 12 mm. shorter than in Daplimnodon and also considerably lighter. A second

phalanx, which undoubtedly belongs with the type of Cynodesmus hrachypus, is

quite depressed, but its distal trochlea is concave from side to side and convex from

in front backward, as in Canis.
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H'

Fig. 41. Internal View of Right Hal£ of Pelvis of D. stiperbus. ^ nat. size.

The Hind Limb.

(Plate LXXVIII and Plates LXXXI-II.)
The pelvis of the type is represented by the greater part of the ilium, while the

ischium and pubes are represented only by the portions surrounding the acetabu-

lum. In a larger specimen of Daphamodon which belongs to the Amherst College

the innominate bone is more nearly complete (see PL LXXVIII), but the posterior

portion of the ischium is also lacking in this specimen.

In comparing the pelvis with Professor Scott's description of that in Daphamus
{I. c, pp. 349-350) it is evident that the similarity in the two genera is quite close.

As in the Oligocene genus the gluteal surface of the ilium is divided by a prominent
longitudinal ridge, unlike that in recent dogs, or cats where the surface is more
evenly concave. The ilium is less expanded at the supra-ihac border than in

Canis, but probably somewhat more so in comparison with that in Daphcenus. The
ilium, as a whole, is relatively broader than in the tiger or lion, and is not unlike

that in Viverra zivetta, as was also observed by Professor Scott in his study of

Daphcenus. The attachment for the sacrum is quite heavy and is situated well

back. The ischial border and the great sacro-sciatic notch is short. The iliac sur-

face is not well defined on account of the short pubic border ; the ilio-pectineal

eminence however, is, well developed. The acetabular border is \eiy prominent
and terminates in a large tubercle at the anterior border of the acetabulum. The
latter is of moderate size and depth, the center of the floor being occupied by a

large depressed and roughened area, which indicates the attachments of a large

cushion of fat as well as the ligamentum teres of the femur. The cotyloid notch is

quite broad and excavates the ischium deeply.

As in Daphwnus the ischium is long in proportion to that in the recent dogs

and even longer proportionally than in the tiger or lion; the obturator foramen

consequently has a more oblong outline than in the above mentioned genera and
the pelvis as a whole has a greater length.

r

, i
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III Cynodesmus hrachypus the pelvis is practically complete and again displays

characters which arc entirely unlike those in Daphwnodon and are more like those in

the recent canids. The ihum, while not as much expanded at the supra-ihac border

as in Canis, has a tendency to become more generally concave on the external face,

the attachment for the sacrum is more anterior, and the ischium and pubes are

decidedly shorter than in the genus under description.

Measuekbients of Pelvis.
Mm.

105

41

30

From supra-iliac border to acetabulum, approximately

Width o£ ilium at posterior iaferior spine

Width of ilium at great sacro-sciatie notch '

Antero-pofiterior diameter of acetabulum

Vertical diameter of acetabulum

Femur (PL LXXXI). — The femur of the type is not represented except

by surface fragments which may or may not belong

to this individual. The younger specimen (No.

1589a) which was found with the type has the

shafts of both femora with the proximal ends lost

and the distal ends shpped off at the epiphysial su-

tures (see fig. 42). A third and larger specimen,

which belongs to Amherst College, has the femur

well preserved. This complete femur will here be

used in connection with the description of the type

and the material of the younger individual in the

Carnegie Museum (see PL LXXXI, figs. 1 and 2).

The length of the femur cannot be accurately

ascertained, but I judge that it is approximately

equal to that in an adult specimen of Canis hipus.

Thehead is rather small and hemispherical, and the

neck is moderately long. The pit for the hgamentum

teres is deep and located on the posterior half of

the head nearer the inferior than the superior bor-

der. When the bone is held in position the head

is directed upward and inward in approximately

the same proportion as is the case in the recent

dogs, and as is also the case in Dajihccmis. The

transverse bridge from the head to the great tro-

chanter is quite heavy on its posterior face, which causes the digital fossa to

Pig. 42. Dorsal and Fibular Views of

Left Femur of Young Individual No.

1589a. I nat. size.
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appear quite narrow transversely and crowded over to the fibular side of the

posterior face. The fossa is not very deep and is partly surrounded by the great

trochanter. The latter is not- as prominent as in Canis, which may be due to

individual variation, as I find in the Amherst specimen that the digital fossa and
greater trochanter are more nearly of the proportionate size seen in the recent form.

The lesser trochanter is prominent and located on the posterior face near the tibial

angle as in Canis, while in the Amherst specimea it is situated more directly poste-

riorly. These differences may be due to individual or possibly to specific varia-

tions. The third trochanter is not present; while in Daphcsnus it is apparently
represented, though small ; in fact Mr. Hatcher in his description '' did not regard
this eminence as being the third trochanter, but in his illustration {L c, I'l. XIX,
fig. 1) he faithfully indicates the tubercle as it appears on the specimen. Dr. Eyer-
man definitely states that Daphwnus has a third trochanter,'" while Professor Scott ^**

did not have material of this genus sufficiently complete to fully demonstrate its pres-

ence or absence. The shaft of the young individual referred to above is rather slender,

which is due to the immaturity of the animal and must not be regarded as an estab-

lished character. The shaft of the Amherst specimen is long, slender, arched forward,

and has a very prominent and rugose ridge on the fibular angle, which extends nearly

throughout the entire length of the shaft, as in the lion. The linea aspera is also

well defined.. In No. 1589a the lower portion of the shaft broadens more gradually
toward the distal end than is the case in the Amherst specimen, which again may
be due to the immaturity of the specimen in the Carnegie Museum. The distal end
of the latter has slipped off, as stated above, and as also indicated in the accompany-
ing figure (fig. 42). The condyles in No. 1589a are moderately expanded laterally

and posteriorly, which is a fehne rather than canine character, while in the Amherst
specimen the condyles are well extended back of the vertical hne of the shaft, as in

Canis. These variations may possibly be due to the differences in age of the two
specimens. The rotular trochlea is no wider in proportion than in Cams, but is

somewhat shorter. The intercondylar notch is quite deeply excavated and sliglitly

oblique in position.

Patella. —

Museum.

This bone is not very well represented in the material of the Carnegie

One patella which was found among the surface fragments is proportion-

ately narrower and thicker than that bone in Daphwnus and, though larger, is quite

similar to tliat in Canis.

'* " Oligocenc Canida;," Memoirs Carnegie Museum, Vol. I, pp. 88-89, 1902.

'"American Geologist, Vol. XIII, p. 279, 189G.

2" Trans. Amer. Pliilos. Society, Vol. XIX, p. 350, 1898.
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Tibia (PL LXXXI). — The tibia is represented by the distal ends and the

greater portions of the shaft of the right and left, but the proximal ends were unfortu-

nately broken off and lost. The shaft is rather heavy and was apparently quite

short. The cnemial crest extends well down and the shaft immediately below this

crest becomes triangular in cross-section, with the acute apex of the triangle directed

forward. The areas for the different muscles are well defined by distinctly marked

ridges, the one on the posterior face which separates the flexor longus digitorum

from the flexor longus hallucis being especially prominent. On the distal end the

groove for the tendon of the tibial us posticus is well developed, and the internal

malleolus is very large as in Daphmnus. The astragalar articulation is not so deep

as in the recent dogs ; it is also more oblique, and does not have the transverse

sulcus which interrupts these facets in Cams. On the fibular face is a well formed

facet for the distal end of the fibula.

MEAauitEi\rKNTS OF Tibia.
Mm,

Greatest length, approximately 200

Antero-posterior diaiiieter of shaft at lower end of cnemial crest 25

Transverse diameter of shaft at lower end of cnemial crest 17

Greatest antero-posterior diameter of distal cud 19

Greatest transverse diameter of distal end 34
L

Fibula (PL LXXXI).—As in the tibia tlie proximal end of the fibula is also broken

oft and lost. In proportion the shaft is somewhat more slender than is the case

in Daphmnus, and has a double curvature ; its proximal portion sweeping toward the

shaft of the tibia, while more distally it again curves outward and presents a rather

short arch before meeting the articular facet for the tibia. As on the latter bone

the surfaces for the different muscles are well defined by prominent ridges. The

distal end is much expanded. The groove for the peroneus longus is well defined,

as is also that for the peroneus brevis and tertius. The two grooves are separated

by a prominent tubercle (outer malleolus) similar to that in the lion and quite

unlike that in Canis where the groove for the peroneus brevis and tertius is very

much less developed and the malleolus enlarged. On the tibial face there is a large

round facet for the astragalus, which is gently convex in all directions. Immedi-

ately above this large facet for the astragalus is a smaller facet for the tibia, which

is plane and fits perfectly against a corresponding facet on the external face of the

tibia.
Measueembnt of Fibula.

Mm.

Greatest length, approximately 190

Antero-posterior diameter of distal end 19

Transverse diameter of distal end 10
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Fig. 43. Anterior and Posterior Views of Astragalus

Pes (PL LXXXII).— The right hind foot of the type was found almost

completely articukited. Consequently there is practically no doubt as to the true

position of each bone in the pes.

Astragalus. — While the main features of the astragalus are in general quite

similar to those in Dapluenus felinus there are some detailed differences which are

of considerable importance, and which

mark the transition from the conditions

found in the older type to the more modi-

fied structures in the recent forms. It is

seen that the articular trochlea for the

tibia is more perfectly grooved in the pres-

ent genus than in Bapliccnus, the internal

and external condyles being more nearly

subequal, as in Canis. The articulation

of the tibial face of the internal condyle,

however, is, widely interrupted by a broad vertical sulcus, which is not present in

the recent form, nor does it entirely bisect this articulation on the astragalus of

Daplicenus, while in the tiger there is a similar broad area on the inner side of the

internal condyle. The neck is relatively shorter, though constricted as in Daphcenus,

which is due to the laterally expanded head, as in the cats. The head is inclined

sharply inward and on the distal face is a large facet for the navicular, which is

convex in all directions. The calcaneal facets are separated by a deep, narrow

groove, and are subequal in size, the external being more oblique and less strongly

concave than in Canis. In the latter genus there is a minute articular facet for the

calcaneum on the fibular face of the head. In the present genus this small facet is

also present, but instead of articulating with the distal end of the calcaneum, as in the

dogSj it comes in contact with the dorso-tibial angle of the cuboid, as in Daphcenus

felinus.

of D- swperitis, Nat. size-

Measurements of Astragalus-
Mm,

Greatest height 38

Transverse diameter of trochlea
, 21

Transverse diameter of head 21

Antero-posterior diameter of head 12

Calcaneum.— On comparing the calcaneum with that of Daphwnus felinus

there is very little difference detected except in size. The palmar face of the

tuber calcis is more concave antero-posteriorly on its upper portion and slopes more

gradually toward the distal end than in the Oligocene genus, which is due to a
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Fig. 44. Anterior and Fibular Views of Calcaneum of

D. superhus. Nat. size.

greater developed eminence on the lower half of the palmar face in DajyJiwnodon.

The free end of the tuber is suddenly expanded, especially laterally, and there is a

well defined groove for the tendon of Achilles, as in Daphceoius and the recent dogs and

cats generally. There is on the outer angle of the dorsal border a long and rugose

groove, which, however, is not so deep as

that in the Oligocene genus. This groove

is also quite conspicuous in the recent

lion, while in Canis it is entirely wanting.

The articular facets for the astragalus are

separated as usual by the groove for the

interosseous ligament, the external facet

being quite oblique and more gently con-

vex antero-posteriorly than in Canis,

while the sustentaculum is more promi-

nent, the internal facet being slightly con-

cave infero-superiorly and carried well

over the superior edge, not unlike what is

seen in Canis. The greater process of the

calcaneum is much abbreviated, so that the head of the astragalus extends well be-

low the distal end, as in Daphccnus, also observed by Mr. Hatcher {l. c, p. 91). The

peroneal tubercle is well developed, causing the fibular face of the bone to be quite

concave supero-infcriorly. The distal end has a large facet for the cuboid, which is

gently concave in all directions and pear-shaped in its general outline.

The astragalus and calcaneum of Amphicyon major are represented in our col-

lection by accurate casts, which display well marked differences from the present

genus. In the first place the astragalus in the European form is broader and shorter

in proportion ; secondly, the head is more sessile, due to the shorter neck ; thirdly,

the sulcus which separates the articular facet for the tibia on the tibial face of the

inner condyle in DapJuBuodon is absent in Amphicyon; and fourthly, the external

articular facet for the calcaneum is less concave supero-inferiorly than in the Amer-

ican form.

The tuber of the calcaneum in Amphicyon is proportionally shorter, and the

palmar border is much heavier than the dorsal, wliile in DaphwModon the two

borders are subequal in thickness, as is also the case in Daphwnus. In the European

form there is no well defined groove for the tendon of Achilles and the free end of the

tuber calcis is much enlarged, as in the bears. The sustentaculum is prominent, as

in Daphmnodon, but the greater process of the calcaneum is more abbreviated.

\
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Measurements of Calcaneum.
Mm,

Greatest length 67

Greatest transverse diameter 33

Length of tuber from sustentaculum to free end 40

Navicular.— The navicular differs from that of Daphwnus by having a propor-

tionally greater autero-posterior diameter, which is due almost entirely to the

development of the palmar border in ^^^

the Miocene genus. The tuberosity on (f'V" ^-5^^^ ^P^KSfl' ftli^^
the tibial face is also fully as prominent ^^rr^J^^f ^^WSt^p^ ffS>^^^§^
as in the Oligocene form, entirely un-

^ ^'''^'''m^ ^

like that in Canis, and is not dissimilar

to what is found in the recent tiger or 4 ff-. f^^ e

lion. The palmar face is, as stated, 6?!^^?5^^ KLAi>0%s |P^^^^^^^^
greatly produced, and formed into a ^^^^^^ wr^^Bf |>^^^'

''

large tuberosity, which, however, is not ^^jj^s^^^^^mim

reduced transversely by the deep notches ftg. 45. Navicular (right side) of d. superbus. Nat.

on the tibial and fibular sides as in Ca~ f' ''
'"^^' "^"

= '' ^^^^""^ "^"
'

'' ^'"^"^ ^'^^ =

4, plantar view ; 5, inferior view
; 6, tibial view.

nis, but presents a more nearly perfect

triangular outline of the entire bone when viewed from above or below. On the

fibular face arc two small facets, one palmar and the other dorsal. The one lo-

cated dorsally is sometimes wanting, but in the type it is faintly indicated and

touches the lower portion of the facet on the proximal dorsal angle of the cuboid

when extreme rotation takes place, while the palmar facet articulates with a cor-

responding facet on the proximal palmar angle of the cuboid. The facet for the

head of the astragalus is concave in the usual manner, while the facet for the en-

tocuneiform is quite large and is not crowded posteriorly in the same degree as in

Canis or Felis.

Measurements of Navtculab.
Mm.

Greatest antero-posterior diameter 21

Greatest transverse diameter 24

Greatest vertical diameter 11

Entocuneiform. — The entocuneiform, though of considerably smaller size pro-

portionally than in Daphccnus, is still of large size, and occupies a more dorsal posi-

tion in the tarsus than in recent forms. The bone is high, laterally compressed,

having the transverse diameter greater on the plantar side than on the dorsal side,

and possesses a large plantar hook, which causes the articulation for Mt. I to be
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Fig. 4G. Entocuueiform (right side) of D. superhus-

Nat. size. 1, dorsal view ; 2, inferior view ; 3, plantar

view; 4, fibular view ; 5, tibial view.

quite concave in the fore-and-aft direc

tion. The proximal articulation for the

navicular ascends rapidly in the plan-

tar region, due to a heavy process on

the posterior face which points upward

and backward. On the fibular face are

two facets, a large one proximally for

the mesocuneiform and a smaller one

distally, which articulates with JVIt. 11.

Measurements op Entocuneiform.
Mm.

Greatest antero-posterior diameter 13

Greatest transverse diameter 7

Greatest vertical diameter 10

Mesocuneiform,— The mesocuneiform has relatively a greater antero-posterior

and a lesser transverse diameter, especially of the distal face, than is the case in

Daphcemis. Consequently the bone, which is triangular in outline when viewed

from below, has a longer apex directed

backward than is seen in the Oligocene f^^j \^j\ Ph

genus. The facet for the navicular is ^jf fci£4 &
'

""

slightly less oblique than in Daphwnus, but '^^
^

has the same antero-posterior concavity. ^^.,

On the, tibial face there is a large facet for ^

the entocuneiform which is located on the Fig. 47. Mesocuneiform {right side) of J), mpcrhm.

„ ,, , T . Nat. size. 1, dorsal view ; 2, fibular view ; 3, tibial

upper portion or the bone and is concave . , , „ •

i ^ ^ view; 4, inferior view ; 5, superior view.

antero-posteriorly. On the fibular face,

near the proximal angle, is a facet for the entocuneiform which extends throughout

the entire fibular face, antero-posteriorly, but is of small vertical diameter and

corresponds to a facet on the tibial face of the ectocuneiform. Distally the bone

is taken up by the facet for Mt. II.

Measurements of Mksocuneiform-
Mra-

Greatest autero-posterior diameter 13

Greatest transverse diameter ^

Greatest vertical diameter ^

Ectocuneiform.— When tlie ectocuneiform is compared with that of Daphwnus

it is at once seen that this bone in Daplmnodoii has not increased in size in the
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same ratio as the entocuneiform has decreased. Both meso- and ectocuneiforms are

therefore of approximately the same proportionate size as in the Oligocene form.

The dorsal face has a more perfect diamond-

shaped appearance than in Canis or Felh,
^

which is due chiefly to the greater obliquity

of the proximal and distal articular facets in

Daphwnodon. The facet for the navicular on

the proximal face is especially oblique, due

to a prominent ascending process on the fib-

ular angle. This process has a large facet for

the cuboid on its fibular face, and near the

distal end there are two minute facets for Mt.

IV, one dorsal and the other palmar. The

tibial face has three facets, one proximally for

the mesocuneiform referred to above, and two distally for Mt. II. The distal flice

is more oblique and also more concave antero-posteriorly than in the recent forms,

while the plantar process is reduced in size and is canine rather than feline in its

general characters.

Measueements of Ectocunkiform.
Mm.

Greatest aiitero-posterior diameter 21

Greatest transverse diameter 12

Greatest vertical diameter 18

Fig. 48. Ectocuneiform (right side) of D.

superhus. Nat. size. 1, dorsal view ; 2, fibular

view ; 3, tibial view; 4, plantar view ; 5, inferior
+

view; 6,superior view.

Cuboid. — In comparison the cuboid is of a slightly greater transverse and less

vertical diameter than that of Daphwmis.

Otherwise there are no striking differences

in this bone in the two genera. The dor-

sal face is slightly concave in the proximo-

distal direction, while on the fibular plantar

face is found the deeply excavated groove

for the peroneus longus tendon. Above this

groove is a lai-ge tuberosity Avhich forms a

solid, broad, oblique ridge extending from

the proximo-fibular to the distal tibial angle,

and not separated b}^ a vertical sulcus as in

Canis. Superior to this ridge the plantar

face is taken up by a large, rugose, excavated

area for ligamentous insertions. The fibular face is nearly plane and has three artic-

4 5

Fig. 49. Caboid (right side) of /J. superhus.

Nat. size. 1, dorsal view
; % superior view ; 3, plan-

tar view ; 4, inferior view ; 5, tibial view ; 6, fibular

view.
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ulations ; the two proximal ones are small indistinct facets which articulate, one with

the head of the astragalus and the other (near the phmtar surface) with the navicular.

This curious feature of articulations in the tarsal bones is quite unusual and is also

found in Dajyhwnus and to a less degree in IIojAophonGiis, as Mr. Hatcher observed in

his study (''The Oligocene Canidse," p. 91). In the middle region of the tibial face

is the third facet, which is of considerable size ; it is triangular in outline and articu-

lates with the ectocuneiform. Proximally the cuboid has a large surface for the

calcaneum, Avhich is convex in all directions in a greater degree than in Cards or

Felis and even more than in Hoplophoneus, though not nearly so oblique as in the

latter. Distally there is one large facet for metacarpals IV and V^ which is concave

antero-posteriorly and also slightly concave laterally^ the extreme fibular border

being slightly recurved upward to accommodate the lateral portion of the proximal

facet of Mt- V.

Measurements of Cuboid,
Mm,

Greatest antero-posterior diameter 90

Greatest transverse diameter 17

Greatest vertical diameter " 21

4

Metatarsal I.— The first metatarsal has the appearance of being shorter than

that of Daph^enus when placed in position in the pes, but it is in reality of very

nearly the same proportionate length, this shortened appearance being chiefly due

to the proportionally less vertical diameter of the entocnneiform in the Miocene

genus. These bones (Mt. II) in the two genera are very similar in every respect.

As in Dapho^nas the head is much expanded both antero-pos-

teriorly and transversely, with two prominently developed

and rugose tubercles on the plantar face, one on the tibial

and t e other on the fibular angle. The facet for the ectocu-

neiform is quite large and is convex antero-posteriorly, but is

slightly more oblique than that of the Oligocene genus, so that

the digit points more inward when the pes is articulated.

The shaft is of good proportionate size and is arched forward.

^ The distal trochlea is hemispherical on the dorsal face and

on the plantar face it is divided by a strong keel. With the

exception of the reduction of the entocuneiform and the

position of the metatarsal there is no great change of the first digit of the pes from

that of the Oligocene form, the digit on the whole being more greatly developed

than in recent dogs or cats, and more resembling that of Viverra zivctia.

Fig. 50. Fibular and Dor-

sal Views of Right Metatarsal

I of D. superbiis. Nat. size.
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Measurements of Metatarsal I.

Mm.

'Utt,-rrn7

V
I 'm

'iVi

Greatest lengtli 42

Antero-posterior diameter of head 11

Transverse diameter of head 11

Transverse diameter of distal troclilea 9

Metatarsal II. — As in Da'phcenus the articular facet for the mesocuneiform on

the head of Mt. II is obhque, sHghtly concave antero-posteriorlyj and rises to a

high and sharp angle along the fibular border. The

fibular side has two large facets for the ectocuneifonn,

thus the head of Mt. II extends above those on Mt. I and

III when articulated in the foot. The plantar tuberosity

is of considerable size and is located on the fibular angle.

Between the plantar tuberosity and the dorsal face there

is on the tibial face an excavated and rough surface,

against which lies the head of Mt. I, but there is no true

articular fiicet for the latter. The shaft is much shorter

and lighter tliau in the corresponding bones in Canis or

Felis and is in proportion to the rest of the limb perhaps

more nearly like that of the bears. Distally the bone is 4<

expanded transversely, the dorsal face of the trochlea be-

ing spheroidal and the plantar face divided by a prominent Fig. 51. Dorsal and Fibular

carina as in the metacarpals. ^'iews of Right Metatarsal 11 of

D. sitperbus. Nat. size.

.V

;\^

th"
\1

Measurements oi?^ Metatarsal IL

r

Mm.
Greatest length

; ; gg

Antero-posteiior diameter of head
^ ^q

Transverse diameter of head jq

Transverse diameter of distal end I3

Metatarsal III — As was observed by Professor Scott in his study of Daphmnus
{l. c.,p. 356) the relative proportion of Mt. Ill is greater than in Dinictis, Iloplopho-

neas or the viverines. It is also considerably longer proportionally than Mt. II in

Canis, while actually the bone is much shorter in the genus under description.

The head has a large antero-posterior diameter, the plantar tuberosity being quite

large both transversely and vertically, as in Canis. The articular facet for the ecto-

cuneiform is of large size ; it is quite oblique in position and is convex both antero-

posteriorly and transversely. On the tibial face the head is deeply excavated, but
there is no articular facet forMt. II, except a slight area on the extreme tibial angle
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qi

fit

' h %

Fig. 52. Fibalar and Dorsal

Views of Right Metatarsal III of

D. superbus. Nat. size.

of the plantar tuberosity. On the fibular face there are

two facets for Mt. IV, which are separated by a deep sul-

cus. The dorsal one is located on the posterior face of

the flange produced from the dorsal portion of the head,

and extends in the fibular direction so as tooverlap Mt.
r

IV, causing a strongly interlocldng condition of these

bones, as in the carnivora generally. The facet back of

the sulcus is on the plantar tuberosity and articulate;

with a corresponding facet on the plantar tibial angle of

Mt. IV. The shaft is quite heavy, considerably arched

in the dorsal direction, and oval in cross-section. The

distal end is similar to that on Mt. IT, but has a more

symmetrical trochlea.

s

Measurements of Metatarsal III.
Mm,

Greatest length 70

Antero-posterior diameter of head 18

Transverse diameter of head 14

Transverse diameter of distal end 14

Metatarsal IV.— The fourth metatarsal is the longest in the series. Its head

&^^'
W-^-:

^ V-^ ^5

'(

i\

rises slightly above that on Mt. Ill, while the two

bones extend equally far in the distal direction. The

proximal face of the head has a large convex facet

for the cuboid, while on the tibial side there is one

facet situated on a prominent tubercle which fits into

a corresponding pit on Mt. Ill, and the other facet

for the same metatarsal is located on the plantar

tibial angle, as stated above, thus causing these bones

to firmly interlock, as in Daphwnus. On the plan-

tar side there is a heavy tuberosity of cubical appear-

ance and on the fibular side there is a deep pit sim-

ilar to, though more pronounced than that for Mt.

IV on the fibular face of Mt. III. Above this pit is

a large facet Avhich also articulates with Mt. V. The

shaft is arched forward in the same degree as that on

Mt. Ill, but is further differentiated from the latter

by a prominent and rugose elevation for ligamentous attachments similar to that

of Daphmnus. As in Mt.III the distal trochlea is quite^symmctrical.

/(']

'if.

Fig. 53, Fibular and Dorsal Viewa

of Eight Metatarsal IV of Z>. superbus,

Nat. size.
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Measurements of Mexatahsal IV.
Mm,

¥'

%\

Jl\

't-.

Greatest length 73

Antero-posterior diameter of bead 17

Transverse diameter of head 12

Transverse diameter of distal end ; 13

1
Metatofrsal K— The fifth metatarsal is of about the same length as Mt II though

slightly lighter. The head is greatly expanded^ especially in the transverse diameter,

due to the large development of the ascending fibular pro-

cessj which is much more developed than in Ganis and

nearly equal in proportion to that of Daplicenus. On the

posterior tibial side this process is succeeded by a heavy

plantar tuberosity which extends throughout the remain-

der of tlie plantar face and rises above the articular facet

on the proximal end. The tibial face has a projecting

eminence carrying an articular facet for a corresponding

pit on Mt. IV already described. The facet for the cuboid

is quite large
; it is slightly convex antero-posteriorly, and

along the fibular border it is recurved upwai-ds on the base

of the ascending process referred to above, so that the facet

is concave transversely and faces inward as well as up-

ward like that of the older form. The shaft is well arched

and has the usual transversely oval cross-section found

in older types. The distal end is enlarged along the fibular border in about the

same proportion as Mt. I is expanded on the tibial angle, giving the trochlea an

oblique and asymmetrical appearance.

Gynodesmus brachyjms is an animal of considerably smaller size than Daphcc-

nodon, but Mt. V, which is represented in the type, is of very nearly equal length,

though much lighter than that of Daplmnodon. The ascending process on the

fibular angle of the head is much larger than in Cards, but it is directed upward and

outward pretty much as in the latter, and the articulation for the cuboid is small

and faces directly upward as in the recent form, entirely unlike that oi Daplicenodon

and Daijlioinus. Another modified character of importance in Mt. V of C. hrachypms

is seen in the shaft. The latter is more arched in the dorsal direction than in Cards,

but it is plainly seen that the proximal half is trihedral, which is due to the more

complete parallel arrangement of the metatarsals, approaching, condition found the

m the modern Canidse, while in Daplicenodon and its progenitors the upper por-

tion of the shaft is transversely oval, due to a less appressed condition and a more

Fig. 54. Fibular and Dorsal

Views of Eight Metatarsal V of

D. superhus. Nat. size.
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direct divergence from the proximal ends^ which is a general feature of the early

types of the Miacidx,

Measurrmen'ts of Metatarsal V.
Mm.

Greatest length 62

Antero-posterior diameter of bead 13

Transverse diameter of head 19

Transverse diameter of distal end 12

Sesamoids.— The sesamoids are proportionally somewhat smaller than in the

recent canids, but have otherwise no noteworthy features differing from, the latter.

1

Fig. 55. Phalanges of Digits III, IV, and V, of Right Hind Foot of D. superhua. Nat. size. 1, dorsal and tibial

views of first phalanx of third digit ; 2, fibular and plantar views of terminal phalanx of third digit
; 3, dorsal view of

first phalanx of fourth digit ; 4, tibial and dorsal views of second phalanx of fourth digit ; 5, fibular and dorsal views

of first phalanx of fifth digit.

Note : The hood of the ungual phalanx is partly broken off.

Phalanges. — The proximal row of phalanges are distinctly shorter in propor-

tion to those in Daphasnus, which is also true of the phalanges of the manus. They

are otherwise quite similar in structure, the proximal articulation being a concave

pit with a broad plantar groove, and the distal trochlea confined principally to the

plantar face. The median row of phalanges is asymmetrical in the same proportion

as those in the manus, and indicate that the unguals were drawn toward the fibular

borders when the little retractility which they undoubtedly possessed^ was exer-

cised- The unguals are similar to those in the manus,

Measurements of Phalanges.
Mm.

Greatest length of proximal phalanx, fourth digit 29

Greatest len^^'th of median phalanx, fourth digit 19

Greatest length of ungual phalanx, fourth digit 24
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Restoration of Daphcenodon superhus.

(Plates LXXXIII and LXXXIV.)

The unusually well preserved and symmetrical bones of the type of Dajjhwno-

don superhus have caused comparatively little trouble in correctly articulating the

different parts of the skeleton. The restoration has been veryAvell executed by Mr.

Serafino Agostini. The mounted skeleton furnishes many additional features of the

animal which only in this way can be fully appreciated.

The position of the head is as high in relation to the horizontal line of the

vertebral column as the animal ordinarily held it in life. The long neural spines

on the cervical vertebrae farther indicate that the animal probably carried the head

rather low. The curvature of the neck at the junction of the thorax is gentle, and

the position of each dorsal vertebra increases in height until the lumbar region is

reached, where a sudden downward curvature again takes place, not unlike that in

the recent tiger. The twelfth and thirteenth dorsals have no facets for a tuberculum

of the ribs as in Felis figris and it is quite doubtful whether the eleventh dorsal of

the present form carried a tubercular facet for the rib as the transverse process is
+

poorly developed. The thorax was on the whole quite small, which is also charac-

teristic of the Oligocence genus. The heads of the ribs of the left side (except the

eleventh or twelfth) are all represented, while the shafts are restored after the more

completely preserved ribs of No. 1589a. On the left side the ribs are poorly pre-

served, there being present only the heads and portions of the shafts of seven.

The fore limbs display a close similarity to those in Daphcenus. The deltoid

and supinator ridges of the humerus are prominent, the former low down on the

shaft, indicating the downward extent of the heavy muscles, while the development

of tlio latter indicates the power of supination of the manus. Though the forearm

is proportionally longer than in the latter genus the feet are remarkably little

advanced, being short and broad, the pollex little reduced, and the position of the

phalanges sharply angled as in the felines, but proportionally somewhat shorter than

in Daphmnus. The power of retractility of the unguals was nearly as great as in the

older form and no doubt still served the purpose of assisting in catching and holding

the prey.

As has already been stated the posterior portion of the pelvis, portions of the

femora, and the proximal ends of the tibia? were unfortunately weathered out and

disintegrated when the specimen was found, but from other material the compara-

tive measm-ements Avere made, and the proportions, as they are in the skeleton repre-

sented on Pis. LXXXIII-LXXXIV, are thought to be approximately correct. The
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hind feet are also quite broad, but somewhat longer than the fore feet^ while the

ungual phalanges of the former had apparently a power of retractility equals or

nearly equals to that of the latter. Altogether the skeleton shows a long and com-

paratively slender body^ long tail, and short and heavy limbs with broad and short

feet

Measurements of Skeleton-
Cm.

Greatest length of vertebral column, the skull and all curvatures includerl 210

Length of vertebral column^ atlas to posterior end of sacrum 93

Length of tail, approximately 88

Length of lumbar series 26,5

Length of dorsal series 33

Length of cervical series 21
4

Height of skeleton at first dorsal 57

Height of skeleton at first lumbar 61

Height of skeleton at supra-iliac border, approximately 58

r

Notes on Individual Variation of Daphcenodon.

The superior dentition of the material at hand sliows very httle variation in

general character, except in the young individual (No. 1589a) found with the type

of Daphcenodon superhus and described on pages 210 and 215. The mandibular

symphysis in some individuals however, is, longer, py has been dropped out and the

alveole closed up, while m-g is sometimes inserted by two strong fangs.

In a series of cervicals (No. 1589b), the fourth, fifth, sixth, and seventh, which

were found on the surface and in the talus at Quarry No. 3 (Agate Spring Fossil

Quarries), are seen some differences from those described of the type of Daphwnodon

superhus. These differences are most likely due to individual variation and sexual

distinction, and will bo thus treated in this connection pending the discovery of more

material.

This cervical series is in the first place considerably heavier and pertains to a

larger individual than the type specimen. Secondly, the ventral keels appear to

terminate posteriorly in a more condensed rugose tubercle approacliing more nearly

that of Canis in its characters than to that of the type of Daphcenodon. Thirdly, the
r

anterior projection of the transverse process of the sixth cervical vertebra in the

series under consideration is much smaller than the corresponding portion in this

vertebra of the type specimen. One of the more significant differences from the

latter is seen in the sixth and seventh cervicals. The base of the neural spine of

the seventh cervical is more nearly oval in cross-section, with no such excavations in

front or back of the spine as is characteristic of the type specimen described above.

The base of the spine of the sixth cervical is also without these excavations, so that
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it is quite safe to say that this individual did not possess this character of the verte-

brae. Another important feature is seen in the prominent antero-posterior ridge in

the floor of the neural canal, which is pierced by a transverse venous foramen, while

in the type specimen this ridge is rather poorly developed and the area in the middle

region, where the foramen is located in the larger specimen, is much greater and

was not always bounded above by a bony bridge so as to form a foramen. The

transverse process is proportionally much shorter, which would indicate a narrower

neck in the larger individual.

In the Amherst specimen, which is about equal in size to the one represented

by the cervical vertebrae described above, there are some lumbar vertebra preserved.

One of these has the transverse processes preserved. These processes are propor-

tionally longer than those in the corresponding region of the lumbars in the type,

and more in accordance with the conditions found in Daphwrms, Tcmnoci/on, and

the recent forms. The os penis of the Amherst specimen of Daphcenodon is greatly

different from that in No. 1589a (Carn. Mus. Cat. Vert. Foss.) and is described on

pages 230 and 231.

Relationships of Daphcenodon.

That Daphwnodon had its true ancestor in Daj^liccnus of the Oligocene forma-

tion can hardly be doubted, from the study which has resulted in the above com-

parative description. Daphccnus in turn is generally regarded as a descendant of

the Miacidse of the earlier Tertiary of Nortli America. In the Oligocene and early

Miocene there were a number of diverging lines, Avhich as a whole were neverthe-

less quite homogeneous in their general structure, though apparently sufficiently

diversified to show with more or less clearness their destiny in later times. These

points have already been ably treated by Scott, Boule, Schlosser, I\Iatthew, Merriam,

Hatcher, Wortman, and others, and will not be discussed in the present paper, except

in so far as to assign the phyletic position of Daphomodon.

It would appear that Daphcenodon is not yet represented by any very closely

allied species ^^ in the intervening formations from the lower Harrison beds down to

the lower portion of the Oligocene where Daphcenus, its predecessor, is found. The

genera from the John Day are already too flir advanced in different ways to be

seriously considered as intermediate forms. Thus Temnocyoih and Mesocyon have m-
absent and differ in many other important respects, some species^^ of the latter genus

having a well developed entoconid on the lower sectorial, and being possibly

^^3Usocyon robusius Matthew from the lower Miocene of Soath Dakota bears geueral similarities, but m.^ is

apparently too much reduced aud more trenchant, and m^ is probably sometimes absent.

^^Mesocyon Josephi {?). See Merriam, Univ. of Cal. Publications, Bull. Dept. Geol., Vol. V, pp. 19-20, 1906.
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more nearly in the ancestral line of Cynodesmus (C. hrachypus). PJdlotrox, Hyseno-

cyon, and Enhydrocyon are removed from this line by the reduction of the premolars

and other important features. Paradaphwnus is a small form with long narrow

skullj deuterocone of p- well internally, M- aligned with the outer cusps of the

anterior molars, heel of lower molars basin-shaped, and tympanic bulla of propor-

tionally larger development.

Of the later American forms which are perhaps most closely related to Daphccno-

don, Amphicyon americanus Wortman is quite well preserved and furnishes the most

satisfactory comparison. This species, like the Euro])ean, A. major, has the canines

enormously developed and the premolars reduced when compared with Daphwno-

don. P4 is less oblique in the alveolar border, M-i and M- are apparently more

nearly subequal in size, while M- is aligned with the outside of the molars and is

somewhat larger than in the latter genus. Amphicyon major of Europe is further

differentiated from the present form by its short, broad, bear-like astragalus and

sub-plantigrade hind feet.

Amphicyon lemanensis is another well known European form bearing certain

resemblances to Daphce7iodon superhus, but which on closer study displays numerous

differences, among which mention may be made of a larger size three-rooted and

tri-cuspid M^, a smaller P^, proportionally longer, narrower, and higher skull, as

well as a differently constructed axis, and other characters of importance.

Amphicyon crucians, figured by Dr. Filliol (Ann. des Sciences Geologique, Vol.

X, pi. 12, figs. 1-3, 1879) show only general similarity to Daphmnodoii, so far as

comparison can be made, the crowns of the premolars being higher and more pointed,

and P3 having a basal tubercle, while that tooth in Daphmnodon has none.

Cephalogale geoffroyi is, Avith regards to the general features of the skull, more like

Daphmnodon, but the proportions and construction of the tubercular molars are dif-

ferent, M^ being absent, and this European form is apparently no nearer related to

Dapjhcenodon than for instance the American genus J^lurodon. In fact the apparent

relations observed between the European and American forms here compared should

perhaps be regarded as purely superficial and due entirely to independent develop-

ment without necessarily close relationship.

With regard to the ancestry of the genus described above there can certainly

be no doubt that we find in Daphoznus from the American Oligocene all the

required characteristics pointing more clearly to Daphccnodon than they are so far

found in any known European forms, the ancestral types of the latter genera

having perhaps already occupied contemporaneously these European regions for a

long time.
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From the study of the osteology of Daphccnodon superhus it is quite evident

that this genus belongs to a phylum existing through the Ohgocene and Miocene

periods, with rather conservative adaptations when compared with such forms as

Temnocyon, Mesoojon^ Gynodesmus, Tephrocyori and in fact with many coexisting

forms of Canidx. Although the genus should be, for the present at least, regarded

as belonging to the subfamily Amphicyoninx, it is not altogether unlikely that,

upon gaining more complete knowledge of all the different supposed aUied forms,

it will be regarded as representing a separate subfamily {Daph(eninx) paralleling

Temnocyon, Mesocyon, Cynadesmiis, and Tephrocyou on the one hand and the true

Amphicyon on the other, but less differentiated from Daphcenus than either of the

genera regarded as descendants from the Ohgocene forms. The phylum terminated,

most probably, in some such forms as Dinocyon or Borophagus, or perhaps in some
of the so-called Amphkyones in hiter formations of North America, Avliile the Awphi-

cyoninx of Europe were paralleling the line.

This would seem to lend color to Mr. Hatcher's contention -Hhat rivtcmnocyon

and Proamphicyon are both valid genera, the former pointing to Temnocyon and Meso-

cyon, while the descendants of the latter, if not 'Amphicyon'' as Hatcher believed,

may not yet have been discovered. The reduction or apparent absence of M^,
together with other features in Protemnocyon from the Oligocene, is suggestive of

the later John Day form, while M^ in true Daphwnus still persists in an almost

unchanged form in Daphccnodon from the Miocene.

The bony structure of Dapihcenodon, though extremely cat-like in many respects,

is on the whole more closely related to the Canidx, of which family it was an aber-

rant line not continued to the present time. A fairly good attempt has been made
by Mr. Theodore A. Mills to construct the soft parts of Daphamas felinus, from the

skeleton which is now in the Carnegie Museum. And the curious combination of

the characters of the cat and the dog are, if anything, even more striking when an

allowance of flesh is represented upon the bony structure (see PL LXXXV). The
downward extent of the heavy muscles of the limbs, the broad and short feet, with

the semi-retractile claws, the long body and tail are especially cat-like, while the

head is dog-like in every respect. The tail is represented more or less like that of

Fells Goncolor, there being no perceptible means of knowing whether this appendage

Was busliy, as in the dogs, or more slender as in cats generally. Altogether the

model represented by the figure on PI. LXXXV is instructive, as it furnishes at least

a conception of a primitive form ancestral to cats and dogs. Of this primitive stem

Daphoenus and especially Daphmnodon on the whole, appear to be far less specialized

i

12 W Oligoceue^Cauidic," I. c, p, 105.

I
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than most of their contemporaneous forms and consequently more nearly like the

old types of the Miacidse from the Eocene formations.

Canid (Undetermined Species).

A humerus (No. 2400) of a very large canid, the size of a lion, was found in the

lower Harrison beds on Whistle Creek, Sioux County, Nebraska, about eight or ten

Fig. 56. Anterior View of Humerus of Canid. Sp. indt. ^ nat. size. No. 2400.

miles east of the Agate Spring Fossil Quarries. With the exception of its greater

size and the greater distal extent of the deltoid ridge this humerus most nearly

resembles that of Daphosnodon. The bone is very nearly the size of the humerus of

ArnqMcyon major of Europe and not unlike the latter,

so far as comparisons can be made. In the Amer-

ican species, however, the deltoid ridge extends

lower down and the anconeal fossa is not so high as

in the European species. The humerus possibly rep-

resents some genus closely related to such largo forms

as Dinocyon from the later Tertiary of Montana de-

scribed by Mr. E. Douglass ^^ or D. {Borophag7is)

gidleyi from the Miocene of Texas described by Dr.

W. D. Matthew.^* The quarry in which the hu-

merus (fig. 56) was found contains a similar fiiuna to

that of the Agate Spring Fossil Quarries.

A fifth metacarpal (No. 1897) of a large carnivore, which may belong to this

species, was found by the writer in 1904 among the surface fragments in the quarry,

which was worked the following years by Professor Barbour (Agate Spring Fossil

Fig. 57. Fibular and AnteriorViews

of Calcaneum of Canid sp. indct. ^ nat.

size. No. 2211.

" "New Vertebrates from tbe Montana Tertiary," Ann. Car. Mus., Vol. II, p. 192, 1903.

""A Skull of Dinocyon from tbe Miocene of Texas," Bull. Amer. Mus., Vol. XVI, p. 139, 1902.
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QuarrieS; '' University Hill'' Quarry), This bone is very heavy, shorty and much arched

in the dorsal direction. A calcaneum of nearly an equally large carnivore was

found in the same horizon north of the Niobrara River in this general locality and

is illustrated on page 262, Fig. 57. The remains indicate the presence of these

large carnivores in the fauna found in tliese quarries.

Mgasueements.
Mm.

Greatest length of humerns 305

Greatest antero-posterior diameter of head 87

Greatest transverse diameter of head 68

Greatest length of Me. V 63

Greatest length of calcaueiim 90

Greatest trausverse diameter at susteutacular fiicet 45

Borocyon'^ robustum gen. et sp. nov.

Type: (No. 1918, Carn. Mus. Cat. Vert. Foss.) Front of right ramus, caudal

vertebroSj fragments of manus, part of hind hmb and foot, and various other fragments.

Horizon : Miocene, Upper Harrison beds.

Locality : Whistle Creek, Sioux County, Nebraska.

Mr. T. F. Olcott, while engaged with the Carnegie Museum party in 1905, dis-

covered and collected this specimen about four or five miles southeast of the Agate

Spring Fossil Quarries. As indicated above it was found in tlie upper Harrison beds.
r

,

Although the type is fragmentary it enables me to give some characters which may

be regarded as of generic value. The type is perhaps more closely allied to such

forms as Amphicyon sinapius Matthew from later horizons than to A. americanus, A.

ursinus, or any of the European forms with which it has been compared. The jaw

is undoubtedly quite short and heavy, and the premolars are of considerable size

when compared Avith A. ursinus. The portion of the jaw preserved compares fairly

well with jElurodon taxoides Hatcher, but the canine is heavier and P^ has no pos-

terior cusp as in that species. A. meandrinus had the jaw proportionally longer in

front of Py than the present genus. It is, of course, quite provisionally that this genug

is placed in the Daphcenus-Daphvnodon phylum, but pending the discovery of more

complete material it would seem most satisfactory from the study of the limb and

foot structure to regard the genus as a later member of this aben'unt line. The

material represents an animal nearly the size of a fully adult lion.

Generic characters. Canine proj^ortionally large and oval in cross-section, P^ single-

rooted, P2 low-crowned tuith protoconid well anteriorly, no posteriar cusp, and a large

* y'ioptSf =r greedy ; /ci'wv^dog.



264 MEMOIRS OF THE CARNEGIE MUSEUM

posterior base, M^f present, heavy and elongated tail, limbs and feet vjell proportioned and

sub~di<jitigrade as in Dap>h(jenus and Daphasnodon, little or no retractility of the unguals.

General Description and Specific Characters.

The material represents a fully adult animal judging from the much worn

canine. The latter is oval in cross-section and is proportionally larger than that

tooth in Daphcenodon. Judging from the abraded anterior face of the canine it is

quite evident that I^ was of large si;^e as in Daphcenodon. The postero-external

angle of the canine is also worn by the contact with the upper canine. As in

Fig. 58. Right Side of Lower Jaw-fragment and Crown

View of Teeth of Borocyon rohustnm, Nat. size. No. 1918.

Fig. 59. Caudal Vertebra; of Borocyon roluslnm. J nat.?

size. No. 1918. 1, lateral and ventral views of caudal

7 ; 2, lateral and ventral views of caudal? 9.

Daphcenodon there is a short diastema back of the canine. Px is single-rooted. Pa-

is low-crowned and has the protoconid placed more anteriorly than in DaphcfModon,

which resiilts in a less developed anterior and greater posterior base than on P^

in the latter genus. There is no posterior tubercle on P^ as in M/arodon, but the

cingulum is well developed ; it surrounds the tooth and is smooth on the external

side, while internally it is slightly raammilated. There is a large mental foramen

directly under the posterior portion of Pg- The symphysis is quite heavy and

extends well back as in Daphcenodon.

The only parts present representing the vertebral column in the type are a

number of caudal vertebrse from different regions of the tail. The centra of these

vertebrge are long and heavy, indicating a tail of approximately the same propor-

tions as that of Daphosnodon.

The manus is represented by a complete trapezoid, Mc. I, and other fragments.

The trapezoid is depressed and wide transversely, indicating a broad manus. The
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facet for the scapho-lunar is slightly convex from before backward near the dorso-

radial angle, while further back and along the ulnar portion it is concave in the

same direction. Radially there is a large facet for the trapezium, which takes up

nearly the entire face. On the ulnar side the facet, for the lunar, meets that for the

magnum at an acute angle so as to form a prominent ridge, which extends a short

distance back from the dorsal border. Back of the ridge

the ulnar face is taken up by a large rugose area for the at-

tachment of muscles and ligaments. On the distal face

there is a large subtriangular articulation for the second

metacarpal.

The free end of the pisiform indicates this bone to be

quite like that in Dapliwnodon.

Mc. I has the head less expanded transversely, the shaft

less arched forward, and less curved outward at the distal

end than that of Daphwnodon superbus ; there is otherwise

little or no difference between this bone in the two forms.

Other fragments of the metacarpals suggest heavy bones in

this region.

The phalanges are proportionally short when compared

Fia. 60. Foot Bones of

Borocyoii rohustum. I nat. size.

No. 1918. 1, dorsal view o£

metacarpal I ; 2, dorsal view

of a second pbalaux ; 3, dorsal

view of a first phalanx ; 4,

proximal view of trapezoid
;

5, dorsal view of trapezoid
;

6, radial view of trapezoid
;

7, uluar view of trapezoid.

with Baplicenodon. Those of the proximal row are other-

wise arched in the dorsal direction similar to the conditions found in -the latter

genus, while the median phalanx is depressed and broad. There is no ungual pha-

lanx present with the type.

The hind limb is represented by the lower half of the tibia and fibula, the

astragalus, navicular, ento-, meso-, and ectocuneiforms, and other fragments.

With the exception of the proportionately somewhat greater antero-posterior

diameter of the distal end, the tibia offers httle or no characteristic differences by

which it may be distinguished from that of the smaller genus. The distal end of

the fibula is more compressed laterally than in Daphcrnodon ; otherwise there is also

little difference in this bone in the two forms.

The astragalus has a slightly longer neck and the articular surface of the

trochlea descends lower than in Daphcenodon, otherwise this bone does not differ

in tlie two genera. The principal difference of the navicular from that of Daplmno-

don is seen in the smaller development of the plantar tuberosity ; the rugose area for

muscular attachment slanting more upward and backward, resulting in the com-

paratively small vertical diameter of the tuberosity. The entocuneiform is quite

large, and of good proportionate vertical diameter. The tibial plantar angleismore

i>
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concave in the vertical direction than in Daphosnodon, which results from the greater

development of the ascending plantar tuberosity of the present form. The meso-

and ectocuneiforms are similar to those in Daphcenodon.

Metatarsal III has the articular surface

for the ectocuneiform less oblique and the

tibial and fibular faces of the head less exca-

vated than in Daphcenodon. Mt. V is quite

unlike that of the latter genus in respect to

the articular facets of its head. The tibial face

has a somewhat smaller facet for Mt. IV and

the facet for the cuboid is entirely proximal,

while in Daphmmis and Daphamodon the facet

for the cuboid extends well in the fibular di-

rectioUj encroaching on the base of the ascend-

ing process so as to form a lateral as well as a

proximal contact with the cuboid. Another

important difference from the older forms is

seen in the vertical position of the ascending

process on the fibular face of the head. In

the Oligocene and Miocene forms, here used

for comparison, this process is very heavy

and projects upward ai;id outward forming,

with the excavation for the peroneus longus

tendon on the cuboid, a transversely broad groove. In the present genus the ascend-

ing process, though large, is directed more vertically and the space between it and
the fibular face of the cuboid is comparatively narrow. Near the proximal ends

the shafts of the meatarsals are slightly triangular in cross-section. The distal end

of Mt. V? is somewhat less expanded transversely than in Daphosnodon, but the

trochlea is quite similar^ being very convex dorsally and separated by a prominent

cai'ina on the plantar aspect.
Measurements.

• Mm.

Autero-posterior diameter of canine at base 91

Transverse diameter of canine at base 15

Antero-posterior diameter of p^ 14

Transverse diameter of p^^ ^ 18

Vertical diameter of ramus at p^j 35

Length of ? ninth caudal 58

Anteroposterior diameter of trapezoid 19

Greatest transverse diameter of trapezoid 20

Fig. 61. Fragments of Hind Limb and Foot

of Borocyon rohusium. ^ nat- size. No. 1918. 1

dorsal view of tibia and fibula ; 9, dorsal view of

hind foot.
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Greatest vertical diameter of trapezoid 12

Length of Ma I
'

49

Greatest transverse diameter of head Mc. I 12

Greatest length of proximal plialanx of Srd or 4th digit 3X

Greatest length of median phalanx of 3rd or 4th digit 21

Height of tarsus 86

Transverse diameter of tarsus^ approximately 58

Height of astragalus 50

Greatest transverse diameter of astragahis 40

Greatest transverse diameter of trochlea of astragalus 28

Antero-posfcerior diameter of navicular.... 30

Greatest transverse diameter of navicular 36

Greatest vertical diameter of navicular '.

18

Antero-posterior diameter of entoeuneiform 17

Transverse diameter of entoeuneiform, distal end 7

Vertical diameter of entoeuneiform 25

267

Cynodesmus thomsoni Matthew-

Bull. Amer. Mus. Nat. Hist., Vol. XXIII, p. 186, 1907.

This species is represented by a considerable portion of a skeleton (No. 1529,

Carn. ]\Ius. Cat. Vert. Foss.) found in the upper Harrison beds on the Niobrara

River, Sioux Co., Nebraska, and adds to our knowledge of that species. Accord-

ing to Dr. Matthew's statements there are apparently no hind feet with the type,

while in the present specimen both fore and hind feet are quite Avell preserved

and indicate about the same proportionate size as those of Cynodesmus hracJii/pus.

In fact most of the skeletal features are quite similar to those of the latter species so

far as they can be compared. P- is absent on both sides and considerable crushing

has taken place at the base of the skull of G. brachypus which prevents a very accu-

rate comparison, but it is quite evident that M- is fully as jnuch reduced compara-

tively as in C. thooides Scott, and is considerably smaller than in the type of G.

fhomsoni and the specimen in our collection referred to the latter species. These

and otlier differences of the dentition no doubt indicate more progressive develop-

ment in G. brachypus nnd G. thooides so far as certain features of the dental struc-

ture are concerned. The structure of the feet and limbs certainly approaches very

much nearer the conditions found in Canis than is the case in Dophwnodon.

Among these may be mentioned the higher position of the deltoid crest, the less

prominent supinator ridge of the humerus, the reduced distal end of the ulna, the

laterally expanded supra-iliac border the concave gluteal surface and shorter ischium

of the pelvis, the more complete!}' grooved astragalus, the proportionally greater

length of the metatarsals over the metacarpals, the tendency of the metatarsals to

become appressed at their proximal ends, and the more reduced pollex and hallux.

V
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Fig. 62. Pelvis and Feet ot Cynodesmus thomfioni Matthew. Nat. size. No. 1591. 1, anterior view of manus
;

2, external view of pelvis ; 3, anterior view of pes.

When the skull of the present specimen (No. 1591) is compared with Matthew's

description and figures {I. c, pp. 186-188) it is seen that in practically all the details

of structure, except the appai'ently smaller brains in our specimen, which may be

due to crushing, the two specimens agree quite closely. P^ in the Carnegie Mu-

seum specimen has no posterior cusp, while Dr. Matthew's figure indicates one on

the type. The present specimen represents an old individual, as the tubercular

teeth are much worn.

Tephrocyon (Canis) temerarius Leidy.
i

Proc. Acad. Nat. Sci. Phila., p. 21,

1858; Jour. Acad. Nat. ScL, Vol. VII, p.

29, PL I, fig. 12, 1869.

A fragment of a lower jaw (No. 2404,

Carn. Mus. Cat. Vert. Foss.) is provision-

ally referred to this species as the measure-

ments and general appearances are quite

FIG. 63. Crown View of Teeth and External View ^^^^^ ^^ ^^^^^^ ^^^ ^j^^ ,^,j^g ^^^^^^^
of Jaw-fragment of Tephrocyon (Canis) temerarius

Leidy, Kat. size. Specimen was fouiid on Whistle Creek, Sioux

*-^^i.
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L ^^ ^^ ^^

County, Nebraska ; it was lying on the surface and possibly pertains to a later

Miocene or Pliocene deposit which apparently thinly covers the lower Miocene

section in certain places in this valley. The accompanying figures are given in

order to show the close similarity of this species to T. rurestris JMerriam and T. hip-

pophagus Matthew and Cook.^* The only differences between the present form and

,
T. hippopJiugus so far as comparison can be made, is the smaller size and the slightly

slenderer jaw of T. temerarius.

MuSTELID.li:.

Paroligobum's (Brachypsalis) simplicidens gen. nov.

Annals Carnegie Museum Vol. IV, pp. 44-46, 1906.

Tyjje: Right mandibular ramus (No. 1553, Carn. Mus. Cat. Vert. Foss.).

Horizon: Lower Harrison beds (Miocene).

Locality : Near Agate Spring Fossil Quarries, Sioux County, Nebraska.

Plesiotype : Left mandibular ramus, greater portion of femur, fibula, and bones

of fore and hind foot (No. 2389, Carn. Mus. Cat. Vert. Foss.).

Horizon : Lower Harrison beds (Miocene).

Locality : Agate Spring Fossil Quarries (quarry No. 3), Sioux County, Nebraska.

Generic Characters. ~ Dentition, ^JJ:^- Canine heavy and oblong in cross-section.

Premolars crowded, heavy, rather bluntly cro'wned, no accessory posterior cusps except on

p^. (Jarnassial comparatively large, approaching condition in recent forms {Gido), but

possesses a small entoconid which is located high up on the croivn. M^ much reduced in

size. Femur longer than the tibia in the same proportion to that in Meles or Gulo. Feet

broad and short; pes sub-plantigrade; unguals not retractile.

General Description of the Plesiotyfe and Specific Characters.

The lower jaw is only very slightly larger than that in the type of this species

previously described and is much larger than Meles taxus. The mandible below p^

is very deep and the posterior mental foramen is located directly below the posterior

fang of p;^. Judging from the bottom of the alveolus for the canine, that tooth was

strongly developed and the premolars appear to have been crowded, as in the type.

The inferior border of the horizontal ramus is gently convex in the fore-and-aft

direction, as in the type. Opposite the vertical ramus the inferior border is only

slightly raised as in Gulo luscus and unlike that in 3Ieles, in which the angle

is higher. The posterior portion of the lower jaw as a whole is otherwise very

like that of the latter genera
;
possessing a large and deep tempoj-al fossa, a large

^'Matthew, W. D., and Cook, HaroldJ., Bull. Amer. Mas. Nat. Hist., Vol. XXVl, p. 373, 1909.
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coronoid process, transversely broad and well rounded condylej heavy masseter ridge,

and prominent liookdike angle. The condyle is on a horizontal line with the denti-

tion and is slightly lower than in Mela taxus and more like that of Gulo luscus.

The ramus is broken in the region of py but this tooth is present in the type'. P.j is

Fig. 64. Lower Jaw of ParoUgobunis simplicidens. § uat. size. 1, internal view of jaw ; 2, external view of jaw,

of considerably large size judging from the posterior root, which is still in position in

the jaw. F^ is robust, and, as in the type, has a great transverse diameter with the

protoconid placed well anteriorly. Internally there is a smoothly rounded cingulum,

which continues from the antero-internal angle of the tooth, as in Gulo luscus, and

is somewhat more developed than in the type. The crown of the tooth is much

abraded showing that the animal was fully adult. Back of p-;; is a space of 11 mm.
for P4. My is unfortunately broken anteriorly so that the blade cannot be described.

The metaconid is preserved and is rather small and placed high up on the crown.

The heel is of moderately large size with the hypoconid well developed, forming the

external edge of the heel, while the entoconid is probably absent.^*"' Back of my
there is a small alveolus, indicating a single-rooted tooth, which was even smaller

than that tooth in the type. The contour of the lower jaw and especially the denti-

tion are on the whole rather more suggestive of Gulo luscus than Meles taxus.

^^The abraded condition of the tooth does not admit of a positive statement as to the presence or absence of an

entoconid.



H-

PETERSON: NEW CARNIVORES FROM MIOCENE OF WESTERN NEBRASKA 271

Measurements of Mandible.
Mm.

Total length of the rarans fragment 110
r

Antero-posterior Jianieter of P^- 11

Greatest transverse diameter of P3- 8 ,

Autero-posterior diameter of M^ approximately 18

Greatest transverse diameter of heel 8

Manns. — The nianus is represented by a number of metacarpals of both sides,

the unciform and trapezoid of the right foot and a phalanx ; the latter may equally

well belong to the liiiid foot.

The unciform is of very nearly the same proportionate height, hut of less trans-

verse diameter than in Meks taxus; the facet for the cuneiform descends on the ulnar

side to about the same extent as in the recent form, Avhile the facet for the scapho-

I

Fia. G5. Right Mandibular Ramus of FaroUffobanis

simpUcidens- f nat, size. Type No. 1553, 1, external

view ; 2, crown view of teeth.

Fig. 66. Foot Bones of FaroUgobunis simpUcidens. §

nat. size. No- 2398. 1, dorsal view of portion of riglit

manus ; 2, dorsal view of a first and second phalanx ; 3,

tibial view of mesocuneiform ; 4, dorsal view of mesoou-

neiform.

^

lunar occupies a liberal portion of the radial angle. The facet for the magnum is

continuous from the distal to the proximal face, as in Daphanus and Daphmiodon,

but the lunar facet is more distinctly separated from the facet for the magnum than

in the latter genera. This is duo to a prominent sinuous ridge, which extends from

the dorsal border, obliquely upward and backward so that the upper portion of the

facet for the magnum is concave supero-inferiorly, while the lower portion is plane

antero-posteriorly ; the facet for Mc. Ill near the distal face is convex antero-pos-

teriorly. The palmar tuberosity is compressed transversely ; it is more prominent

than in Meles taxus or the recent otter, but does not extend so high up upon the

palmar face as in Dax>liceniis or Daphcenodon. Distally the bone is much expanded

and the articulations for Mc. IV and V are transversely broad and concave in the

antero-posterior direction.

The trapezoid is quite depressed and triangular in outline. Its proximal face
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slants excessively downward in the ulnar direction, meeting the facet for Mc. II at

an acute angle, so as to form a prominent and sharp ridge, which extends a short

distance from the dorsal face backward almost identical with that in Meles and

Lutra. Back of this ridge on the ulnar face is a rugose area for muscular attach-

,

ments, the bone terminating palmarly in a round obtuse point. Distally the sur-

face for Mc. II is convex transversely, the radial side less strongly than the ulnar,

while antero-posterioriy the articulation is very slightly concave. The radial face

is taken up almost entirely by the large facet for the trapezium. The latter is

undoubtedly of large size judging from the large facets on the trapezoid and on

Mc. I.

The first metacarpal is rather short when compared with that of Gulo, or even

with that of the recent badger, and is more like that in the otter; it is also proportion-

ally shorter than that in Megalictis ferox Matthew from the lower Miocene of South

Dakota. The proportionate length of the metacarpals as a whole agree quite closely,

however, with those in the latter genus. The facet for the trapezium is, as stated,

of large size, and it is obliquely convex antero-posterioriy, extending well down on

the shaft as in Meles, and is not unlike that of Megalictis feroxM-^Xi\\Q^N 2.\\d JEluro-

cyon hrevifacies Peterson.^' The shaft has received some injury in the process of col-

lecting, but enough is preserved to show that it was heavy, well arched forward,

and quite cylindrical. The distal trochlea is fully developed and carried the usual

two phalanges.

The second metacarpal is quite heavy and in its general proportion it compares

well with that in Megalictis. The head rises above that on Mc. Ill, so that the

ulnar face has a facet for the magnum similar to that in 3Ielcs, while in Megalictis

the head is apparently raised higher (see illustration, lig. 15, of Dr. Matthew's paper,

I. c). The facet for the trapezoid is concave transversely, the ulnar angle being

higher than the radial. The palmar tuberosity is a hemispherical knob, while

radially the head has an uneven surface for muscular attachment. On Mc. II of

the right side there is no articular facet for Mc. I, while the one on the left side
r

has a small facet near the dorsal angle. The origin of this facet may, in part,

be due to injury received in this region, which is plainly shown by the rough

surface of the proximal portion of the bone. The shaft is very heavy, slightly

arched forward, and transversely oval in cross-section. The dorsal portion of the

trochlea is not nearly as hemispherical as in Daphccnus, while plantarly it is divided

by a prominent carina, the radial portion occupying a higher position than the

ulnar, causing asymmetry of the trochlea.

27 See fig. 19, 5, Ann. Carn. Mus., Vol. IV, p. 71, 190G.
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The tliird metacarpal is no heavier than the second, though longer. The articu-

lar facet for the magnum slants inwardly, but the radial border is not raised as

in Daj)hwnodon so as to form a transverse concavit}^, but instead it is very nearly

plane transversely and evenly convex antero-posteriorly. On the radial side is a

facet for Mc. II which is succeeded, posteriorly, by a deep sulcus, the palmar tuber-

osity forming its posterior border. . On the ulnar side the proximal end is ex-

cavated in order to accommodate the head of Mc. IV and the articular facet for the

unciform is concave due chiefly to the development of the dorso-ulnar angle of the

head. The shaft is very slighty arched and transversely oval, due to the divergence of

the metacarpals directly from the proximal end as in themustelids generally. The

troclilca is more symmetrical than that of Mc. II<

Measurements.
Mm,

*

Unciform, greatest antero-poaterior diameter 13

TJnciformj greatest transverse diameter 12

Unciform, greatest vertical diameter 15

Trapezoid, greatest antero-posterior diameter 10

Trapezoid, greatest transverse diameter - 9

Trapezoid^ greatest vertical diameter 6

Metacarpal I, greatest length 26

Met^iCiirpal II, greatest length 37

Metacarpal III, greatest length 41

Median phalanx, greatest length 17
4

A proximal plialanx of the pollcx or hallux has the proximal end much ex-

panded, the shaft strongly arched and of considerable length, while the distal

trochlea is confined principally to the plantar face. A median phalanx found with

the specimen is much depressed, quite long, and does not indicate retractility of the

ungual.

The Hind Limb.

The greater portion of the femur is preserved. The head is well rounded and

sits on a long neck, as in 3Ieles, Lutra, and Gulo. The pit for the ligaraentuni teres

is located on the posterior half near the lower border. Unfortunately the great tro-

chanter, together with the upper portion of the shaft, is lost on its external side, while

internally the shaft is preserved, showing a large lesser trochanter. On the lower

half of the shaft the fibular border is produced into a very prominent ridge, which

is even more pronounced than in 3Ieles faxus or Gulo luscus and terminates below in

a rugose tubercle similar to that of Canis. The lateral development of the shaft

gives it the characteristic transversely broad appearance seen in Gulo hiscusor Meles

taxus. The rotular trochlea is shallow and broad, the condyles have great trans-
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verse diameter and are separated by a rather shallow groove, the external condyle

being quite oblique to the long axis of the bone.

The fibula is heavy and has the proximal and distal ends much expanded.

The shaft sweeps gently towards the shaft of the tibia and is also gently arched in

the backward direction. The facet for the astragalus is nearly plane and the pos-

terior face has the tendinal groove and external malleolus fully as well developed

as in the recent badger or otter.

Fig. 67. Limb Bonea of Faroligohunis simplicidens. | uat. size. 1, anterior view o£ femur ; 2, posterior view of

femur ; 3, fibular view of fibula ; 4, anterior view of fibula.

Both astragali are represented. In comparison with the length of the bone the

trochlea is somewhat narrower than that of Megalictis ferox. The trochlea is very

shallow and is more oblique and imperfect than in either Meles or TAitra and rather

more like that of Gulo luscus, the internal

condyle being less developed, while the exter-

nal is higher than in the two recent forms

first mentioned. The tibial face of the inter-

nal condyle is not interrupted by the sulcus,

which is so characteristic of Daphcenodon, but

is continuous as in Gulo and Meles. The pos-

terior limit of the trochlea, as well as its down-

ward extent on the neck of the anterior face, is approximately in the same propor-

Fio. 68. Astragalus of ParoUgohunis simplici-

dens. f nafc. size. 1, anterior view; 2, superior

view ; 3, tibial view.
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tion to that in the recent forms. One of the more curious features of the bone is

the deep and obhquely placed sulcus, which separates the groove for the flexor

muscles from the astragalar trochlea. In this groove is located the astragalar fora-

men (see fig. 68, 2), which pierces the bone and again appears in the groove be-

tween the internal and external facets for the calcaneum on the plantar face, as in

3Ieles taxus. The neck is perhaps somewhat longer than in Megallctis, which again

reveals a tendency towards Gulo hcscus. The head is also expanded and convex

in the same way.

A mesocuneiform which was found with the specimen and very likely belongs

with itj is high and narrow when compared with Meles, and is apparently also

slightly higher in proportion to that of Megalictis, but is otherwise quite like that of

the latter, the tibial face possessing a large facet for the entocuneiform.

Measurements.
Mm,

Femur, length from head to distal end I74

Femur, transverse diameter of distal end , 42

Femuij autero-posterior diameter of distal end 36

Fibula, greatest length 130

Astragalus, greatest length 33

Astragalus, greatest transverse diameter 2q

Astragalus, greatest transverse diameter of trochlea 16

Mesocuneiform, greatest anteroposterior diameter \\

Mesocuneiform, greatest transverse diameter q

Mesocuneiform, greatest vertical diameter g

Affinity and Systematic Position of Paroligohunis.

While some features of the limbs in Paroligohunis nmplicidens suggest tliat of

Lutra ; i. e., the oblique and limited posterior extent of the internal condyle of the

femur, the backward sweep of the shaft of the fibula, the proportionate length and
arrangement of the metacarpals; tliere are more important characters which very
strongly suggest that the animal was probably fossorial rather than aquatic in his

habits. The femur is much longer than the fibula and the shaft of the former bone
is straight and is transversly expanded near the distal end as in IJelcs. The fibula

is on the whole more nearly like that of the latter genus than that of the otter,

while the astragalus strongly suggests that of Gulo lusais and has the astragalar

foramen, a characteristic feature in Meles. The John Day form, Oligohunis, w^as

regarded as an aberrant member of the Ganidx by Professor Cope, while Dr. Matthew

(Bull. Amer. Mus., Vol. XXIIT, p. 193, 1907) after the re-examination of the type,

questions Cope's reference and transfers the genus to the Mustelidae. After a compar-

ison and careful study of the newly acquired material now in the Carnegie Museum
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I fully agree with Matthew in the taxonomic position of Oligohunis. Furthermore

it is quite evident that the present genus is closely related to the John Day form

and quite likely in a direct line of descent which the generic name used implies.

Oligohunis lepidus Matthew {I. c, p. 194) is a connecting type ; it is a smaller species

than the John Day form, but indicates a type specialized diJTercntly from the present

genus, having M2 very much less reduced, while Pjis more reduced than the same

tooth in the present genus, indicating greater tendency towards the loss of one tooth

and the retention of the other in 0. Icpidus than in Paroligohunis siiR'plicideus, Mg-

in 0. lepidus is one half the antero-posterior diameter of the carnassial, while that

tooth in the present genus is only one third the antero-posterior diameter of the

carnassial, plainly showing that in the present genus there is a more strongly marked

adv^ance toward modern forms.

Potamotherium (= Step>hanodon) of Europe has a general resemblance to the new

genus here proposed, but it is quite clear that this European form is at least generi-

cally different. In comparing the present type specimens with Dr. Schlosser's
^^

figures, it is seen that Py in the American form is smaller, the premolar series

increases more in size, from before backward in the jaw, the metaconid of Mxis less

developed and placed higher up on the crown, and the heel is smaller. Upon

further comparison it is seen that the lower jaw is deeper and shorter in Paroligo-

hunis. Of especial importance is the proportion of the hind limbs of the two genera.

In Potamotherium the femur is shorter than the tibia, an aquatic feature, while

in Paroligohunis the femur is longer than the tibia. The material at hand displays

further comparison which may, however, be regarded as of less importance between

these two genera ; namely, the more strongly developed cingula and accessory

tubercles of the premolars, and the external position of Px in the European form,

while in Paroligohunis siwplidd.ens Py is internal due to the reverse obliquity of P^^

in the latter.

Paroligohunis [Potamotheriim) lacota which was provisionally referred to the

European genus by Matthew and Gidley^'' appears to be quite closely related to

Paroligohinus simplicidens having apparently somewhat smaller canines and a slen-

derer jaw than the latter species. Dr. MatthcAV states {I. c, p. 254) that Cope's type of

Potam^otJierium (Lutriciv^) lycopota/mAcus is lost and cannot be verified with Cope's

reference, there being no illustrations of the type specimen.

Stenogale (Potamctlierium) rohusta Cope was based on a lower jaw containing part

of the dentition and was found in the Upper Miocene near Fort Niobrara, Nebraska.

28 Beitrage P.ileontologie Osterich-Uiigars uikT des Orients, PI. VIII, figs. 18, 63, 64, 65, 1888.

'»BulL Amer. Mus. Nat. Hist., Vol. XX, p. 254, 1904.
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Matthew and Gidley doubtfully referred this type to Potam.otherium. As this Ameri-
can form now stands I cannot see that it is much nearer Potmnotherium than Sleno-

gale as the jaw is deeper in proportion ; it is also somewhat shorter and more ro-

bust, the symphysis is ligliter, the premolars are smaller and M^ larger than in the
former genus, while the latter genus has the under border of the lower jaw very
piuch more curved fore-and-aft, the premolars are too large in proportion to the car-

nassial, the heel of the latter is entirely different in shape, and very much smaller,

and the tubercles of the teeth are evidently sharper and higher than in the American
specimen. The latter form should, I think, occupy a new generic position {B^m^ Stheni

g^ somewhat near the O^o^nm-is phylum although the premolui-s are proportion-
ally smaller than in the latter, especially in the transverse diameter. In Paroligo-

hunis the jaw is proportionally shorter and heavier, the alveolar border is more
curved from before backward, the premolars are more crowded, and the carnassial

has apparently a shorter heel than in the new genus here proposed.

Fig. 69. Alveolar Border Eind External View of Jaw of Brachijpsalis jxici/cephahis Cope. Nat size fConp col

lection, No. 8544, Am. Mus. Natural History.)

Brachnjpmlis pachycephahts Cope was proposed (/. c, p. 951) on a rather inade-

quate type, a left mandibular ramus, from the same locality in which Slenoqale

Tohusta was found. Professor Cope afterwards referred this type to Potmnotherium

of Europe, while Matthew and Gidley (/. c, p. 254) accept the type as valid and
distinct from Poiamoilieriiim. In a former paper ^" the present writer re<'-arded Paro-

ligohunis {BrachypsaUs) dmplicidens as possibly an ancestral form to Brachypscilis, a
view which is no longer tenable inasmuch as the latter species has M^ proportionally

larger, and the carnassial apparently smaller in proportion to the premolars.

(Compare figs. 64 and 65 with fig. 09.)

r

so Ami. Carn. Mu3-, Vol. IV, p. 45, 190(1.
li

(II

n^.
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JEliirocyon Peterson and MegalicMs Matthew are more modified forms which,

however, are apparently related to this group of the Mustelidm. One of the

chief generic differences between JiMurocyon, Megalidis, Oligohunis, and Paroliyohunis

is the presence of the metaconid on My of the two latter and the absence of it in the

case of the two former genera. In Paroliyohunis the metaconid is situated nearl^^

as high up as the summit of the protoconid, and quite closely fused to the latter.

Some of the Siwahk mustelids (Melivoradon) are also closely allied to this general

group. I fully agree with Dr. Matthew's"" statements that Mellivora and Gulo are

the nearest living allies of jElurodon and Megalictis; I would in fact also include

Oligohunis, Paroliyohunis, and possibly the proposed new genus B'i'ddh'Uuuh as n(*t

so very distantly related especially to jElurocyon and Megalictis.

8' Bull. Amer. Mus. Nat. Hiat., Vol. XXIII, p. 204, 1907.
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Daph^enodon snperbms, Type. (No. 1589, C. M. Cat. Foss. Yert.) View of Left Side of Skull and Ciiowx Vieav of Lower Dextitiox. Nat. Size.
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Daphmnodon svpeihus. Type. (Ko. 1589, C. M. Cat. Vert. Foss. ) Restoration of the Skeleton. About One-sixth Natural Size,
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By Arnold E. Ortmann, Ph.D.
+

GENERAL INTRODUCTION.

The writer began to collect Najades in Pennsylvania as early as 1904. Ad-

ditional material was incidentally secured in 1905 and 1906, while he was hunting

for crawfishes. In 1907 the collecting of mussels was systematically begun, and

the particularly favorable seasons of 1908 and 1910, and in part also of 1909,

permitted the taking of large numbers of species and specimens. Not only the

shells but also the soft parts were collected, and the writer endeavored to find

both males and females, the latter in the sterile as well as in the gravid state.

In this he generally was successful, and a great quantity of material representing

the soft parts was preserved in alcohol, partly with the shell, partly without, but

always with the proper records. In this way a coUection of the Pennsylvanian

Najades, both of shells and soft parts, has been brought together, which certainly

is superior to any other local collection; in fact, the writer believes that he has

at his command a larger assemblage of the soft parts than is found in all other

collections combined.

The chief purpose of this w^ork was to secure the material for a systematic

monograph of the Najades of our state. A preliminary list of the species found

in Pennsylvania has been previously published (Ortmann, 1909), but since then,

further information has been obtained with respect to the systematic and zoogeo-

graphical side of the subject, and in the present monograph a final account wih be

given. In addition, the writer has investigated the anatomical structure of the

mussels, and very important structural features, chiefly in the gills, have been

discovered, which had been in part entirely overlooked by previous authors. The

knowledge of the anatomical details thus obtained has enabled the writer to revise
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the system of the North American Najades, and to put it upon a more secure

foundation. A preliminary account of this work has also been published (Ortmann,

1910).

The most prominent advance in our ideas as to the systematic arrangement

of the fresh-water mussels is marked by the publication of Simpson's paper on the

Najades (Simpson, 1900). We cannot but admire this work, for the general prin-

ciples of classification are correctly recognized by Simpson, and the soundness of

his views has been amply confirmed by our own investigations. Yet Simpson

suffered under two serious disadvantages : he did not possess enough material repre-

senting the soft parts to settle all systematic questions, and did not make any

microscopical investigation of the anatomical structures. This latter shortcoming

has been in part remedied by Sterki (Sterki, 1903). In the present monograph

additional observations will be furnished, and with regard to the Pennsylvanian

species, it may be said that the soft parts of all of them, with very few exceptions,

have been at hand, and they arc now sufficiently well known to enable us to assign

each species to its proper place in the system. Of course in the case of the species

and genera not found in Pennsylvania, this reference remains to be made; but

after the main points of view have been indicated, this will be a comparatively

easy task. The fact, however, should be emphasized that there is now no excuse
r

whatever for collectors of the Najades preserving only the hard parts, and throwing

away the soft parts. The soft parts form an integral portion of the animal, and

should be preserved and examined together with the hard parts, and this is most

imperative in the case of those genera, of which our present knowledge is more or

less defective.
h

The greater portion of the material at hand, forming part of the collections
^

belonging to the Section of Invertebrate Zoology in the Carnegie Museum, was

secured by the writer in person. The art of collecting mussels has to be learned,

because, while it is easy enough to pick them up, it can only be done after a thorough

knowledge of the proper places and seasons has been acquired. The Najades

inhabiting our rivers, creeks, ponds, and lakes, can only be obtained alive by going

after them into the water, but as soon as their whereabouts is discovered, it is

easy enough to get them. Their discovery cannot be accompKshed under aU con-

ditions. Part of the season our creeks and rivers have too much water, or the

water is too muddy to locate the mussels. This is the case chiefly in early spring,

when the snow melts, and in the first half of summer, the time of the copious

summer rains.

In Pennsylvania the best season is generally from August to October, when
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the water courses are low and clear; but very often there is also a season of low

water from the end of April to the end of May. In smaller creeks, where the

water is never very deep, any dry period of about a week's duration will bring

about favorable conditions, but in the larger rivers successful collecting is generally

possible only late in summer and in autumn. The exceptionally dry summers of

1908, 1910, and partly also of 1909, afforded unusual and unexpected facilities

for making collections. Collecting in the lakes (Lake Erie for instance) does not

depend so much on the season, but it depends a good deal on the weather. Quiet

days, when there are no wind and surf, should be selected.

Hand-picking is the best way of securing specimens. Devices like the so-

called ''clam-dredge" of the mussel fishermen of the Mississippi and Ohio are useless

in our rivers on account of the rough and rocky character of their bottoms. Yet

in Lake Erie upon sandy and'sandy-muddy bottoms I have used a similar apparatus

to great advantage. This is a modification of the common ''clam dredge," and

T am especially indebted to Dr. W. J. Holland for suggestions in constructing

,f

Fig. 1. The Holland Clam-drcdge.
'

this device. It consists (See fig. 1) of a piece of gas-pipe with two wheels at the

ends, to which four-pronged hooks are attached. The hooks are made of wire,

with their stems rather long (six to ten inches), and they are tied to the gas pipe

with very short strings : this prevents the tanghng up of the whole mass, which is

a great nuisance, when, as in the usual clam dredge, short hooks with long strings

are used. With this apparatus, "the Holland clam-dredge/' I obtained shells in

Presque Isle Ba^^, Lake Erie, at depths of from six to fifteen feet.

In 1910 I had special advantages for collecting Unionidce in Lake Erie, by

being offered the opportunity to go out with the ''sand-sucker" of the Erie Sand

and Gravel Co. I thus obtained specimens at depths of from ten to fifteen feet.

I
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I cannot close these introductory remarks without making pubHc acknowledg-

ment of the encouragement and valuable help furnished to me at all stages of my

work by Dr. W. J. HoUandj the Director of the Carnegie Museum. First of all,

the study of the Najades forms part of Dr. HoHand's general scheme and his

pohcy of studying our local fauna (See Holland, W. J., in the Proceedings of the

American Association of Museums, Vol. Ill, 1909, p. 12) and thus the general idea

of this work; as well as my previous work on the crawfishes (See Memoirs of the

Carnegie Museum, II, 1906), is largely due to his suggestion. In addition, he

supplied me with the necessary means for carrying on my cohecting, and the chief

item in such work is the expense. As to this, I can only express my great gratifica-

tion and sincere thanks for the liberal allotment of funds made to me. Finally,

Dr. Holland furnished me with all the paraphernalia for the work of the laboratory,

including everything that belongs to its literary and technical side. It goes without

saying that he always foHowed the progress of my studies with the closest attention,

helped me along in difficult cases, and was ever ready with suggestions and advice.

The wealth of the subject matter to be treated makes it necessary to divide

this memoir into parts. Since it is absolutely essential to lay a proper foundation

for the systematic part, and since the anatomical studies furnish this foundation,

it is obvious, that the latter should be given first. In the present pubhcation

therefore I shall take up questions of anatomy and their bearing upon the system

of the North American Najades. I reserve for a future publication the description

of the various species and their zoogeography.

PART I. ANATOMICAL INVESTIGATIONS.

The anatomy of the European Unionidw appears to be rather well known,

at least after the fashion in which they are treated in the textbooks. (I have con-

sulted those of Cooke, 1895, and of Taylor, 1894 and 1900.) We have also several

accounts of the anatomy of American forms (for instance, Brooks, 1890). But

looking more attentively at these^ we find that comparatively few genera and

species have been studied. This is not astonishing in the case of Europe, where

only a few types are found. With reference to the American shells, however, it

is very strange that we possess descriptions, more or less satisfactory, only of

Unio and Anodonta, and only of eastern species of these genera. Further, we

shall see that even in these some of the most important parts of the anatomy have

been neglected.

With regard to the numerous other genera found in the great interior basin,

we possess only scanty notes on the gross anatomy. These have been supplied

:sS-
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almost exclusively by Lea and Simpson. The latter in his great "Synopsis" (1900)

gives generalized accounts of the soft parts, chiefly in the diagnoses of the higher

groupSj genera, and their subdivisions; but we often remain in doubt whether a

particular species has been examined by Simpson or not. Simpson furnished de-

scriptions of the soft parts of species for another publication (See Baker^ 1898),

but in this case it is to be observed that he sometimes described the soft parts of

a species which he did not examine, or rather that he inferred some of the char-

acters from other species, which he believed to be allied. Quadrula coccinea is an

instance. The description of the marsupium is here positively incorrect and was

introduced apparently in the belief that this species, being supposedly a Quadrula,

should have the marsupium of this genus.

Nevertheless, Simpson's observations published in the "Synopsis," are of the

highest value, for he correctly recognized the most essential part of the anatomy,

namely the marsupium. In all Unionidm (as in the Najades in general), the eggs

are carried in the gills, where they develop into larvae, known as glochidia. This

is a well known fact; and it was also long ago known (chiefly through Lea) that

the marsupium is formed in the different species by different gills, or parts of gills.

But this character had never been employed in making a systematic arrangement,

and the credit for recognizing the importance of the marsupium, and for using

it successfully in the division of the Unionidm into genera and in the grouping of

the latter, distinctly belongs to Simpson.

But Simpson studied only the general features of the marsupium, and thus

his groups are not in all cases without objection. Further in a number of species

he did not succeed in ascertaining the shape of the marsupium, and thus was able

to place them only tentatively. As has been said above, several well supported

corrections have been introduced by Sterki (1903), who paid attention chiefly to

the shape of the glochidium, together with that of the marsupium.

The present writer made it his chief purpose to ascertain the shape of the

marsupium in all species which came under his observation, and to this end to

obtain gravid females. In this undertaking he was generally successful, and, with

very few exceptions, gravid females of all Pennsylvanian species were secured.

But when he took up the closer anatomical study, he made a very important

discovery, namely that in all our TJnionidai the anatomical structure of the gills,

which serve as m.arsupia, is permanently differentiated. It was known and empha-

sized by Sterki that this is externally the case in a certain group of genera (Lamp-

silis-type), while it was maintained that in the rest no such differentiation was

visible in the female, when not gravid. But this latter assumption is incorrect.
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There is always in the female an anatomical difference in the marsupial gills, and

this difference may be detected even without a microscopical investigation, although

the latter is generally advisable in order to render the structure absolutely clear.

In addition the writer has found, chiefly along the edge of the mantle, a

number of structural differences which are also important, and will be described

below.

A. General Structure of the Gills.
^

The primary elements of the gills arc the gill-fdaments {gill'ientades of Brooks)

—cylindrical or somewhat compressed tubes, which arise in two longitudinal rows

from a common base (ctenidium) between the foot and the mantle of the mussel,

and hang down into the branchial chamber. These filaments are doubled back

upon themselves, the outer row outwardly, the inner inwardly. The filaments

of each row being connected with each other (See below), there are thus two gills

on each side of the animal, an inner and an outer one, each consisting of two laminw

(lamellce) composed of filaments, the laminae including between them a space. The

two laminae are distinguished as the primary and the secondary limb of the gill,

the former being the descending adaxial part, the latter the reflected and ascending

part. The latter part is the outer lamina in the outer, and the inner lamina in

the inner gill.

On the inside of each lamina, toward the cavity of the gill, there develops

a peculiar tissue, called interlamellar outgrowth (Taylor, p. 177). This connects

the gill-filaments of each lamella, leaving more or less regularly placed open holes

(ostia), by which the inner cavity of the gill communicates with the outside. This

interlamellar tissue forms a rather large part of the gill, in fact the lamella itself

appears composed chiefly of this tissue, while the original gill-filaments form only

its outer layer, separated from one another by the intertentacular (Brooks) or inter-

filamentar grooves. The interlamellar tissue is permeated by lacunar blood-vessels.

The filaments develop along their sides chitinous rods for the support of the gill.

Two such rods belong to each filament, but these rods are not continuous, but

interrupted, consisting of longer or shorter, disjointed pieces.

The filaments and their chitinous rods run about vertically, that is to say,

from the base toward the edge of the gill; a slightly fan-shaped arrangement is

sometimes indicated, corresponding to the curved edge of the gill, upon which

they stand vertically.

The interlamellar cavity of each gill is not simple, but is divided. There

are ''interlamellar partitions" (Brooks) or ''interlamellar junctions" (Taylor), which
L

connect the two laminae of the gill. In most cases, these connections are developed
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as septa, dividing the inner cavity of the gill. They run about parallel to the gill-

filaments, that is to say, vertically toward the edge of the gill, and consist of a

tissue similar to that of the interlamehar outgrowth, with differences which will

be described below. Most of these septa run continuously all the way from the

base to the edge of the gih, while others are shorter, and are intercalated at various

distances from the base, but each septum is always continued to the edge. Thus

the interlamehar cavity is divided into a number of canals, running from base to

edge, which are called water-tubes. The size of these water-tubes is variable, and

differs considerably according to sex (See below).

There is one exception among the Najades known to me from North America,

which does not show this arrangement, Margaritana margaritifera.^ Here the gills

are also composed of filaments and possess an interlamehar outgrowth, which,

however, is rather slightly and irregularly developed. But there are no septa dividing

the cavity of the gills. Instead of this, the two

laminse are connected by more or less cylindrical

or irregular thickenings of the interlamehar out-

growth, which are rather heavy and solid, and are

placed quite irregularly. Sometimes these con-

nections are a little elongated in the direction
+

of the filaments, but they never are continuous

septa, but rather patches of tissue, and if any reg-

ularity is observable, it is a somewhat diagonal

or oblique arrangement. Toward the edge of the

gill, and in its hindmost part a vertical arrange-

ment is indicated, but even here there are no com-

plete septa, and consequently no water-tubes (See

fig. 2).

This peculiar development of the interlam-

ehar junctions in Margaritana is in my opinion very important. While the pres-

ence of water-tubes is a character common to all our other Najades, the absence

of this feature in Margaritana is ver}^ remarkable, and I have no doubt that this

character, together with the otherwise slight development of the interlamehar out-

growth, which gives to the primary gill-filaments a greater significance in the

whole make-up of the gill, points to a more primitive stage in the development

of the gill in Margaritana, than in any other mussel.

The secondary limb of each gih (outer in the outer, inner in the inner gih)

'In quoting species, I shall, for the present, use Simpson's nomenclature.

Fig. 2. Margaritana m.argariiifera (L.)

;

right gills spread out and seen from below,

showing arrangement of interlameUar connec-

tions.

'

t 'i
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extends upward as far as the base of the primary limb. Its distal margin in the

outer gill is fused with the mantle, and thus a small space is cut off from the bran-

chial chamber, which appears as a longitudinal canal along the base of the outer

gill—the suprabranchial or doacal canal of the outer gill, into which the water-

tubes of this gill open. In the case of the inner gill, the secondary (inner) lamella

is always connected anteriorly with the wah of the visceral mass (abdominal sac)

for a shorter or longer distance; behind this connection it is sometimes free as

far as the posterior end of the foot; and behind this point, the two inner laminae

of the right and left inner gill are connected with each other up to the posterior

end. Thus the inner gill also has a suprabranchial or doacal canal, which is double

(right and left) anteriorly, lying on either side of the foot and abdominal sac,

but becomes united back of the foot into one cavity. In many cases this canal is

not entirely closed, but communicates with the branchial chamber through a slit

along the sides of the abdominal sac.

There are a number of variations in the development of the characters men-
tioned in the last paragraph.

The outer lamina of the outer gill is united with the mantle up to the posterior

end of the gill in practically all species known to me, the only exception being

in the case of Margaritana margaritifera. Here (Compare fig. 6) the outer lamella

is free posteriorly for a considerable distance, and the posterior end of the gills

assumes in consequence a very pccuhar shape (See below, under "diaphragm").

As has been stated, the connection of the inner limb of the inner gill with

the abdominal sac is variable. In the most primitive condition, such a connection

is present only at the anterior end of the gill for a short distance, and in this case

the inner lamina is free and leaves a slit-like communication open between the

suprabranchial canal and the branchial chamber. In other forms, this slit is more
or less, often entirely, closed; and then the whole inner lamina of the inner gill

is connected, first to the abdominal sac, and farther behind, back of the hind end

of the foot with that of the gill of the other side, and thus the suprabranchial

canal of the inner gill is entirely separated from the branchial chamber.

Long ago Louis Agassiz called attention to these differences of structure. Later

on their value was doubted by Lea as well as by Simpson, and Sterki also does not

consider them as of much systematic significance. I have investigated my material

with reference to this question, and find that the connection of the inner lamina

of the inner gill with the abdominal sac is indeed variable, and that sometimes it

is differently developed in the same individual on the right and left side. But it

is only in certain forms that this variability occurs. In others this character is quite

f
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constant. Thus in the species placed by Simpson in the genera Quadrula, Pleuro-

bema, Unio, Margariiana, Symphynota, Anodontoides , and Anodonta, I always found

the inner lamina of the inner gill entirely free from the abdominal sac, with the

exception of its anterior end. This is the more remarkable, since both Lea and

Simpson (See Simpson, 1900, p. 766, footnote 2) afhrm that in Quadrula muUiplicata

,

a species which stands near our Q. undidaia, the inner gills are sometimes free,

sometimes connected. I have not seen that particular species; but of Q. undulata

I have examined some thirty specimens, and have never seen a connected inner

gill. Although the number of specimens investigated in this case seems small,

the fact that I never found a connected inner gill in the genera named above, is, I

think, rather significant, for I have looked over about four hundred individuals

belonging to these genera, and it would be very strange, if variations occur here

at all, that I by a curious chance never came across a single one.

Furthel-, I found the inner lamina of the inner gill always almost entirely

free in the following species of other genera: Alasmidonta heterodon (fifteen speci-

mens investigated) Lampsilis parva (three specimens). In Obliquaria reflexa (four

specimens) the gill is also free, but for a shorter distance, a httle more than half

of the abdominal sac. The same is the case in Plagiola securis (six specimens),

where the length of the free edge is somewhat variable (in one case the slit was

very short, but only on one side!).

On the other hand there are forms, in which the inner limb of the inner gill

is always entirely united to the abdominal sac. This is the case in the genus

Alasmidonta (excluding A. heterodon), in Ohovaria ellipsis, circulus, and retusa, in

the genus Truncilla, and in many species of the genus Lampsilis {gracilis, alata,

recta, orbiculata, ligameniina, radiata, luteola).

In ah those not hitherto mentioned, there is variation in this respect. This

is most evident in the genera Strophitus and Piychobranchus. In fact in the latter

genus I have observed all conditions, from an inner lamina almost entirely free

to an inner lamina entirely connected. In Strophitus it varies from free for about

half the length of the abdominal sac to entirely connected. In Plagiola elegans

(two specimens) the open slit was in one case short, about one fourth of the length

of the abdominal sac, and in the other there was only a small hole at the posterior

end of the foot. In Lampsilis iris, nasuta, multiradiata, cariosa, ventricosa, and

ovata, the inner gih is entirely connected, or has a small hole at the posterior ex-

tremity of the foot; and in Micromya fabalis (four specimens), the sht is short,

from about one fourth to one half of the length of the abdomen.

The closing of the slit proceeds always in an antero-posterior direction, and
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if there is only a small opening left, this is never placed anteriorly, but always at
the posterior end of the foot.

According to these observations, I must attribute to this character a certain

limited systematic value. There are a number of forms, in which the primitive

condition of an unconnected, free inner lamina of

the inner gill is always found. There are other

forms, which belong to the more advanced types,

in which this lamina is always entirely, or almost

entirely, connected with the abdominal sac. Be-

twcen these stand others, in which all transitional

conditions arc found, and in some of these an in-

termediate condition seems to be characteristic,

while in others this character is variable.

As has been mentioned above, posteriorly to

the abdominal sac and foot, the inner laminae of

the two inner gills unite in the median line of the

body (See fig. 3). By this union, together with

the connection of the outer laminae of the outer

gills with the mantle, a complete separation of the

branchial chamber from the posterior part of the

suprabranchial canals (cloacal chamber) is effected

by a septum or diaphragm, which forms a hori-

zontal division, from which the gills hang down
(See fig. 4). At the posterior end the four supra-

branchial canals of the two gills of the right and
left side are united into one cavity, the cloacal

chamber. This is brought about by the fact that
the gills extend posteriorly beyond their attachment to the body at their base, or

rather, that this attachment (ctenidium) does not extend to the posterior end of

the body (See fig. 5). This attachment, the common base of the two primary
limbs of the gills on each side, runs backward to a point, which generally lies

about midway between the posterior end of the foot and the posterior margin of

the mantle; beyond this point the inner limbs of the two gills on each side remain
connected with each other, but are no longer attached to the body, and the
two suprabranchial canals on each side are fused (See figs. 3 and 5). Thus of the
four suprabranchial canals present in the anterior part of the body, each of which
belongs to one gill, the two median canals are united first immediately behind the

Fig, 3. Anodonta grandis gigantea (Lea)

Left half of body, seen from below, with gills

romoved; showing attachment of gills.

—

plp^

I>alpus; ct, ctenidium (base of gills); a, line

attachment of outer lamina of outer gill to

mantle; 6, attachment of inner lamina of in-

ner gill to abdominal sac; &i, free edge of the

latter; &2, line of connection of the two inner

lamince of right and left gill; o, sexual and

renal orifices.

\
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posterior end of the foot; and a little bit farther back, the two outer canals (be-

longing to the outer gills) open into and unite with this cloacal chamber.^

In a posterior view (See fig. 4) the diaphragm separating

the branchial and cloacal openings forms a rather short, sim-

the ills hang down.pie, horizontal bridge, from which

Sometimes there is a slight median incision, when the two in-

ner laminse of the inner gills are not fully united to their

ends, but according to my investigations this has no system-

atic value.

We are to note an exception to the normal structure, and

this is again Margaritana margaritifera. Here (See fig. 6) the

diaphragm represents an entirely different aspect, which is

due to the fact that, as we have seen above, the outer 1am-

inse of the outer gills are not connected with the mantle up to

their ends. Thus on the one hand the outer attachment of
L

the diaphragm is not seen at the outer edge of the mantle, and the outer laminse

of the outer dlls are free for a considerable distance^ which causes the whole dia-

FiG. 4. Anodonta grandis

gigantea (Lea). Posterior

view, showing brantihial,

anal, and supra-anal open-

ings, diaphragm, and pos-

terior ends of gills.

Fig, 5. Anodonta grandis gigantea (Lea), Posterior end of

body, seen from below, with the diaphragm cut open in the

median line, io show cloacal chamber.-

—

o, openings of the su-

prabranchial canals of inner gills; i, openings of the supra-

branchial canals of outer gills.

FiO- 6. Margaritana margaritifera (L0» Posterior vicw^

showing branchial and anal openings, and the pecxiliar, in-

complete diaphragm. No supra-anal is separated from the

anal.

phragm to appear as if it were tapering to a median point; and, on the other

handj the cloacal opening (anal siphon) is much larger than usual.
r

^This condition is not clearly represented in Brooks' (1890, p. 275, fig» 143) diagrammatic figure. The openings of the

suprabranchial canals of tlie outer gills into the common posterior cloacal cavity are not shown. Their position would be

indicated by the two nervous strands starting from the parietosplanchnic ganglia and curving backward toward the posterior

end of the gills.
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B. Structural Features of the Finer Anatomy of the Gills.

1. The Water-tubes and the Septa dividing them.

The following description of the water-tubes necessarily leaves out of con-
sideration the peculiar form, Margaritana margaritifera, for this has no water-tubes.

We have seen above that the water-tubes are formed by the interlamellar

junctions, which run from near the base of the gill to its edge, and are generally
developed in the shape of continuous septa, which do not differ in their tissue

from that of the interlamellar outgrowth, that is to say, in their normal develop-
ment their tissue is lacunar, often containing blood-vessels (See PL LXXXVI,
figs. 1, 5, Qa, 7a, 10a, 12a, 13, 14a, and PL LXXXVII, figs. 1, 4, 8).

This simplest structure is always found in both gills of the male, and there is

no further differentiation of it in this sex, with the exception that toward the
base of the gills the septa become sometimes a little more independent, being
wider on account of the greater distance of the two lamina; from each other. The
water-tubes formed by these septa arc rather wide in the longitudinal direction

of the gill, since the septa are distant from each other. The distances are variable,

and often, chiefly so in the genera Alasmidonta , Strophitus, Symphynota, Anodon-
toides, and Anodonta, they are rather large near the base of the gill, where also the

septa become irregular, running for a short distance diagonally, and being some-
times somewhat reticulate. In the genera just named there arc often as many as

forty and even more filaments between two septa. The average is from about
fifteen to thirty; in other genera, the average is from about ten to twenty or

twenty-five, although there is occasionally a larger or smaller number present.

We may say, that normally there are more than fifteen filaments between two
septa.

The identical structure is found in those gills of the female, which do not
J

serve as marsupia, that is to say, in the inner gill, when the outer gill alone is

used as a marsupium, and in the inner and the anterior part of the outer gill,

when only the posterior part of the outer gill is so used (See PL LXXXVI, figs.

6a, 7a, 10a, 11a, 12a, 14a; PL LXXXVII, fig. 5). In those forms (genus Quadrula),

where both gills serve as marsupia, this structure is not found at all in the female.

(See PL LXXXVI, figs. 2, 4.)

In the marsupial gills of the female important structural modifications take
place, and these modifications, which we shall describe presently, arc quite marked,
and invariably characterize the female sex. Consequently it is possible not only

to distinguish a sterile female (with the marsupium not charged) from a male, but

also to discover the general character of the marsupium in a sterile female.

I
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In the sterile female the septa separating the water-tubes in the marsupial gill

(Sec PL LXXXVI, figs. 2, 4, 75, 10&, 146; PL LXXXVII, figs. 2, 6, 7, 9) are much

more crowded than in the male. There are, on an average, only from about five

to ten filaments between two septa, although in some cases this number may increase

to twenty. But in every species this number is considerably smaller in the female

than in the male. This difference is very striking, and may be detected by the

naked eye on holding up the gill toward the light. When I was hunting for sterile

females among my material I always used this method in discovering the sex, and

the much more crowded septa in the gill examined always indicated the female sex.

I never made a mistake, and a specimen selected as a sterile female according to

this test always proved to belong to this sex, when a closer microscopical examina-

tion was made.

In consequence of the more crowded condition of the septa the water-tubes

have a different cross-section and are not elongated in the longitudinal direc-

tion of the gihs, as those of the male, but are either more rounded or square (See

PL LXXXVI, figs. 10, 14; PL LXXXVII, figs. 2, 9), or even elongated in the

transverse direction (See PL LXXXVI, fig. 7).

But not only does the more crowded character of the septa indicate a marsupial

gill, but the septa themselves have a different structure. While in the male and the

non-marsupial gill of the female the septa are not much different from the inter-

lamellar outgrowth, in the marsupial gill they arc considerably altered. They

are more strongly developed, appear more as independent structures, and their tissue

is more compact, without lacuna) or blood-vessels. Generally, they are thicker,

and also longer in the direction from lamina to lamina, and, what is their most

striking character, their epithelial layer is quite different. While in the male type,

described above, the epithelium, which faces the water-tubes, is a simple layer, in

the marsupial gill of the sterile female it is folded and thrown up into wrinkles,

which often assume considerable proportions (Compare PL LXXXVI, figs. 1 and

2, 7a and 7h; and PL LXXXVII, figs. 1 and 2, 8 and 9).

There is no question that this pccuhar structure of the septa of the marsupial

gills is an adaptation to their function. When the marsupium in the breeding

season becomes charged with eggs, these gills naturally must swell, and they

actually do so, as is well known. The swehing can be only in one direction, namely

transversely to the longitudinal plane of the gill, that is, in the direction from

lamina to lamina. This means, that the two lamina? of the gill are forced apart,

and since they are connected by the septa, the latter, if they are not to be torn,

must be built accordingly. The description and the figures given here of the



292 MEMOIRS OF THE CARNEGIE MUSEUM

structure of these septa show that the latter is highly favorable to stretching,

and while they stretch out, they become thinner, and the folds of the epithelium

become smoothened and flattened (Compare PI. LXXXVI, figs. 2 and 3, 8 and
9, 14 and 15; and PL LXXXVII, figs. 2 and 3). After the discharge of the

mature embryos (glochidia) the gill and its septa assume again their normal
shape.

This structural feature of the marsupial gill of the female is met with in all

our VnionidcB, and in some it is the only one found. To the latter belong the

following genera of Simpson: Quadrula, Pleurobema, Unio, and Tritogonia. But
among these we observe a division into two groups. In some both gills, inner

and outer, have the structure of marsupial gills, and become charged with eggs

in the breeding season (See PI. LXXXVI, figs. 2, 3, 4); in others it is only the

outer gill which serves this purpose (See PL LXXXVI, figs. 6, 7, 10, 11, 12, 14).

According to my investigations, in the following species both gills are marsupial:

Quadrula subrotunda (Lea); Q. Urilandiana (Lea); Q. rubiginosa (Lea); Q. trigona

(Lea); Q. pustulosa (Lea); Q. lachrymosa (Lea) (according to material from
Kansas); Q. metanevra (Rafinesque); Q. cylindrica (Say); Q, undulata (Barnes);

Q, Mppopcea (Lea); Tritogonia tuberculata (Barnes).

Only t\ie outer gills serve as marsupia in: Quadrula tuberculata (Rafinesque);

Q. pyramidata (Lea); Q. obliqua (Lamarck); Q. coccinea (Conrad); Q. cooperiana

(Lea); Pleurobema msopus (Green); P. clava (Lamarck); Unio crassidens Lamarck;
U. gibbosus Barnes; U. complanatus (Dillwyn); U. productus Conrad,

The bearing of these facts upon the systematic arrangement will be discussed

later.

There are further structural modifications of the water-tubes found in an associa-

tion of forms of Unionidce, which apparently compose a natural group, and have
been already recognized as such by Sterki. This group is composed of the genera

Anodonta, Anodontoides, Symphynota, Strophitus, and Alasmidonta of Simpson's

''Synopsis.'' Of these I have investigated the following species: Anodonta cataracta

Say; A. grandis Say; A. imbecillis Say; Anodontoides ferussacianus (Lea) (and

var. subcylindraceus (Lea)); Symphynota compressa Lea; S. viridis (Conrad); S.

costata (Rafinesque); S. complanata (Barnes); Strophitus edentulus (Say); Alas-

midonta undulata (Say); Alasmidorda marginata (Say) (and the var. varicosa

(LsivasiYGk)) ; A . heterodon (Lea) .^

3TIie existence of the structures described in the following paraj;raphs has been denied by Lerevre and CurUs (1910).

As I have pointed out, however, (Ortmann, 1910a), their own Hyurea show them. Theye lafcerul water-tube^ cannot be blood-

vessels, for which they apparently have been taken by these two authors, and thia is ao easily see.i (even macroscopically)

.that we do not need to discuss it any further.

I«
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In all these only the outer gill serves as a marsupium, and during the breeding

season, and only during this time, each waier-tuhe is divided into three tubes running

from the base to the edge of the gill, the division being effected by two secondary

septa, which grow out at right angles from the primary septa (or interlamellar

junctions). Two of these secondary water-tubes arc located toward the faces

(laminae) of the gill, while the third one, which is much larger than the lateral

ones, occupies the middle, and is separated from the two laminae by the lateral

tubes. Only this central tube contains ova and embryos, and properly should be

called an ovisac (See the cross-sections, PL LXXXVI, figs. 8, 9, lib, 16). Thus
we see that, while in the forms discussed above the whole water-tube assumes the

function of an ovisac, in the present cases only a part of the original water-tube

discharges this function.

' In addition, these ovisacs of the ^nodon/a-group are also closed above, at the

base of the gill, by a similar tissue growing out from the septa at their lower ends

(See PL LXXXVIII, figs. 3a, 11). As far as I can see, this tissue, Avhich forms the

ovisacs here, is furnished by^ and forms part of, the epithelial layer of the septa.

This structure apparently is an adaptation to the lengthened breeding season

and the extreme swelling of the marsupium, which is observed in these forms, and
serves for the aeration of the mass of embryos. The swelling of the marsupium
during the breeding season is very great here, much greater than in any of the

forms belonging to the Quadrula-group . Thus it might become difficult to furnish

the necessary oxygen to the developing eggs in the ordinary way, by the minute
ostia perforating the laminae, and the cutting off of a part of each water-tube close

to each lamina must have the effect of keeping up a lively current of water within

the gill, between the lamina; and the central ovisac.

As has been said, this threefold division of the tubes is present only during

the breeding season. I have examined numerous sterile females, in which this struc-

ture is not seen (PL LXXXVI, fig. 15); in others it is indicated (PI LXXXVI,
figs. 7b, 126) by a stronger fold (or group of folds) of the epithelial layer of the

septa, near their insertion into the laminae. In specimens where the eggs begin to

go into the gills, this structure is sometimes not yet developed, but it appears soon,

and the epithelial folds, which form the secondary septa within the water-tubes,

begin to grow into the lumen of the water-tubes, and the folds of the opposing

faces of the two septa finally unite in the middle. The point of union (cross-

section of the line of union) is often distinctly seen in sections. After the dis-

charge of the glochidia these structures disappear rapidly. I have seen them still

present in some specimens, from which the embryos had recently been discharged
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(PL LXXXVI, fig. 126); in others they were greatly reduced, and the septa had

assumed their normal shape; but in specimens of this group, where the marsupium

was well filled with eggs or embryos, I have always seen them, although it is some-

times hard to obtain good slides, especially when the embryos have reached the

glochidium-stage, since at that time the making of sections is rather difficult.

There is one form among those above enumerated, in which the development

of this structure goes a step further. This is Strophitus. It was known long ago

that this genus is characterized by a peculiar arrangement of the ova in the gills,

they forming short, horizontal rows, which run transversely from lamina to lamina.

According to my investigations this arrangement is brought about by further out-

growths of the epithelial layers of the septa, which fill the spaces between two septa,

or rather only the middle part, the ovisac (Sec PL LXXXVIII, figs. 7, 8, 9), and

thus the simple ovisac of Anodonta and other genera is here divided into a number

of smaller, secondary ovisacs, running transversely across the gill, each of which

contains a short, more or less cylindrical mass of eggs or embryos. These masses

(placcntulse) will be discussed later. Also in Strophitus these structures are not

present in sterile females, and after the discharge of the glochidia they soon dis-

appear. The gradual development is seen in the vertical longitudinal sections of

the marsupial gill on PL LXXXVIIT, figs. 6 to 9.

All other forms of Unionidm, which have not thus far been mentioned, have

the simple structure of the marsupial gills, as described in the case of Quadrula,

etc., but there arc other differentiating structural features on the edges of the

gills, which must be compared with the more primitive forms.

2. Differentiating Structures on the edge of the gills.

There is a difference in the structure of the edge of the inner and the outer gill,

which is found in all our Najades, including Margaritana, and of this I shall first

speak.

Making vertical cross-sections through the gills of a male (Sec PL LXXXVII,
figs. 11, 12, 15; PL LXXXVIII, fig. 12), we observe that the edge of the outer

gill is simply rounded off, while that of the inner gill possesses a peculiar longitudinal

furrow along it, which may also be distinctly seen macroscopically. As to the

meaning of this furrow, I can not make any suggestion, and am only able to state

the fact of its presence. By the presence of this furrow an inner may always be

distinguished from an outer gilL

The same difference is found in the inner and outer gill of the female (See

PL LXXXVII, fig. 13), and the conformation of the edge of the gill is practically

f^\
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identical with that of the male in all sterile individuals. There is no change in

this matter in the gravid females of the genera Unio, Pleurohema, and Quadrula.

The result is that the edge of the marsupial gih does not participate in the swelling

of the gill. The greatest swclHng in these genera occurs near the base or in the

middle of the gill, while it decreases toward the edge, which always remains rather

sharp, and this sharp edge of the marsupial gill is a very important macroscopical

character in the species of these genera. A microscopical examination shows that

there is no difference of the structure of the edge from that of the sterile female

(Compare PL LXXXVII, figs. 13, 14, 16; PL LXXXVIII, fig. 1).

In our other Unionidw it is different, and we distinguish two types of develop-

ment, though in all cases the differentiation concerns only the edge of the outer

or marsupial gill.

The first type is found in the Anodonia-gvonp (in those forms, which have
the water-tubes divided into three tubes, as described above). It has already been
said that in these forms the marsupium swells to an extreme degree, and this

immense swelling also affects the edge. The two laminae of the gih draw apart

at the edge, and this strain would cause a rupture at this point, if it were not for

the fact that there is here an extraordinary thickness of tissue, which is capable

of stretching, and thus keeps the edge of the gill closed (See PL LXXXVIII, figs.

25, 3h, 5, 10). There are no filaments, or chitinous rods, or ostia visible in this

elastic tissue.

This transverse stretching of the edge of the gill takes place in various degrees,

and is weh observed only in marsupia, which are fully distended. Even in fully

charged marsupia it is often absent in certain parts, chiefly so toward the anterior

and posterior ends of the edge of the gill, which then remains simple, but appears
as a kind of ridge or cord upon the swollen marsupium. In the middle of the gill,

however, this stretching takes place regularly, and is sometimes accompanied by a
slight bulging out of the edge, beyond the original margin of the gill (PL LXXXVIII,
figs. 36, 10). In other cases such bulging is hardly noticeable, and the edge of

the gill does not appear rounded off, but rather truncated (PL LXXXVIII, figs.

26, 5). The peculiarities of this structure may be easily seen with the naked eye
or with an ordinary magnifying glass, and the most striking effect is that the edge
of the marsupium in these forms does not appear sharp, as in the Unio-group, hut

hlunt, rounded off, or truncated. The single water-tubes (or ovisacs) are not dis-

tinctly marked off externally along the edge of the marsupium.

The other type of the specialization occurring on the edge of the marsupium
IS found in the Lampsilis-gvoup, to which belong the following genera and species

of Simpson's "Synopsis," females of which I have investigated:
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Trundlla triquetra Rafinesque; T. perplexa rangiana (Lea); Micromya fabalis

(Lea); Lampsilis ventricosa (Barnes); L. ovata (Say); L. cariosa (Say); L. mul-

tiradiata (Lea); L. radiata (Gmclin); L. hdeola (Lamarck); L. ligamentina (La-

marck); L, orhiculata (Hildreth); L. recta (Lamarck); L. nasuia (Say); L. iris

(Lea); L. parva (Barnes); L. alata (Say); L. gracilis (Barnes); Ohovaria retusa

(Lamarck); 0. circulus (Lea); 0. ellipsis (Lea); Plagiola securis (Lea); Obliquaria

reflexa TLsifiuesquG; Ptychohranchus phaseolus (Hildreth).

This type resembles the one just described in so far as the two laminae of

the gill yield at the edge to the tendency of the marsupium to swell. The swelling

of the gill itself is generally not carried to the same excessive degree as in the

Anodonta-group , although it is sometimes quite considerable; in its stead, the chief

expansion takes place at the edge itself, and in this case beyond it. The thickened

tissue is not simply stretched out in a transverse direction, but it bulges out,

thus protruding beyond the original edge of the gill (See PI. LXXXVIII, fig. 14).

The latter is always clearly indicated by a line at which the filaments and their

chitinous rods stop; and this hne may be seen with the naked eye or with a low

power lens. Beyond this line the gill sometimes projects to a considerable distance,

and this projection, into which the septa are continued, acquires a pecuhar appcar-

It does not project and bulge out uniformly, but the septa on the inside,

acting as stays, check the bulging at their lines of insertion, and thus the edge of

the marsupium assumes a beaded appearance, each bead representing a water-tube,

being separated from the adjoining bead by a kind of constriction or sulcus, repre-

senting the septum. This protruding, beaded structure of the marsupial edge is

very characteristic of these forms, and is distinctly visible to the naked eye.

Apparently Simpson's diagnostic character, that here the ovisacs are distinctly

''marked out by a sulcus," refers to the edge of the marsupium; for upon the

lateral faces of the marsupium there are no such distinct sulci, and there is hardly

any difference in the appearance of these faces from what is seen in the other

genera, which, according to Simpson, have no such sulci.^ However, when the

water-tubes are very large, as for instance in Lam.psilis alata and gracilis, the

sulci are a little more distinct on the lateral faces.

In the genus Ptychobranchus (PL LXXXVIII, figs. 13, 14), the bulging out

of the edge takes place all along the gill, which, in addition, is peculiarly folded,

as is weh known. In the rest of the genera the bulging is locahzed, and it is always

the posterior section of the outer gill which shows this structure, sometimes to a

greater, sometimes to a lesser extent. The fact that the marsupium is restricted

in these genera, is a character emphasized by Simpson. There is some differentia-

ance.
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tion in this, for instance in Obliquaria it is only a small part of the gill immediately

behind the middle which forms the marsupium. But this is, in my opinion, rather

unimportant, for in the typical forms of Lampsilis, Obovaria, and Plagiola very

often the outmost posterior end of the outer gill is not used as marsupium. But

it is without exception a rule that the marsupial part always projects beyond the

original edge of the gill (as marked by the filaments); and this is also noticed,

although in a lesser degree, in the sterile female. When the gills are not charged,

of course, the protruding, outbulging tissue is much contracted; yet the mass of

this tissue is so considerable, that it is even then clearly seen, and it keeps the

laminse of the gill permanently apart at the edge (See PL LXXXVIII, figs. 13, 15,

17, 21), so that the beaded appearance is also preserved. By this character a

female of these forms may always be recognized even when sterile, and further

the marsupial edge may generally be distinguished by its color. Often it appears

simply opaque whitish, in distinction from the water-soaked, transparent tissue

of the rest of the gill, but in other cases a peculiar dark pigment develops, chiefly

on the inner side of this tissue in the epithelial layers (Sec PL LXXXVIII, figs.

15, 17, 18, 19, 20).

The part of the outer gill of the female which is not used as marsupium has

the normal structure, that is to say, it corresponds essentially to the structure of

the edge of the outer gill of the male. In sterile females it simply forms the

anterior continuation of the marsupial part, and is not marked off, except by the

lesser elevation of the edge (PL LXXXVII, figs. 6, 7, 10). In the gravid female,

however, the marsupium swells principally at the edge, and it also increases its

longitudinal (antero-posterior) dimension. Thus it is forced to push past the

anterior part of the gill, forming a fold with it (See PL LXXXVII, fig. 5). This

fold probably is analogous to the numerous folds seen in the genus PtychobrancJius

(PL LXXXVII, fig. 3), at any rate it serves the same purpose. Sometimes, when
also the hindmost part of the outer gill does not take part in the formation of the

marsupium, a similar small fold is also seen posteriorly, but this is rather insignifi-

cant and variable. At the anterior fold, the marsupium pushes forward on the

inside of the anterior, non-marsupial part of the gill.

C. The ova and the LARViE (glochidia).^

1. Arrangement of the ova and embryos in the marsupium.

As is well known, the sexual orifices are situated on each side of the abdominal

sac, and open into the anterior part of the suprabranchial canal of the inner gill.

*Whcrcver I use the words "ova" or "rgss," as distinguished from "glochidia," I mean the eggs and their subse-

quent stages of development, before the glot^hidial shell is formed.

(
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From this point the way is open for the eggs all along the base of the inner gill

backward to the common cloacal chamber and forward again into the suprabranchial

canal of the outer gill. From the suprabranchial canals at the bases of the gills

the ova reach the water-tubes in the gills. I have repeatedly found specimens, in

which this process was going on, and where both suprabranchial canals were more

or less filled with ova. (Instances arc Ptychohranchus phaseolus, Strophitus eden-

tulus, Alasmidonta undulata, Quadrula undulata.)

After the eggs have reached the water-tubes {ovisacs), they are firmly packed

together there, until the marsupium is filled to its utmost capacity. In no

case have I observed that the ova become connected in any way with the tissue

of the gihs; on the contrary, they always remain free from them, but generally are

connected with each other, so that the contents of each water-tube /)r ovisac form

a more or less solid mass, which in its shape conforms to the shape of the ovisac.

The connection of the eggs between themselves is merely a ''sticking together,"

which sometimes is rather slight, but produces in other cases a rather firm mutual

adhesion. It is accomplished by the outer egg-membranes, which apparently have

the property of freely imbibing water, and thus of becoming gelatinous.^ For

these gelatinous masses containing the eggs we may use the term placentm, intro-

duced first by Sterki with reference to the genus Strophitus. (As wih be seen later,

I cah the placentcc of Strophitus placentulce.) These placentae may be more or

less compact (See PL LXXXVI, fig. 3; PI. LXXXVII, fig. 3; PL LXXXVIII, fig.

14); they are well developed in Quadrula suhrotunda, kirtlandiana , and ruhiginosa,

where they are rather cylindrical, since the water-tubes do not expand very much

and remain subcylindrical in the charged marsupium." In Ptychohranchus the

placenta; are also very solid, and there is in the outer layer a peculiar brown stain

developed, when the glochidia are formed. The placentee are subcylindrical here,

but somewhat club-shaped, on account of the swollen distal end. In all these

forms, it is easy to take the placenta3 out of the gill whole, without injury.

In Quadrula metanevra, undulata, coccinea, in the species of Pleurohema and

Unio, in all forms of the Lampsilis-tjpe (except Ptychohranchus), the water-tubes

are more or less stretched out transversely, so that their lumen becomes compressed,

and consequently also the placcntse have a similar shape, leaf-like, lanceolate, or

elhptical. Here the mutual adhesion of the eggs is not so firm, so that they come

apart more easily, and it is not feasible to take the placentsc out entire. In some

of these forms {Quadrula undulata, Unio, and the Lampsilis-spcdcs) , the adhesion

fiThcrc may be a secrctiou furnished by the epithelium of the watci-tubcs. This question is reserved for furthnr his-

tological investigation.
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is noticed only in the eggs, while later on the glochidia are more or less free. In

Quadrula cocdnea and Pleurobema, however, the placentae are more solid, and remain

so until they are discharged (See below).

In Strophitus, as we have mentioned, peculiar conditions prevail. The ovisac

(inner part of a water-tube) is subdivided into smaller partitions, running cross-

wise to the gill; and in each of these compartments, which are almost cylindrical,

a small number of ova are located which again stick together rather firmly

and can easily be taken out whole. These '"placentae" of Sterki, consequently,

are not entirely homologous to the placentae of the other genera, since in the latter

each ovisac contains only one placenta, while in Strophitus there are many of them
m one ovisac. The eggs of Strophitus form a single, irregular row in each placentula,

as I should prefer to call them here, and there are from about two to eight or ten

(generally seven) in each placentula.^

In the genera Anodonta, Anodontoides , Symphynota , and Alasmidonta, no pla-

centae appear to be present. The eggs as well as the glochidia fill the ovisacs in

immense numbers, and seem to be entirely free. At any rate I never succeeded in

isolating the egg-mass from an ovisac, but invariably, as soon as an ovisac is

injured, the eggs or glochidia flow out freely, without sticking together, although
in some instances in some of my sections of the genus Sijmphynota , a placenta-like

cohesion is here and there indicated in the younger eggs.

2. The Glochidia,

I am not prepared to say where the fertilization of the eggs takes place. It

must take place somewhere between their issue from the genital orifice, and their

final deposition in the gills. It may take place in the suprabranchial canals, or

m the gills. At any rate as soon as the marsupium is well filled cleavage begins,

and the eggs develop within the gill into the young larval shell, known as glochidium.

The development from the egg to the glochidium is rather rapid, while the glochi-

dium may remain unchanged a long time in the marsupium before it is discharged.

We generally find in individual shells a rather uniform stage of development
of the embryos, and, as a rule, when there are eggs, there are only eggs, and when
there arc glochidia, we find only these. Nevertheless, as already observed by
Sterki (1898, p. 19) in Cyprogenia, there are sometimes cases, where all stages from
the egg to the fully developed glochidium are found in one and the same marsupium.

^l have evidence in some of my slides that not all eggs in a placentula of StrojMtus develop into glochidia, but that
some become abortive. It may posabJy be that the latter furnish material for the placentula;. In other species also I

have seen what looks like abortive eggs (see LampsUis alaia, PI. LXXXIX, fig. 18). This matter should be investigated

more closely. Sterki (1898, p. 19) already mentions it.
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I have seen the identical condition in Anodontoides and Symphynota, with young

eggs at the base of the gills, glochidia near the edge, and with the intermediate

stages in the middle.

The shape of the glochidium has been studied repeatedly by different writers,

but the credit of using it successfully for the systematic arrangement of the genera

belongs to Sterki. The glochidium of Anodonta possibly is best known. It is

rather large, subtriangular, with a spine at the tip of each valve (PL LXXXIX,

fig, 13). Yet this shape cannot be regarded as typical, and it represents a specializa-
+

tion. As Sterki points out, it is found only in that group of genera, which I have

repeatedly called the Anodontajgvoup , and it is one of the diagnostic features of

this group.

I have seen this glochidium in the following forms: Strophitus edentulus

(Say) ; Anodonta grandis Say; A. imhecillis Say (PL LXXXIX, fig. 13)

;

Anodontoides ferussacianus (Lea) (PL LXXXIX, fig. 12); Symphynota compressa

Lea (PL LXXXIX, fig. 10) ; S. viridis (Conrad) ; >S. costata (Rafinesque) ; S.

complanata (Barnes) (PL LXXXIX, fig. 11); Alasmidonta undulata (Say) (PL

LXXXIX, fig. 9); A. marginaia (Say); A. marginata varicosa (Lamarck); A.

heierodon (Lea) (PL LXXXIX, fig. 8).

In all these the glochidia are rather uniform in size as well as in shape. Gen-

erally they are rather high and pointed, but sometimes {Symphynota compressa

and viridis) they are wider and less pointed. We do not need to go into detail

here, since most of them have been already figured by Lea (Observ. VI and XIII).'

The glochidia of Alasmidonta undulata and Anodontoides ferussacianus are here

figured for the first time (PL LXXXIX, figs. 9 and 12).

Lea, who is the only writer, who has furnished drawings of the glochidia,

has observed the same type in the following additional species: Margaritana del-

toidea (= Alasmidonta calceola) (See Observ. VI); Margaritana spillmanni (= Stro-

phitus spillmanni) (See Observ. XIII). They also belong to the same group. On

the other hand, Lea says of Margaritana triangulata (= Alas7nidorda triangulata)

(See Observ. VI) from Georgia; that he could not observe any hooks, and the same

is the case in Margaritana hildrethiana (= Hemilastena ambigua, see Observ. VI),

Anodonta ferussaciana (= Anodontoides ferussaciana ibid.), and in Anodonta ovata

(= grandis, sec Observ. X). All these species should have hooks, if Sterki's theory,

that this is a fundamental character of the glochidia of this group, is correct.

^A number of Lea's figures are rather unsafciafactory, because they are not drawn to scale. Thus, for instance, the

glochidium of Plagiola aecuris (Observ, VI, pL 5, fig, 6) does not show its real character, being too small in comparison with

those of other species (also the gaping margins ai-e not shown). The glochidia on our Plate LXXXIX arc all from photographs

taken under the same enlargement, and thus show the actual comparative proportions-

I-,
r--\
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And indeed I have seen the hooks in the two last-named species. Lea himself

in the case of Hemilaslena suggests that the glochidia he has seen are too young,

and that the hooks might develop later. And this is apparently true, for I have

observed in a number of species^ that young glochidia have no hooks, while they

are present in older ones. In the following cases this was most evident: specimens

of Alasmidonta marginata, collected Sept. 2, 1907 ; of Alasinidonta marginata varicosa,

collected Aug. 13, 1908; of Symphynota viridis, collected Sept. 6, 1909; of Symphy-

nota costata, collected Aug. 31, 1906, and Sept. 21, 1907; of Symphynota compJanata,

collected Sept. 14, 1909; and of Strophitus edentulus, collected Aug. 24, 1909. All

had no hooks, and we see that they all were collected in the months of August

and September, the beginning of the breeding season. In other specimens of the

identical species, collected generally a httler later in the season or in the spring,

hooks (spines) were present.

Thus we have every reason to believe that Sterki's opinion that this kind of

glochidium is common to, and characteristic of, the genera *SiropMiws, ^Zas/mc^onia,

and Anodonta, is essentially correct, and that it should be enlarged so as to embrace

all forms belonging to the
'

^Anodonta-group .^

'

A second type of glochidium presents a somewhat rectangular' shape, more or

less dilated ventrally (celt-shaped), with two spines or hooks, one at each of the

ventral corners of the shell; further the lateral (anterior and posterior) margins

of this shell are here not in contact all along their edges, as usual, but are gaping.

In Pennsylvanian species, I have only observed this type in Lampsilis alata (Say)

(See PL LXXXIX, fig. 18), and in addition in L. Icevissima (Lea), from Kansas.

Lea describes it (Observ. X and XIII) from the same species and from L. purpurata

(Lamarck).

These species stand in Simpson's system in the subgenus Proptera of Lampsilis.

This has induced Sterki to believe that this shape of glochidium is common, to all

forms belonging to Proptera, and to elevate it, on that account, to generic rank.

Although I agree with Sterki in making Proptera a genus by itself, I would

not place all species listed under Simpson's subgenus into it, for we have at least

one species, which has a glochidium of a different shape. This is Lampsilis {Prop-

tera) gracilis (Barnes) (See PI. LXXXIX, fig. 19). Here the glochidia are in

shape similar to those of the third type, to be described presently, but they differ

considerably from them in size, for they are much smaller. In fact, the glochidia

of this species are by far the smallest I know among our Unionidce. The natural

consequence is that we are compelled to create a new genus (Parapiera) for it.

In the shape of the glochidia Lampsilis alata (and the forms allied to it)



vr*- ---'-

302 MEMOIRS OF THE CARNEGIE MUSEUM

i

stands rather isolatcdj but the gaping margins are found at least in one other

species, Plagiola securis (Lea) (See PL LXXXIX, fig. 17).^ Here the general shape

is similar to the third type, but it is rather distinctly spatulatc and quite large.

I think that the glochidium of Plagiola securis is the only one which might be

compared with that of Lampsilis alata, and it is rather significant that the only

glochidium, which permits such a comparison, is found in a group, which, as we
shall see later, is rather closely allied to Proptera.

The third type of glochidium is found in all the rest of the genera of Simpson

investigated by myself. Here the shell is semicircular or semiclliptical, the ventral

margin evenly rounded, and no spines are present. With the exception of Plagiola

securis the margins shut completely. There arc minor differences in size and shape;

as has been mentioned, those of Paraptera gracilis are very small (See PL LXXXIX,
fig. 19). Of those of the genera Quadrula, Pleurohema, Unio, PtychobranchuSj and

Ohovaria, we may say, that they are generally rather small, while those of Lampsilis

and Truncilla are somewhat larger.

The following is a list of the Pennsylvanian species, in which I have seen

glochidia of this type: Truncilla triquetra Rafincsque (PL LXXXIX, fig. 24); Trun-

cilla perplexa rangiana (Lea) ; Lampsilis ventricosa (Barnes) (PL LXXXIX, fig. 23)

;

L. ovata (Say) ; L. cariosa (Say) ; L. multiradiata (Lea) ; L. luteola (Lamarck) ; L. liga-

mentina (Lamarck) (PL LXXXIX, fig. 16); L, orUculata (Hildreth) (PL LXXXIX,
fig. 22); L. recta (Lamarck) (PL LXXXIX, fig. 21); L. nasuta (Say); L. iris (Lea)

(PL LXXXIX, fig. 20); L. gracilis (Barnes) (PL LXXXIX, fig. 19); Ohovaria cir~

cuius (Lea) (PL LXXIXX, fig. 15); Plagiola securis (Lea) (PL LXXXIX, fig. 17);

Ptychobranchus phaseolus (Hildreth) (PL LXXXIX, fig. 14); Unio crassidens La-

marck (PL LXXXIX, fig. 6); Unio gibhosus Barnes (PL LXXXIX, fig. 7); Pleuro-

bema clava (Lamarck) (PL LXXXIX, fig. 5); Quadrula undulata (Barnes) (PL

LXXXIX, fig. 3); Q. coccinea (Conrad) (PL LXXXIX, fig. 4); Q. rubiginosa (Lea)

(PL LXXXIX, fig. 2); Q. subrotunda (Lea); Q. kirtlandiana (Lea) (PL LXXXIX,
fig. 1).

Other Pennsylvanian species, the glochidia of which are known to be of this

type (See Lea, Observ. VII and X), but have not been seen by myself, are: Lamp-
silis radiata (Gmelin), L. parva (Barnes), and Obovaria retusa (Lamarck).

3. The breeding season.

Lea (Observ., II, III, VII, X) had already paid attention to the time of

breeding of the Unionidm. Sterki (1898 and 1903) has pointed out that there are

^See footnote on page 300.
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important differences between the different forms with regard to the time, when

the marsupium is filled, and the present writer has devoted a special article to

this topic as far as it concerns the Pennsylvanian species (Nautilus, 1909), which

confirms and supplements Sterki's observations. Additional facts have been fur-

nished by Conner (1909, p. 112).

Since the pubhcation of my paper in 1909, I have made a large number of

further observations, which generally serve to support my previous conclusions,

and the microscopical . investigation of the contents of the marsupia of soft parts

at hand has added a number of more important facts. These new observations

will be reserved for the systematic part, and will be treated under each species.

Here I shall give only a condensed statement of the results obtained by Sterki

and myself, and a few considerations as to their systematic value.

Among our Najades, we have in our latitude tw^o types, summer-breeders and

winter-breeders. Those belonging to the first class, have the marsupium filled only

in summer, that is to say, in the period between the end of April and the beginning

of August. Of course this indicates the extremes; for in the case of single species

and. single individuals the breeding season is much shorter; and the month of

June, and the beginning of July is generally the time when most of these forms are

gravid. The development from the egg to the glochidium takes place within a

very short time (a few weeks), and, after the glochidia are formed, they are dis-

charged immediately. The consequence is that individuals with glochidia are

rather rarely found.

It is a remarkable fact, first pointed out by Sterki, that summer-breeders

are found only in a restricted group of genera; and, as we shall see, this physio-

logical character is always found in the forms belonging to this group. It is com-

posed of the genera: Quadrula, Pleurobema, and Unio of Simpson, and, as may

be seen from the description of their soft parts given above, these, according to

their morphological characters, form a group by themselves. Likewise the genus

Margaritana, which stands by itself in the system, seems to be a sum.mer-breeder;

at all events, Conner (1909, p. 112) found gravid females in June and August,

but not in November and January, and I failed to find them in the beginning of

May, the beginning of June, and on August 4. (At the latter date only one speci-

men was taken.) In Europe, Margaritana is known to breed in July and August

(See Harms, 1907, p. 818).

All other genera are winter-breeders. In these the marsupia fill some time

in summer, from July to September.* The development of the eggs also takes

place rapidly, and generally the glochidia are fully developed in September or
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October. However, they are not, as a rule, then discharged, hut are carried through

the winter in the marsupium, and are not set free till warmer weather sets in again,

in April, May, or June of the next year.

Among the winter-breeders we have in some cases the breeding season still

more extended, so that in summer (June, July) the end of one season overlaps

with the beginning of the next (of course, not in the same individual), and in

such forms gravid females may be found all the year round.

In order to understand these conditions^ we must inquire what are their es-

sential features. Sterki used the terms summer- and winter-breeders, and he cer-

tainly was right so far as it concerns the species in our latitude.** But in my
opinion, the most important difference of the two groups is, that in the one case

the breeding season is short, and the glochidia arc discharged immediately, while

in the other case it is long, and the glochidia are kept in the marsupium for a long

time. This would be well expressed if we call the summer-breeders tachytictic

forms, and the winter-breeders hradytictic forms.^'' It seems to me, that the former

condition is the primitive and original one, while the latter is apparently a special

adaptation to the climatic conditions of higher latitudes. From this point of view

we gain a rather satisfactory interpretation of the raison d'etre of the two types,

and also ascertain a very significant correlation between these physiological char-

acters and certain morphological features.

If a short breeding season is the more primitive condition, we can understand

perfectly well, that those Najadcs, which are tachytictic, have also a comparatively

primitive and simple morphological structure in their marsupium. This is actually

the case in Margaritana as well as in Quadrula, Pleurohema, and Unio. On the

other hand, in the forms with a long breeding season we should expect morpho-
logical adaptations conforming to it. And this is actually the case. In the A7io-

donta-grou]} we have seen, that there exists a very complex structure of the mar-
supium, the purpose of which apparently is, to furnish a proper water circulation

for the embryos enclosed in the marsupium (See above, p. 293), and in all members
of this group the embryos stay a long time in the marsupium. In the members of

the Lampsilis-gvoup, which also are hradytictic, the Anodonta-atnicturG is not pres-

ent. But we have become acquainted above with a peculiar bulging out of the

marsupium, which apparently serves the same purpose, namely to bring the

glochidia into closer contact with the water, since the membrane which covers

this outbulging marsupium is very thin. But in addition, I shall describe below

T

^I know eases of exotic forms, which behave like summer-broeders, but do not breed in

i"Froni raxi^s quick, ^padvs slow, and riKrirM brecdinir.

'^summer/'
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certain other structures (flaps and papillx of the edge of the mantle), which most

emphatically serve for the aeration of the marsupium, and thus are to be regarded

as adaptations to a long breeding season.

Having thus correlated physiological function with anatomical and morpho-

logical structures, we may rest assured, that we have discovered an essential prin-

ciple in the development of the Najades, and we may say with all confidence that

a systematic arrangement, which is founded upon such structures, which we are

a,ble to understand, must be the correct one. Sterki's discovery of summer- and

winter-breeders, although originally not fufly understood, thus becomes the most

important step in our knowledge of the system of the Najades.

4. The discharge of the Glochidia.

As may be inferred from the above, the discharging of the glochidia must

take place at two different seasons: in the bradytictic forms in spring or early

summer (April to Junc),!^ in the tachytictic forms from the end of June to August.

While this fact is beyond doubt, the manner of discharge remains yet to be in-

vestigated, and for some time this proved a serious puzzle to me. But noAV I

am satisfied that my observations are complete enough to answer the question.

Lea repeatedly observed the discharge of the glochidia and placentae, but he

only mentions that they come out of the shell at the posterior end (in Lampsilis

radiata, L. parva, Strophitus edentulus (Observ. X), and Unio complanatus (Observ.

II), and he further quotes (Observ. Ill) a similar fact as observed by Kirtland in

Quadrula cylindrica. As we shall see, these observations are probably correct,

and represent the normal conditions.

On the other hand, Lea (Observ. II, p. 52) reports that in a gravid female of

Anodonta fluviatilis (= catarada) he made the young come ''from the orifice at

the inferior part" (= edge) of the marsupium, by the pressure of his fingers upon

the sides of the marsupium. I consider this not normal, but an artificial effect,

in fact; there arc no such ''orifices."

Other authors do not treat of the discharge of the glochidia, except that

Simpson (1900, p. 616) incidentally expresses the opinion, that in Strophitus the

placentulEe are discharged through the walls of the gills, which, as I believe, is

entirely wrong.

I'Sonictinics it is postponed to the beginning of July, chiefly so in Lake Erie. Lea has repeatedly and in various

species observed discharges during winter. These always took place, however, in the case of specimens kept in captivity

under artificial conditions, which probably induced an abnormally early discharge. Since the glochidia of bradytictic forms

are fuUy developed in the beginning of the winter, artificial conditions (temperature for instance) might start the discharge

at any time during the winter.
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Considering the anatomical structure of the gills, and the fact, that the embryos
are contained in the water-tubes, we should expect, a priori, that the discharge
would take place by the natural channels. This would be by the way of the
suprabranchial canals into the cloacal chamber, and thence outward through the
anal opening of the mantle. And indeed, I have collected evidence for this natural
discharge in a number of cases, which furnish positive proof of it. They arc the
following: In cutting up specimens of Quadrula subrotunda, on June 22 and 24,
1909, I repeatedly observed placenta) coming out of the anal opening. Of
course, this might be due to rough handling, but I have never seen them coming
out at any other place, unless I forced them out by so strong a pressure, that
the walls of the gills burst open. On June 24, 1909, I collected a good number
of specimens of Quadrula subrotunda and coccinea, which I took home alive,
and kept over night in a bucket with water. The next morning I saw quite
a number of placenta; floating in the water and was able to distinguish easily those
belonging to the first species, which are subcyhndrical and pink, from those belong-
ing to the second, which are flattened (leaf-shaped or lanceolate) and white.
On June 23, 1910, I took home a number of gravid Quadrula coccinea, and
watched the discharge of the placenta;. They distinctly came out of the anal
opening. On June 24, I opened one of these specimens, and saw the placentie
slowly moving out from the water-tubes through the suprabranchial canal to the
anal siphon. While I was holding this specimen in my hand (with the shell opened
and the left half of the mantle thrown back), four placentae moved out. The
coming out was not by a jerk or a squirt, but was slow and gradual, as if carried
by a steady current of water. A second specimen, opened shortly after this,
exhibited the same phenomenon. On July 25, 1910, two specimens of Pleurobema
CBsopus were found in the act of discharging placenta;. One was seen in the water.
With a number of pink placentae lying behind the posterior end of the shell, which
were greedily devoured by a number of minnows. The other was taken home, and
the discharge was observed at leisure in a basin of water. The pink placenta; came
slowly out of the anal opening, often in pairs, and sometimes, when the shell was
sqmrting water out of the anal opening, a number of placenta; were thrown out.
Among my alcoholic material, there are several individuals, which were pre-
served in the act of discharging glochidia in the natural way. The best specimen
IS an Anodontoides ferussacianus, collected May 14, 1908, which has the posterior
half of either marsupium empty (discharged), while the anterior half is yet full
Here I observe, that the suprabranchial canals of the marsupial gills are crowded

'

with loose glochidia back to the cloacal cavity, and a mass of glochidia is located
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in the anal opening. The dark brown color of the glochidia contrasts strongly

with the whitish, scniitransparcnt tissue at the base of the gills, and thus the supra-

branchial canals are easib^ traced by this color. The same phenomenon was seen

in a specimen of Quadrula undulata, collected July 8, 1909, where also numerous

loose glochidia, but of whitish color, were found in the suprabranchial canals of all

four gills. On May 13, 1910, a specimen of Symplnjnota costata was found, also in

the act of discharging loose, brown glochidia through the suprabranchial canals.

The glochidia were not plentiful in the canals. This specimen was not preserved.

An additional case, corresponding closely to the instances just mentioned, was

observed on July 12, 1910, in Anodonta imbedUis. Finally, I have observed in

alcoholic material of five specimens of Strophitus edcntidus collected April 22 and

24, 1908, a similar condition. But here there were whole placentulse as well as free

glochidia in the outer suprabranchial canals, and in no case were they very

numerous.

Entirely different from these are the following observations:

In a gravid female of Piychohranchus phaseolus (collected August 31, 1906;

probably unusually delayed in the discharge), there were on the margin of the

right marsupium about half a dozen placentse protruding through and beyond the

edge, that is to say, in the act of escaping from the marsupium through openings

in the outbulging edge of the gill. This peculiar fact suggested to me the idea,

that the discharge of the glochidia might take place here not by the natural channels

and the anal opening, but by breaking through the edge of the marsupium into

the branchial cavity, and thence through the branchial opening into the surrounding

water. I consequently made a careful search among my material for additional

specimens caught in the same act, and I found indeed such evidence for this "un-

natural" discharge. What I was able to ascertain is that there are actually, at

the time of the discharge, holes breaking through the edge of the marsupium, which

thus furnish an outlet for the glochidia. These holes may be seen macroscopically,

and are also shown quite satisfactorily in some of my slides. The best slides I

have are made from Lampsilis luteola and mulliradiata (See PL LXXXVIII, figs.

18 and 20). But I also possess such from Lampsilis nasuta and Obovaria circulus,

which show this feature, although less distinctly. I remember further, to have

noticed macroscopically these holes in Lam,psilis alata, but I did not succeed in

obtaining a satisfactory slide, and I have a slide of Lampsilis gracilis (See Pi.

LXXXVIII, fig. 16), which shows, as I beheve, the closing up of these holes after

the discharge of the contents of the ovisacs.

In 1910 I found similar instances. A specimen of Ptychobranchus phaseolus,
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collected June 27, had most of the placeiitse discharged, but of the remaining
few, some were protruding from the edge of the gill, exactly as described above.
Females, discharging glochidia, and with openings in the edge of the marsupium,
were seen in the fohowing additional cases: Lampsilis luteola, May 6 and July

7 (on the latter date in several individuals); Lampsilis ventricosa, May 21 and
June 23; Lampsilis muUiradiata, June 23.

To all appearance, these holes are present only during the actual discharge

of the placentae or the glochidia, and immediately after it, and close up again
very soon, so that it is difficult in sectioning, to strike just the right point of the

edge of .the gill, where they are best visible, and this may account for my failure

to obtain a greater number of good slides. It also should be remembered, that

gravid females in the act of discharging, are naturally scarce among material, which
was not collected with this question in view, and it is indeed astonishing, that I

found so many instances supporting the assumption, that in the Lampsilis-gronp,

that is to say, in those forms, in which the edge of the marsupium bulges out
beyond the original marginal line of the gill, the glochidia are discharged, not by
way of the natural outlets, but by breaking through the marginal wall of the gill.

If this is so, a very important correlation is suggested: the anatomical peculiarities

of the edge of the marsupium in these forms appear as a direct adaptation to the
way of discharging the glochidia: the edge of the marsupium is built for this purpose.

Nevertheless this phenomenon should be further studied. I have given here
pay observations, and I think they are correct and conclusive, for I cannot imagine
that conditions as represented in the figures 18 and 20 on Plate LXXXVIII are

wholly artificial and abnormal.

From the above instances we see, as well as from some of the older observations
of Lea, that in some cases the whole placentae are discharged, in others free glochi-

dia. This is connected with the greater or lesser solidity of the placenta) (See
above, p. 298), but its systematic value is not very great; at any rate, each one of

the greater groups contains examples of cither method of discharge.

D. Hermaphroditism.
r

Lea and others have demonstrated that most of our Unionidm are gonochorists,

and the existence of hermaphrodites remained doubtful, till Sterki found them.
In a number of cases, hermaphroditism is occasional and exceptional, according
to Sterki (1898, p. 30), and he names the following instances: Quadrula rubiginosa,

Q. pryamidata, Lajnpsilis parva. But in another case, that of Anodonta imbecillis

(Nautilus, 12, 1898, p. 87), he found that hermaphroditism is the normal condition.

i
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Sterki decided this question by investigating the sexual glands. Since I have

found that the sex of any individual may be determined by an examination of the

gills, it should be possible, to recognize hermaphroditism by the structure of the

latter, for in the case of hermaphroditism no individual should he found exhibiting

the male structure of the gills.

This is indeed true, and I am not only able to confirm Sterki's observation

with reference to Anodonta imhecillis, but in addition I think I have discovered

among the Pcnnsylvanian species in Symphynota compressa and S. viridis, two

other cases in which hermaphroditism is at least the normal condition. The par-

ticulars are as follows:

Of Anodonta imhecillis, until toward the end of the summer of 1909, I found

only 6 specimens (in May and beginning of June), every one gravid. On September

14, 1909, I collected a large number (about thirty) of this species in the outlet of

Lake Leboeuf, which again were all gravid with one exception, and the latter

proved, upon anatomical examination, to be also an individual with the female

structure of the gills. At that time, I was aware of the existence of this question,

and. was looking out for males, but was unable to find any. In 1910 I collected

only a single individual, but again a gravid specimen.

In the case of Symphynota compressa my observations are not so positive, and

only during 1909 and 1910 did I pay attention to this species with this point in

view. I repeatedly collected specimens, which were not gravid, in May, June,

July, and the beginning of August; but these might have been sterile females as

well as males. I also collected four specimens, not gravid, on October 10, 1907

(together with gravid specimens). Of these I preserved two, believing them to be

males; but upon investigation they proved to possess the female type of gills.

During the month of September of 1908 I collected about twenty-five specimens,

and among them there was not a single one which was not gravid. On August 18,

1909, I found about twenty specimens at one locahty, and on September 27, 1909,

about fifteen at another place. On these occasions I was hunting for males, but

was unable to find any. On the latter date I found four very young specimens,

which were not gravid. Three of these were preserved, but they also had the

female gill-structure. In 1910 the result was the same. Of three specimens found

every one had the female structure, or was gravid. However, from Professor

Charles Brookover in Akron, Ohio, I received a specimen of ;S. compressa coming

from Lake Eric, at Cedar Point, Ohio, which had the male anatomy of the gills.

This is indeed vcrv remarkable in view of the fact, that among all the specimens

collected in Pennsylvania and preserved in alcohol or examined on the spot, there

was not a single male, and that I was altogether unable to find a male ui our state.

t

i
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Of the hermaphroditic nature of Symphynota viridis I feel more confident.

1 received thirty-four specimens of this species, collected by Dr. Atkinson on July

11, 1908, and preserved the soft parts of fifteen of them. None was gravid, but
they all had the female gills. In August, 1908, April, August, and September, 1909,

I found this species repeatedly, altogether from fifty to sixty individuals, but all

proved to be gravid, unless they were very young, and even in a number of the

latter (in the second and third year of age) the female gill-structure was recog-

nizable. In August, 1910, I collected altogether over one hundred specimens, and
examined them in the field one by one, and every one had the female gill-structure.

Thus in this case also I hunted in vain for males.

It would be a very strange coincidence, that I should fail to find males only

in these two closely allied species, if they exist. In all other species of Unionidce

I never had any trouble in discovering males, provided there were more at hand
than a few. In fact, it seems that the males generally slightly outnumber the

females. Nevertheless I could not find them in the above cases, and even those

sterile specimens, which I took home as males, turned out to have the female

structure.

I therefore think that the conclusion is justified, that in these two species of

Symphynota no males exist; and that they are, as a rule, hermaphrodites; although
occasionally males may turn up, as is shown by the specimen from Cedar
Point.

I should also add that the Carnegie Museum possesses from a branch of the

Rio Grande at Mercedes, Hidalgo County, Texas, an Anodonta, belonging to the

imbecilUs-gronp
, which probably is A. henryana Lea. There are seven specimens,

and ah were collected by Dr. Atkinson on May 15, 1907, and every one of them is

gravid. Of course, the number is too small to express a final opinion, yet, according

to my experience with other species, even among seven individuals we should
expect to find both sexes. Thus in this case also it is suggested, that we have to

deal with a hermaphrodite, which is also probable on account of the affinity of

this species with Anodonta imbecillis.

I may possibly be able to give the results of further investigations of this

question in the future.

r

i

I'

E. Sex recognition in the young.

Sterki (1898, p. 29) has pointed out, that in young individuals, from two to
four years old, the sexual glands arc not developed, and that in those of the Lamp-
silis-type the sexual differences of the shells and the gills are not noticeable; tlicre-

t
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after, the marsupium begins to form, and with increasing age the number of ovisacs

increases.

Since I have shown, that there arc in the females of all species permanent

differentiations of the marsupial gills, the question arises, whether these differences

are observable at an early age, and I am able to report the following cases:

The smallest specimen of any species I ever investigated, in which the sex

was recognizable, was a specimen of Strophitus edentulus, 17 mm. long. Here

(See PL LXXXYIj fig. 10), in a cross-section^ the septa of the outer gills were

decidedly more crowded and more solid than those of the inner gills. However,

the peculiar folding of the epithelium of the water-tubes (as shown in older speci-

mens, see PL LXXXVI, fig. 7b) was not yet developed. This specimen upon the

outer surface of the shell exhibited one growth-rest; assuming that this was formed

in the first winter, this specimen would have been in its second year.^^

Additional evidence, that in some species already in the second year the female

structure of the gills begins to develop, is furnished by the following cases.

Anodonta grandis gigantea Lea. Here I found a young individual, 46 mm.
long, but with only one growth-line, distinctly possessing the female structure

(PL LXXXVI, fig. 14).

Symphynota compressa Lea. A specimen, 44 mm. long, with only one growth-

rest had the female structure fully developed.

Symphynota viridis (Conrad). A number of young ones, of various sizes (18

to 31 mm. long), showed distinct traces of the female structure, and one of them

(31 mm.) was even gravid (PL LXXXVI, fig. 11).

Besides these cases, I did not find the female type of gills in the second year

in any other species, although I examined specimens of Quadrula undulata hip-

popcea, Unio complanatus, La7npsilis ligamentina, L. multiradiata , L. ventricosaj

and L. ovata.

That specimens in the third year have the female structure, is shown in a

specimen of Symphynota complanata, 35 mm. long, with two growth-hnes. Here

the difference of the septa of the outer gill became very striking, when compared

with a male, 54 mm. long, with three growth-lines.

'^I am aware of the fact that the value of growth-rests for the determination of age has been disputed. It is, however,

beyond doubt that during each winter a growth-Hne is formed. It is also established, that growth-lines may form at any

Other time, whenevor unfavorable conditions prevail. But the latter are undoubtedly abnormal and irregular. In young

specimens, we may safely assume, that the first few growth-rests, chiefly when they are regular, correspond to the stoppage

01 growth in winter. In older ones, it is more difficuHt to recognize the annual growth-lines, and to distingui:'^h them from

the accidental lines. Yet in well developed specimens they may bo told apart. It may meidentally be mentioned here, that

m shells from Lake Eric the growth-lines are often extremely regular, simpiy bet^ausc in the lake accidental disturbance of

The summer growth is very rare, and thus only annual lines are developed.
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In Quadrula undidata hippopwa, I found a specimen distinctly of the female

type, which was 36 mm. long, and had two growth-lines; here again the female

structure became very evident, after a comparison was made with a male specimen,

34 mm. long, also possessing two growth-lines.

I have an individual of Lampsilis nasuta, 38 mm. long, with two growth-lines,

which is gravid.

That absolute size is no proper criterion in this question, is shown, for instance,

in the case of Lampsilis iris, of which I have a specimen 33 mm. long (smaller

than in the instance just mentioned) which is gravid, but has at least three distinct

growth-lines, and consequently would be at least in its fourth year.

All other females observed, sterile or gravid, had at least three growth-rests,

and should be considered as being in their fourth year of age, or older.

Thus it becomes apparent, that the female structure, at least in some species,

develops as early as the second year, and that one at least {Symphynota viridis)

may already become sexually mature at this time. In others, the female structure

is distinctly seen in the third year, and some of them {Lampsilis nasuta) may

bring forth progeny. Later, from the fourth year onward, the time of maturity

is reached in most of the species.

F. Differentiating structures of the edge of the mantle.

Simpson in the diagnosis of a number of genera states that the edge of the

mantle is ''double.'' According to my observations, it is double along its whole

extent in all forms. While the outer edge is closely adjacent to the, margin of the

hard shell, and is always simple, the inner edge, which is generally parallel and

close to the outer edge, is more or less expansile, and is able to fill and close the

gap between the two halves of the shell, when the adductor muscles relax, that is

to say, when the shell "opens." And further, this inner edge of the mantle is not

uniform in its structure all along its margin, but shows certain differentiating

structures, some of which arc systematically valuable.
i

1. The anal and branchial openings {''siphons'^).

The part of the edge of the mantle at and near the posterior end of the shell

is modified so as to form what is known as the anal and branchial openings, the

former lying more dorsally, and immediately above the latter. They arc formed

by the mutual approach of the edges of the inner mantle at certain points, and

sometimes by their coalescence. The two openings are separated from one another

by the d'aphragm, discussed above (See p. 288), composed of the posterior ends of
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the gills, which serve to draw the mantle together, although, in our species, the

two sides of the latter never unite at this point (Compare fig. 4, on p. 289). The

part above this point is the anal openmg, which forms the outlet for the supra-

branchial canals and the cloacal cavity (with the anus). Its upper (dorsal) bound-

ary will be discussed below (see supra-anal opening)

.

Below the diaphragm is the branchial opening, which leads into the branchial

chamber, into which the gills hang down. Its lower or anterior boundary is

marked by sUghtly projecting lobes of the inner edge of the mantle (often indicated

only by a curve reaching from posterior to the lower margin), which approach

each other, and beyond which the edges of the inner mantle touch each other, but

without growing together.

Anal and branchial openings generally possess on the inner edge peculiar crenu-

lations, teeth, or papilhe, which were already studied by Lea, who took special

pains to describe them accurately, believing that they might be of systematic

value. He lays great stress upon the presence or absence of papillge on the inner

edge of the anal siphon. But according to my observations, this is not an important

feature.' There may be papill£e, which may be larger or smaller (always smaller

than those of the branchial opening), and they pass gradually into fine teeth,

scallops, or crenulations; or the edge may be practically smooth. Sometimes the

teeth, or crenulations, appear different according to the state of preservation.

In most cases crenulations (wrinkles or small folds), fine teeth, or very fine

papillae are present. A smooth or almost smooth edge is found principally in the

following forms: Quadrula metanevra, Q. cylindrica, Q. tuberculata (Rafinesque),

Anodonta grandis, and A. imbecillis. In Anodonta cataracta I found crenulations

of very variable character. On the other hand more distinct papillifi appear in

Pleurobema clava, Unto crassidens, U. gibbosus, U. complanatus, U. produciiis, and

Anodontoides ferussacianus.

The branchial opening always has papillse, and they offer, although slightly

varying in their development, no remarkable differentiations. They may be simpler

or more complex (arborescent), and may be larger or smaller.

2. The supra-anal opening.

In most of our species, the upper part of the anal opening is separated from the

anal by a complete union of the inner edges of the mantle, and is called the supra-

anal opening (See fig. 4, on p. 289). This opening communicates under the united

edges of the mantle with the anal opening, and its purpose is rather obscure. I

am inclined to believe, that the connection of the edges of the two halves of the
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mantle is the essential feature of this structure, which serves to close and define

the anal siphon dorsally, while the upper opening (supra-anal), which remains

unclosed; is only incidental to this, so to speak a by-product. ^^

There are a few forms, in which no supra-anal opening is present, that is to

say, where the edges of the mantle do not at all coalesce. In our state, we have

only two such forms, Margaritana margaritifera (See fig. 6, p. 289) and Quadrula

(Rotundaria) tuberculata, and in each of them, wc have a large, single, undivided

anal opening. This feature was known previously, and in my opinion is rather

significant, as showing the preservation of a primitive condition.

In all other forms, there is a connection of the margins of the mantle separating

a supra-anal from the anal opening. Yet in a number of species this connection

is very short, and sometimes deciduous; or it may be torn easily, or may be oc-

casionally altogether absent. I have observed specimens with this connection

missing in the following species: Quadrula suhrotunda, Q. ruhiginosa, Q. coccinea, Q.

ohliqua, Q. undulata, Pleurohema cesopus, Unio crassidens, and U. gihbosus. But

on the whole, such specimens are rare and in all of these species I have found

other individuals with this connection present. In some cases it seemed that this

connection was naturally lacking, while in others it had been apparently torn

apart by rough handling, which may happen easily, since in all these cases the

connection is very short.

In other instances the connection is a little longer, but it is generally situated

so that the supra-anal is a good deal longer than the connection, and than the

anal opening. This condition of a rather short connection is found in all species

not mentioned here as possessing a different conformation.

In certain forms the connection of the mantle becomes somewhat longer, so

that it is about as long as the anal opening, and also about as long as the supra-

anal. I have observed this in Alasmidonta undulata, Symphynota complanata, and

Anodontoides ferussacianus.

In still other forms the connection becomes rather long, restricting the supra-

anal a good deal, so that the latter is distinctly shorter than the connection, and

hardly longer than the anal opening. These species are Anodonta grandis (fig. 4,

p. 289); Anodonta cataracia, and Anodonta imbecillis.

Finally, in one case, that of Lampsilis parva, I found the supra-anal opening

entirely closed. Of this I have only three specimens, and in one I think I have

seen a very small supra-anal opening, while in the other two the inner edges of the

\

^3In rare and individual cases, there is a double coimection* Lea mentions a few such instances, and I have observed

the same thing in Obovaria retusa. I consider this an abnormality.
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mantle were entirel}^ connected as far as the posterior dorsal end. Of course the

outer edges of the mantle remain separated, and if only superficially investigated,

the appearance of a slit-like supra-anal, identical to that of other forms, is imitated.

3. The edge of the mantle in front of the branchial opening.

Anterior to the branchial opening the margin of the mantle is originally with-

out any special differentiation. The two edges are about parallel and close to-

gether to the anterior end of the animal, and do not possess any appendages in

the shape of papilla) and the like. At most the inner edge is slightly crenulated,

scalloped, or wrinkled, and the latter appearance often depends on the state of

preservation (it becomes wrinkled b}^ strong contraction in alcohol). The com-
monest condition is when the papillae of the branchial opening suddenly become
small, assume the shape of crenulations, which soon disappear, and thenceforward

the inner edge appears more or less smooth. The margin of the mantle (the part

under both edges), which is thickened at the branchial opening, thins out gradually,

and the thickening is hardly any longer noticeable at a short distance in front of

the branchial opening.

This condition is seen in all species investigated belonging to the following

genera of Simpson: Quadrula, Pleurobema, Unio, Tritogonia, Alasmidonta, Stro-

phitus, Symphynota, Anodontoides , Anodonta, and Ptychohranchus,

In Margaritana Lea (Observ. VII, PL 29, fig. 104) has figured strong, papillse-

like crenulations on the edge of the mantle for a considerable distance in front of

the anal opening. He does not give a detailed description of this structure in

the text. In the specimens in my possession I find that the inner edge of the

mantle in this region is strongly wrinkled and crenulated, the crenulations passing

posteriorly into strong papilla;, such as are usually found at the branchial opening.

I do not regard this as a special differentiation of structure, but it rather appears
to me to be a forward continuation of the papilla} of the branchial opening; so

that we should in this case regard the branchial opening as less distinctly defined

anteriorly.

as IS seen in other species. The branchial opening in Margaritana is ill defined,

and passes gradually into the anterior margin of the mantle, a condition which
again emphasizes the primitive character of this genus.

There remain a number of genera, which are characterized by the pecuhar
structure of the marsupium, and in which it is restricted to the posterior part of

the outer gills, and projects beyond the margin of the latter. These are the genera

Ohliquaria, Plagiola, Obovaria, Lampsilis, Micromyay and Truncilla. Among these
we meet with interesting special structures on the edge of the mantle.

In fact I cannot discern any sharp demarcation of the latter, such
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As has been said, Ptychohranchus, which is also associated with these genera,

has the normal structure. The same holds true of Ohliquaria, Plagiola, Obovaria,

and certain species of Simpson's Lampsilis, namely: L. ligamentina, alata, and

gracilis. But the beginning of a differentiation is here indicated. In all these

the thickening of the margin of the mantle is more distinct, and extends farther

forwards, sometimes as far as the middle of the ventral margin, where it disappears

rather suddenly. Along this thickening we observe the inner edge of the mantle

as a distinct keel, which is more or less crenulated or toothed. These teeth, which

are the continuation of the papillae of the branchial opening, are also sometimes

found for a short distance in normal cases, as described above; in the present

genera, however, they extend farther forward, generally as far as the thickening

of the margin of the mantle, and disappear beyond, or give way to mere crenula-

tions. But in no case do these teeth assume the shape of papillae, or appear as the main

feature of this structure. They are rather elements accessory to the edge of the

mantle itself, which is a narrow keel or lamella, projecting from the thickened

margin of the mantle. This lamellar, projecting character is most evident in

Lampsilis alata and gracilis.

This structure of the edge of the mantle is present in both male and female,

but it is generally more distinct in the female, chiefly so far as it refers to

the thickening of the margin of the mantle and the size of the crenulations or

teeth.

While we may say that in these forms the structure of the margin of the mantle

is practically normal, except that its thickening, and the crenulations of the inner

edge are more emphasized; we find in the remaining species of Lampsilis, and in

Micromya and Truncilla, other and more strongly pronounced differentiations, and

there are two types observable within the genus Lampsilis (including Micromya),

while in Truncilla peculiar conditions prevail.

The first type is found in the following species: Lampsilis parva, iris, nasuta,

recta, and Microm.ya fabalis. In these the thickening of the margin of the mantle

is rather pronounced, and along it runs the inner lamehiform edge, which, however,

is not simply crenulated or toothed, but possesses distinct, well developed, conical,

more or less regular papillm, ^Nhich are rather sharply distinguished from the ir-

regular, crowded, or massed papillae of the branchial opening. These papillie run

forward in various extent, and disappear rather suddenly; generally with the dis-

appearance,of the thickening of the margin, and give way to the normal crenulations

or the normal smoothness of the anterior edge. In the different species, the

papillae show the following peculiarities:
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Lam-psilis parva. In this species, Lea already had described and figured (Ob-

serv. VIIj PL 29, fig. 102), what he called a ''caruncle" on the edge of the mantle,

just in front of the branchial opening. This is according to him a black, spongy

mass, which, being quite expansible and retractile, may assume various shapes.

In the three gravid specimens before me, I see a group of black, projecting papilla

standing upon the marginal thickening of the mantle, which extends about as far

as the middle of the ventral margin of the mantle. This group of papilla3 is rather

short, and resembles indeed a ''caruncle," yet does not differ in any essential

respect from the structures, which will be described in the other species belonging

here. It is composed of from four to six larger, and some smaller papillse, and in

front of it the inner edge is smooth.

Micromya fabalis. Lea (Observ. X) calls the edge of the mantle below the

branchical opening ^'fringed," and Simpson (1900, p. 525) says in the generic

diagnosis of Micromya, that it is "fringed," and in the female is "developed into a

flap with a distinct, toothed ridge inside." In the only (sterile) female of Micromya

fabalis I have seen, the structure of the edge of the mantle is similar to that of

Lampsilis parva, only the group of papillae extends farther forward, but not quite

as far as the thickening of the margin of the mantle. The number of papillge

IS greater. There are from eight to ten larger ones, and a few smaller ones, and

In the male the samethey are further apart from each other than in L. parva.

structure is present, but the thickening is very slightly developed, and the papillge

are decidedly smaller, and occupy a shorter space on the edge.

Lampsilis iris. The mantle of this species (as novi-eboraci) has also been

described by Lea (Observ. X) as "fringed," and he says that there are large, distant

papillae. This is quite correct. I observe in my specimens, that in the female

there are from four to ten (according to age) very large, conical papillae upon the

inner edge of the mantle in front of the branchial opening. There are a few smaller

papilla between the larger ones, and the latter are rather remote from each other,

and are placed at irregular intervals. This row of papiha) extends forwards for a

considerable distance, but not quite as far as the middle of the ventral margin.

It stops very suddenly, and beyond this point the inner edge of the mantle is only

finely crenulated or smooth. In the male, the papillse are much smaller.

Lampsilis nasuta. The female agrees with that of L. iris in the presence of

papillae, but the latter are very small, fine, and crowded, forming a rather regular

row, running forward almost to the middle of the ventral margin, where they dis-

appear rather gradually, and pass into the smooth anterior part of the inner edge

of the mantle. In this species the inner edge in front of the branchial opening is

I
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more lamellar, and the papilla; form merely a fringe on this narrow lamella. In

the male of this species, the papillae are extremely small.

Lampsilis recta. The female is like that of L. nasuta, but the papillae are

much larger (sometimes with two tips), rather regular, and form a crowded, very

distinct row, which stops quite suddenly at about the middle of the ventral margin.

The largest papillee stand just at the point where they stop, but the difference in

size is not very great, and the increase in size is slight in the postero-anterior

direction. The strong development of the papillse makes the inner edge of the

mantle, on which they stand, appear as distinctly projecting beyond the irregularly

crenulated or smooth anterior part. In the male, the margin of the mantle is

less thickened, and the papilla are much smaller, yet they are present.

The second type of development of the inner edge of the mantle, found in the

genus Lampsilis, is observed in the following species: L. luteola, radiata, orhiculata,

ventricosa, ovata, muUiradiata, and cariosa. Here the specialization is shown not

by a development of papillse, but the inner edge itself is greatly enlarged. It

forms a rather broad, lamellar keel, which stands upon the thickened margin of the

mantle, possesses great powers of expansion and retraction, and occupies a con-

siderable distance from the branchial opening forwards, as far as to about the

middle of the ventral margin. Here the lamella suddenly stops, but is prolonged

anteriorly into a, free, longer or shorter, ribbon-like flap , which also may be expanded

to a considerable length and again retracted.

This peculiar ''flap" has been noticced by Lea in several species (radiata, luteola,

ventricosa, ovata, multiradiata) . He also has observed that there is, in some forms

on the posterior end of the lamellar expansion, right in front of the branchial

opening, a very curious ''eye spot" (dark, round spot, upon a light background).

Simpson mentions this character for his section Lampsilis of the genus Lamp-

silis, and says also that in the section Eurynia it is ''sometimes" present. All of

the species of the first section known to me possess it, but not all of the second

one. Apparently Simpson did not attribute much value to this feature, and he

says that it is found only in the female, and during the breeding season. According

to my experience, however, it is a regular character of all species, where it is ob-

served; and is found not only in the female, but also in the male, although in the

latter only in a rudimentary condition. I have been able to make it out in all

males investigated. I consider it a very important systematic character, which

is connected with the aeration of the embryos in the marsupium, and consequently

developed at its best in the female during the breeding season, but it is permanently

present. Probably also in the other species of Lampsilis described above the cor-

responding papillae have the same physiological function.
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Lea has figured this ''flap" of Lampsilis radiata (Observ. II, PI. 15, figs. 48

and 49) and of L. ventricosa (Observ. VII, PI. 30, fig. 107), and he calls special

attention in L. radiata to its different shape in different individuals. Indeed in

his two figures (figs. 48 and 49), there is a great difference in so far that in fig. 48

the anterior prolongation of the flap is not seen. But disregarding the possibility

that this figure may be inaccurate/' the condition shown in fig. 48 may be either

abnormal, or the anterior end of the flap may be

injured, or it may not be fuUy expanded. (I think

the latter is very likely the case.) Fig. 49 is rather

correct, and also the figure of the flap of L. ventricosa.

1 have repeatedly observed this flap in life, and

have seen it in function. I made the best observa-

tions in the case of L. ventricosa and muUiradiata.

When the animal is undisturbed, and the posterior

end of the shell is gaping, we notice, in the gravid

female, that the marsupia, which are easily recog-

nized, arc pushed outward, so that they project even

a little beyond the shell (already observed by Lea)

.

They show below and in front of the branchial open-

ing (See fig. 7). The lamellar expansions of the in-

ner edge of the mantle occupy exactly the place, where

the marsupia arc visible, and are expanded on both
Fig, 7. Lampsilis ventricosa (Barnes).

Shell of gravid female, seen from above aud

the shell and beyond the marsupia, forming a lateral behind, shomng: a, anai opening; h, bran-

wall on each side of the latter. In addition, the free chiai opening; m, marsupia; mt, mamie;

n » n , , . 1 i.- and /, mantle flap in front of branchial
naps are fufly expanded, appearmg as prolongations

^^J,'^^

of the lamehar portions, floating free in the water.

This whole apparatus performs rhythmical, wave-like contractions, beginning at

the posterior end, and ending at the free tips of the flaps. The contractions follow

each other in quick succession (two to three in a second), and must produce a very

lively current of water over the exposed edges of the marsupia. The position of

the shell being generahy much tilted, the animal almost ''standing upon its head,

and the shell being directed with its anterior end against the current, the flaps

float horizontally in and with the current. I once (Sept. 15, 1909) had a chance

to depict the flaps in action, standing knee-deep in the water of the Allegheny

—X— ^^ ------- J J,

sides of the latter, projecting beyond the margin of

Opening

J?

[i

I

/

^^This is suggested by tlio i^enendly poor charucter of the figures on tliia plate, which are extremely superficial and un-

satisfactory.
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Fig. 8. Lampsilis ventricosa (Barnes), fe-

male, Riglit Mantle Flap, seen from inside.

River, at Warren, Pa. The figure here given (fig. 7) is a reproduction of this
sketch. It represents a shell as seen from above, with its hind portion turned
up. Allowance must be made for the difficult conditions, under which this sketch,
w^hich is rather diagrammatic, was made.

The general shape of the lamella and Hap in L. veniricosa, is ribbon-like,
much longer than wide, and the free anterior projection is rather long. It arises

rather suddenly at the posterior end near to and immediately in front of the
branchial opening, forming there an angle, at which the eye spot is situated. The
edge of the ribbon (inner edge of mantle) is, when expanded, rather smooth, but
there are, chiefly toward and at the free anterior lobe, a few irregular teeth, which
give to this lobe a lacerated appearance. These teeth arc quite variable. When
contracted, the edge is wrinkled and crenulated, and the free lobe is much shorter,

triangularly pointed or rounded off. Immediately in front of the lobe, the inner
edge has a few small teeth, or it is scalloped, and becomes smooth anteriorly.

This peculiar lamella or flap is also distin-

guished by its color. In L. ventricosa it is gray

on the outside; on the inside it is a beautiful

pale orange, with a blackish longitudinal line

(Sec fig. 8). The thickened margin of the man-
tle between the inner and outer edge is also pale orange, or light brown, with
black mottlings. Together with the eye spot, mentioned above, and with the
whitish marsupium with its black markings on the edge, being visible between
the flaps, the whole aspect of these parts in the living shell in this condition becomes
rather attractive.

In the male the lamella and flap are similar, but smaller in all dimensions, the
colors are less sharply defmcd, and the free lobe is very small, yet distinctly present.

Practically the same apparatus is seen in L. ovata, muUiradiata, and cariosa,

only in the two latter species the teeth of the edge are more numerous, and the
black line is often missing in L. ovata and cariosa. Altogether there is much
variation in the intensity of the color, the light parts shading from deep brown to
hght orange. The eye spot is always present in the female, but indistinct in the
male. In alcoholic material, of course, the colors largely fade.

In L. orhiculata the same flap as in L. ventricosa is developed quite typically;
in alcoholic material a distinct black line is seen, and between this line and the edge
the flap is rather dark black. The only difference is that here the teeth along the
edge are more numerous and more crowded, increasing in size in the postero-
anterior direction. L. orhiculata generally is placed with L. ligamentina in the

j^*
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system, but I think, according to the above observation, that it has no closer

relationship with this species. The latter has no trace of a flap, in fact, it hardly

shows any differentiation on the edge of the mantle. LampsiUs ligamentina is no

Lmnpsilis at all. It is true, the males of these two species are very similar; but

this is not true of the females. The peculiar shape of the female shell of L. orhiculata

is quite remarkable, and entirely unlike that of the female L. ligamentina.

- Lainpsilis Meola and radiata possess a similar flap, and are practically identical

with each other in this respect. Here the edge of the ribbon possesses numerous,

irregular teeth, increasing in size toward the anterior free lobe; and further, there

are distinct teeth on the inner edge of the mantle in front of the free lobe, di-

minishing in size anteriorly till the edge becomes almost smooth. In the male,

the anterior end of the flap is indicated by large teeth, which gradually pass into

the scalloped and smooth anterior edge, and again all parts are smaller in the

male, and less typically developed. On the inside of the flap and lamella there is

a broad band of black color, and there is also an eye spot posteriorly, but this is

hard to see in contracted alcoholic material.

There remains the genus Tnindlla to be discussed. In T, triquetra we see

conditions, which somewhat approach the first group of LampsiUs, where there

arc papiUee in front of the branchial opening. The swelling of the margin of the

mantle is distinct, but does not extend far forward, and the inner edge along the

swelhng possesses a number (four to six) of conical papilla, which are not very

large, and are followed farther forward by a number of still smaller papilla di-

minishing in size. In front of these the edge is smooth. But in this species we

see a feature in the female, which, although not very striking, distinctly indicates

the beginning of the most prominent peculiarity of T. perplexa rangiana, to be

discussed below. The inner edge of the mantle, where it carries the papillse, is

not quite close and parallel to the outer edge, hut runs at a certain distance from the

latter, and the space between the two edges has a peculiar spongy structure. This

spongy structure is also developed to a certain degree in the species of LampsiUs,

but it is not so markedly restricted to the posterior part of the margin, just in

front of the branchial opening. In the male of T. triquetra the two edges are

almost parallel and close together, and the papilla) of the inner edge are rather

small. While in the female T. triquetra the separation of the inner edge from

the outer is barely indicated, this condition furnishes the most striking feature in

T, perplexa rangiana. Lea already described it (Observ. X), and Simpson (1900, p.

51G) mentions it in the generic diagnosis, but without having properly understood

this structure. In the female of T. perplexa rangiana, the inner edge of the mantle is
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posteriorly, in front of the branchial opening, widely separatedfrom the outer edge, and
approaches the latter again at about the middle of the ventral margin. In the space

between the two edges, the margin of the mantle is thick, white, and spongy, and of

a peculiar structure. Thus the inner edges cut off in part a separate chamber within

the shell at the posterior lower end of the latter. Along the inner edge in this

region are fine papillae, the largest behind, diminishing anteriorly, and becoming
effaced before the edges come together again. Farther in front, the inner edge

is smooth. In the male of this species, this peculiarity is not found. In this sex

the two edges are almost parallel, and the papillae of the inner are extremely small.

There is no doubt, that this structure also has something to do with the aeration

of the glochidia during the prolonged breeding season. But its particular action

should be further studied.

I have tried to find other features of the soft parts, which might offer dif-

ferentiations available for the general systematic arrangement of the Najades of

our region, but was not successful. Thus, for instance, as Lea has already pointed

out, the palpi show certain differences, but these are rather slight, and of no sys-

tematic value, and it is not necessary to give a detailed description of the latter.

We are now ready, to discuss the general system of our Najades with reference

to the characters described above.

PART 11. THE SYSTEM OF THE NORTH AMERICAN NAJADES.

A. Division into Families and Subfamilies.

In the course of the preceding investigation of the soft parts we took occasion

to point out that Margaritana margaritifera is unique among our mussels. In

fact some of the anatomical characters are so unusual, that this species appears

as a stranger in our fauna, differing fundamentally from all other species. The
most striking features are: (1) the absence of water-tubes in the gills; (2) the

peculiar conformation of the diaphragm at the posterior end of the gills. There
is not a single species among those which I have investigated, which shows even

an approach to the structure seen in Margaritana, and the first one of these is

something quite unexpected in so far that it docs not conform at all to the type of

gill-structure, as laid down in the text-books.

In addition, the lack of a separate supra-anal opening and the incomplete
demarcation of the anterior boundary of the branchial opening present additional

peculiarities. Further, although I have not seen gravid females, and am un-
acquainted with the marsupium and the larvae, these are known in the European
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Margaritana through the studies of Harms (1907, pp. 817 and 818). The marsupium

is formed by all four gills, and the glochidium is apparently of the Quadrula-type.^^

These characters we must regard as expressing a distinctly primitive type of de-

velopment in the case of Margaritana.

All this is sufficient to impress upon Margaritana the stamp of oddity and

singularity, which justifies us in saying that this form stands by itself in the system,

and should not be associated with any other form. This is best expressed by

creating a family for it (Margaritanidm)

.

Yet there is possibly another species, which may go with it, Margaritana

monodonta (Say). The soft parts of this have been described by Lea (Observ. X),

and as far as the description goes, we may say that it agrees with Margaritana

margaritifera. Lea especially emphasizes the peculiar diaphragm and the absence

of a defined supra-anal opening.

Leaving the genus Margaritana aside and turning our attention to the rest

of our Najades, we find that the most prominent differentiations are found in the

sexual apparatus, and chiefly in the general form and the finer anatomical structure

of the marsupium. This part of the anatomy has been used by Simpson for his

system. But his classification only serves in part to bring out the natural affinities.

Summing up what has been discussed above, we arc led to distinguish three groups

among our Unionidce according to the structure of the gills.

1. In some the water-tubes of all or of some gills serve, in the gravid female,

as ovisacs (receptacula for the ova and embryos). Their only differentiation is

in the development of the septa separating the ovisacs, which more closely approach

each other, are stronger, and possess a folded epithelium, adapted to the swelling

of the marsupial gill in the breeding season. There are no other modifications,

and the edge of the marsupial gill is not changed, and always remains sharp.

It goes without saying, that this is clearly the most primitive type of the three.

There are no special adaptations to an extended breeding season, and the latter

is short in ah these forms,—they are tachytictic. This type is found in Simpson's
r

genera Unio, Pleurobema, Quadrula, and Tritogonia.

I have given above the essential characters of the soft parts. Of less impor-

tance are the fohowing: marsupial gill little or only moderately swollen in the

breeding season; marsupium either formed by all four gills, or only by the outer

gills in their whole length ; supra-anal opening only in rare instances not separated

from the anal, generally well defined by the connection of the margins of the

"Harms (p. 820) describes "rather strong" hooks in the glochidium, but in his figure (p. 818, fig. 4) there are only

mere traces of them, and they cannot be compared, by any means, with those of the Anodonta-glochidium.

K?^
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mantle, which is rather short, and loaves a supra-anal of considerable length;

branchial opening rather well defined anteriorly; no papillae or special struc-

tures on the edge of the mantle in front of the branchial opening; inner lamina of

inner gills free from the abdominal sac;^'' giochidia imbedded in rather well

developed placentEe, or placenta3 poorly developed; giochidia small or of medium

size, semicircular or scmielliptical, with rounded ventral margin, and without spines.

The discharge of the giochidia is by the natural channels through the anal opening.

These forms are tachytictic.

With regard to the characters of the shell little can be said, for the shape of

the shell is very variable. Generally the shell in this group is rather heavy, from

more or less rounded to more or less elongate. The colors of the epidermis are

dull or brighter, rarely with bright markings (rays) ; sometimes peculiar, odd shapes

of the shell are met. The sculpture of the beak is variable, concentric, or with indi-

cations of double loops, or pustulous, or even with traces of zig-zag sculpture toward

the disc. "Very often the sculpture of the beak is obsolete; hinge always complete;

with well developed teeth, often quite heavy; male and female shell in most cases

absolutely undistinguishable.

Remarks: It is practically impossible to recognize this group by shell char-

actors, although there are certain peculiar types of shell, which are found in this

group alone. Simpson failed entirely to recognize the close affinity of the genera

belonging to this group, and places them in three different divisions of his system,

bringing his Unio and Pleurohema together with the Anodonta-group, with which

there is no close relationship whatever, and removing Tritogonia entirely from

them. The genera of Simpson's system belonging here cannot be maintained as

defined by Simpson, and material changes will be necessary as will be shown here-

after.

2. The second group comprises the following genera of Simpson: Strophitus,

Anodonta, Anodontoides , Symphynota, and Alasmidonta

.

Here each ovisac of the gravid female is not formed by a whole water-tube,

but only by a part of it, the middle one, which is separated from two lateral canals

by a folding up of the epithelium of the septa. In addition, the ovisacs are closed

above at the base of the marsupial gill, thus forming a completely closed sac within

each water-tube. In one case {Strophitus) this sac is again divided into secondary

compartments. The edge of the marsupial gill becomes adapted to t'he swelling

of the gill in the breeding season, and gives way, the two laminae drawing apart;

F

^^Thia holds good only for the Pcnnsylvanian species examined by me. In exotic forms belonging to this grouiJ, the

inner lamina may be connected with the abdominal sac (See Nautilus, 2^, April, 1910, p. 139). ...
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and there is heavy tissue at the edge capable of being stretched out. This causes

a rounded or truncated edge in the charged marsupium. This pecuhar structure

of the raarsupial gill is developed only in the gravid female, and is absent in the

sterile female.

These characters are apparently connected with the prolonged breeding season,

and the peculiar secondary water-tubes serve for the aeration of the embryos in

the marsupium. The stretching of the edge of the gill is easily understood.

Other characters are the following: marsupial giUs always extremely swollen

and marsupium always formed by the outer gills alone in their whole length; supra-

anal opening well separated from the anal; the separating connection of the margins

of the mantle well developed, sometimes short, but normally somewhat longer,

and even quite long, thus leaving only a short slit for the supra-anal; branchial

opening well defined anteriorly; no papilla or other special structures on the edge

of the mantle in front of the branchial opening; inner lamina of inner gills free

from the abdominal sac, more rarely more or less connected with it; glochidia

very remarkable, and furnishing a very important character of this group. They

are generally very large, subtriangular, in rare instances almost semicircular in

shape, and are more or less pointed in the middle of the ventral margin, where

they possess a pecuhar spine or hook (this spine is undeveloped in very young

glochidia). The glochidia are sometimes imbedded in well developed placentge

or placentulai. Sometimes the placentae are poorly developed, or the glochidia

appear completely isolated. The discharge is by the natural channels and the anal

opening, and these forms are bradytictic.

The essential characters of this group are found in the shape and structure

of the marsupium, which represent adaptations to the extreme swehing of the

latter, and to the long breeding season, for all forms belonging here are bradytictic.

The formation of lateral water-canals in the marsupium undoubtedly is a device

to provide proper aeration for the glochidia enclosed so long a time in the mar-

supium.. Whether the special hooks of the glochidia are connected with a dif-

ferentiation of function from that in the Quadrula-gronp is yet unknown.

The shell of the forms belonging to this group is never very heavy and solid,

and never distinctly rounded, but it is more or less elongate, rather thin, often

with distinctly colored epidermis (banded and rayed) . The sculpture of the beak

is of two types: either more or less distinctly double-looped, or concentric; in the

latter case often very heavy. The hinge-teeth have a distinct tendency to

become obsolete. They are present in some forms, but are then often of peculiar

shape, and in others they exhibit all stages of reduction to complete disappearance.
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The male and female shells are generally quite undistinguishable, only in rare

cases is there a slight differentiation.

Remarks: The genera belonging here stand together in Simpson's system, but
associated with others, which do not belong here, and the essential characters of

this group have been entirely overlooked. Sterki has correctly recognized their

natural affinity, relying chiefly upon the remarkable shape of the glochidium. But,

as we have seen, there are additional characters in the gills of the gravid female,

which are common to all these forms, which are so peculiar, and so strongly marked,

that there cannot be the slightest doubt, that this is a natural group.

3. All the remaining genera form a third group, and are more closely allied

to each other than to any one of the groups thus far discussed. This comprises

the following of Simpson's genera: Truncilla, Micromya, Lampsilis, Obovaria, Plagi-

ola, Ohliquaria, Cyprogenia, and Ptychobranchus.

They all agree in that here again each ovisac is formed by only one water-tube,

and that this remains simple. But we have here a special structure at the edge

of the gills, which permits a bulging out of the ovisacs beyond the original edge of

the gills, and this causes a projection of the marsupial gills beyond the original

edge, indicated by the ends of the gill-filaments. The swelling of the marsupium
takes place chiefly at and near the edge of the gill, and since near the base no

swelling in a longitudinal direction is possible, the arrangement of the ovisacs

often is fan-hke, they being narrower and thinner near the base, and thicker (club-

like) toward the edge. This necessarily causes a folding of the edge of the gill,

which is most pronounced in one genus (Ptychobranchus), where the whole outer

gill is used as marsupium. In all other genera it is only the posterior section of

the outer gill, which serves as marsupium (sometimes only part of this section);

and here the marsupium is almost kidney-shaped and forms only a single, irregular

fold with the non-marsupial anterior part, and sometimes a smaller fold with a

posterior non-marsupial section of the gill. The edge of the marsupial gill is

peculiarly beaded, the beads corresponding to the protruding ovisacs, the furrows

between them to the septa on the inside of the gill.

The marsupium is generally much swollen, and the ovisacs are rather large,

and, toward the edge, rather sharply defined externally; supra-anal opening always
well separated from the anal; the connection of the mantle generally short or

of medium length, leaving a rather large supra-anal opening; only rarely is the

latter small, or entirely closed; branchial opening well defined in front; anterior'

to it there may be no special structures, or such may be present in the shape of

papillae or flaps on the mantle edge; inner lamina of inner gill generally entirely

connected with the abdominal sac, more rarely partly or almost entirely free.
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Glochidia generally of medium size and normally of simple shape, semicircular

or semicUipticalj without spines; yet in certain forms peculiar glochidia are found

(See p. 301). Placenta? more or less well developed, but often atrophied, so that

the glochidia appear free. The discharge of the glochidia takes place in an un-

usual manner^ through the edge of the marsupium.

The essential characters of this group (marsupium and edge of mantle) un-

doubtedly are connected with the prolonged breeding season (all these forms are

bradytictic) , and with the unusual manner of discharging the glochidia. The soft

parts are built according to a special plan,, which is adapted to this peculiar dis-

charge, and facilitates the proper aeration of the glochidia during the long breeding

season, but this latter adaptation is different from that seen in the ^no(io?i;a-group

serving the same purpose.

Shape of the shell very variable; round and heavy, or more or less elongated

and lighter. Color of epidermis dull or bright. Sculpture of beak generally more

or less double-looped, more rarely concentric, often obsolete. Hinge mostly well

developed; with strong teeth, rarely somewhat reduced. Male and female shells

more or less differentiated, sometimes only very slightly, but in other cases the

differences between the shells of the two sexes are very striking.

Remarks: The essential structure of the marsupium of this group has been

entirely overlooked by Simpson. He, indeed, brings these forms together in his

system, but groups them according to characters, which are rather unimportant.

In addition, his generic divisions are not at all satisfactory, and need complete

revision, as we shall see below. Sterki also has recognized the mutual affinity

of these forms, but on account of the similarity of the glochidia to those of the

genera of the first group {Quadrula, etc.), he brings them too near to the latter.

The structure of the marsupium in this group is again so unique, that it alone
F

suffices to sharply separate the group from all others.

I do not think there should be any doubt or hesitation in recognizing these

groups as natural. The differences are such and so uniform, that we must regard

them as fundamental. They concern in the first instance the sexual apparatus,

and the development and specialization of the structures, which serve the physio-

logical process of propagation, we arc compelled to take as the surest indication

of a phylogcnetic progress within the group. One of the most important char-

acters of the fresh-water shells, called Najades, is found in the way they take care

of their young, not discharging the eggs directly into the water, but keeping them
tor a time in the gills; and it is only natural that this peculiar feature, after it

had once developed, is further improved, complicated, and specialized.
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All modifications of the gills arc directly or indirectly correlated with the

sexual apparatus, and besides a number of other characters of the soft parts as well

as the hard parts are connected with it; in fact the sexual apparatus is the most

important feature of the Najades. This is not at all astonishing; we find the same

conditions in so many other groups of animals. Thus it is clear that a system

founded upon these characters must be a natural one, and that it shouM be fitted

to furnish us the key for the proper understanding of the systematic relations.

Thus we are to regard the above three groups (excluding Margaritana) as so

many natural divisions of the family Unionid^e, which then, of course, should

rank as subfamilies,") namely : the UnioniNvE, Anodontin^, and Lampsilinte. For

Margaritana it is unquestionably best to create a new family, the Margaritanid^.

It is evident, even without the knowledge of certain details of the sexual appa-

ratus, that the Margaritanidw form the most primitive group of the Najades. The

character of the gills surely indicates this, and also the character of the branchial and

anal openings, although possibly the shell may not represent the most ancient type.

Of the Unionidce, the TJnioninm are certainly more primitive than the other

two subfamilies, as is evidenced by the simple character of the structure of the

marsupial gills. The Anodontinw and Lampsilinw arc more advanced, but they

have advanced in different directions, and each has developed special features

of the sexual apparatus. Generally speaking, the Lampsilinm contain the most

highly advanced types, as is shown by the restriction of the marsupium to a part

of the outer gill, and by the strong expression of the sexual differentiation in the

outer shell. Yet there are forms among the Anodontinw, which show extremely

complex structures (Strophitus) , unparalleled in any other genus, and the peculiar

glochidia of the Anodontinoe surely mark a high stage of development. The ar-

rangement and sequence of the families and subfamilies would possibly be the

best as given above; but we must not forget that, while, for instance, the Lamp-

silinm show relations in the structure of the edge of the gill to the Anodontinw,

they more nearly approach the Unioninm in the shape of the glochidia. This is,

however, the usual difficulty in all our systematic arrangements.

i^Simpaon unites all these forms in one subfamily, UnioniniJi, from which he distinsLiiyhcs as a second subfamily the

Hyrianai (properly Hyriinm), with the marsupium formed by the inner gills alone, and with radial beak sculpture. The

conception of the latter subfamily on the part of Simpson is entirely wrong. Very little is known aiiout their anatomy, but

I recently have been able to investigate some of the genera, and find that some are really Unionince (in the new sense), while

others rather agree with the family Mutelidm (See Nautilus, 23, April, 1910, p. 139, and January, 1911). With regard to

the sculpture of the beak, scriouB mistakes have been made. The shape of the marsupium certainly is important, but at pres-

ent in many genera is unknown. The MuieMdcp are reported (o possess a lasidium in place of the glochidium, but again the

larvEc of many genera of these are entirely unknown, I hope to be able to contribute to the solution of this question in

the near future, on the basis of a splendid collection representing the "ITyriina;" from South America.

L

\
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I think that the families and also the three subfamilies of the TJnionidce

are geologically rather old, and we cannot say that one descended from the other.
F

They probably go back to a common ancestral group, which probably stood some-

where between the present Margaritanidce and Unionmce. It is not mj object, at

present, to go into detail in this respect, and to discuss the phylogcny of the Na~

jades. This will be possible only after a fuller knowledge is at hand of the exotic

forms, and by studying also ,the fossil Najades. But I may here incidentally

mention that I believe that these main groups probably go back to the Cretaceous,

but the Lampsilinoi may be a little, but not much, younger. This is also expressed

in the geographical distribution, the Lampsilina^ alone being restricted to North

America (including Central America), while the others are also found in the Old

World. But I shall leave this question for the present.

The other three genera

B. The Genera.

1. The Margaritanidm consist solely of the genus Margaritana.

2. The Unionince contain the following genera of Simpson: Tritogonia, UniOj

Pleurohema, Quadrula. With regard to Tritogonia, Sterki (Nautilus, 21, 1907, p.

48) was the first to point out that it possesses the marsupium attributed by Simpson

to the genus Quadrula, and my own investigations have convinced me that this

IS quite correct, and that Tritogonia is a true Quadrula.

fall according to Simpson into two groups. In Unio and Pleurohema only the

outer gills serve as the marsupium, while in Quadrula both outer and inner gills

become charged with ova.

My investigations have shown that there are indeed a number of species, in

which all four gilk are marsupial, while there arc others, in which this is true only

of the outer gills. This is an absolutely constant character, and I have not seen

a single instance in any species, where there was any variation in this respect.

Ihus it is evident, that this character, emphasized by Simpson, is important, and
it IS indeed, so far as I can see, the most important one which marks a division

Within this subfamily. Thus we must retain the genus Quadrula in the sense that

it comprises those species, in which all four gills serve as marsupium. However,
Simpson placed in the genus Quadrula a number of species, which according to my
observations have the marsupium formed only by the outer gills. This he did,

of course, because he did not know the marsupium. As long as we were unable
to recognize the shape of the marsupium, unless wc had gravid females, it was
impossible to assign the proper place to any species, in which the gravid female

Was unknown. But since I have shown that the sex of any specimen may be

•m
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ascertained by the septa of the gills, and that wc are able to make out the character

of the marsupium also from the sterile female, it is now possible to properly place

all species of which females arc at hand. Thus I have ascertained, that the

following forms of Simpson are true Quadrulas: Q. suhrotunda, kirtlandiana , ruhi-

ginosa, trigona, pustulosa, metanevra, cylindrica, undulata, plicata hippopwa, and

Tritogonia tuherculata. Q. lachrymosa also belongs here, judging from specimens

obtained in Kansas and from the middle Ohio River.

Of other forms of Simpson's Quadrula which I have investigated the following

proved to have only the outer gills built to receive eggs: Q. tuherculata, coccinea,

pyramidata, ohliqua, cooperiana. With the exception of the first these all fall

under Pleurohema, in Simpson's sense, but it is somewhat different in the case of

Q, tuherculata. Here wc have additional characters, which have already been

pointed out by Simpson, and which induced him to place this species in a separate

subgenus, Rotundaria. The chief features are the absence of a supra-anal opening

and the peculiar sculpture of the beak. The structure of the hinge and the color

of the nacre are also rather peculiar, and there are so many distinctive characters

in evidence, that I feel fully justified in elevating the subgenus Rotundaria to the

rank of a genus.

All other forms with only the outer gills serving as marsupium should belong

to the two genera Pleurohema and Unio, There are no differences whatever in

their soft parts, and these two genera can be distinguished only by the characters

of the shell. Looking over Simpson's elaborate diagnoses (they are rather de-

scriptions), it is hard to find well-marked differential characters. The shape of

the shell may be taken as the most important criterion. In Pleurohema it is quite

solid; triangular, rhomboidal, or subovate, more or less distinctly oblique, that is

to say, with the two axes giving the two principal dimensions (height and length)

forming a distinct and sharp angle with each other. This causes the umbonal

region, which is more or less elevated, to assume an anterior location in the shell.

In Unio on the contrary the shell varies from oval to elongate, is straight, with the

axes very nearly vertical to each other, with the result that the umbonal region is

less elevated and less anterior. Further, in Pleurohema the color of the epidermis

is from dark brown to light brown or olive, with prevalence of the lighter shades,

and the color of the nacre is white or silvery, rarely lighter or darker pinkish or

salmon-red, but never purple. In Unio, the epidermis is brown to black, very

rarely lighter, with prevalence of the darker shades, and the nacre may be white,

but more often assumes red to purple tints. ^^

'^As will be shown elsewhere, the North American genus Unio should be separated from the typical European Unio

(Typo: pictorum Linnff^us). For the former the name Elliptio Rafinesque 1819 is available-
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The Pennsylvanian species placed under Unio are unquestionably more closely

allied to each other than to those placed under Pleurohema, but there are other

extralimital species^ which cannot be so easily associated with this genus. Further-

more, we have several types included in the genus Pleurohema which are rather

distinct, and which may be entitled to generic rank, unless we prefer to leave all

these forms united in the old genus Unio. The Pennsylvanian material representing

the species of this group is scarcely extensive enough to enable us to settle this ques-

tion. There are a multitude of forms of Unio and Pleurohema in the central and
southern parts of North America, many of which apparently form connecting links.

Before these have been more closely studied, and before it has been positively ascer-

tained that they belong in this group, it is futile to attempt a final classification of

these forms. Thus I retain the main divisions {Unio and Pleurohema) introduced by
Simpson, adding to the latter genus the species removed from Quadrula. With
regard to Q. cooperiana it is absolutely certain that it stands close to another

species placed by Simpson in Pleurohema, P. cesopus, and is still more closely allied

to P. cicatricosuvi. With regard to Q. coccinca, pyramidata, and ohliqua, this is

not so evident, but I think that there are some southern types of Pleurohemaj

with which these should be associated.

I assume that Quadrula having four gills serving as marsupium, represents a

more primitive stage than the others, where only the outer gills have this func-

tion and the corresponding structure. It appears, as a matter of course, that the

differentiation between the gills, the inner serving exclusively the function of breath-

ing, and the outer exclusively that of propagation, represents a higher stage of

development than in those cases in which all gills serve both functions; and this is

further supported by the fact that in certain species of Quadrida {subrotunda,

kirtlandiana , ruhiginosa) we have types, in which the swelhng of the marsupium

in the breeding season is so small, that the water-tubes and their contents remain

subcylindrical, which undoubtedly is a primitive condition. The fact that the

most primitive form, Margaritana, has also all four gills marsupial, further speaks

for our assumption. Yet I cannot suppress the thought that the opposite opinion

has something in its favor, and the evidence for this is furnished by the fundamental

differentiation of the edge of the inner and outer gill, as is shown by my description

of the peculiar furrow along the edge of the inner gill, which is absent in the outer

gill. As stated above, I cannot surmise what the meaning of this feature is. It

may be possible that it represents an old, primitive differentiation of the two gills,

the edge of the outer gill indicating the original restriction of the function of propa-

gation of this gill. Then, of course, we would have to assume that in Quadrula

V

d.

I
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this function spread secondarily to the inner gill. I must confess that this idea

appears to me as unlikely, since it means a going back to a less specialized stage,

two organs, each of which originally served a different function, now assuming

both. The balance of evidence is, I think^ in favor of the assumption made here,

but the question is open to further study.

3. The Anodontinm. Simpson's genera: Strophitus, Anodonta, Anodontoides

,

SympJiynota , and Alasmidonta belong here. The definition of these according to

shell characters, as given by Simpson, is rather satisfactory, and I merely suggest

another arrangement of them. There is no question that Strophitus, in spite of

the peculiarity of the marsupium, comes nearer to Alasmidonta, than to any other

genus, which is chiefly shown by the heavy sculpture of the beak, and the tendency

of the inner lamina of the inner gill to become united with the abdominal sac.

On the other hand Symphynota and Anodonta are more closely allied, as is shown

by the sculpture of the beak. Anodontoides is essentially an Anodonta, but with

different sculpture of the beak. We apparently are dealing here with a number of

types, which have developed independently from a common source, and of which

each has preserved one or the other primitive character, while it is more advanced

in other features. Strophitus is extreme in the structure of the marsupium; Ano-

donta is extreme in the reduction of the hinge-teeth. With regard to the hinge-teeth

we observe that we have primitive types in Alasmidonta heterodon, and Symphynota

compressa and viridis; yet they are again peculiarly transformed. The inner lamina

of the inner gills is more primitive (free) in Anodonta, Anodontoides, and Symphy-

nota, while a more advanced stage is observed in Alasmidonta and Strophitus.

Anodonta represents an extreme stage in the development of the supra-anal opening.

The following sequence possibly would be advisable: Alasmidonta, Strophitus, Sym-
w

phynota, Anodontoides, Anodonta.

4. LampsilincB. The following genera of Simpson's '^Synopsis" belong here:

Truncilla, Micromya, Lampsilis, Obovaria, Plagiola, Ohliquaria, Cyprogenia, Ptycho-

hranchus. Some of them are very well defined, while others stand in need of a

thorough revision.

First of all, Ptychohranchus stands by itself, on account of its very unique

marsupium, the peculiarity of which is fully appreciated by Simpson. Yet, as

we have seen, Ptychohranchus is truly lampsiline, for it has the characteristic struc-

ture of the edge of the marsupium. There is no question that it is the most primi-

tive form in this subfamily, although possibly the present condition of the marsupium

is not the original one.

Among the others we see that the structure of the marsupium is practically
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alike; there are very few minor differences, but the genera, Ohliquaria and Cypro-
genia, stand out more prominently among them.^" They possess a remarkably
small number of ovisacs, which stand rather in the middle of the outer gill, and
the shell also is pecuhar in its shape and ornamentation. Cyprogenia is in addition

distinguished by the great prolongation of the marsupium, which forces it to coil

up within the shell. Thus these two genera are well defined.

As has been seen above, there is among the Lampsilince a further differentia-

tion connected with the sexual apparatus, which, in my opinion, is of prime value.

This is the development of special structures on the edge of the mantle in front of

the branchial opening. Although some of these structures have been noticed by
previous writers, no importance has been attached to them.

We have observed, that in the genera Truncilla, Microviya, and in certain

species of Lampsilis such structures are present, while in other species of Lam'psilis,

as well as in Ohovaria, Plagiola, Ohliquaria, Cyprogenia, and Ptychobranchus, they
arc absent, or barely indicated. Wc have seen, that Ptychobranchus, Ohliquaria,

and Cyprogenia may be distinguished on other grounds. This leaves certain species

of Lampsilis {ligameniina, alata, gracilis), and the genera Ohovaria and Plagiola as

a group, possessing a similar conformation of the edge of the mantle. Plagiola,

Ohovaria, and Lampsilis ligameniina are practically identical in the entire structure

of the soft parts, and in the form of the shell they also stand rather close together.

With regard to Lampsilis ligameniina, I do not sec any reason why it should not

be placed with Ohovaria; in fact it fully agrees with Simpson's diagnosis of Ohovaria,

and could be grouped very well with 0. ellipsis. Plagiola can be distinguished

from Ohovaria only by the characters of the shell, chief among which are the presence

of a distinct posterior ridge and the peculiar markings of the epidermis. (In ad-

dition, P. securis has a peculiar glochidium, but the writer does not know whether

this glochidium is found in other species of Plagiola.)

Lampsilis alaia and gracilis have been placed by Simpson in a separate sub-

genus, Proptera, on account of the peculiarities of the shell (general shape and

character of hinge-teeth). Sterki has proposed to elevate it to the rank of a

genus on account of the odd glochidium of L. alata, assuming, that this shape is

also found in the other species of Proptera. Since I have shown, that the glochidium

of L. gracilis differs fundamentally from that of L. alaia, and also from all other

Lampsilince, we are forced to restrict the genus Proptera to those forms, which

have a glochidium like L. alata (purpuraia, Icevissima) , and should create a new

^''Recently, Sept. 24, 1910, I found a gravid female of Cyprogenia irrorala in tlie Ohio River at PortHmouth, Scioto Co.,

Ohio, and had a cliance to study its soft parts.

*
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genus for L. gracilis. I propose here the name of Paraptera for it. Paraptera

and Proptera are closely allied in the structure of the soft parts, and agree especially

in the edge of the mantle.-'^ They also have many similarities in the shell, and

greatly differ in this respect from Ohovaria and Plagiola.

The separation of the species would leave in the genus Lampsilis the following

species: parva, iris, nasuta, recta (forming a group with papilla; on the edge of the

mantle) ; and ventricosa, ovata, multiradiata , cariosa, orbiculata (with a flap on the

edge of the mantle). But I also unite with this genus Micromya fabalis, which

does not differ in any essential point from Lampsilis, and possesses on the edge

of the mantle the characteristic papillae of the first group of Lampsilis.

Lastly we have the genus Truncilla, which is not only characterized by the

soft parts, as we have seen above, but more emphatically by the shape of the shell,

Simpson's division of this genus into subgenera is well supported.

It is clear, that Truncilla and Lampsilis are the most advanced types of this

subfamily, and that Ptychobranchus in the first line, and then Obliquaria, Obovaria,

and Plagiola are rather primitive. Cyprogenia, Paraptera, and Proptera represent

special modifications of this primitive type.

We thus obtain the following arrangement of the families, subfamilies, and
genera of the Najades found in Pennsylvania. (Compare my Preliminary Report,

1910, p. 114.)

1. Family Margaritanid^ Ortmann (Nautilus, February, 1911).

Diaphragm incomplete, formed by the gills; posteriorly the outer lamina of

the outer gills not connected with the mantle for a considerable distance; anterior

end of the inner gills separated from the palpi by a gap;^i branchial and anal

openings ill-defined, and the latter not closed above; no supra-anal developed;

gills without water-tubes, and with scattered interlamcUar connections, which in

certain places form irregular diagonal rows; marsupium formed by all four gills;

larva a small, semicircular glochidium, without distinct hooks; shell elongated;

sculpture of the beak concentric; hinge-tccth imperfect; epidermis blackish.

Genus Margaritana Schumacher.^^

^°I do not understand Simpson's description (1900, p. 567) of the odge of the mantle of Proptera, and have not seen

anything which could be called a "thickened flap of the outer fold."

^iThis item should be inserted in the diagnosis on account of the different structure found in the Mutelidce (See Nautilus,

January and February, 1911).

ascertain writers (See Thiele, in Brauer, Suesswasserfauna Deutschlands, Heft 19, 1909, p. 32) consider Maruaritana

the type of the genus Unio, and call Unio by the name of Lyrnnium Okcn 1815. This is not correct, as Simpson has ah'cady

clearly shown (1900, p. 674, footnote 1).
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2. Family Unionid^ (d'Orbigny), Ortmann (Nautilus, February, 1911).

Diaphragm complete, formed by the gills; posteriorly the outer lamina of the

outer gill connected with the mantle to its posterior end; anterior end of the inner

gills separated from the palpi by a gap; branchial and anal openings sharply

separated from one another by the diaphragm; anal opening very rarely not closed

above and without supra-anal, generally closed and with a supra-anal opening

(which very rarely may be obliterated); gills with water-tubes and distinct, con-

tinuous interlamellar septa, running parallel to the filaments. Marsupium in all

four gills, or only in the outer giUs; larva a glochidium. Shell of very variable

shape; sculpture of the beak more or less reduced, ol various types, but originally

of the concentric or zig-zag pattern; hinge-teeth perfect or imperfect; epidermis

plain or with color-markings.

1. Subfamily Unionin^ (Swainson) Ortmann.

Inner lamina of inner gills generally free from the abdominal sac (sometimes,

in extralimital forms connected) ; supra-anal opening sometimes not separated from

the anal, normally present, the closed part rather short; branchial opening well-

defined; no papilla or flaps on edge of mantle in front; marsupium formed by

all four gihs, or by the outer gihs only; edge of marsupium always sharp and not

distending; water-tubes not divided in the gravid female; glochidium semi-elliptic

or semicircular, without spine; shell generally heavy and solid, rounded to elon-

gated, mostly with dull-colored epidermis; sculpture of the beak generally rather

indistinct, concentric, or pustulous, or with indications of double loops or zig-zag

bars; hinge always complete, with rather strong teeth; generally no difference of

sex shown in the shell.

Genera

a\

a\

All four gills serving as marsupium; anal and supra-anal opening separated, but separation often deciduous;

shell of various shapes, always rather heavy, outside smooth or with sculpturings.

Genus Quadrula Rafinesque.

Only the outer gills serving as marsupium.

¥. Supra-anal not separated from the anal opening; sculpture of the beak consisting of numerous, fine,

irregular corrugations;, shell rounded; bcal^-cavities very deep; nacre dark violet or purple.

Genus Rotundaria Rafinesque.

ft2. Supra-anal opening separated from the anal; sculpture of the beak consisting of few, generally concen-

tric ridges; shell rounded or elongated; beak-cavities of medium depth, or shallow.

c^ Shell obhque, ovate, or rhomboidal, with proniinont beaks, which are placed rather anteriorly;

color of epidermis brown to light, generally not very dark, often with rays; nacre varying from

light red to white. Genus Pleurobema Rafinesque.
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c^. Shell ovate or elongate; beaks not very prominent, and not much produced; color of epidermis

brown to black, only indistinctly rayed, if at all; nacre varying from white to deep purple, with

the dark shades prevailing. Genus Elliptio Rafincsque .^

2. Subfamily Anodontinte Ortmann.

Inner lamina of inner gill free from the abdominal sac or more or less connected

with it, rarely entirely connected; supra-anal opening well separated from the anal,

sometimes the connection of the mantle separating it from the anal is very long,

and the supra-anal is quite short; branchial opening well definedj no papillae or

flaps in front of it on the edge of the mantle; marsupium formed by the outer gills

in their whole length, distending, when charged, and the thickened tissue at the

edge capable of stretching out in a direction transverse to the gill, but not beyond

the edge (or onl}^ slightly so); water-tubes in the gravid female divided longi-

tudinally into three tubes, with only the one in the middle used as an ovisac, and

closed at the base of the gill; glochidium semicircular or triangular, with a spine

(hook) in the middle of the ventral margin of each valve; shell generally not

very heavy, often thin, never round, but more or less elongated; color of epidermis

generally bright and with color markings; sculpture of the beak double-looped or

concentric, in the latter case often extremely heavy; hinge rarely complete, and

if so, of peculiar structure; generally there is a distinct tendency toward the re-

duction of the hinge-teeth, and often they are completely absent; sexual differences

in the shell very rarely present.

Genera
+

a^. Sculpture of the beak concciitriCj heavy; inner lamina of inner gills having a tendency to become united

with the abdominal sac.

¥. Shell with cardinal teeth; lateral teeth present or wanting; ovisac of each water-tube in the gravid

female not subdivided; placentae poorly developed, and glochidia practically free.

Genus Alasmidonta Say.

&^, Shell with the hinge-teeth obsolete; only a mere vestige of the cardinal teeth remaining; ovisac of each

water-tube subdivided into a number of compartmentSj each containing a well developed placentula,

running crosswise to the gill; placentula} persistent till they are discharged.

Genus Strophitus Rafinesque.

a^. Sculpture of the beak generally double-looped, if concentric, not heavy; inner lamina of inner gills always

free; ovisacs not subdivided.

6^, Shell rather solid, lateral hinge-teeth more or less imperfect; cardinal teeth present, but of peculiar

shape, sculpture of the beak more or less double-looped. - Genus Symphynota Lea.

6^. Shell thin; hinge edentulous, or with mere traces of cardinal teeth,

^3Scc above p, 330, footnote. The European genus Unio Rctzius, although similar in anatomical detail, differs in shape

and color of shell, and chiefly in beak sculpture (wavy, zig-zag or double looped) and glochidia. The type species of Ellip-

tio is U. crassidens Lamarck-
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c^ Sculi>ture of the beak conccntriCj not Jieavy; supra-anal about as long as the united part of the

margin of the mantle, which separates it from the anal opening.

Genus Anodontoides Simpson.

c^. Sculpture of the beak generally double-looped; supra-anal small, widely separated from the anal

opening. Genus Anodonta Lamarck.^^

3. Subfamil}^ LAMPSiLiNiE Ortmann.

Inner lamina of inner gills rarely more or less free from the abdominal sac,

generally connected with it throughout; supra-anal opening separated from the

anal, rarely cntirelj^ closed; branchial opening well defined; edge of the mantle

in front of the branchial opening smooth to crenulated, or with peculiar papillce

or a flap; marsupium rarely formed by the whole outer gill^ generally only by or

within the posterior part of the outer gill; edge of marsupium, when charged,

distending, and bulging out beyond the original edge of the gill, generally assuming

a beaded appearance; water-tubes simple in the gravid female; glochidium semi-

circular or semi-elliptic, without spine, rarely celt-shaped and with two spines;

shell heav}'' or lighter, rounded, or oval, to elongate; color of epidermis rarely

dull, mostly bright, with color markings; sculpture of the beak generally double-

looped, but often obsolete, more rarely concentric; hinge generally complete, with

well-developed teeth, which only in rare cases show a tendency to become reduced;

sexual differences more or less noticeable in the shelly often very strongly expressed.

Up

aK

a\

Genera

Whole outer gill serving aa marsupium, its edge thrown into a number of folds.

Genus Ptychobranchus Simpson.

Marsupium located in the posterior part of the outer gill, and projecting considerably beyond its original

edge,

6^ Inner edge of mantle in front of branchial opening smooth, erniulated, or with few and weak teeth,

but without papillae or flaps; male and female shell differing only slightly, or hardly at alL

c^ Shell rounded, with surface sculpturings ; marsupium consisting of comparatively few ovisacs,

located near the centre of the outer gilh

d^. A row of large knobs on each valve; marsupium projecting beyond the edge of the gill, not

coiled up. " Genus ObUquaria Kafinesque.

t^. Sculpture of the surface nodular; marsupium projecting immensely beyond the edge of the

gill, and coiled up spirally. , Genus Cyprogenia Agassiz.

c^. Shell rounded, oval, or compressed, without surface sculpture; marsupium large, kidney-shaped,

occupjdng a large portion of the posterior part of the outer gill.

d}. SheU solid, rounded, ovate or triangular, more or less swollen; if compressed, not winged-

^*European writers (See Tbiclc in "Rrauer, Suesswasserfauna Deutsclilaiids, Heft 19, 1909, p. 32) recently use Anodontitcs

'BvxiguitTe, 1792, ioY Anodonta Liuiuxrck 1799. This is entirely wroug. The type of Anodontiles is A. crispaia Brugui^re a

South American shell, belonging to Glabaris Gray 1847. Of course, Anodontites has the priority over Glaharis, and should be

used in its place.
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ill'

bK

e-

Shell rounded or ovate, without distinct posterior ridge. Color of epidermis dull, without

color-markings, or simply with rays. Glochidia normal in shape and size.

Genus Obovaria Ralinesque.

Shell ovate or triangular^ with a distinct, and often sharp posterior ridge; epidermis

painted with broken rays, forming a pattern of lunate, squarish, or arrow-shaped

marks; glochidia (in one species at least) rather large and with gaping margins.

Genus Plagiola Rafinesque.

d^ Shell not very solid, or thin, ovate, more or less compressed and winged along the dorsal

margin (at least when young).

e^ Glochidia of normal shape, but of unusually small size. Genus Paraptera gen, nov.^-'^

e^, Glochidia celt-shaped, mth two spines on each valve, with gaping margins.

Genus Proptera Rafmesque.

Inner edge of mantle in front of the branchial opening, chiefly in the female, differentiated by papilla

or flaps, and sometimes not parallel to the outer edge; male and female shells distinct, generally very

markedly so.

Inner edge of mantle essentially parallel to the outer edge, with papillee or flaps; shell ovate or

elongate, the postbasal region of the female somewhat swollen and more rounded than in the male.

Genus Lampsilis Rafinesque.

Inner edge of mantle in the female in front of the branchial opening not parallel to the outer edge,

but more or less remote from it, with papilla?; shell ovate or triangular, the postbasal region of

the female very strongly inflated and projecting^ giving to the whole shell an entirely different

shape from that of the male. Genus Truncilla Rafmesque.
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EXPLANATION OF PLATE LXXXVL
Horizontal cross-sections through the gills of Unionidw, to show structure of water-

tubes, ovisacs, and septa, in the males, sterile and gravid females.

AH photographs taken with Bausch & Lomb 1 inch objective. None of the figures

has been retouched.

Fig. 1. Quadrula suhrotunda (Lea) ikfa/e.—Allegheny River, Kelly, Armstrong County,
June 22, 1909. Cat. No. 61.4400. Specimen 199.

la. Left inner gill. Ih. Left outer gill.

Fig. 2. Quadrula suhrotunda (Lea) Female, sien^e.—Allegheny River, Kelly, Armstrong
County, Sept. 5, 1907. Cat. No. 61.3083. Specimen 5.

la. Left inner gill. 2a. Left outer gill.

Fig. 3. Quadrula suhrotunda (Lea) Female, gravid (^^.^s) .—Allegheny River, Kelly,

Armstrong County, June 22, 1909. Cat. No. 61.4399. Specimen 7.

3a. Right inner gill. 36. Right outer gill.

Fig. 4. Quadrula tuherculata (B£irnes)
. Female, sterile. Mahoning River, Mahoningtown,

Lawrence County, Aug. 4, 1908. Cat. No. 61.3574. Specimen 34.

4a. Right inner gill. 46. Right outer gill.

Fig. 5. Elliptio gihhosus (Barnes) il^a?e.—Little Beaver Creek, Enon Valley, Lawrence
County, May 11, 1907. Cat. No. 61.2186. Specimen 54.

5a. Left inner gill. 56. Left outer gill.

Fig. 6. Elliptio gihhosus Barnes. Female, gravid (eggs). Allegheny River, Templeton,
Armstrong County, Aug. 13, 1907. Cat. No. 61.2963. Specimen 56.

6a. Left inner gill. 66. Left outer gill.

Fig. 7. Strophilus edentulus (Say) Female, sterile. Allegheny River, Templeton, Arm-
strong County, Aug. 4, 1909. Cat. No. 61.4150. Specimen 117.

7a. Left inner gill, 76. Left outer gill.

Fig. 8. Strophilus edentulus (Say) Female, gravid, young {eggs), beginning of period of
gravidity. Conococheague Creek, Greencastle, Franklin, County, Sept. 6, 1909.

Cat. No. 61.4160. Specimen 112.

Left outer gill.

Fig. 9. Strophitus edentulus (Say) Female, gravid (eggs), a little more advanced than fig. 8;

Cush-Cushion Creek, Green Township, Indiana County, July 11, 1908. Cat. No.
61.3627. Specimen 109.

Left outer gill.

Fig. 10. Strophitus edentulus (Say) Female, sterile, very young (shell 17 mm. long).

Crooked Creek, Rosston, Armstrong County, Aug. 3, 1909. Cat. No. 61.4148.
Specimen 230.

10a. Left inner gill. 106. Left outer gill,
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Fig. 11. Symphynota viridis (Conrad) ProhaUy hermaphrodite, gravid, very young {shell

31 mm. long) (loith eggs and young glochidia). Great Tonoloway Creek, Thompson

Township, Fulton County, Sept. 5, 1909. Cat. No. 61.4221. Specimen 235.

11a. Left inner gill. llh. Left outer gill.

Fig. 12. Symphynota costata (Hafinesque) Female, gravid, discharging ^posteriorly (glochidia).

Ten Mile Creek, Amity, AVasliington County, April 22, 1908. Cat. No. 61.3303.

Specimen 82.

12a. Left inner gill, 126. Left outer gill.

Fig. 13. Anodonta grandis gigantea (Lea) Male, young {shell 37 mm. long). Pond, Har-

marville, Allegheny County, Oct. 10, 1908. Cat. No. 61.30G8. Specimen 231.

13a. Left inner gill. 136. Left outer gill.

Fig. 14. Anodonta grandis gigantea (Lea) Female, sterile, young {shell, 46 mm. long). Pond,

Harmarville, Allegheny County, Oct. 10, 1908. Cat. No. 61.3668. Specimen 236.

14a. Eight inner gill. 146. Right outer gill.

Fig. 15. Anodonta grandis Say. Female, gravid {eggs), beginning of gravidity. Conneaut

Lake, northeast shore, Crawford County, Aug. 8, 1908. Cat. No. 61.3657. Specimen

203.

Left outer gill.

Fig. 16. Anodonta grandis gigantea (Lea) Female, gravid {glochidia)
,
fully charged. Pond,

Harmarville, Allegheny County, Oct. 10, 1908. Cat. No. 61.3668. Specimen 4.

Left outer gill (one lamina only)

.

f
r' ,1

I
' r'

r:^L.

I:
n

I:'

IP

i

if"
_r

,

A\

I
r'

I'l

,j;

r!i.

.-^

i\.



EXPLANATION OF PLATE LXXXVII.
F

Horizontal (figs. 1-10) and vertical (figs 11-10) cross-sections through gills of Najades,

to show structure of water-tubes, ovisacs, and septa, in the males, sterile and gravid females^

and to show structure of the edge of the gills.

All photographs taken with Bausch & Lomb 1 inch objective. None has been re-

touched.

Fig. 1. Ptychohranchus phaseolus (Hildi'eth) Male. Loyalhanna River, Idlepark, West-

moreland County, Sept. 21, 1907. Cat. No. 61.3035. Specimen 119.

la. Left inner gill. 16. Left outer gill.

Fig. 2. Ptychohranchus phaseolus (Hildreth) Female, sterile. Raccoon Creek, New Shef-

field, Beaver County, June 30, 1908. Cat. No. 61.3275. Specimen 123.

Left outer gill.
4

Fig. 3. Ptychohranchus phaseolus (Hildreth) Female, gravid (eggs). Loyalhanna River,

Idlepark, Westmoreland County, Sept. 21, 1907. Cat. No. 61.3035. Specimen 120.

Left outer gill.

Fig. 4. Plagiola securis (Lea) Male. Allegheny River, Kelly, Armstrong County, Sept.

6, 1907. Cat. No. 61.3029. Specimen 127.

4a. Left inner gill. 46. Left outer gill.

Fig. 5. Plagiola securis (Lea) Female, gravid (glochidia). Ohio River, Cooks Ferry,

Beaver County, Sept. 10, 1908. Cat. No. 61.3565. Specimen 129.

Left outer gill.

Fig. 6. Paraptera gracilis (Barnes) Female, sterile. Ohio River, Industry, Beaver County,

Sept. 8, 1908. Cat. No. 61.3549. Specimen 137.

Left outer gill.

Fig. 7. Lampsilis iris (Lea) Female, sterile. Presque Isle Bay, Lake Erie, Erie, Erie

County, May 22, 1909. Cat. No. 61.4090. Specimen 144.

Left outer gill.

Fig. 8. Lampsilis recta (Lamarck) Male. Cheat River, Cheat Haven, Fayette County,

Sept. 16, 1907. Cat. No. 61.3020. Specimen 149.

8a. Left inner gill. 86. Left outer gill.

Fig. 9. Lampsilis recta (Lamarck) Female, sterile. Cheat River, Cheat Haven, Fayette

County, July 10, 1908. Cat. No. 61.3509. Specimen 246.

Left outer gill.

Fig. 10. Lampsilis veniricosa (Barnes) Female, sterile. Little Beaver Creek, Enon Valley,

Lawrence County, May 11, 1907. Cat. No. 61.2144. Specimen 168.

Left outer gill.

Fig. 11. Margarilana margarilifera (Linna;us). Indian Run, Rene Mont, Schuylkill

County, May 4, 1909. Cat. No. 61.4272. Specimen 200.
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n

H

11a. Left inner gill. lib. Left outer gill.

Fig. 12. Quadrula undulata (Barnes) Male. Mahoning Kiver, Mahoningtown, Lawrence

County, Sept. 2, 1907. Cat. No. 61.3067. Specimen 17.

12a. Right inner gill. 126. Right outer gill.

Fig. 13. Quadrula undulata (Barnes) Female, sterile. Mahoning River, Mahomngto^Yn,

Lawrence County, Sept. 2, 1907. Cat. No. 61.3067. Specimen 195.

13a. Left inner gill. 13&. Left outer gill.
+

Fig. 14. Quadrula undulata (Barnes) Female, gravid {eggs). Shenango River, Linesville,

Crawford County, June 19, 1909. Cat. No. 61.4339. Specimen 16.

14a. Right inner gill. 14&. Right outer gill.

Fig. 15. Pleurohcma cesopus (Green) Male. Allegheny River, Kelly, Armstrong County,

Sept. 5, 1907. Cat. No. 61.3064. Specimen 194.

15a. Left inner gill. 156. Left outer gill.

Fig. 16. Pleurobema cesopus (Green) Female, gravid (eggs). Allegheny River, Kelly,

Armstrong County, June 22, 1909. Cat. No. 61.4333. Specimen 38.

16a. Left inner gill. 166. Left outer gill.
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EXPLANATION OF PLATE LXXXVIII.

Vertical (figs. 1-5, 10, 12-18,20, 21) and longiiudinal (figs. 6-9, 11, 19) cross-sections

through the gills of Unionidw, to show structure of ovisacs, septa, and edges of gills in

males, sterile and gravid females.

All photographs taken with Bausch & Lomb 1 inch objective. None has been re-

touched.

Fig. 1. Ellipiio gibbosus (Barnes) Female, gravid (eggs). Allegheny River, Templeton,

Armstrong County, Aug. 13, 1907. Cat. No. 61.2963. Specimen 56 (Same as pi.

LXXXVI, fig. 6).

Left outer gill.

Fig. 2. Alasmidonta undulata (Say) Female, gravid (eggs), beginning of gravidity. West
Branch Mahantango Creek, Richfield, Juniata County, July 18, 1908. Cat. No.

r

61.3713. Specimen 75. '

'

2a. Right inner gill. 2b. Right outer gill.
* '

Fig. 3. Alasmidonta undulata (Say) Female, gravid (glochidia) fully charged. Schuylkill

Canal, Manayunk, Philadelphia County, April 24, 1909. Cat. No. 61.4240. Speci-

men 206.

3a. Base of left outer gill. Sb. Edge of left outer gill.

Fig. 4. Strophitus edentulus (Say) Female, sterile. Allegheny River, Templeton, Arm-
strong County, Aug. 4, 1909. Cat. No. 61.4150. Specimen 117 (Same as PI. LXXXVI,
fig. 7).

-

Right outer gill.

Fig. 5. Strophitus edentulus (Say) Female, gravid {glochidia), fully charged. Newmans
Branch, Wadsworth, Butler County, April 17, 1908. Cat. No. 61.3276. Specimen
201.

Left outer gill.

Fig. 6. Strophitus edentulus (Say) Same specimen as fig. 4.

Left outer gill.

Fig. 7. Strophitus edentulus (Say) Female, gravid (eggs), beginning of gravidity.

River, Templeton, Armstrong County, Aug. 4, 1909. Cat. No. 61.4150.

116.

Allegheny

Specimen

Left outer gill.

Fig. 8. Strophitus edentulus (Say) Female, gravid {glochidia), more advanced, Shenango
River, Linesville, Crawford County, Oct. 10, 1907. Cat. No. 61.3118. Specimen 202.

Left outer gill.

Fig. 9. Strophitus edentulus (Say) Same specimen as fig. 5.

Left outer gill.

I
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Fig. 10. Symphijnota costata (Rafinesque) Female, gravid {young glochidia). Loyalhanna

River, Ligonier, Westmoreland County, Aug. 3, 1906. Cat. No. 61.1819. Specimen

205.

Left outer gill.

Fig. 11. Anodonfa grandis gigantea (Lea) Female, gravid {glochidia). Pond, Harmarville,

Allegheny County, Oct. 10, 1908. Cat. No. 61.3668. Specimen 4 (Same as PI.

LXXXVI, fig. 16).

Posterior yart of base of right outer gill.

Fig. 12. Ptychobranchus phaseolus (Hildreth) Male. Neshannock Creek, Leesburg,

Mercer County, Oct. 17, 1907. Cat. No. 61.3114. Specimen 183.

12a. Left inner gill. 12&. Left outer gill.

Fig. 13. Ptychobranchus phaseolus (Hildreth) /emaZe, sterile. Presque Isle Bay of Lake

Erie, Erie, Erie County, May 22, 1909. Cat. No. 61.4123. Specimen 214.

Left outer gill.

Fig. 14. Ptychobranchus phaseolus (Hildreth) Female, gravid {eggs). Mahoning River,

Mahoningtown, Lawrence County, Sept. 2, 1907. Cat. No. 61.3032. Specimen 247.

Left outer gill.

Fig. 15. Obovaria ligamentina (Lamarck) Female, sterile. Cheat River, Cheat Haven,

Fayette County, Sept. 16, 1907. Cat. No. 61.3013. Specimen 156.

Uighi outer gill.

Fig. 16. Paraptera gracilis (Barnes) Female, sterile, but just discharged. Ohio River,

Industry, Beaver County, July 11, 1909. Cat. No. 61.4111. Specimen 210.

Left outer gill.

Fig. 17. Lampsilis luteola (Lamarck) Female, sterile. Little Mahoning Creek, Goodville,

Indiana County, May 25, 1905. Cat. No. 61.1760. Specimen 159.

Left outer gill.

Fig. 18. Lampsilis luteola (Lamarck) Female, gravid, discharging glochidia. Ten-Mile

Creek, Amity, Washington County, April 22, 1908. Cat. No. 61.3243. Specimen 207.

Left outer gill.

Fig. 19 . Lampsilis cariosa (Say) Female, sterile. Delaware River, Yardley, Bucks County,

April 24, 1908. Cat. No. 61.3417. Specimen 16G.

Left outer gill.

Fig. 20, Lampsilis multiradiata (Lea) Female, gravid, discharging glochidia. Little

Beaver Creek, Darlington, Beaver County, Aug. 9, 1907. Cat. No. 61.2921. Speci-

men 163.

Left outer gill.

Fig, 21. Truncilla perplexa ranglana (Lea) Female, sterile. Allegheny River, Godfrey,

Armstrong County, Aug. 10, 1909. Cat. No. 61.3978. Specimen 173.

Left outer gill.

t '
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In figs. 1,

EXPLANATION OF PLATE LXXXIX.

Glochidia of Unionidce.

All photographs taken with Bausch & Lomb two-thirds inch objective.

2, and 4, some of the outlines of the glochidia have been intensified.

Fig. 1. Quadrula suhrolunda kirtlandiana (Lea) . Mahoning River, Mahoningtown, Law-
rence County, Aug. 2, 1907. Cat. No. 61.2977. Specimen 9.

Fig. 2. Quadrula ruhiginosa (Lea). Crooked Creek, Rosston, Armstrong County, Aug. 3,

1909. Cat. No. 61.4366. Specimen 217.

Fig. 3. Quadrula undulaia (Barnes)
. Pymatuning Creek, Pymatuning Township, Mercer

County, July 8, 1909. Cat. No. 61.4340. Specimen 15.

Fig. 4. Pleurohema ohliquum coccineum (Conrad). Slipperyrock Creek, Wurtemberg,
Lawrence County, July 4, 1909. Cat. No. 61.4385. Specimen 19.

Fig. 5. Pleurohema clava (Lamarck). Neshannock Creek, Eastbrook, Lawrence County,
June 18, 1908. Cat. No. 61.3335. Specimen 40.

Fig. 6. Elliptio crassidens (Lamarck). Allegheny River, Kelly, Armstrong County,
June 22, 1909. Cat. No. 61.4297. Specimen 52.

Fig. 7. Ellijjtio gihbosus (Barnes). Neshannock Creek, Eastbrook, Lawrence County,
June 18, 1908. Cat. No. 61.3331. Specimen 57.

Fig. 8, Alasmidonta heterodon (Lea). Schuylkill Canal, Manayunk, Philadelphia County,
April 24, 1909. Cat. No. 61.4250. Specimen 70.

Fig. 9. Alasmidonta undulata (Say). Crooked Creek, Tioga, Tioga County, Aug. 19,

1909. Cat. No. 61.4242. Specimen 76.

Fig, 10. Symphynota com.pressa Lea. Conncaut Outlet, Conneaut Lake, Crawford
County, May 14, 1908. Cat. No. 61.3297. Specimen 90.

Fig. 11. Symphynota complanata (Barnes). Conneaut Outlet, Conneaut Lake, Crawford
County, May 14, 1908. Cat. No. 61.3315. Specimen SO.

Fig. 12. Anodonioides ferussacianus (Lea,)
. Shenango River, Linesville, Crawford County,

Oct. 10, 1907. Cat. No. 61.3127. Specimen 93.

Fig. 13. Anodonta imhecilUs (Say). Leboeuf Creek, Waterford, Eric County, Sept. 14,
1909. Cat. No. 61.4178. Specimen 102.

Fig. 14. Ptychohranchus phaseolus (Hildreth) . Slipperyrock Creek, Rose Point, Lawrence
County, Oct. 23, 1907. Cat. No. 61.3116. Specimen 218.

Fig. 15. Obovaria circulus (Lea). Crooked Creek, Creekside, Indiana County, May 27,
1908. Cat. No. 61.3269. Specimen 133.

Fig. 16. Obovaria ligamentina (Lamarck).

Oct. 24, 1907. Specimen 157.

Fig. 17. Plagiola securis (Lea).

Cat. No. 61.3567.

Allegheny River, Kelly, Armstrong County,

Ohio River, Industry, Beaver County, Sept. 23, 1908.

Specimen 219.
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Fig. 18. Proptera alata (Say). Ohio River, Industry, Beaver County, Aug. 29,

1908. Cat. No. 61.3538. Specimen 141.

Fig. 19. Paraptera gracilis (Barnes). Ohio River, Industry, Beaver County, July

11, 1909. Cat. No. 61.4111. Specimen 138.

Fig. 20. Lampsilis iris (Lea). Conneaut Creek, West Springfield, Erie County,

May 23, 1909. Cat. No. 61,4091. Specimen 145.

Fig. 2 1 . Lampsilis recta (Lamarck) . Allegheny River, Godfrey, Armstrong

County, July 23, 1907. Cat. No. 61.2935. Specimen 151.

Fig. 22. Lampsilis orhiculata (Hildreth). Ohio River, Industry, Beaver County,

Sept. 23, 1908. Cat. No. 61.3500. Specimen 154.

Fig. 23. Lampsilis ventricosa (Barnes). Little Beaver Creek, Enon Valley, Law-

rence County, May 11, 1907. Cat. No. 61.2144. Specimen 169.

Fig. 24. Truncilla triquetra Rafinesque. Allegheny River, Kell^^, Armstrong

County, Sept. 27, 1907. Cat. No. 61.2985. Specimen 178.
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CATALOG OF FOSSIL FISHES IN THE CARNEGIE MUSEUM.

Part I. Fishes from the Upper Eocene op Monte Bolca.

By Charles H. Eastman.

Introduction.

In the summer of 1903, the Carnegie Museum became enriched through the gen-

erosity of its founder with a magnificent collection of fossil remains, which, as

regards the great group of Vertebrata, is without doubt the largest, most important,

and most valuable assemblage ever brought together by a private individual in

Europe, and rivals many of the more notable gatherings of fossil vertebrates in

the public museums of the world.

This splendid acquisition, long coveted by American and foreign institutions,

was the famous Bayet Collection, amassed after years of patient effort and very

great expenditure by Baron Ernst dc Bayet of Brussels, who for a long time was

the Secretary of the late King Leopold of Belgium. A brief summary of the con-

tents of this wonderful collection, a mere coup deceit, as it were, of the riches which

it presented at first inspection, was contributed by Dr. W. J. Holland to Science
T

for June 19, 1903, and its installation in the Carnegie Museum was duly recorded

m the Annual Report of the same institution for that year.^ Some of the fossil

avian remains in the collection were described in the second volume of the Memoirs
of the Carnegie Museum, but with the completion of that paper systematic in-

vestigation of the great wealth of material contained in the Bayet Collection was

temporarily suspended. Recently, however, the present writer was invited to

undertake the difficult and important task of classifying and arranging the fossil

fishes contained therein, and the present article may be considered as preliminary

to more detailed contributions based upon the collection which may be made in

the future.

^See also J. B. Hatcher; Vertebrate Paleontology at the Carnegie Museum (Science, n. s., Vol. XVIII, p. 569).
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Some time was spent during the early summer of the year 1910 in making a

preliminary survey and general inventory of the collection of fossil fishes as a

whole, after which two large suites of specimens were set aside to serve as material

for detailed investigation, the results of "which will probably be incorporated in

special monographs to be pubhshed either independently by the Carnegie Museum,

or in cooperation with the Museum of Comparative Zoology at Cambridge, Massa-

chusetts. One of these suites consists of fishes from the Upper Eocene of Monte

Bolca, and the other of fishes from the Upper Jura of Solenhofen. Preliminary

to the preparation of more elaborate papers based upon this material, it seemed

desirable to Dr. Holland to publish systematic catalogs of the specimens from

Monte Bolca and Solenhofen, which would serve the purpose of making known to

ichthyologists and others interested in these groups the extent and variety of ma-

terial which is represented in the Carnegie Museum; and also of placing on record,

so as to be immediately available, any special notes, comments, or observations

in regard to various specimens which might be found to possess unusual interest,

^ to elucidate new or imperfectly known features which from the point of view of

distribution or otherwise might appear noteworthy.

In response to this suggestion of Dr. Holland, the present Catalog of Upper

Eocene Fishes from Monte Bolca has been drawn up, its general plan and arrange-

ment fohowing somewhat closely the admirable model set by Dr. A. S. Woodward

in his "Catalogue of Fossil Fishes in the British Museum^^; due account being taken,

however, of recently proposed changes in the classification. In some cases generic

and family diagnoses have been amended in the hght of fresh discoveries. Also,

by way of affording a comparative estimate of the extent of the resources possessed

by the Carnegie Museum, the actual number of representatives of various rare

species preserved in the British and Carnegie Museums are set down side by side.

No invidious comparison is thereby intended, but it seems proper to the writer to

call attention to the fact that the western world has acquired through the generosity

of Mr. Carnegie a paleontological collection which could not possibly be dupli-

cated except at enormous expenditure of both money and time, and which in

some respects rivals at least one of the great collections of the Old World. The

student on this side of the Atlantic has therefore at his command unsurpassed facili-

ties for reference and investigation.

The following contribution is a systematic account of the material in the

Museum representing the Eocene fishes from Monte Bolca. A similar catalog

of the Jurassic fishes from Solenhofen is in preparation. For references to the

principal literature dealing with the ichthyic fauna of the Eocene of northern Italy

h
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one may consult a contribution by the present writer published in the Bulletin

of the Museum of Comparative Zoology for June, 1904 (Vol. XLVI, No. 1). It

will be sufficient merely to indicate here the names of the principal contributors

to this special literature since the time of Louis Agassiz. These are, in chrono-

logical order, Jacob Heckel, Rudolf Kner, Franz Steindachner, Raffaele Mohn,
Abramo Massalongo, Paolo Lioy, Achille de Zigno, Francesco Bassani, Wladislaw
Szajnocha, Carl Gorganovic-Kramberger, Otto Jaekel, A. Smith Woodward, and
Rudolf Cramer.

In conclusion it is proper to remark that the writer has taken the hberty of

reproducing under each species the references to the Hterature given by Dr. A. S.

Woodward in his Catalogue of the Fossil Fishes in the British Museum, supple-

menting the same in some cases by citations from more recent papers.

SYSTEMATIC CATALOG.

Elasmobranchii.
r

Considering the abundance and excellent state of preservation of fossil fishes

in the Upper Eocene limestone of Monte Bolca, the relative paucity and lack of

variety displayed by cartilaginous forms— sharks and rays— are surprising features.

Detached hard parts, such as teeth, dermal fin-spines, and shagreen scales are

extremely infrequent, and complete skeletons of Lamnidce and other sharks prob-
ably are not represented in the museums of the world by more than a dozen speci-

mens. On the other hand, rays are represented by a large number of species and
individuals. Of these the commoner form, and at the same time the most exqui-

sitely preserved, is the sting-ray first described by Volta as Raja muricata and
renamed Tnjgon gazzolce by Agassiz. The Carnegie Museum is fortunate in having
an excellent example of this species, as noted below, and also an admirable cast

of Carcharias (Scoliodon) cuvieri taken from perhaps the most perfect example yet
discovered, the original of which is preserved in Bologna.

The following is a list of all Elasmobranch species at present known to occur
in the Eocene fauna of Monte Bolca:

1. Rhinohatus zignii (Heckel).

2. Rhinohatus primcevus Zigno.

3. Platyrhina holcensis (Heckel).

4. Platyrhina egertoni Zigno.

5. Platyrhina gigantea (Blainville)

.

6. Narcine molini Jaekel. .

7. Trygon muricatus (Volta).

8. Trygon zignii (Molin).
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-^

9. Urolophus crassicaudatus (Bl ainville)

.

10. Promyliohatis gazolce (Zigno).

11. Lamna vincenii Winkler.

12. Odonlaspis hopei Agassiz.

13. Carcharodon auriculatus Agassiz.

14. Pseudogaleus voltai Jaekel.

15. Alopiopsis plejodon Lioy.

16. Carcharias (Scoliodon) cuvieri (Agassiz)

17. Mesiteia emilice Krambcro;er.

)

Fig. 1. Figure of a "Sting-ray" prepared and mounted to represent the form of a dragon, as was done by

the Italian fishermen in the seventeenth century. Reproduced from the works of Ulysses Aldrovandi, Vol. IV {De

Phcibus), p. 443. Bologna, 1638.

Family Trygonid^e.

1. Trygon muricata (Volta). *

1796. Raja muricata, G. S. Volta, Ittiolit. Veronese, p. 37, pi. IX, figs. 1, 2.

1818. Trygonohaius vulgaris, H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 33G.

1835. Trygon gazzolce, L. Agassiz, Neues Jahrb., p. 297.

1843. Trygon gazzolm, L. Agassiz, Poiss. Foss., Vol. Ill, p. 382**.

1861. Alexandrinum, U. Molin, Sitzungsb. k. k. Akad., Wiss. Wien, Vol. XLII,

p. 579.

1874. Alexandrinum molinii, A. de Zigno, Mem. R. Istit. Veneto, Vol. XVIII,

p. 299, pi. XII.

Alexandrinum molinii, A. de Zigno, Catalogo Ragionato dei Pcsci Fossili,1874.

p 181.

1874. Trygon gazolce, A. de Zigno, op. cit., p. 180.

*The Editor has taken the hberty of substituting the feminine form, muricata, for the mascuUne, as tlic noun

Trygon is feminine. W. J. H.

.1
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1894. Trygon (Twniura) muricaius, 0. Jackcl, Die Eocaneii Selachicr vom Monte
Bo'ca, p. 142, pi. IV, fig. 32.

1904. Trygon muricaius, C. H. Eastman^ Bull. Mus. Comp. ZooL, Vol. XLVI,

p. 23.

1905. Trygon muricaius, C. R. Eastmanj Mem. Soc. Geol. de France, Vol. XIII,

No. 34, p. 8.

The above synonymy is based upon a comparative study of the type specimen

and other Eocene rays in the Gazzola Collection, which forms one of the orna-

ments of the Paris Museum of Natural History. The chief stumbling block which

has stood in the way of the recognition and proper characterization of this species

has called forth the following remarks from Dr. Otto Jackcl {^^Die Eocdnen Selachier

vom Monte Bolca," 1894): "Es ist auffallend, dass eine Form, die bereits von Volta

vortrefflich beschrieben und abgcbildet war, und welchc durch iliren reich geglied-

ertcn Skeletbau so leicht kenntlich ist, so viele nachtragliche Bcnennungen erfahren

hat. Volta kannte und bcschrieb das hier, Tafel IV, abgebildete Exemplar der

Collection Gazola; allerdings rechnete er zu der gleichen Art, die er als Raja muri-

cata bezeichnete, noch ein mit einem Stachel besetztes Schwanzfragment (L c.

Taf. IX, Fig. 2), welches zu Urolophus crassicauda [sic] gehort. Zu den spat-

ercn Bcnennungen gab z. Th. die Auffindung ncucr Exemplare und die Nicht-

berucksichtigung des vorher beschricbenen Veranlassung " (p. 142).

This species is represented by a single perfect example, preserved in counter-

part (Cat. No. 4521, 4521a) in the Bayet Collection of the Carnegie Museum.

It is of rather small size, a little less than 40 cm. in total length, and probably

represents an immature individual. The entire anatomy is beautifully displayed,

and the caudal spine, which is preserved in situ, is of the same configuration as

the original of Volta, op. cit, PL IX, fig. 2.

Carchariid^.
J

2. Carcharias (Scoliodon) cuvieri (Agassiz).

1796. Squalus carcharias, G. S. Volta, Ittiolit. Veronese, p. 10, pi. Ill, fig. 1.

1818. Carcharias innominatus, li. D. de Blainvillc, Nouv. Diet. d'Hist. Nat.,

Vol. XXVII, p. 336 {errorc).

1839. Galeus cuvieri, L. Agassiz, Poiss. Foss., Vol. IV, p. 33 (name only).

1860. Proiogaleus cuvieri, R. Mohn, Sitzungsbcr. k. k. Akad., Wiss. Wien, Vol.

XL, p. 583.

1874. Alojnopsis cuvieri (pars), A. de de Zigno, Catalogo Ragionata dei Pesci

Fossih, p. 174.
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1889. Protogaleus cuvieri, A. S. Woodward, Cat. Foss. Fishes Brit. Mus., pt. 1,

p. 437.

1894. Galeus cuvieri, O. Jaekel, Die Eocanen Selachier vom Monte Bolca, p. 172,

text fig. 38.

1904. Carcharias (ScoUodon) cuvieri, C. R. Eastman, Bull. Mus. Comp. Zool.,

Vol. XLVI, p. 25, text-figure a.

1905. Carcharias {ScoUodon) cuvieri, C. R. Eastman, Mem. Soc. Geol. France,

Vol. XIII, No. 34, p. 9, text-figme 1.

The holotype of this species, described in the first instance by Volta, and within

recent years by Dr. Otto Jaekel and the present writer, forms part of the Gazzola

Collection in the Paris Museum of Natural History. Another specimen, slightly

smaller than the type, is preserved in the Museum of the University of Padua, and

a third, more complete than cither of these two, belongs to the Capellini Museum

at the University of Bologna. Exquisite reproductions of this and two other im-

portant specimens of fishes from Monte Bolca were presented to the Carnegie

Museum in 1909 by Senator Giovanni CapeUini.

Fortunately the Bolognese and Parisian specimens supplement each other in

several noteworthy respects, for instance as regards the form and position of the

^. *-*''
'**^.

Fig. 2. (1) Carcharias (ScoUodon) cuvieri Agassiz. Outline figure of the holotype preserved in the Paris Mu-

seum of Natural History- Xl/9. (2) Carcharias (ScoUodon) cuvieri Agassiz . Outline figure of the Bolognese example,

drawn from the replica in the Carnegie Museum (Cat, No, 4547), Xl/9.

median fins, nature of the shagreen covering, dentition^ etc. The anterior dorsal

is not shown in the Bolognese example^ but as an offset to this the pelvic pair is



CATALOG OF FOSSIL FISHES IN THE CARNEGIE MUSEUM 355

well displayed. Both specimens show undigested food and coprolitic matter within

the intestinal tract, the course of which latter is clearly indicated.

The accompanying text-figures will show the general configuration of body in

the species under consideration, as exemplified by the two individuals just men-

tioned.

TELEOSTOMI.

Suborder PROTOSPONDYLI.

Family Pycnodontid^.

3. Pycnodus platessus Blainville.

1796. Coryphena apoda, G. S. Volta, Ittioht. Veronese, p. 197, pi. XXXV, fig. 1.

1818. Zeus platessus, H. D. dc Blainville, Nouv. Diet. d'Hist. Nat., Vol. XXVII.
1833-34. Pycnodus platessus, L. Agassiz, Poiss. Foss.; Vol. II, pt. 1, p. 185, pi.

LXXII, figs. 1, 2 (non figs. 3, 4).

1856. Pycnodus platessus, J. J. Heckel, Dcnkschr. k. k. Akad. Wiss. Wien, math.-

. naturw. CL, Vol. XI, pp. 204, 226, pi. VIII, figs. 5, 7.

1895. Pycnodus platessus, A. S. Woodward, Cat. Foss. Fishes Brit. Mus., pt. Ill,

p. 276.

1905. Pycnodus apodus, C. R. Eastman, Mem Soc. Geol. France, Vol. XIII,

No. 34, p. 10.

The type is a nearly complete fish contained in the Paris Museum of Natural

History.

The specimens representing this species attain on the average a length of about

30 cm. Maximum depth of trunk equalling half the length of the fish exclusive

of the caudal fin; head with opercular apparatus occupjdng about one-quarter of

the total length. Teeth of the splenial bone smooth, the outermost indented; the

inner or principal series equalling in breadth the two flanking series, of which the

inner comprises teeth broader than long, the outer being composed of ncarl}- round

teeth. Dorsal fin occupying somewhat less than three-quarters of the total length

of the back, arising almost at the highest point.

Of this rare species a single example is preserved in the British Museum;

several, in addition to the type, are found in the Paris INIuscum of Natural Histor}^,

and one tolerably complete example is preserved in the Carnegie Museum (Cat.

No. 4479, 4479a).

4. Pycnodus gibbus Agassiz. (Plate XCV, fig. 3.)

1796. Coryphama apoda var., G. S. Volta, Ittiolit. Veronese, p. 147, pi. XXXV,
%-2.
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1796. Diodon reiiculatus, G. S. Volta, ibid, p. 94; pi. XX, fig. 3.

1844. Pycnodus gibbus = Pycnodus platessus, L. Agasvsiz, Poiss. Foss., Vol. II,

pt. II, pi. 185, pi. LXXII, figs. 3, 4.

1856. Pycnodus gibbosus, J. J. Heckel, Denkschr. Akad k. k. Wiss., math.-naturw.

CL, Vol. XI, p. 226, pi. VIII, figs. 3, 4, 6.

1895, Pycnodus gibbus, A. S. Woodward, Cat. Foss. Fishes Brit. Mus., pt. Ill,

p. 276.

The type is a nearly complete fish, the location of which is unknown.

A small species, attaining a length of about 15 cm., maximum depth of trunk

slightly exceeding half the total length of the fish (including the caudal fin) ; head

with opercular apparatus occupying somewhat more than one-quarter of the

total length. Teeth and fins apparently as in the type species.

Regarded by Agassiz in his final work as the young of P. pla'essus, its differ-

ential characters were pointed out by Heckel in 1856. Three examples of this form

occur among the series of fossil fishes belonging to the Carnegie Museum. They are

cataloged under the following numbers: 4480+4480a; 4481; 4482.

Suborder ISOSPONDYLI.

Family Clupeidte.

Genus Clupea (Artedi) Linne.

Three well recognized species of this genus are known from the Upper Eocene

of Monte Bolca, and eight others have been named, without, however, having

been scientifically defined or illustrated. In addition, at least two generic titles

have been proposed for Clupcoid forms from Monte Bolca, the precise status of

which is uncertain. 2 Not improbably some of the smaller types upon which sepa-

rate species have been founded are to be regarded as the fry of well known larger

Clupeoids. In this connection it may be pertinent to quote the following extract

from Dr. A. S. Woodward's Catalogue of Fossil Fishes (Part IV, p. 158):

''The following names are also ascribed to supposed Clupeoids from the Upper

Eocene of Monte Bolca by P. Lioy (Atti Soc. Ital. Sci. Nat., Vol. viii, 1865, pp.

411-414), but neither the genera nor species are scientifically defined or recogniz-

able: Clupea ophthalmica, C. chrysosoma, C. microccphala, C. minutissima, C. cepha-

uSj Uropterina platyrachis^ Ptericephalina macrogas'rina and P. elongataJ^

The Clupeoids from Monte Eolca which are represented in the collections of

2 For instance, an undefined species named Clupea leplo^tea by Agassiz (Ncues Jahrbuch, 1835, p. 120) is regarded

by P- Lioy as type of a distinct genus, Plericephalina. No illustrations have been published by either of those authors

or by subsequent writers of the species thus designated, hence the difhoulty of determining whether or not it should

rank as an independent genus or species.



CATALOG OP FOSSIL FISHES IN THE CARNEGIE MUSEUM 357

the Carnegie Museum are mostly small forms, the greater number of which are

referable to the species which was named by Agassiz Clupea catopierygia, but the

description of which was first published in 1901 by Dr A. S. Woodward. Over a

score of Clupeoid species from the same horizon and locality have been described

since the time of Agassiz by various authors, many of them in publications not readily

accessible; and as the present writer has not yet had an opportunity to consult

the original descriptions, nor to study the actual types, except in a few cases, a pre-

cise determination of all the specimens in the Bayet Collection has not been at-

tempted. It will suffice for the present to note that the genus Clupea is repre-

sented in the Carnegie Museum by specimens having the following catalog numbers

:

Clupea: Cat. No. 4511 (in counterpart); 4202; 4203; 4204; 4205; 4206; 4219;

4223; 4011; 4012; 4315; 4505; 4506; 4507; 4508; 4509 (in counterpart); 4510.

Suborder APODES.

Family Mur^nid^e.

The extinct species of this family, which appear sparsely in the Upper Cre-

taceous, and become more abundant in the Eocene, are still imperfectly known.
Several anguilliform types inedits, designated as such by Professor Louis Agassiz

have recently been described by the present writer from Bolca material preserved

in the Paris Museum of Natural History. Some of the undermentioned specimens

arc remarkable for their fine state of preservation. The name Leptocephalus is

retained as a convenient designation for the young of various eel-like species.

Genus Eomyrus Storms.

5. Eomyrus ventralis (Agass'z).

1835. Anguilla ventralis, L. Agassiz, Neues Jahrb., p. 307 (name only).

1839-44. Anguilla ventralis, L. Agassiz, Poiss. Foss., Vol. V, pt. 1, p. 15; pt. II,

p. 134, pi. XLIII, figs. 2, 3.

1898. Anguilla ventralis (? = Eomijrus) , R. Storms, Bull. Soc. Be'ge GeoL, Vol. X,
Mem., p. 240.

1901. Eomyrus ventralis, A. S. Woodward, Cat. Foss. Fishes Brit. Mus., pt. IV;

p. 341.

T?/pe.—Nearly complete fish; location unknown; olim Hartmann Collection.

This is a rare form, not represented in the collections of the British Museum,
and by but a single specimen in the Bayet Collection of the Carnegie Institute,

which is cataloged as No. 4017. A specimen of Clupea is preserved on the same
slab.
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6. Eomyms latispinus (Agassiz).

1835. Anguilla latispina, L. Agassiz, Neues Jahrb., p. 307 (name only).

1839-44. Anguilla latispina, L. Agassiz, Poiss. Foss., Vol. V, pt. 1, p. 15; pt. II,

p. 133, pL XLIII, fig. 4.

1901. Eomyrus latispinus, A. S. Woodward, Cat. Foss. Fishes Brit. Mus., pt. lY,

p. 340.

1905. Eomyrus latispinus, C. R. Eastman, Mem. See. Geol. France, Vol. XIII;

No. 34, p. 15.

Type.—Nearly complete fish; Paris Museum of Natural History. The speci-

men cataloged as No. 4411 is the solitary example of this species represented in

the Bayet Collection. Four specimens are preserved in the British Museum.
r

7. Eomyrus formosissimus Eastman. (Plate XC, fig. 1.)

1796. Ophidium harhatum, Volta, Ittioht. Veronese, p. 157, pi. XXXVIII, fig. 2

{errore) .

1835. Sphagehranchus formosissimus, L. Agassiz, Neues Jahrb., p. -307 (name

only)

.

1844. Sphagehranchus formosissimus, L. Agassiz, Poiss. Foss., Vol. V, pt. II,

p. 138 (name only).

1905. Eomyrus formosissimus, C. R. Eastman, Mem. Soc. Geol. France, Vol.

XIII, No. 34, p. 15, pi. IV, fig. 1; pi. V, fig. 1.

Type.—Nearly complete fish; Paris Museum of Natural History.

A single nearly complete example of this species, preserved in counterpart,

is included in the Bayet Collection, and compares favorably with the type speci-

men. It is cataloged as No. 5233+ 5233tt, and one of the halves is shown on the

accompanying plate.

Leptocepiialus.

Most of the following specimens agree closely with the so-called Lepiocephalus

gracilis of Agassiz, which is evidently immature: 4224; 4225; 4231; 4296; 4458;

4524; 4525; 4526; 4527; 4528 (faint impression). Nos. 4524 and 4526 are in

counterpart.
Suborder PERCESOCES.

Elevated to the rank of a separate order, this group is stated by Mr. C. Tate

Regan to be ''defined by the presence of a spinous dorsal, the abdominal pelvic

fins each formed of a spine and five branched rays, and the absence of peculiarities

of related groups." The same author also remarks:^ ''The supposed relationship

3 Notes on the Classification of Teleostean Fishes. Proc. Seventh Zool. Congress, Boston Meeting. Cam-

bridge, 1910.
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of the Scombresocidae to the Atherinidse is based on a number of resemblances

which do not in my opinion indicate affinity. The Percesoces are more speciahzed

than the Scombresocidae in that spinous fin-rays are developed^ and features in

which the Atherinidse approximate to the Scombresocidse appear to have been

evolved within the order Percesoces rather than to be those of the prototype of

the group."
Family Atherinid^ (Silversides).

Genus Rhamphognathus Agassiz.

This genuSj which is identical with Mesogaster Agassiz, is with difficulty

distinguished from various existing Atherinine genera, such as Chirostoma, Men-
idia, and Atherinoides . The modern forms are mostly marine and of small size.

8. Rhamphognathus paralepoides Agassiz.

1796. Esox sphyrccna, G. S. Volta, Ittiofit. Veronese, p. 107, pi. XXIV, fig 2

(errore)

.

1796. Esox saurus, G. S. Volta, ibid., p. 206, pi. I, fig. 2 (errore).

1796. Ammodytes tobianus, G. S. Volta, ibid., p. 220, pi. LIU, fig. 3 (errore).

1818. Ammodytes tobianus, H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 360.

1835. Rhamphognathus paralepoides, L. Agassiz, Neues Jahrb., p. 292 (name

only).

1839-44. Rhamphognathus paralepoides, L. Agassiz, Poiss. Foss., Vol. V, pt. I,

p. 104, pL XXXVIII, fig. 1 (R. pompilius on plate).

1876. Rhamphognathus paralepoides, F. Bassani, Atti Soc. Veneto-Trent. Sci.

Nat., Vol. Ill, p. 186.

1898. Rhamphognathus paralepoides, F. Bassani, Palgeont. Italica, Vol. Ill, p. 81,

pi. IX, fig. 3.

T?/pe.^Imperfcct fish; Paris Museum of Natural History.

This species is not represented in the British Museum. One fine example in

counterpart is preserved in the Bayet Collection, cataloged as No. 5241, 5241a.

It has a total length of 19 cm. and has all the fins intact.

Family Sphye^nid^ (Barracudas).

Genus Sphyr^na (Artedi) Bloch and Schneider.

A figure of the skeleton of Sphyrwna is given by Agassiz in Vol. 5, pi. F, of his

Poissons Fossiles.

9. Sphyrsena bolcensis Agassiz.

1796. Esox sphyrmna, G. S. Volta, Ittioht. Veronese, p. 107, pi. XXIV, fig. 1.

1796. Perca punctata, G. S. Volta, ibid., p. 208, pi. LI, fig. 1 (errore).

^T-'
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1796. Esox lucius, G. S. Volta, ibid., p. 253, pi. LXIl {errore).

1818. Esox spret, H. D. de Blainvillc, Nouv. Diet. d'Hist. Nat., Vol. XXVII,

p. 341 (errore).

1835. Sphyrcena holcensis, L. Agassiz, Neues Jahrb., pp. 292, 294, 305.

1835. Sphyrcena gracilis and maxima, L. Agassiz, ibid., p. 305.

1843-44. Sphyrama bolcensis, L. Agassiz, Poiss. Foss.; Vol. V, pt. 1^ p. 95, pi. X,

fig. 2.

1843-44. Sphyrmna gracilis, L. Agassiz, ibid., p. 96, pi. X, fig. 1.

1844. Sphyrcena maxima, L. Agassiz, ibid.,'p. 97 (name only).

1876. Sphyrmna bolcensis, F. Bassani, Atti. Soc. Vcncto-Trent. Sci. Nat., Vol.

Ill, p. 185.

1891. Sphyrcena bolcensis, A. S. Woodward, Brit. Mus. Cat. Foss. Fishes.

Type.—Imperfect fish; Falcontological Museum, Munich.

Six examples of this species are preserved in the British Museum, four in the

Bayet Collection of the Carnegie Museum, one of which is in counterpart. These

are cataloged as Nos. 4007, 4314, 4357, and 4357a, 5240. In No. 4357 the ver-

tebral column is displayed to advantage and seen to consist of twenty-one centra.

Suborder THORACOSTEI.

Under this head Swinnerton,'' following Smith Woodward's suggestion, has

proposed to unite the Lophobranchs of Cuvier with the Hcmibranchs of Cope.

As remarked by Boulonger in the volume on fishes in the Cambridge Natural

History, ''the structure of the Lophobranchs (Solcnostomidge and Lyngnathidse)

shows that these fishes are only extremely specialized forms of the group of which

the Sticklebacks are the well known type, and the character of the 'tufted' gills

alone is surely not of sufficiently great iniportance to warrant the retention of the

Lophobranchii as a division equivalent to the suborders adopted in the present

classification."

The diagnostic character of this group, which, according to Mr. Regan, may be

related to the Scombresocida), is the presence of a large dermal plate on each side,

which in the adult is coossilied with the coracoid and anteriorly united by suture

to the clavicle. There arc two well-marked divisions, the Gasteroidei and Aulo-

stomatoidei.

Family Fistulaiuid^ (Cornet Fishes).

Aulostoma, by some regarded as type of a distinct family, Fislularia (''Trumpet

Fish" or "Flute-mouth" of recent faunas) and Urosphen are the only known rcpre-

*Quart. Journ. Micr. Soc, 1902, Vol. XLV, p. 503.

:ii-
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sentatives of this family in the Bolca Eocene. Dr. A. S. Woodward gives the

following tabulation of differential characters in these genera

:

Synopsis of Genera.

No free dorsal spines; caudal fin forked, with elongated median rays; no scales Fisiularia.

A series of free dorsal spines; caudal fin rhombic, without elongated ray; small

ctenoid scales present Aulostoma.

Imperfectly known, but all caudal fin-rays much elongated; no scales Urosplmi.

Of the above-mentioned genera, only one imperfect example of Aulostoma

is preserved in the British Museum. The Carnegie Museum possesses two good

examples of Urosphen, but none of Aulostoma or Fistularia. A figure of the existing

F. tabaccaria, which sometimes attains a length of six feet, is given by Agassiz in

his Poissons Fossiles, Vol. IV, pi. 35, fig. 1 (wrongly labelled Aulostoma chinensis).

Genus Urosphen Agassiz.

10. Urosphen dubia (Blainville) . (Plate XC, fig. 2; Plate XCVI, fig. 2.)

1796. Fistularia tabacaria, G. S. Volta, IttioHt. Veronese, p. 130, pi. XXIX, fig. 4

(errore)

,

1818. XXVII

1839-42. Urosphen fistularis, L. Agassiz, Poiss. Foss., Vol. IV, p. 284, pi. XXXV,
fig. 6 (name only).

1874. Urosphen fistularis, A. de Zigno, Gatalogo Ragionato dei Pesci Fossili,

p. 107.

1876. Urosphen fistularis, F. Bassani, Atti Soc. Veneto-Trent. Sci. Nat., Vol. Ill,

p. 182.

1905. Urosphen dubia, C. R. Eastman, Mem. Soc. Geol. de France, Vol. XIII,

No. 34, p. 20.

Type.—ImpciicGt fish; Paris Museum of Natural History.

This, the type species, attains a length of about 45 cm., of which the elongated

caudal fin forms one-fourth. The dorsal and anal fins are similar and opposite,

and in the smaller of the two imder-mentioned specimens eighteen rays are to be

counted in each.

4015, 4015a. Imperfect specimen, in counterpart, in which the head has a

length of 13 cm., and the trunk is preserved to a point a little behind the median

fins. Illustrated in Plate XC, fig. 2.

4409. Small, excellently preserved example, in which the unpaired fins are

well displayed. Shown in Plate XCVI, fig. 2,
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Suborder SOLENICHTHYES.

This group is apparently related to the preceding (Thoracostei), but differs

from it in that on each side a series of plates takes the place of the single dermal

plate of the latter. There arc two families, the Centriscidce and Am^pMsilidw.

Family Centriscid^.

Centriscus, with five species in the Atlantic and Pacific Oceans, represents

the family at the present day. Isolated spines from the Pliocene of Tuscany have

been referred to the same genus. Rhamphosus, from the Upper Eocene of Monte
Bolca, is believed to have been allied to Centriscus.

Genus Rhamphosus Agassiz.

11. Rhamphosus aculeatus (Blainville)

.

1796. Uranoscopus rastrum, G. S. Volta, Ittiolit. Veronese, p. 22, pL V, fig. 4.

1796. Centriscus, G. S. Volta, ibid., pi. LXXV, fig. 1 (errore).

1818. Centriscus aculeatus, H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVIII, p. 339.

1835. Rhamphosus aculeatus, L. Agassiz, Neues Jahrb., p. 291 (name only).

1839-42. Rhamphosus aculeatus, L. Agassiz, Poiss. Foss., Vol. IV, p. 270, pi.

XXII, fig. 7.

1888. Rhamphosus aculeatus, L. Vaillant, Exped. Scient. Travailleur et Talis-

man—Poissons, p. 339.

1898. Rhamphosus aculeatus, F. Bassani, Paleeontogr. Itahca, Vol. Ill, p. 82, pi.

IX, fig. 4.

1901. Rhamphosus aculeatus, A. S. Woodward, Cat. Fossil Fishes Brit. Mus.,

Part IV, p. 377.

Type.—Imperfect fish, Paris Museum of Natural History.

This species is represented in the British Museum collections by a single im-

perfect specimen, and in the Carnegie Museum by a complete head, including the

attenuated and elongated snout, of a rather small-sized example. (Cat. No. 4213.)

Suborder ACANTHOPTERYGII.

This large and well characterized suborder, the most comprehensive of the

whole class of Pisces, is commonly understood as embracing the Berycidce and

allied families, together with the Perciformes, Scomhriformes , Kurtiformes, Jugu-

lares, Gohiiformes, etc., of Boulcnger. The removal of the berycoid fishes to form

^Ji
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separate assemblages has recently been proposed by Mr. Regan,^ wliose reasons

for this procedure are thus stated:

''It is usually recognized that the berycoid fishes are very generalized^ as is

shown by the large number of rays in the pelvic fins, the persistence of the pneumatic

duct in certain genera, and the abundance of the group in Cretaceous times. . . .

In the Holocentridse and BerycidiB the attachment [of the pelvic bones to the

clavicles] is by ligament, and in the Polymixiidae the pelvic bones are quite remote

from the clavicles; in the last-named the outermost ray of the pelvic fin, although

simple, is not spinous, but articulated. In many species of Myripristis the distal

part of the maxillary enters the gape when the mouth is widely opened and bears a

series of true teeth which are set in sockets. . . . These facts lead me to believe

that the resemblance of the Cretaceous Clupeoids, Ctenothrissa and Pseudoberyx,

to the berycoids may be due to their real affinity, and that they may have belonged

to the group from which the berycoid fishes have evolved."

Division A. BERYCIFORMES.

(Order Berycomorphi Regan.)

In this division the pelvic fins are thoracic, usually with more than five

articulated rays in addition to the spine. No bony stay between the circum-

orbital ring and preoperculum.

Family BERYCiDiE.

This family, in the language of Boulenger, ''is remarkable for the retention

of two archaic characters: the large number of rays in the ventral fins, and the duct

between the air-bladder and the digestive tract; the latter character is, however,

not universal, and has only been found in two genera (Beryx and Holocentrum)

.

The scaling of the body varies greatly, and so does the development of the spines

in the vertical fins."

The Beryddw were abundantly represented in Cretaceous times by Beryx

and other genera more or less closely related to living forms, and they appear to

have been the precursors of the Perciform fishes. About seventy species, referred to

thirteen genera, are known to live at the present day, mostly at great depths, in the

seas nearly all over the world.

Genus MvRirRiSTis Cuvier.

A figure of the skull of this genus, and one of the skeleton of Holocentrum, are

given by Agassiz in Vol. IV, plate B, of his Poissons Fossiles.

<! Advance Print from Proc. Seventh International Zool. Congress, Boston Meeting, 1910, p. 12.
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12. Myripristis leptacantha* Agassiz.

1796. Perca formosa, G. S. Volta, Ittiolit. Veronese, p. LXXX, pi. XVII, fig. 2

(errors)

,

1818. ''Perca formosa/' H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 347.

1838-39. Myripristis leptacanthus , L. Agassiz, Poiss. Foss., Vol. IV, pp. 5, 111,

pi. XV, fig. 4.

1876. Myripristis leptacanthus, F. Bassani, Atti Soc. Veneto-Trent. Sci. Nat.,

Vol. Ill, p. 176.

1901. Myripristis leptacanthus, A. S. Woodward, Brit. Mus. Cat. Foss. Fishes,

Ft. IV, p. 410.

Type.^Imparfcct fish; Paleontological Museum, Munich.

This species is represented in the collection of the Carnegie Museum by a

number of well preserved examples, cataloged as follows: 4209, 4216, 4338, 4435,

4446, 4495, 4496, 4497.

Genus Holocenteum (Artedi) Cuvier.
-_ y

13, Holocentrum macrocephalum Blainville. (PL XCII, fig. 1.)

1796. Holocentrus sogo, G. S. Volta, Ittiolit. Veronese, p. 210, pi. LI, fig. 2 (errore),

1796. Chcetodon saxatilis, G. S. Volta, ibid., p. 265, pi. LXIV, fig. 1 (errore).

1796. Chmtodon, G. S. Volta, ibid., pi. LXXII, fig. 1 {errore).

1818. Holocentrus macrocephalus , H. D. dc Blainville, Nouv. Diet. d'Hist. Nat.,

Vol. XXVII, p. 349.

1818. Chcetodon saxatilis, H. D. de Blainville, ibid., p. 353 (errore).

1834-36. Holocentrum pygwum L. Agassiz, Poiss. Foss., Vol. IV, pp. 6, 107,

pi. XIV.

1901 . Holocentrum macrocephalum, A. S. Woodward, Brit. Mus. Cat. Fossil

Fishes, Part IV, p. 413.

Type.—Imperfect fish; Paris Museum of Natural History.

Several fine large specimens, as perfect as any hitherto reported, besides a

number of smaller ones, form part of the Bayet Collection in the Carnegie Museum.

A typical example is represented in Plate XCII, fig. 1. The series is cata-

loged under the following numbers: 4368, 4370, 4372, 4437, 4444, 4445, 4455, 4494,

4495, 4502. The original of Plate XCII, fig. 1, is cataloged as No. 4455.

Division B. SCOMBRIFORMES.
As remarked by Boulenger, the series of families that cluster round the mackerel

offer so many modifications of structure that it is impossible to draw up a diagnosis

*The noun Myripristis being feminine, the specific name should agree with it. Editor.
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differentiating every one of its members from the Perciformes, with which they

are closely connected, and from which they hardly deserve to be separated. The
geological range of this division is from the Lower Eocene to the present day.

Family Carangid^ (Pompanos, etc.).

Genus Semiophorus Agassiz.

14. Semiophorus velifer (Volta). (Plate XCVI, fig. 1.)

1796. XXVII
{non fig. 3).

1835.

1838-

1818. Chcetodon velifer, H. D. de Blainville, Nouv. Diet. d'Hist. Nat.^ Vol. XXVII,
p. 355.

Semiophorus velifer, L. Agassiz, Neues Jahrb., p. 301 (name only).

-42. Semiophorus velifer, L. Agassiz^ Poiss. Foss., Vol. IV, pp. 14, 219, pi.

XXXVIIa.
1859. Semiophorus velifer, A. G. Massalongo, Specimen Photogr. Anim. Foss.

Agr. Veron., p. 27, pi. VI.

1876. Semiophorus velifer, F. Bassani, Atti Soc. Veneto-Trent. Sci. Nat., Vol.

Ill, p. 179.

(?) 1878. Semiophorus gigas, A. de Zigno, Mem. R. Instit. Veneto, Vol. XX, p.

488, pi. XV.
1901. Semiophorus velifer (Volta), Brit. Mus. Cat. Fossil Fishes, Part IV, p. 430.

Type.—Nearly complete fish; Paris Museum of Natural History.

One fine specimen and two imperfect ones, partially restored, are preserved

in the British Museum of Natural History. Two excellent examples, one of them
a hypotypc, having been figured by Massalongo, are contained in the Bayet Col-

lection of the Carnegie Museum. An illustration is given of the original of Massa-
longo's figure in the accompanying plate. This bears the catalog No. 4467, and
the second specimen that of No. 4466.

Genus Platax Cuvier.

15. Platax subvespertilio (Plainville)

.

This large and handsome species is not represented in the British Museum.
The type and several other specimens are preserved in the Paris Museum of Natural
History, others at Verona and elsewhere in Italy. A cast of an extraordinarily

perfect example belonging to the University of Bologna (olim Zigno Coll.) was
presented to the Carnegie Museum a few years ago through Senator G. CappcUini,
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together with casts of Carcharias ( = Scoliodon) and Seriola. This bears the catalog

number of 4549.
Genus Vomeropsis Heckel.

16. Vomeropsis longispinus (Agassiz). (Plate XCIII, figs. 1, 2.)

1796. Zeus vomer, G. S. Volta, Ittioht. Veronese, pi. XXXV, fig. 3 {errore).

1796. Zeus triurus, G. S. Volta, ibid., p. 181, pL XLIV, fig. 2 (errore),

1836-44. Vomer longispinus, L. Agassiz, Poiss. Foss., Vol. V, Pt. I, pp. 4, 28,

pis. V, Vl'.

1854. Vomeropsis longispinus, J. J. Heckel, Sitzungsb. Akad. Wiss., math.-naturw.

CL, Vol. XI, p. 135.

1901. Vomeropsis longispinus, A. S. Woodward, Brit. Mus. Cat. Foss. Fishes,

pt. IV, p. 436.

Type.—lmpeYieGt, partly distorted fish; Paris Museum of Natural History.

One fine small specimen, and a larger imperfect one, are preserved in the

British Museum. Two large, nearly complete examples belong to the Carnegie

Museum, and are cataloged as numbers 4350 and 4489. These are shown of

the natural size in the plate.

Genus Mene Lacepede.

This genus, represented in the existing fauna by a single East Indian species,

and by two in the Eocene of Monte Bolca, has recently been studied in considerable

detail by Dr. Kudolf Cramer (Zeitschr. deutsch. geol. GeselL, Jahrgang 1906, Band

58, pp. 181-212.) The accompanying diagram of the cranial osteology is repro-

duced from a figure given by this author.
r

17. Mene rhombea* (Volta). (Text-figure 3.)

1796. Scomber rhomheus G. S. Volta, Ittioht. Veronese, p. 184, pi. XVIII.

Zeus rhomheus H. D. de BlainviUe, Nouv. Diet. d'Hist. Nat., Vol. XXVII,
1818.

p. 356.

1833. Gasteronemus rhomheus L. Agassiz, Poiss. Foss., Vol. V, pt. I, p. 20, pi. II.

1901. Mene rhomheus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt. IV, p. 439.

1906. Mene rhomheus Rudolf Cramer, Zeitschr. deutsch. geol. Ges., vol. 58,

p. 181, pi. X.

Ti/pe.—Nearly complete fish; Paleontological Museum, Munich.

Numerous fine examples of this species are preserved in the Carnegie Museum,

the whole forming an excellent series for study. They are cataloged under the

following numbers: 4009, 4010, 4344, 4349 (+4349a), 4353, 4365, 4310, 4369

*jVliJi'77 nam, fern- /. rhombea. Editor.

k



CATALOG OF FOSSIL FISHES IN THE CARNEGIE MUSEUM 367

(+4369a), 4483, 4484, 4485, 4486, 4487, 4488 (+4488a), 4493, 4490, 4491, 5235,

5236.

Fig. 3. Mene rhombea Volta, Restoration of head portion, showing cranial osteology, about one-half

natural size (after Cramer), ar, articular; de^ dentary; ect^ ectopterygoid; ent, cntoptcrygoid; km, liyomandibular;

j.o., interopcrculum; ma, maxilla; mtj metapterygoid; o^ operculum; pa^ palatine; prm, prcmaxilla; pr.o, preoperculum;

gu, quadrate; s.o., suboperculum; sq, squamosal; 1, 2, 3, the three centers of ossification visible in the cranial roof.

18. Mene oblonga* (Agassiz). (Plate XCII, fig. 3.)

This species is much rarer than the one immediately preceding. Two ex-

amples of it are reported as belonging to the British Museum, and four are now the

property of the Carnegie Museum. These are catalogued as follows: 4333, 4337,
+

4492, 4020. The last mentioned specimen is shown of the natural size in Plate

XCII, fig. 3.

Genus Seriola Cuvier.

Differs from Caranx in having the pectoral fins relatively small, anal shorter

than the posterior dorsal, and no enlarged or thickened scales along the lateral

line.

19. Seriola prisca (Agassiz). (Plates XCVII, fig. 6; XCVIII, fig. 1;

XCIX, fig. 3; CI, fig. 2.)

1796. Scomher pelagicus G. S. Volta, Ittiolit. Veronese, p. 74, pi. 'XVl{errore)

.

1796. Coryphcena G. S. Volta, ibid., pi. LXVIII (errore).

1818. Scomber pelagicusf H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

1835.

XXVII, p. 346.

Lichia prisca L. Agassiz, Neues Jahrb., p. 292 (name only).

1834-44, Lichia prisca L. Agassiz, Poiss. Foss., Vol. V, pt. I, p. 34, pis. XI, XIa.

1854. Seriola prisca J. J. Heckel, Sitzungsb. k. Akad. Wiss., math.-naturw. CL,

Vol. XI, p. 136.

/

* See editorial note at foot of p. IGG.
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1876. LicMa prisca F. Bassani, Atti Soc. Veneto-Trent. Sci. Nat., Vol. Ill, p. 184.

1901. Seriola prisca A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt. IV, p. 444.

Type.—Nearly complete fish; Paleontological Museum, Munich.

Numerous fine large specimens of this species are contained in the Bayct Col-

lection of the Carnegie Museum, some of them exquisitely preserved, a few some-

what distorted. A replica of an unusually large individual, olim collection Baron

de Zignoj now in the Capcllini Museum of the University of Bologna, was presented

to the Museum in 1909 through the courtesy of Senator Giovanni Capellini. It

has a total length to base of the caudal fin of 25 inches ( = 62.5 cm.) and is cataloged

as number 4548. The remaining examples bear the following departmental num-

bers: 4230 (juv.), 4545, 4006, 4018, 4295, 4364+4364a, 4373, 4413, 4469, 4410.

20. Seriola analis (Agassiz).

1796. Scomber G. S. Volta, Ittioht. Veronese, pi. LXIX, fig. 1 (errore).

1796. Polynemus G. S. Volta, ibid., pi. LXXV, fig. 3 {errore).

1835. Carangopsis analis L. Agassiz, Neues Jahrb., p. 304 (name only).

1843-44. Carangopsis analis L. Agassiz, Poiss. Foss., Vol. V, pt. I, p. 42, pi. IX,

fig. 1.

1848. Lichia analis C. G. Giebel, Fauna d. Vorwclt, Fische, p. 76.

1901. Seriola analis A. S. Woodward, Brit. Mus. Cat. Fossil Fishes pt. IV, p. 445.

Type.—Imperfect fish; Paleontological Museum, Munich.

This is a comparatively small and slender species, much rarer than the pre-

ceding. The anal fin is slightly longer than in the type, apparently with twenty-

two articulated rays. Three examples are preserved in the British, and a like

number in the Carnegie Museum, the latter cataloged as follows: 4003 (in counter-

part); 4330, 4351 (also in counterpart).

Genus Carangopsis Agassiz.

This genus differs from Caranx in having larger teeth, no enlarged or thickened

scales along the lateral line, and fin shorter than the posterior dorsal, and anal fin-

spines insignificant, not separate from the fin.

21. Carangopsis brevis (Blainville)

.

1796. Polynemus quinquarius G. S. Volta, Ittiolit. Veronese, p. 153, pi. XXXVI
(errore).

1818. Mugil brevis H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol. XXVII,

p. 344.
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1835. Carangopsis latior L. Agassiz, Neucs Jahrb., p. 293 (name only).

1843-44. Carangopsis latior L. Agassiz^ Poiss. Foss., Vol. V, pt. 1, p. 40, pi. IX,

fig. 2.

1876. Carangopsis latior F. Bassanij Atti Soc. Vcneto-Trent. Sci. Nat., Vol. Ill,

p. 185.

1901. Carangopsis hrevis A. S. Woodward, Brit. Mus. Gat. Fossil Fishes, pt. IV,

p. 446.

Tt/pe.—Imperfect distorted fish; Paris Museum of Natural History.

This species is represented by a single example in the Bayet Collection, cata-

loged as No. 4371. It is very well preserved, and bears an original label which

reads '^Carangopsis latior, ^^ hand-writing unknown.

22. Carangopsis dorsalis Agassiz. (Plate XCI, fig. 2.)

1796. Sciena undecimalis G. S. Volta, Ittiolit. Veronese, p. 217, pi. LIII, fig. 1

(errore)

.

1818. Sciwna undecimalis^. H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 348.

1835. Carangopsis dorsalis L. Agassiz, Neucs Jahrb., p. 304 (name only).

1834-44, Carangopsis dorsalis L. Agassiz, Poiss. Foss., Vol. V, pt. 1, p. 41, pi. VIII.

1901. Carangopsis dorsalis A. S. Woodward, Gat. Fossil Fishes British Museum,

pt. IV, p. 447.

Type.—Imperfect fish; Paris Museum of Natural History.

Trunk somewhat less deep than in the type species, and anal fin with fourteen

or fifteen articulated rays.

Six good specimens of this form are contained in the Bayet Gollcction of the

Carnegie Museum, one of which, superior in point of preservation, is shown in the

accompanying plate. The series is cataloged as follows: 4361, 4359, 4359a,

4345, 4530, 4530«, 4531, 4531a, 4537, 4537a.

Genus Ductor Agassiz.

23. Ductor leptosomus Agassiz.

1796. Callionymus vestenm G. S. Volta, Ittioht. Veronese, p. 140, pi. XXXII,

fig. 2 (errore).

1796. Gobius smyrnensis G. S. Volta, ibid., p. 241, pi. LVIII, fig. 2 (errore).

1818. '^ Callionymus vestenw^' H. D. de Blainville, Nouv. Diet. d'Hist. Nat.,

Vol. XXVII, p. 359.

1818. ''Gobius smyrnensis" H. D. de Blainville, ibid., p. 358.
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1834. Ductor leptosomus L. Agassiz, Verhandl. Ges. Vaterland. Mus. Bolimen,

p. 66 (name only).

1835. Ductor leptosomus L. Agassiz^ Neucs Jahrb., p. 293 (name only).

1834-44. Ductor leptosomus L. Agassiz, Poiss. Foss., Vol. Vj pt. Ijp. 53, pi. XII.

1876. Ductor leptosomus F. Bassani, Atti Soc. Veneto-Trent. Sci. Nat.^ Vol. Ill,

p. 184.

1901. Ductor leptosomus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt. IV,

p. 448.

Type.—Imperfect fish; Paris Museum of Natural History.

One large and several smaller and imperfect specimens are to be seen in the

British Museum. The Carnegie Museum possesses a series catalogued as follows:

4214, 4220 and 4220a, 4227 (imperfect), 4130, 4513, 4514, 5242, 5243 (j^v.).

Genus Acanthonemus Agassiz.

This genus, like the preceding, is entirely extinct, and known by a single

species from the Upper Eocene and Upper Oligocene respectively, both exceed-

ingly rare.

24. Acanthonemus subaureus (Blainville). (Plate XCIV.)

1796. Zeus gallus G. S. Volta, Ittiolit. Veronese, p. 87, pi. XIX, fig. 3 (en-ore).

1796. Chcetodon aureus G. S. Volta, ibid., p. 212, pi. LI, fig. 3 (errore).

1818. Chcetodon subaureus, H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 354.

1834. Acanthonemus filamentosus L. Agassiz, Poiss. Foss., Vol. V, pt. I, p. 25,

pis. Ill, IV.

Type.—Imperfect fish; Paris Museum of Natural History.

The fine example shown in the accompanying platCj cataloged as No. 4439,

is the third example known. The other two, one of which is the type, belong to

the Paris Museum. The six anterior dorsal fin-rays are greatly elongated.

Genus Trachynotus Laccpede.

To this genus, as re-defined by Cuvier from his study of recent forms, a single

small species was somewhat doubtfully referred by Agassiz on the basis of a soli-

tary example from the Eocene of Monte Bolca. After quoting Cuvier's remarks on

the near approach of this genus to Lic/im and its allies, Agassiz remarks: '^D'apres

cela, on comprend qu'il doit etre plus difficile encore de determiner les especes
+ X

fossiles; surtout si toutcs les parties du squelette ne sont pas parfaitement con-
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scrvees. Aussi en rapportant a cc genre rcmpreinte fossile que je vais decrire, je

me suis laisse guidcr uniquement par la forme generale du poisson."

Further on, in his description of the holotype of T. tenuiceps, the same author

observes: ^'Quoique on ne voit pas la dentition de I'interior de la guclc, la forme

generale du poisson, les proportions du corps, ct cct air do famille si inappreciable en

histoire naturcllc, compcnsent ce qu'il y a de defectueux dans les details, et comme

on ne peut balancer qu'entrc les genres Platax et Trachinotus, il ne pent rester aucun

doute sur sa position generique dans la famille des Scomberoides."

The above paragraphs are of interest as revealing the mental process, or personal

equation on the part of an experienced student of ichthyology, who depended upon

instinct; as it were—that is, an acquired second sight or delicacy of perception, or in a

word feeling—in determining the systematic position of doubtful or of imperfectly

preserved fossil remains. Be that as it may, no one has shown cause for removing

Agassiz's so-called Trachyrioius tenuiceps from the position assigned to it, and until

the present time the type specimen has remained absolutely unique.

The Carnegie Museum is fortunate in possessing two well preserved examples

which may be provisionally referred to the species described by Agassiz, although

they greatly exceed the type in size, and one, which has a deeper form of body than

Agassiz's original, may be found on further investigation to differ from it suffi-

ciently to warrant the establishment of a separate species. The doubtful specimen

last mentioned is illustrated in Plate C.

25. Trachynotus tenuiceps Agassiz. (Plate XCI, fig. 1.)

1796. Chcetodon rhomhoides (errore) G. S. Volta, Ittiolit. Veronese, p. 162, pi.

XXXIX, fig. 3.

1835. Trachinotus tenuiceps L. Agassiz, Poiss. Foss., Vol. V, pt. I, p. 36, pi. VII.

Type.—Nearly perfect fish in counterpart; Paris Museum of Natural History.

Of the two examples provisionally referred to this species, the larger (Cat. No.

4367) is preserved on a single slab, the other in counterpart (Cat. No. 4532, 4532a).

One of the containing slabs of the latter is shown in the accompanying plate. The

individual which is not figured has a total length to base of the caudal fin of 16 cm.
F

\

Genus Zanclus.

Of this existing genus two fossil species have been described, one from the

Eocene of Monte Bolca, the other from the Calcaire Grossicr of Paris.
.
No examples

- h ^

of cither arc found to be in the British Museum, and the undermentioned specimen

of Z. hrevirostris is the onlj^ one thus far reported besides the type.- A figure of the
b -_

recent Z. cornutus is given by Agassiz, Poiss. Foss., Vol. IV, pi. G, fig. 1.
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26. Zanclus brevirostris Agassiz. (Plate XCVII, fig. 3.)

1796. Chcetodon canescens Volta, Ittiolit. Veronese, pi. XXVI, fig. 2 (errore).

1842. Zanclus brevirostris L.AgdiQsiz, Poiss. Foss., Vol. IV, p. 236, pi. XXXVIII.

Type.—Nearly complete fish; Paris Museum of Natural History.

Represented by a single admirably preserved specimen in the Bayet Collection^

cataloged as^No. 4415, and bearing an original label which reads as follows: "Done

di Eugenio Sardagno, Venezia 18 Nr. 1888, ex Galleria Manfrin.^' It is shown of

the natural size in Plate XCVII, Fig. 3.

Family Scombrid^. Mackerels.

All the existing members of this family are marine, and all known fossil repre-

sentatives occur in marine deposits. The Tunny, or Horse Mackerel {Thynnus

thynnus Linn.) is the Tuna or Leaping Tuna of southern California, and is the largest

fish of the mackerel family, reaching a length of ten feet or more, and a weight of

1500 pounds. It also occurs in the fossil state in the Pleistocene (Forest Bed Series)

of Norfolk, England.

Genus Thynnus Cuvicr.

(Syn. Orycynus Cuvier.)

27. Thynnus lanceolatus (Agassiz).

1796. Scomber alatunga G. S. Volta, Ittiolit. Veronese, p. 123, pL XXIX, fig. 1

fig. 1 {errore).

1796. Salmo cyprinoides G. S. Volta, ibid., p. 214, pi. LII.

1818. Clupea cyprinoides H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 343.

1818. Scomber altalunga H. D. de Blainville, ibid., p. 345 (errors).

1835. Orycynus lanceolatus L. Agassiz, Neues Jahrb., p. 293.

1835-44. Orycynus lanceolatus L. Agassiz, Poiss. Foss., Vol. V, pt. 1, p. 59, pi.

XXIII.

1876. Orycynus lanceolatus F. 'Bsiss&m, Atii Soc. Vencto-Trent. Sci. Nat., Vol. Ill,

p. 183.
r ^^^ ^^^

1889. Thynnus lanceolatus R. Storms, Bull. Soc. Beige G^ol., Vol. Ill, Mem.,

p. 178.

1901. Thynnus lanceolatus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt.

IV, p. 456.

Type.—Imperfect fish; Paris Museum of Natural History.

This comparatively small species is represented by a single imperfect fish 22
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cm. in length, partly distorted; in the British Museum of Natural History, and by

two larger specimens measuring in total length 33 and 38 cm. respectively^ in the

Carnegie Museum. These are cataloged under the numbers 4223+4223a, and 4890.

There is also a distorted and imperfectly restored specimen cataloged as No. 4363,

^vllich may possibly be referred to this species.

28. Thynmis latior (Agassiz).

179G. Scomber orycynus Volta, Ittiolit. Veronese, p. 22G, pi. LV, fig. 2 (encore).

1844. Orycynus latior Agassiz, Poiss. Foss., Vol. V, p. 60, pi. XXIV.

Type.—Impcriect fish; Paris Museum of Natural History.

The type specimen of this form has remained up to the present time unique.

One nearly complete individual, preserved in counterpart, belongs to the Bayet

Collection, and is cataloged as No. 4533, 4533a. All of the fins are beautifully

displayed.

29. Thynnus bolcensis Agassiz.

1790. Scomber thynnus Volta, Ittiolit. Veronese, p. 119, pi. XXVII {errore).

1844. Thynnus bolcensis Agassiz, Poiss. Foss., Vol. V, pt. 1, p. 57 (undescribed)

.

Type.—Imperfect fish. Paris Museum of Natural History.

The type and, until recently, solitary known example of this species was

wrongly identified with the existing Tunny by Volta, and afterwards recognized

by Agassiz as belonging to a distinct species, for which he proposed the undefined

name of Thynnus bolcensis. A fine large example measuring 95 cm. in total length,

and displaying the essential features to good advantage, forms one of the ornaments

of the Bayet Collection. It is on exhibition in the Hall of Fossil Vertebrates, and

is catalogued as No. 5245. A more detailed account of this form is reserved for a

subsequent paper.

Genus Auxis Cuvier.

This genus resembles Scomber proper in having the two dorsal fins well

separated, but the caudal pedicle carries a lateral keel and the pectoral scales arc

enlarged. The following species is doubtfully referred to this genus by A. Smith

Woodward.
30. Auxis (?) propterygia (Agassiz).

1796. Scomber pelamis G. S. Volta, Ittiolit. Veronese, p. 66, pi. XIV, fig. 2 (errore).

1796. Scomber trachurus G. S. Volta, ibid., p. 125, pi. XXIX, fig. 2 (errore^.

1796. Ophicephalus striatus G. S. Volta, ibid., p. 193, pi. XLVIII, fig. 1 (errore).

1818. Scomber pelamis (?) H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 345.
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1818. Scomber trachurus H. D. dc Blainville, ibid., p. 345.

1818. Labrus bifasciatus ("? one of the species of Scomber"), H. D. dc BlainvillC;

ibid.y p. 351.

1835 Thynnus propterygius L. Agassiz, Neues Jahrb., p. 292 (name only).

1835-44. Thynnus propterygius L. Agassiz, Poiss. Foss.; Vol. V, Pt. 1, p. 55, pi.

XXVII.
r '

1876. Thynnus propterygius F. Basvsani, Atti Soc. Veneto-Trent. Sci. Nat., Vol.

Ill, p. 183.

1882. Thynnus propterygius (? =Auxis), D. G. Krambcrgcr, Bcitr. Palaont.

Ocsterr.-Ungarns, Vol. II, p. 118.

1901. Auxis if) propterygius A. S. Woodward, Brit. Mus. C^at. Foss. FishcSj pt.

IV, p. 464.

Type.—^Imperfect fish; Paris Museum of Natural History.

Of this rare and imperfectly known species a single small example is preserved

in the British Museum^ and one measuring 15 cm. in total length in the Carnegie

Museum (Cat. No. 4013, 4013a).

Division C. PERCIFORMES.

The principal characters of this large division are thus summarized by Dr.

Boulenger: ^'Rays of the caudal fin not strongly forked at the base; lo^pural usually

with a basal spine or knob-like process on each side, epipleural bones usually in-

serted on the parapophyses or on the ribs; dorsal fin usually with strong spines;

caudal peduncle rarely much constricted." {loc. cit. p. 651.)

Family Percid^.

For figures of skulls and notes on the osteology of recent Percidm see G. A.

Boulenger, '^Catalogue of the Perciform Fishes in the British Museum."

Genus Bates Cuvier and Valenciennes.

The existing species of this genus arc tropical fresh-water forms.

31. Lates gracilis Agassiz. (Plate XCIV, fig. 2.)

1796. liolocentrus calcarifer G. S. Volta, Ittiolit. Veronese, p. 82, pi. XVII, fig. 3

{errore).
....

1796. Lutianus ephippium, G. S. Volta, ibid., p. 235, pi. LVI, fig. 4 (errore).

1833-34. Lates gracilis L. Agassiz, Poiss. Foss., Vol. IV, p. 25, pi. III.

1833-34. Lates gibbus L. Agassiz, ibid., p. 27, pi. IV. (Distorted fish.)

1833-34. Lates notceus L. Agassiz, ibid., p. 29, pi. V. (Imperfect distorted fish;

Paleontological Museum, Munich.)
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1876. Lates gracilis F. Bassanij Atti Soc. Veneto-Trent. Sci. Nat., Vol. Ill, p.

174.

1876. Lates gihhus F. Bassanij ibid., p. 174.

1901. Lates gracilis A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt. IV, p. 502.

Type.—Well-preserved fish; Paris Museum of Natural History.

This species is represented in the Bayet Collection by a number of excellent

examples. The complete series is cataloged as follows: 4348, 4352, 4465, 4501,

4515, 4516, 4517. Of these Nos. 4515 and 4501 are in counterpart. No. 4501 is

figured on Plate XCIX, and is a young individual,

Genus Cyclopoma Agassiz.

An extinct genus scarcely distinguishable from Lates, but preoperculum without

spine at angle, its "serrations gradually increasing in size downwards, and the lowest

and largest forwardly directed.

32. Cyclopoma gigas Agassiz.

1796. Labrus turdus G. S. Volta, Ittiolit. Veronese, p. 202, pi. XLIX (errore).

1796. Scorpcena G. S. Volta, ibid., pi. LXXIV.

1833. Cyclopoma gigas L. Agassiz, Poiss. Foss., Vol. IV, p. 18, pi. II.

1901. Cyclopoma gigas A. S. Woodward, Brit. INIus. Cat. Fossil Fishes, pt. IV,

p. 504.

Type.—Imperfect fish; Paris Museum of Natural History.

Of this, the type species, which attains a length of half a meter, two examples

are the property of the British Museum, and four belong to the Carnegie Museum.

These are all very fine large specimens, cataloged under the following numbers:

4311 (from Monte Postale, Italy) ; 4358 (head in counterpart and peculiar in having

four anal spines instead of three, the usual number), 4406 (very large, in counter-
r

part), and 4405.

33. Cyclopoma (?) micracanthum (Agassiz). (Plate XCVII, fig. 4).

1796. Holocentrus maculatus G. S. Volta, Ittiolit. Veronese, p. 234, pi. LVI, fig. 3

(errore) . .

*

.

1796. Amia indica G. S. Volta, ibid., p. 149, pi. XXXV, fig. 4 {errore).

1818. Amia indica H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol. XXVII,

p. 347.

1835. Srnerdis micracanthus L. Agassiz, Poiss. Foss., Vol. IV, p. 33, pi. VIII,

figs. 1, 2.

1836. Didcs medius L. Agassiz, ibid., p. 93, pi. XIII, fig. 4. (Imperfect fish;

Paleontological Museum, Munich.)
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1901. Cyclopoma (f) micracanthum A. S. Woodward, Brit. Mus. Cat. Foss.

Fishes, pt. IV, p. 504.

Type.—Imperfect fish; olim Ilartmann CollcK^tion, Gottingcn.

This small species, included by Agassiz under Smerdis, but transferred by

A. Smith Woodward to Cydopom/i on account of its serrated preopcrculum, is

abundantly represented in the Upper' Eocene of Monte Bolca. The Carnegie

Museum possesses six good examples, cataloged as follows: 4210, 4211, 4221,

4226, 4228, 4519. No. 4228 is represented by fig. 4, Plate XCVII.

Under this caption may perhaps be included a small form, regarded by A.

Smith Woodward as the young of C. micracanthum, but placed by Agassiz in a dis-

tinct species, Smerdis pygmceus. The specimen cataloged as No. 4212 is an ex-

ample, and is illustrated in Plate XCVII, Fig. 5.

Genus Labrax Cuvier and Valenciennes.

34. Labrax schizurus Agassiz.

1836. Lahrax schizurus L. Agassiz, Poiss. Foss., Vol. IV, p. 89, pi. XIII, figs. 2, 3.

1901. Lahrax schizurus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt. IV,

p. 510.

T?/pe.^Impcrfect fish; Paris Museum of Natural History.

This is a slender species attaining a total length of about 15 cm. It is repre-

sented by several specimens in the British Museum, and by a single small example

in the Bayet Collection, cataloged as No. 4222.

35. Labrax lepidotus Agassiz.

1836. Lahrax lepidotus Agassiz, Poiss. Foss., Vol. IV, p. 85, pi. XIII, fig. 1.

Type.—Fragmentary fish; Paleontological Museum, Munich.

Of this rare form two examples are known besides the type. One is the prop-

erty of the Paris Museum of Natural History, the other belongs to the Carnegie

Museum (Cat. No. 4356).
Genus Dules.

^

36. Dules temnopterus Agassiz.

1796. Sciena plumierii G. S. Volta, Ittioht. Veronese, p. 185, pi. XLV, fig. 2

{errore)

.

1836. Dules temnopterus L. Agassiz, Poiss. Foss., Vol. IV, p. 91, pi. 21.

1876. Dules temnopterus F. Bassani, Atti Soc. Veneto-Trent. Sci. Nat., Vol. 3,

p. 175.

Type.—Imperfect fish; Paris Museum of Natural History,
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No examples of this species are present in the British Museum and but one

in the Carnegie Institute. This is catalogued as No. 4297.

_ J

Genus Enoplosus Agassiz.

37. Enoplosus pygopterus Agassiz.

1796. Scomber ignoUlis G. S. Volta, Ittiolit. Veronese, pi. XIV, fig. 1 (errore).

1836-37. Enoplosus pygopterus L. Agassiz, Poiss. Foss., Vol. IV, p 62, pi. IX,

fig. 1.

1876. Enoplosus pygopterus F. Bassani, Atti Soc. Vcneto-Trent. Sci. Nat., Vol.

Ill, p. 175.

T^^pe.—Imperfect fish; Paris Museum of Natural History.

The type of this species has hitherto remained unique. A second interesting

example is that belonging to the Bayet Collection of the Carnegie Museum, which is

cataloged as No. 4218, 4218a.

Genus Dentex.

Four species from the Upper Eocene of Monte Bolca have been referred by

Agassiz to this interesting genus, the position of which is considered to be inter-

mediate between the Percidm and Sparidce. None of these is represented in the

collections of the British Museum, but examples of the undermentioned form are

to be found in the Carnegie Institute.

38. Dentex leptacanthus Agassiz.

1839. Dentex leptacanthus Agassiz, Poiss. Foss., Vol. IV, p. 144, pi. XXVI.

Type.—Imperfect fish; Paris Museum of Natural History.

The following mentioned examples of this species are preserved in the Bayet

Collection: 4309 (in counterpart), 4335, 4360.

Family Sparid^. (Porgies, Sea-Breams.)

This family embraces some two hundred living species, distributed over the

coasts of nearly the whole world. Some are herbivorous, but the majority are

carnivorous. The group is abundantly represented in Eocene and Miocene de-

posits by remains of Sargus, Spams, Pagrus, PagcUus, etc., and by the extinct gen-

era CtenodcnicXj Sparnodus, and Trigonodon.

Genus Sparnodus Agassiz.

39. Sparnodus vulgaris (Blainvihe).

1796. Sparus macrophthalmus G. S. Volta, Ittiolit. Veronese, p. 247, pi. LX, fig. 2

(errore) .
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1796. Cyprinus G. S. Volta, ibid., pi. LXXIII.

1796. Sparus dentex G. S. Volta, ibid., p. 62, pi. XIIIj fig. 1 (errore).

1796. Sparus sargus G. S. Volta, i6^d., p. 76, pi. XVII, fig. 1 (errore).

1796. Sparus erythrinus G. S. Volta, t6id., p. 249, pi. LX, fig. 3 (errore).

1818. Sparus vulgaris H. D. de Blainvillc, Nouv. Diet. d'Hist. Nat., Vol. XXVII,

p. 349.

1835. Sparnodus macrophihalmus L. Agassiz^ Neues Jahrb., p. 300 (name only).

1835. Sparnodus ovalis L. Agassiz, ibid., p. 300 (name only).

1835. Sparnodus altivelis L. Agassiz, ibid., p. 300 (name only).

1835. Sparnodus micracanthus L. Agassiz^ ibid., p. 300 (name only).

1839. Sparnodus macrophthalmus L. Agassiz, Poiss. Foss., Vol. IV, p. 158, pi.

XXVIII, fig. 3.

1839. Sparnodus ovalis L. Agassiz, ibid., p. 161, pi. XXIX, fig. 2. (Imperfect

fish; Paris Museum of Natural History.)

1839. Sparnodus altivelis L. Agassiz, ibid., p. 162, pi. XXIX, fig. 3. (Ditto.)

1839. Sparnodus micracanthus L. Agassiz, ibid., p. 164, pi. XXVIII, fig. 2, pi.

XXIX, fig. 1. (Ditto).

1886. Sparnodus lethriniformis W. Szajnocha, Pamict. Wydz. matcm.-przyr.

Akad. Umicjet. Krakow, Vol. XII, p. 106, pi. I, fig. 1. (Imperfect fish;

University Geological Museum, Cracow).

1876. Sparnodus ovalis F. Bassani, Atti. Soc. Veneto-Trent. Sci. Nat., Vol. Ill,

p. 177.

1876., Sparnodus micracanthus F. Bassani, ibid., p. 177.

1901. Sparnodus macrophthalmus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes,

pt. IV, p. 525.

Type.—Imperfect fish; Paris Museum of Natural History.

This, the type species, is represented by numerous examples in the collection

which are indicated as follows: 4000, 4000a, 4001, 4002, 4002a, 4004, 4536, 4538,

4538a, 4544, 4543, 4535, 4538, 4538a, 4461 (its counterpart = No. 4337), 4462, 4400,

4005 and 4005a (distorted specimen), 4503, 4537, 4537a, 4354, 4539, 4317 ( = coun-

terpart of 4462), 4329, 4336, 4535.

40. Sparnodus elongatus Agassiz. (Plate XCI, fig. 3; Plate XCVIII, fig. 2.)

1796. Perca radula ? G. S. Volta, Ittiolit. Veronese, p. 134, pi. XXXI, fig. 1

(errore) .

1796. Sparus chromis G. S. Volta, ibid., p. 138, pi. XXXII, fig. 1 (errore).

1796. Sparus salpa G. S. Volta, ibid., p. 230, pi. LVI, fig. 1 (errore).

1835. Sparnodus elongatus L. Agassiz, Neues Jahrb., p. 300 (name only).
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1835. Serranus ventralis L. Agassiz, ibid., p. 293 (name only).

1839. Serranus ventralis L. Agassiz, Poiss. Foss., Vol. 4, p. 104, pi. XXIII6

(lower figure). (Imperfect fish; Paris Museum of Natural History).

1839. Sparnodus elongatus L. Agassiz, ibid., p. 165, pi. XXVIII, fig. 1.

1901. Sparnodus elongatus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt.

IV, p. 526.

Type.—Impc^rfect fish; Paris Museum of Natural History.

The following mentioned specimens in the collection are referable to this

species: 4540, 4541, 4541a, 4542, 4542a, 4416, 4447. Nos. 4416 and 4542 are

illustrated in the accompanying plates.

Family Pomacentrid^.

Genus Odonteus Agassiz.

To this extinct genus have been assigned two small-sized species from the

Eocene of Monte Bolca, neither of which is represented in the collections of the

British Museum, and only the following one is in the Carnegie Institute.

41. Odonteus sparoides Agassiz. (Plate XCVII, fig. 1.)

1839. Odonteus sparoides L. Agassiz, Poiss. Foss., Vol. IV, p. 178, pi. XXXIX,

fig. 2.

1876. Odonteus sparoides F. Bassani, Atti Soc. Vcneto-Trent. Sci. Nat., Vol. Ill,

p. 176.

1898. Odonteus sparoides, var. depressus F. Bassani, Palaeont. Italica, Vol. Ill,

p. 83, pi. VIII, fig. 2.

Ti^/pe.—Imperfect fish; Paris Museum of Natural History.

One example of this rare form is preserved in the collection, cataloged as No.

4208. It is shown of the natural size in Plate XCVII, fig. 1.

Division D. CHiETODONTIFORMES.

As Perciformes, but brain-case very short, and facial region of skull much

produced, with terminal small mouth.

Family Cu^TODONTiDiE.

This group comprises about two hundred living marine species from the tropics,

mostly of small size and remarkable for their singular forms and markings, and

brilliant coloration. They are particularly abundant about volcanic rocks and

coral reefs.
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Genus Pyg^us Agassiz.

42. Pygseus nuchalis Agassiz.

1835. Pygwus nuchalis L. Agassiz, Neues Jahrb., p. 302.

1838-44. Pygceus nuchalis L. Agassiz, Poiss. Foss., Vol. IV, pp. 16,* 255, pi.

XLIV, fig. 2.

Type.—-Imperfect fish; Paris Museum of Natural History.

This unsatisfactorily known form is not represented in the collections of the

British Museum. A single small example in the Bayet Collection, cataloged as

No. 4232j is doubtfully referable to this position, and with it may be placed the

fragment numbered 4217.

Genus Ephippus Cuvier.

43. Ephippus rhombus (Blainville). (Plate XCII, fig. 2.)

1796. Chmtodon mesoleucus G. S. Volta, Ittioht. Veronese, p. 41, pi. X, fig. 1

{errore)

.

1796. Chmtodon chirurgus G. S. Volta, ihid., p. 177, pi. XLIII.

1818. Ch(£iodon chirurgus H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 353.

1818. Chcetodon rhombus H. D. de Blainville, ibid., p. 353.

1823. Chcetodon rhomboides J. F. Kriiger, Gesch. Urwelt, pt. II, p. 671.

1842-44. Ephippus longipennis L. Agassiz, Poiss. Foss., Vol. IV, pp. 15, 225,

pi. XL. (Imperfect fish; Paris Museum of Natural History.)

1859. Ephippus longipennis A. B. Massalongo, Specimen Photogr. Anim. Foss.

Agr. Veron., p. 34, pi. IX.

1901. Ephippus rhombus A. S. Woodward, British Museum Catalogue Fossil

Fishes, pt. IV, p. 559.

jT^/pe.—Imperfect fish; Paris Museum of Natural History.

One fine example of this species is preserved in the Bayet Collection, cataloged

as No. 4463 -h 4463a. It is somewhat smaller than the type, although nearly as

perfect, but fails to display ova in the abdominal cavity as some others do. No.

4463 is illustrated in Plate XCII, fig. 2.

44. Ephippus oblongus Agassiz.

1796. Chcetodon asper G. S. Volta, Ittiolit. Veronese, p. 90, pi. XX, fig. 1.

1818. Chcetodon substriatus H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 352.

1835. Ephippus oblongus L. Agassiz, Neues Jahrb., p. 292.
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1839-44. EpMppus ohloiigus L. Agassiz, Poiss. Foss., Vol. IV, pp. 15, 228, pi.

XXXIX, fig. 3.

Ti/pe.^Iinpcrfect fish; Paris Museum of Natural History.

No example of this species is to be found in the British Museum collections,

and but one in the Bayet CoHection of the Carnegie Institute. This is an imper-

fectly preserved fish cataloged as No. 5238.

Genus Scatophagus.

45. Scatophagus frontalis Agassiz.

1796. Chwtodon argus G. S. Volta, Ittiolit. Veronese, p. 44, pi. X, fig. 2

(errore)

.

1831. Choitodon argus Cuvier and Valenciennes, Hist. Nat. Poiss., Vol. VII, p.

145 {eTTore)

.

1835. Scatophagus frontalis L. Agassiz, Neues Jahrb., p. 291.

1839-42. Scatophagus frontalis L. Agassiz, Poiss. Foss., Vol. IV, p. 231, pi.

XXXIX, fig. 4.

1859. Scatophagus frontalis A. B. Massalongo, Specimen Photogr. Anim. Foss,

Agr. Veron., p. 32, pi. VIII.

Ti/pe.—Imperfect fish; Paris Museum of Natural History.

Unrepresented in most foreign collections, including that of the British

Museum, this species may be studied to excellent advantage from the fine suite

of specimens belonging to the Carnegie Museum. These are cataloged under

the following numbers: 4014, 4014a, 4021, 4355, 5355a, 4463, 4463a, 4464, 4449,

4449^^ 4452, 5239, 4450 and its counterpart No. 4478.

Family Acronurid^.

These arc herbivorous, partly carnivorous, fishes common in tropical seas in

the vicinity of coral reefs. The existing genera Naseus and Acanthurus have

Eocene representatives.

Genus Naseus Cuvier.

The skeleton of the existing Naseus brevirostris is described by Dr. Giinther

in his Catalogue of Fishes in the British Museum, Vol. 3, 1861, p. 349.

46. Naseus nuchalis Agassiz.

1796. Chwtodon nigricans G. S. Volta, Ittiolit. Veronese, p. 100, pi. XXII, fig. 1.

1835. Naseus nuchalis L. Agassiz, Neues Jahrb., p. 292.

1838-42. Naseus nuchalis L. Agassiz, Poiss. Foss., Vol. IV, pp. 13, 212, pi. XXXVI,

fig. 2.
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Type.—Imperfect fish; Paris Museum of Natural History.

This rare form is represented in the Bayet Collection of the Carnegie Museum
by an exceedingly handsome specimen, cataloged as No. 4454.

47. Naseus rectifrons Agassiz. (Plate XCVII, fig. 2.)

1796. Chcetodon triostegus G. S. Volta, Ittiolit. Veronese, p. 143, pi. XXXIII
(errore) .

1818. Chcetodon triostegus H. D. dc BlainvillO; Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 354.

1838-42. Naseus rectifrons L. Agassiz, Poiss. Foss., Vol. IV, pp. 13, 213, pi.

XXXVI, fig. 3.

1859. Naseus rectifrons A. B. Massalongo, Specimen Photogr. Anim. Foss. Agr.

Veron., p. 22, pi. XII, fig. 1.

1876. Naseus rectifrons F. Bassani, Atti Soc. Veneto-Trent. Sci. Nat.; Vol. Ill,

p. 178.

1901. Naseus rectifrons A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt. IV,

p. 565.

Type.—Imperfect fish; Paris Museum of Natural History.

Two examples of this species are preserved in the Bayet Collection, one small

and imperfect, the other a fine large example, both in counterpart. These are

cataloged under the numbers 4441 and 4362 (in counterpart), No. 4441a is the
V.

specimen illustrated in Plate XCVII, Fig. 2. The British Museum possesses three

specimens.
Genus Acanthurus Forskal.

With lateral caudal spines; spinous portion of dorsal fin less extended than

articulated portion; anal fin with three spines.

For a description of the skeleton of the existing A. triostegus, by Dr. Giinther,

see Cat. Fishes Brit. Mus. (1861), Vol. Ill, p. 327.

No fossil representatives of this genus arc preserved in the British Museum,

nor are examples of either of the species described by Agassiz from the Eocene of

Monte Bolca to be found in the collections of the Carnegie Museum. One specimen

occurs, however, catalogued as No. 4342, and having a total length of 15 cm., which

probably belongs to an undescribed species of this genus.

Division ZEORPIOMBL

Family Amphistiid^.

This extinct family, known only by the Upper Eocene Amphistium paradoxum,

originally described as a Pleuronectes, is placed by Boulenger in close association

'
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with the ZcidsD; from which it differs in the smaller number of vertebrae (10+ 14),

and in having the dorsal and anal spines more reduced, adnate, and continuous

with the series of soft rays. Ventral fins with one spine and eight soft rays. This

fish, according to the author just mentioned^ appears to realize in every respect

Fig. 4. Amphislium paradoxum Agassiz. Upper Eocene, Monte Bolca, Italy. Restored after Boulenger.

About one half natural size.

the prototype of the Plcuronectidse before they had assumed the asymmetry which

characterizes them as a group. No examples of Amphistium are contained in

the collection.

Family Pleuronectid^.

This family first appears in the Upper Eocene of Monte Bolca, but no extinct

genera are recognizable. Modern Flat-fishes form a large group of some 500

species, mostly marine, but a few species related to the Soles are confined to fresh

water.

Genus Rhombus (Klein) Cuvier.

48. Rhombus minimus Agassiz. (Plate XCVI, fig. 3.)

1796. Pleuronedes quadratulus G. S. Volta, Ittiolit. Veronese, p. 2G0, pi.

LXIII, fig. 3 {errore).

1835. Rhombus minimus L. Agassiz, Neues Jahrb., p. 301 (name only).

1839-42. Rhombus minimus L. Agassiz, Poiss. Foss., Vol. IV, p. 289, pi. XXXIV,
fig. 1.

1859. Rhombus minimus A. B. Massalongo, Specimen Photogr. Anim. Foss.

Agr. Vcron. (1859), p. 36, pi. XIII, fig. 1.

1901. Rhombus minimus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, Pt. IV,

p. 607.

Type.—Nearly complete fish; Paleontological Museum, Munich.

r|
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Two good examples of this species are preserved in the collection of the British

Museum, and as many in that of the Carnegie Museum. These are cataloged as

follows: 4433, 4433a, 4457, 4457a. One of these is shown in Plate XCVI, fig. 3.

Division GOBIIFORMES.

According to Boulengcr the Gobies, which constitute this division, arc not

very remote from the Perciformes, and may have evolved out of a type not very

different from the Percid(E.

Synopsis of Families represented by Extinct Genera or Species.

All abdominal vertebra with large transverse processes supporting ribs Gohiidce.

Abdominal vertebrae without transverse processes Trachinidw.

I

4

Family GoBiiDiE.

The so-called Gobius microcephalus Agassiz, the systematic position of which

is doubtful, may be provisionally retained in this family, to which Agassiz first

assigned it. The typical specimen is preserved in the British Museum of Natural

History, and another, nearly as perfect, in the Bayet Collection of the Carnegie

Museum (No. 4504). This is shown in Plate XCVI, fig. 4, twice enlarged.

+

Family Trachinid^.

Genus Callipteryx Agassiz.
4

This extinct genus is known only by two species from the marine Upper
r

Eocene of Italy.

49. Callipteryx speciosus Agassiz. (Plate CI, fig. 1.)

1796. Gadus merluccius G. S. Volta, Ittiolit. Veronese, p. 72, pi. XV (errore).

1835. Callipteryx speciosus L. Agassiz, Neues Jahrb., p. 293 (name only).

1838-42. Callipteryx speciosus L. Agassiz, Poiss. Foss., Vol. IV, pp. 12, 196, pi.

XXXIII, fig. 2.

1901. Callipteryx speciosus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt.

IV, p. 589.

Type.—Imperfect fish; Paris Museum of Natural History.

This is a large form, attaining a total length of about 70 cm. It is not repre-

sented in the collections of the British Museum, but two fine specimens belong-

ing to it are preserved in the Carnegie Museum. These are cataloged as Nos.

4404 (in counterpart) and 5244.
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50. Callipteryx recticaudus Agassiz.

1796. Trigla lyra G. S. Volta, Ittiolit. Veronese, p. 121, pi. XXX {errore).

1835. Callipteryx recticaudus L. Agassiz, Neues Jahrb., p. 300 (name only).

1838-42. Callipteryx recticaudus L. Agassiz, Poiss. Foss., Vol. IV, pp. 12, 198,

pi. XXXIII, fig. 2.

1901. Callipteryx recticaudus A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt.

IV, p. 589.

Type.—Imperfect distorted fish; Paris Museum of Natural History.

A smaller and more slender species than the type, attaining a length of about

50 cm. One specimen is included in the published Catalog of the British Museum,

and three belong to the Carnegie Museum, also a detached caudal fin, probably

of this species. These bear the following departmental numbers: 4403 (in counter-

part), 4207, 4313, 4518 (caudal fin in counterpart).

Division SCLEROPAREI.

Second suborbital bone more or less produced towards or anch^dosed with

the prcoperculum (^'suborbital stay"). Ventral fins thoracic.

As remarked by Boulenger, the '^ cheek-armoured Acanthopterygians,'' " Joues

cuirassees" of Cuvier, after the exclusion of the Sticklebacks, form a perfectly

natural association, evidently derived from the Serranidw, with which the more

gencrahzed forms have much in common.

Family Cottid^.

Descriptions and figures of the skeleton of existing Cottidm are

C, Girard, ''A Monograph of the Cottoids," Smithson. Contrib., Vol.

No. 3 (1850).

Genus Eocottus. A. S. Woodward.

given by
III, Art.

This extinct genus is known by a solitary species from the marine Upper

Eocene of Monte Bolca. According to Heckel, this species is closely related to

Callipteryx, but it is distinguished from that genus by the presence of scales and

the short and stout form of the dermal arches in the abdominal region.

51. Eocottus veronensis (Volta). (Plate XCIX, fig. 1. Figure inverted.)

1796. Gohius harhaius G. S. Volta, Ittiolit. Veronese, p. 48, pi. XI, fig. 1.

1796. Gohius veronensis G. S. Volta, ibid., p. 51, pi. XI, fig. 2.

1818. Gohius veronmsis H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol. XXVII,

p. 358.
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Gohius macrourus L. Agassiz, Ncues Jahrb., p. 291 (name only).

39. Gohius macrurus L. Agassiz, Poiss. Foss., Vol. IV, pp. 12, 203, pi.

XXXIV, figs. 3, 4.

1876. Gohius macrurus F. Bassani, Atti See. Veneto-Trent. Sci. Nat., Vol. Ill,

p. 180.

1901. Eocottus veronensis A. S. Woodward, Brit. Mus. Cat. Foss. Fishes, pt. IV,

p. 581.

Type.^Imperfect fish; Paris Museum of Natural History.

Of this form only one well-preseerved specimen has hitherto been known be-

sides the type, this being the property of the British Museum of Natural History.

Three examples are contained in the Bayet Collection of the Carnegie Museum,

designated as follows: Cat. Nos. 4233, 4439, and 4512.

Division BLENNIIFORMES.

Pectoral fins with much extended base or flank; pelvic fins jugular, reduced

or absent. Dorsal fin-spines numerous, but usually flexible. No bony stay be-

tween circumorbital ring and preoperculum.

Family Blochiid^.

This family is known by a single Eocene genus, founded by Volta in 1796.

52. Blochius longirostris Volta. (Text figure 5a.)

1796. Blochius longirostris G. S. Volta, Ittiolit. Veronese, p. 53, pis. XII, LXX.

1843-44. Blochius longirostris, L. Agassiz, Poiss. Foss., Vol. II, pt. II, p. 255,

pi. XLIV.

1887. Blochius macropterus A. de Zigno, Mem. R. Istit. Veneto, Vol. XXIII,

p. 25, fig. 7.

1901. Blochius longirostris A. S. Woodward, Brit. Mus. Cat. Fossil Fishes, pt. IV,

p. 593.

Tz/pe.—Imperfect fish; Paris Museum of Natural History.

This highly specialized and remarkable form, by Woodward regarded as

descended from the same ancestral stock as gave rise to the Blennies, by Boulenger

placed in association with the Sail-fishes (Hisiiophoridce and extinct Paloeorhyn-

chidce), is not only typical of the genus, but has remained hitherto the only known

representative of it and of the family Blochiidce. In all, four examples are preserved

in the Bayet Cohection of the Carnegie Museum, two large-sized and well-pre-

served individuals, and two smaller specimens, one of them evidently immature.



.v:^v"4>i'^'-"^^'-^'-- -^^^>^^'-^'^>%^^ ' k:^^---f^:f^. - ^:rV^.-.--,--:-^--^: ^\--

CATALOG OF FOSSIL FISHES IN THE CARNEGIE MUSEUM 387

These are cataloged as Nos. 4500 (young example, imperfect), 4312 (small but

complete), 4546 (total length 70 cm., of which the head, from base of occiput to

the extremity of rostrum measures 30 cm.), and 4520 (in counterpart, tota^. length

60 cm.).

In addition to the four specimens just mentioned, the head in natural associ-

ation with a few anterior vertebra; and fin-portions of an enormous example of

BlocUus, occurs in the Bayet Collection, and is to be seen on exhibition in the

Hall of Fossil Vertebrates in the Museum. Notwithstanding its imperfect con-

dition, the form and proportion of the preserved parts are such as to leave little

doubt that the huge head in question pertains to a distinct species, the description

of which immediately follows.

53. Blochius moorheadi, sp. nov. (Text figure 5.)

Type.—Nearly complete head in natural association with anterior vertebrae

and portions of the pectoral fins; Carnegie Museum.

A relatively gigantic species, estimated to have attained a total length of

between 2.5 and 3 metres, thus greatly exceeding the average size of individuals

belonging to the type species. Further noteworthy differences are to be seen in

the general configuration and relative proportions of the head parts, espcciahy in

the gently sloping outlines of the cranial roof, depressed form of the head posteriorly,

and consequent shortening of the opercular apparatus. The abrupt downward

slope of the facial region in advance of the orbits, which is so marked a feature in

B. longiTOstris is here missing, and the orbit itself appears to be more posteriorly

situated than in the type species. The vertebras arc of the usual hour-glass form,

and larger than those of Cyhium or other known contemporaries among bony fishes.

::._".'. J

5a

Fig. 5. Blochius moorheadi, sp. nov. Anterior portion of type specimen, preserved in the Ciirnegie Museum.

Sclerotic ring partially preserved; pcct-ond fin-rays disi)l;u-e(L Greatly reduced.

FiG. 5a. Blochius louyirostris Volta. Complete head and anterior portion of the trunk, showing much-elon-

gated rostrum and form of opercular plates, (After A. S. Woodward.) X 1/10.

Owing to the crushed condition of the cheek-plates and opercular apparatus,

a restoration of these parts has not been attempted in the annexed diagram, but
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the probable arrangement of these parts may be inferred from a comparison with

the same structure in B. longirostris, an outhne figure of which is given above (5a).

The specific title proposed for this remarkable new form is bestowed in honor

of Mr. Moorhead B. Holland of Pittsburgh, son of the Director of the Museum,

and friend of the writer, who rendered efficient aid in the task of superintending the

transfer of the Bayet Collection from Brussels to this country during the summer

of 1903.

Family Blennid^.

Elongated fishes with stout caudal pedicle, due to an expanded hypural;

snout not produced. Dorsal fin occupying nearly the whole of the back, often

subdivided; anal fin also much extended; caudal fin rounded or tapering.

Modern species are marine, living at the bottom near almost all coasts. - Most

of them arc carnivorous, but a few are herbivorous; some are viviparous (Clinus),

others oviparous. The habits of Blennius are interesting, and have been admirably

described by Guitcl (Arch. Zool. Experim., 1893, ser. 3, Vol. I, p. 325). The male

makes a sort of nest and defends the brood.

Genus Pterygocephalus Agassiz.

This extinct genus, known only from the Eocene, and erroneously identified

with the existing Cristiceps by J. Miiller, is thus diagnosed by A. Smith Woodward:

''Head short and orbit very large; mouth small, with conical teeth. Vertebrae

about 10 in the abdominal, 14 in the caudal region. Dorsal fin very deep, the fore-

most large spine displaced forwards above the head, but the fin otherwise con-

tinuous. Squamation well developed and continuous, each scale with a longitu-

dinal keel, and the keels forming regular lines along the trunk.

"

54. Pterygocephalus paradoxus Agassiz. (Plate XCVI, fig. 5.)

1796. Lahrus rnalapterus G. S. Volta, Ittiolit. Veronese, p. 228, pi. LV, fig. 3

(errore) .

1818. Lahrus malapterus, H. D. de Blainville, Nouv. Diet. d'Hist. Nat., Vol.

XXVII, p. 351.

1835. Pterygocephalus paradoxus L. Agassiz, Neues Jahrb., p. 295 (name only).

1839. Pterygocephalus paradoxus L. Agassiz, Poiss. Foss., Vol. IV, p. 191, pi.

XXXII, figs. 5, 6. .

187G. Cristiceps paradoxus, F. Bassani, Atti Soc. Veneto-Trent. Sci. Nat., Vol.

Ill, p. 178.

1901. Pterygocephalus paradoxus, A, S. Woodward, Brit. Mus. Cat. Fossil Fishes,

pt. IV, p. 595.
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Type.—Imperfect fish; Paris Museum of Natural History.

Two examples of this rare and interesting species are recorded as belonging to

the British Museum of Natural History, and one each is to be found in the Har-

vard and Pittsburgh Museums, in this country. That belonging to the latter

institution is a fair specimen, showing the characteristic squamation, and cata-

loged under the number 4215. It is shown of twice the natural size in the accom-

panying plate.

Suborder PEDICULATI.
r

This is a small, natural group, connected with the Acanthopterygii jugulares

through the Batrachidw, in which the elongate pterygials foreshadow the kind of

"arm" or pseudobrachium which generally characterizes these highly aberrant

Fishes. Dr. Theodore Gill has recently contributed a valuable paper on this

group.
Family Antennariid^.

a

T

Mouth large, vertical or very oblique, turned upwards, with cardiform teeth.

Gill-opening in or behind lower axil of pectoral; no pseudobranchia?. Pectoral

fin forming an elbow-like angle, with three pterygials. Ventral with four or five

rays. Spinous dorsal present. Skin naked or spinulose."

According to Dr. Boulcnger, from whom we have taken the above family

diagnosis, this group comprises about forty recent species, distributed among five

genera: Pierophryne, Antennarius, Brachionichthys, Saccarius, and Chaunax. "The

species of Antennarius/' sa.ys the same author, "hve mostly in coral groves, where

they lie in wait for prey, well-concealed by the protective coloration and the har-

monizing aspect of their integument and appendages. To this genus also belongs

the 'Marbled Angler' (A. marmoratus), carried about in mid-ocean among the

Sargassum weed, to rest on which, from its peculiar arm-like pectoral fins, it is

especially fitted; there it makes its wonderful nest of silk-like fibres probably

secreted by the parent as in the Sticklebacks, with large bundles of eggs hanging

like grape clusters."

Genus Histionotophorus Eastman.

(Syn. Histiocephalus Zigno.)

This extinct genus, known only by the typical species, is one of the rarest

of all the components of the Eocene fish-fauna of Monte Bolca. Its systematic

relations have been discussed by Dr. Theodore Gill and the present writer, and

attention has been called to it as a remarkable instance of a form of fish-life appear-

ing suddenly in the Eocene, already highly modified, without any known prede-

cessors nor any that can be plausibly conjectured, but which persists after its first
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introduction essentially unchanged until modern times. In the opinion of Dr. Gill;

its nearest alhes in the existing fauna are to be found in AnteMuarius itself and

Pterophryne.

55. Histionotophorus bassani (Zigno).

1887. Histiocephalus hassani A. dc Zigno, Mem. R. Istit. Veneto, XXIII, p. 31,

fig. 9.

1904. Histionotophorus hassani C. H. Eastman, Bull. Mus. Comp. ZooL, XLVI,

p. 32, pi. 1, figs. l-3j text fig. c.

1904. Histionotophorus hassani T. Gill, Science, n. s., p. 845.

Besides the type and three well-preserved specimens that arc now the property

of the Museum of Comparative Zoology at Cambridge, Mass., but one other repre-

sentative of this species is known. It is a small form in the Bayet Collection of

the Carnegie Museum, cataloged as No. 5237.

Suborder Plectognathi.

This is a highly aberrant group, closely connected with the Acanthopterygii

through the Acanthuridce, as pointed out long ago by Dareste {Ann. Sci. Nat. Zool.

(3), xiv, 1850, p. 105). These fishes have usually been arranged in three divisions:

Sclerodermi, Ostracodermi, sind Gymnodontes, hut Mr. C. T. Regan has shown reasons

for combining the second of these with the first and third. Following is Boulenger's

diagnosis of the latter of these divisions:

Division GYMNODONTES.

"Supraclaviclc obhquc, sometimes nearly horizontal; lower three pectoral

pterygials enlarged and immovably united to the coraco-scapular cartilage, upper

pterygial small, suturally united to the scapula. Anterior vertebrae with bifid

divergent neural spines. Basis cranii simple; suture between dentary and articular

elements evident. Pelvis absent.''

The above definition of this group is further characterized by the same author

as follows: ''The spinous dorsal and the ventral fins are constantly absent, the

premaxillaries are united to the maxillaries, and the teeth are coalcscent, forming a

beak; parapophyses are not developed, and epipleurals are absent.

Family Diodontid^.

Beak without median suture. Interoperculum rod-hke, attached posteriorly

to the rod-like anterior limb of the subopcrculum. Gills 3. All the precaudal

vertebra; with bifid neural spines. Skin with movable spines; vertebra 21 or 22.
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Of the two modern genera comprised by this family, Diodon and Lyosphcera,

the former occurs fossil from the Eocene onwards and is represented by numerous

species. Only a few are known from the Upper Eocene horizon of Monte Bolca,

the most important being D. erinaceus and D. tenuispvnus Agassiz. Examples of

both of these occur in the Bayet Collection of the Carnegie Museum, and are cata-

loged under the following numbers: 4498 {D. erinaceus Agassiz); 4442, 4443

(D. tenuispinus Agassiz).
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Callipteryx 384

Carangopsis 368

Carcharias 353

Centriscus 362

Clupea 356

Cyclopoma 375

Dentex 377

Diodon 391

Ductor 369

Dules 376

Enoplosus 377

Eocottus 385

Eomyrus 357

Ephippus 380

Fistularia 361

Gobius 384

Holocentrum 364

Histionotophorus 389

Labrax 376

Labrus 388

Lates 374

Leptocephalus 358

Lichia 367

Mene 366

Myripristis 363

Naseus 381

Odonteus 379

Platax 365

Pterygocephalus 388

Pycnodus 355

Pygseus 380

Phamphognathus 359

Rhamphosus 362

Rhombus 383

Scatophagus 381

Scoliodon 353

Seriola 367

Serranus 379

Semiophorus 365

Sparnodus 377

Sphyrscna '.

.

359

Thynnus 372

Trachynotus 370

Trygon 352

Urosphen 361

Vomeropsis 366

Zanclus 371
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Fig,

Fig

1

2

EXPLANATION OF TLATES.
4

Plate XC.

Eomyrus formosissimus Eastman {ex Agassiz MS.)-

C. M. Cat. No. 4015.

C. M. Cat. 5233. X 5/6

Urosphen duhia (Blainville)

.

Blochius longirostris Volta. Immature example.

X6/7.

C. M. Cat. No. 4312. x 8/9

r '

!
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1. Eomyrxis fonnosissinms Eastman, |- 2. Urosphen diihla (Blai>'vii.le)j slightly reduced. 3- Blochiits longirostris VoltAj somewhat reduced- 1
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Fig. 1.

Fig. 2.

Fig. 3.

Plate XCI.

Trachynotus ienuiceps Agassiz. C. M. Cat. No. 4532. X 1/1

Carangopsis dorsalis Agassiz. C. M. Cat. No. 4537. X 1/1-

Sparnodus elongatus Agassiz. C. M. Cat. No. 4542. X 1/1.
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Memoirs Carnegie Museum, Vol. IV, Plate XCI
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!• Trachynotus tenaioeps Agassiz. x -

2- Carangopsis dorsalis Agassiz. x \.

3. Spar}iodus eJongatus Agassiz. x \.
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Plate XCII.

Fig. 1. Holocentrum macrocephalum (BlamviWe). C. M. Cat. No. 4455. Reduced 1/5,

Fig. 2. Ephippus rhombus (Blainville) . C. M. Cat. No. 4463. Reduced 1/5.

Fig. 3. Mene oblonga (Agassiz). C. M. Cat. No. 4020. Reduced 1/5.
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Memoirs Carnegie Museum, Vol, IV, Plate XCII.
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1. Holocodrmn vtacrocep/fahtm (Uj.ainville). Eeduced I

2. EjMppm rhombus (Blainvillk), Reduced i.

3. Mene ohlonga (Aoa;^;^iz). Reduced i.
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Plate XCIII.

Fig. 1.

Fig. 2.

Vomeropsis longispinus Agassiz. C. M. Cat. No. 4489a. X 1/1

Vomeropsis longispinus Agassiz. C. M. Cat. No. 4350. X 1/1.
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1-2. Vomeropsis longiapmus Agapsiz. FigiireR slightly reduced.
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Plate XCIV.

Acanthonemus suhaureus (Blainville) . C. M. Cat. No. 4439. X 14/15
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Memoirs Carnegie Museum, Vcl. IV. Plate XCIV.

Acanthoneymis subaureus Blainvillb. 4-* natural size.
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Fig. 1.

Fig. 2.

Plate XCV.

C. M. Cat. No. 4454.Naseus nuckalis Agassiz.

Ephippus ohlongus Agassiz.

Fig, 3. Pymodus gihhus Agassiz. C. M. Cat. No. 4480. X 1/1.

Xil/1.

C. M. Cat. No. 5238. Xl/1.

402



;j}

Memoirs Carnegie Museum, Vol. IV, Plate XCV.
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1. Naseiis nuchalk Agassiz. x-}-

2. Epliippiis oblongvs Agassiz. x
3. Pycnodiis gibhiis Agassiz, x |-
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Plate XCVI.

Fig. 1. Scmiophorus velifer (Volta). C. M. Cat. No. 4467. Original specimen previ-

ously figured by Massalongo. Slightly reduced.

Fig. 2. Urosphen duhia (Blainville) . C. M. Cat. No. 4499. Slightly reduced.

Fig. 3, Rhombus mimmus Agassiz. C. M. Cat. No. 4457. X 1/1-

Fig. 4. Gohius microcephalus Agassiz. C. M. Cat. No. 4504. 2/1.

Fig. 5. Pterygocephalus paradoxus Agassiz. C. M. Cat. No. 4215. X 2/1.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Plate XCVII.

(All figures natural size.)

1. Odonteus sparoides Agassiz. C. M. Cat. No. 420S.

2. Naseus rectifrons Agassiz. C. M. Cat. No. 4441a.

3. Zanclus hrevirostris Agassiz. C. M. Cat. No. 4415.

4. Cydopoma micracanthum (Agassiz). C. M. Cat. No. 4228.

5. Cydopoma pygmceum (Agassiz). C. M. Cat. No. 4212.

6. Seriola (Lichia) prisca (Agassiz), juv. C. M. Cat. No. 4230
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Memoirs Carnegie Museum, Vol. IV. Plate XCVll
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1. Odonteu-s sparoides Agassiz. 2. Naseus rectifrons Agassiz. 3. Zanclus brevirostris Agassiz. 4. Oyclopoma mieracanthum (Agassiz)
5. C. pygmfEum (Agassiz). 6. Seriola (Lichia) prisca (Agassiz) juv.

(All figures natural size.)
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Plate XCVIII.

Fig, 1. Seriola (Lichia) prisca (Agassiz). Car. Mus. Cat. No. 4298. X 1/1

Fig. 2. Sparnodus elongatus Agassiz. Car. Mus. Cat. No. 4416. 1/1.
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Fig. 1.

Fig. 2.

Fig. 3.

Plate XCIX.

Eocottus veronensis (Volta). Figure inverted. Car. Mus. Cat. No. 4439. X 1/1.

Lates gracilis Agassiz, juv. Car. Mus. Cat. No. 4501. X 1/1.

Seriola (Lichia) prisca (Agassiz). Median fin-rays recumbent. Car. Mus. Cat.

No. 4545. X 4/9.
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]. Eocottiis veronenm (Yolta), figure inverted, x] 2. Lafea (jracUis Agapsjz, juv. x ! 3. &€riolu {Lichia) pruca Aga^siz. Slightly reduced.
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Plate C.

Trachynolus cj. tenuicejis Agassiz. A deep-bodied form, perhaps of a distinct

species. Car. Mus. Cat. No. 4414. x 1/1.
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Plate c

Trachi/notus teimiceps (?) Agassiz. XI
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Plate CI.

Fig. 1. Callipteryx speciosus Agas^iz. Car. Mus. Cat. No. 4404. X 3/7.

Fig. 2, Seriola (Lichia) prisca (Agassiz). Median fins recumbent. Car. Mus. Cat. No

4469a. X 1/2.
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Plate CI.

1. CalUpteryx speeiosus Agass]z. x ^ 2. ^fWo/« {Lichia) prisca Agassiz. x i.
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INDEX.

abacopus Glossogobius, 159, 200

abbreviatum, Xystgema, 190

Abudefduf saxatilis, 194

sordidus, 194

Acanthoccpola mesoprion, 204

Acanthonemus, 391

filamentosus, 370

subaureus, 370, 400

Acanthopterygians, 385

Acanthopterygii, 362, 390

jugulares, 389

Acanthurida3, 390

Acanthurus, 391

triostegus, 382

Acha^nodon, 145, 146

uintense, 145

Acheilognathus mesembrinum, 170

Acronuridse, 381

aculeatus, Centriscus, 362

Rhamphosus, 362

acuticeps, Parasalanx, 167

^lurocyon, 278

^lurodon, 260, 264, 278

meandrinus, 263

taxoides, 263

seolus, Sillago, 192

Eequulaiformis, Gazza, 181

affinis, Caranx, 178

africana, Viverra, 219

Agassiz, Louis, 286, 357

Agate Spring Fossil Quarries 41, 42, 61,

66, 75-77, 86, 87, 112, 141, 206, 207, 262

Agostini, Serafino, 143, 205

akajei, Dasyatis, 164, 165

Alasmidonta, 290, 299, 315, 324, 336

calceola, 300

heterodon, 287, 292, 300, 332, 346

marginata, 292, 300, 301

marginata varicosa, 292, 300, 301

Alasmidonta trianguiata, 300

undulata, 292, 298, 300, 314, 315 346
alata, Lampsilis, 287, 296, 299, 301, 302, 307
alatunga, Scomber, 372

albus, Monopterus, 171

Aldrovandi, Ulysses, 352

Alectis ciliaris, 180

major, 180

Alexandrinum molinii, 352

alleteratus, Euthynnus, 177

Alopias vulpes, 162

Alopiidas, 162

Alopiopsis cuvieri, 353

plejodon, 352

Alston, Edward Richard, 43

altalunga, Scomber, 372

altigenis, Temnocyon, 213

altivelis, Plecoglossus, 167

Sparnodus, 378

Amba koyo, 178

ambigua, Hemilastena, 300, 301

Amblygaster immaculatum, 166

maculatum, 166

Amblygobius phalsena, 201

sphinx, 201

amboincnsis, Lethrinus, 189

American Entelodonts, 87

American Philosophical Society, Paper

read before, 63

americanus, Amphicyon, 260, 263

Bison, 98, 143

Ami, H. M., 149

Amia elizabethas, 181

indica, 375

quadrifasciata, 181

Ammodon, 58, 67

leidyanum, 58, 67, 68, 77, 148

Ammodon, Known Generic Characters of,

67

415



416 MEMOIRS OF THE CARNEGIE MUSEUM

Ammodytes tobianus, 359

Ammodytidse, 204

Amphicyon americanus, 260, 263

crucians, 260

giganteus, 211

lemanensis, 260

major, 212, 233, 242, 248

sinapius, 263

superbus, 207

ursinus, 263

Amphicyoninse, 207

Amphistiidge, 382

Amphistium paradoxum, 382, 383

anagoides, Leptocephalus, 171

anago, Leptocephalus (Congrcllus) , 171

analis, Carangopsis, 368

Lichia, 368

Serbia, 368

Anampses CEeruleopunctatus, 195

Anaplotheriida3, 145

anceps, Canis, 215

Anchovia hamiltoni, 166

indica, 167

koreana, 167

Ancient Chinese inscriptions, 5

Fauna of Nebraska 47

Inscriptions upon Bone and Tortoise-

shell, 30-35

sign-makers of China, 16

Ang hii, 185

ke, 189

tsoh, 184

Anglo-Chinese Dictionary, 16

Anguilla, 391

latispinaj 358

manilensis, 171

mauritiana, 171

remifera, 171

sinensis, 171

ventralis, 357

anguillaris, Plotosus, 168

anguillicaudatus, Misgurnus, 169

Anguillidee, 171

Annales de la Soci^te d'Agriculture, des

Sciences, et de Commerce du Puy, 43
annectens, Nothocyon, 206

annularis, Lutianus, 184

Anodonta, 282, 287, 290, 299, 315, 324,

332, 337

cataracta, 292, 313, 314

ferussaciana, 300

fluviatilis ( = cataracta), 305

grandis, 292, 300, 313

grandis gigantea, 288, 289, 311,341,345

henryana, 310

imbecillis, 292, 300, 307-310, 313,

314, 346

ovata, 300

Anodonta, Glochidium, 323

-group, 293, 296, 324

-structure, 304

Anodontinse, 328, 332, 336

Anodontites, 337

crispata, 337

Anodontoides, 287, 290, 292, 299, 315,

324, 332, 337

ferussacianus, 292, 300, 306, 313, 314,

346

anomala, Psenopsis, 181

Anoplus banjos, 188

Antennariidi.c, 389

Antennarius, 389, 390

marmoratus, 389

Anthracotheriidse, 145

apoda, Coryphcna, 355

Apodes, 357'

apodus, Pycnodus, 355

Apogon macropterus, 182

notatuSj 181

Apogonichthyidge, 181

Apogonichthys fo, 181

Apolectus niger, 179

Archa)othcrium, 44, 47, 61, 64, 66, 79-84,

92, 93-99, 104-107, 110-121, 124,

130-141, 144, 147, 153

clavum, 50, 148

coarctatum, 49, 52

crassum, 50-53

ingens, 53, 61, 62, 87, 91, 93-97, 99,

104-107, 111, 114, 121, 122, 126-

129, 133, 138, 143

mortoni, 47-50, 87, 151
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ArchaBotherium robustum, 151

ArchEeotherium, Principal Generic Char-

acters, 47

Archamia bleekeri, 182

fucata, 182

lineolata, 182

macroptcroides, 181, 182

macropterus, 182

notata, 181

arctatum, Elotherium, 55

Arctitis, 239

Arctodon, 47, 153

of Leidy, 145

argentata, Corvula, 191

argcntiniaculatus, Lutianus, 184

argus, ChEetodon, 381

Scatophagus, 197

argyrophanes, Saurida, 168

Argyrops loiigifilis, 189

armatus, Carangus, 39

Caranx, 179

Artiodactyla, 96, 148

asotus, ParasiluruSj 168

asper, Cheetodon, 380

Atherina bleekeri, 176

Atherinid^, 176, 359

Athcrinoides, 359

Atkinson, D. A., 310

Atkinson, Wi liam Sackston, 159

Aulostoma, 360, 361

chinensis, 361

Aulostomatoidei, 360

auratus, Carassius, 169

aureus, Chjetodon, 370

auriculatus, Carcharodon, 352

auritus, Scarichthys, 196

Auxis, 391

propterygia, 373, 374

awoara, Epinephelus, 183

Aymard, A., 41, 43, 45, 46, 144, 149

azurio, Choirodon, 194

Baker, F. C, 338

Ba lang, 178

banjos, Anoplus, 188

barbata, Candidia, 169

barbatum, Ophidium, 358

barbatus, Gobius, 385

Opsariichthys, 169

Barbour, Professor E. H., 71, 73, 87

barbus, Hemibarbus, 169

Bassani, Francesco, 351

bassani, Histiocephalus, 390

Histionotopliorus, 390

bathrodon, Elotherium, 58

Pelonax, 57-60

Batrachida", 389

Bayet, Baron Ernyt de, 349

Bayet Collection, 249, 357, 365, 368, 369,

373,376,380,381,386
Belonidfe, 175

Beng pian, 167

bennetti, Dasyatis, 164

bensasi, Upeneoides, 193

berda, Sparus, 189

. Berj'cidffi, 362, 363

Beryciformes, 363

Berycoid fishes, 362, 363

Berycomorphi, 363

Beryx, 363

Bibliography: EntelodontidEe, 149-156

BibUography; Najades, 338-339

bifasciatus, Labrus, 374

bilineata, Paraplagusia, 202

Bin hii, 201

bipunctatus, Hepatus, 198

Bison americanus, 98, 143

bleekeri, Archamia, 182

Atherina, 176

Blennidse, 203, 386, 388

Blenniiformes, 386

Blennius, 388

Blochiid^, 386

Blochius, 391

longirostris, 386, 387, 388, 392

macropterus, 386

moorheadi, 387

bolcensis, Platyrhina, 351

SphyriEna, 359, 360

Thynnus, 373

Boochcerus, 61, 119, 129, 130, 151, 153,

155, 156

i
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Boochoerus humerosus, 61, 62, 112, 122,

129, 130, 133, 138

Boochocrus humcrosus, Principal charac-

ters of, 61

Borocyon robustum, 263, 265

Borophagus, 261

boro, Pisoodonophis, 172

Bos taurus, 142, 148

Boule, Professor Marcellin, 43

Boulcnger, G. A., 374

Boxer Uprising, 30

Brachioniclithys, 389

Brachypsalis, 269, 277

pachycephalus, 277

brachypus, Cynodesmus, 209, 216-220,

227-229, 234, 240, 242, 255, 260, 267

Brackett, C. F., 81

brevicauda, Culter, 169

brevirostris, Zanclus, 371, 372, 406

brevis, Carangopsis, 368, 369

Mugil, 368

British Museum Catalogue of Fossil Fishes,

350

Catalogue of Vertebrate Fossils, 43

Brookover, Professor Charles, 309

Brooks, W. K., 338

Brotula formos<Te, 204

naultibarbata, 204

Brotulida^, 204

Brown, J., 58

brunneolus, Pseudotolithus, 159, 191

brunneus, Glossogobius, 200

bullata, Muraina, 173

Bulletin de la Societe Geologique de

France, 43

burgcri, Glaucosoma, 185

Bush, Miss Lucy P., 42, 51, 149

caballus, Lcigonathus, 180

cseruleopunctatus, Anampses,

Csesio bile, 188

chrysozona, 188

calcarifer,' Holocentrus, 374

California University, 63

calkinsi, Dseodon, 64, 65, 132

Calhonymidae, 202

195

Callionymus schaapii, 202, 203

vesten£e, 369

Callipteryx, 385, 391

recticaudus, 385

speciosus, 384, 414

Caliyodon dussumieri, 196

lacerta, 197

spinidcns, 106

Calotomus waigiensis, 196

canadum, Rachycentron, 180

cancellatus, Terapon, 187

Candidia barbata, 169

canescens, Chsetodon, 372

Canida3, 255, 261; Miocene, 207; of the

White River Oligocene, 216

Canid, Undetermined species, 262

caninus, Rhinogobius, 200

Canis, 208-219, 222, 225, 235, 239, 240,

245-249,251,253,273

anceps, 215

latrans, 223, 242

lupus, 211, 221, 223, 234, 238, 244

occidentalis, 211-213

Capellini, Senator Giovanni, 354, 365

Carangida;, 178, 365

Carangoid Fishes, Description of Three

New Species, 37-40

Carangopsis, 391

analis, 368

brevis, 368, 369

dorsalis, 369, 394

latior, 369

Carangus armatus, 39

Caranx, 368

affinis, 178

armatus, 179

djeddaba, 178

formosanus, 38, 179

forstcri, 39, 179

ignobilis, 179

jarra, 178

leptolepis, 178

malabaricus, 178

plumbeus, 38, 40, 179

rastrosus, 37, 179
+

sexfasciatus, 178
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Carassius auratus, 169

Carcharias, 366, 391

innominatus, 353

(Scoliodon) cuvicri, 351-354

carcharias, Squalus, 353

Carchariida;, 161, 353

Carcharodon auriculatus, 352

cardinalis, Pagrus, 189

cariosa, Lampsilis, 287, 296, 302, 318, 320,

334, 345

carnea, Trygon, 164

Carnegie, Andrew, 42, 350 .

CarnegieHill, 71,72, 205

Carnivora and Insectivora of the Bridger

Basin, 216

Carnivores, New, from the Miocene of

Western Nebraska. By C. A. Peter-

son, 205-278

carpio, Cyprinus, 169

Catalog of the Fishes of the Island of For-

mosa, or Taiwan, based on the Collec-

tions of Dr. Hans Sauter, By David

Starr Jordan and Robert Earl Richard-

son, 159-204

Catalog of Fossil Fishes in the Carnegie

Museum. Part I. Fishes from the

Upper Eocene of Monte Bolca. By
Charles R. Eastman, 349-414

cataracta, Anodonta, 292, 313, 314

catopterygia, Clupea, 356

caudimaculatus, Tylosurus, 175

Centriscidffi, 362

Centriscus aculeatus, 362

Cephalacanthidae, 200

Cephalogale geoffroyi, 260

Cephaloscyllium umbratile, 160

cephalozona, Ophichthus, 172

cephalus, Clupea, 356

CepolidfE, 240

Chaitodon argus, 381

asper, 380

aureus, 370

canescens, 372

chirurgus, 380

citrinellus, 197 .

lineolatuS; 197

Chastodon lunula, 197

mesoleucus, 380

nigricans, 381

reticulatus, 197

rhomboides, 371, 380

rhombus, 380

saxatilis, 364

subaureus, 370

substriatus, 380

triostegus, 382

Chffitodontidffi, 197, 379

Chsetodontiformes, 379

Chalfant, Frank H., Earl}^ Chinese Writing,

1-35

Chalicotherium, 63, 64

Chanidse, 166

Channa formosana, 193, 194

Chanos chanos, 166

Chan tsi ah, 184

Chao Kuo Ch'eng, 6

Chaunax, 389

Cheilio inermis, 196

Cheilodactylidae, 194

Chiloscvllium indicum, 161

China, Ancient Sign-makers of, 16

Ch'in Dynasty, 4

chinensis, Aulostoma, 361

Chinese antiquarians, 7

archa;ology, 1

authors, first editions, 5

chronology, 5, 21

classics, 5

customs and postal service, 16

cycle, 21

ideograms, 7

modes of thought, methods of work,

social customs, 3

punning, 2

square characters, 13

symbol and meaning. Incongruity

between form of, 14-17

symbols. Contraction of early complex

forms, 10

symbols, Evolution of the modern, 10

symbols. Expansion of early simple

forms, 11
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Chinese writing, Erroneous deductions

from modern style of, 13

writing, modern style, 4

writing. Origin of, 7

typographical errors, 7

Chinese-English dictionaries, 16

Chiochi, 184

ChirocentridiB, 105

Chirocentrus dorab, 165

Chirostoma, 359

clxirurgus, Chsetodon, 380

chlorostigma, Epinephelus, 183

Choirodon azurio, 194

nyctemblema, 195

Chou Dynasty, 5, G, 8

Chou Wen, 12

Chow, Yang, 5

chromis, Sparus, 378

chrysosoma, Clupea, 35G

chrysozona, Csesio, 188

Chun, Wang, 8

cicatricosum, Plcurobema, 331

ciliaris, Alectis, 180

circulus, Obovaria, 287, 296, 302, 346

Cirrhina, 169

citrinellus, Chsetodon, 197

Citula, 39

group of Caranx, 37

Clarias fuscus, 168

Clariida;, 168

clava, Plcurobema, 292, 302, 313, 346

clavum, Archi^otherium, 50, 148

Clupea, 356, 391

catopterygia, 357

cephalus, 356

chrysosoma, 356

cyprinoides, 372

immaculata, 166

leptostea, 356

microcephala, 356

minutissima, 356

ophthalmica, 356

Clupeidse, 166, 356

eoarctatum, ArchEeotherium, 49, 52

Elotherium, 55, 152

Cobitida;, 169

coccinea, Quadrula, 283, 292, 298, 299,

302, 306, 314, 330, 331

Coggeshall, Arthur S., 42

commersoni, Scomberomorus, 177

complanata, Symphynota, 292, 300, 301,

311, 346

complanatus, Unio, 292, 305, 311, 313

compressa, Symphynota, 292, 300, 309,

311, 346

concolor, Felis, 261

Conner, C. H., 338

Cook, Harold, 70, 71, 86, 269

James H., 70-73

Ranch House of, 70

Cooke, A. H., 338

cooki, Diceratherium, 72

cooperiana, Quadrula, 292, 330, 331

Cope, Professor E. D., 56, 57, 61, 63, 64,

67, 119, 133, 149, 209

-Collection, 61, 64

cordyla, Megalaspis, 178

cornutum, Ostracion, 199

cornutus, Zanclus, 371

coromandelicus, Tylosurus, 175

Corvula argentata, 191

Coryphaina, 367

apoda, 355

costata, Symphynota, 292, 300, 301, 341,

345

Cottidaj, 385

Cottoids, Monograph of, 385

CouIing-( 'halfant Collection, 31-36

Cramer, Dr. Rudolf, 351, 366

crassicauda, Urolophus, 353

erassicaudatus, Urolophus, 352

crassidens. Elliptic, 346

Unio, 292, 302, 313, 314

crassum, Archaeotherium, 50-53

Elotherium, 156

crassus, Entelodon, 51, 153

Crenidens leoninus, 190

Cretaceous Clupeoids, 363

crispata, Anodontites, 337

cristatus, Oxyurichthus, 201

Cristiceps, 388

paradoxus, 388
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crucians, Amphicyon, 260

crumenophthalma, Trachurops, 178

Ctenodentex, 377

Ctenopharyngodon idellus, 169

Ctenothrissa, 363

Cultcr brevicauda, 169

cuvieri, Alopiopsis, 353

Carcharias, 351-354

Galeus, 353, 354

Protogaleus, 353, 354

Cybium, 387, 391

Cyclopoma, 391

gigas, 375

micracanthum, 375, 376, 406

pygmaeum, 406

cyclostomus, Upeneus, 193

cylindrica, Quadrula, 292, 313, 330

Cynodesmus, 261

brachypus, 209, 213, 216-220, 227-

229, 234, 240, 242, 244, 255, 260, 267

thomsoni, 209

thooidcs, 209, 267

Cynodictis familiaris, 232

Cynoglossus diplasios, 202

Cyprinidse, 169

cyprinoides, Clupea, 372

Megalops, 165

Salmo, 372

CyprinuSj 378

carpio, 169

Cyprogenia, 299, 326, 332, 333, 334, 337

irrorata, 333

Cypsilurus spilonotopterus, 176

Dactyloptena japonica, 200

DECodon, 61, 63, 64, 66, 147, 149

calkinsi, 64, 65, 132

shoshonensis, 64, 148

Measurements of the type speci-

men of, 64

Principal Generic Characters of, 63

synonym of Titanothcrium, 155

Dai hii, 188

Daledon, 63, 156

Dana, E. S., 151 -

J. D., 150

Daphoenodon, 220, 264-267, 271-274

superbus, 206-211, 215, 217, 219, 221,

223, 224, 225, 227, 229-231, 233,

235-243, 247-257, 258, 260, 261, 265

Daphoenodon, Notes on individual vari-

ation of, 258

Relations of, 259

Restoration of, 257

Daphoenus, 216, 217, 235, 239-257, 259-

261, 271, 272

dodgei, 213

felinus, 207-212, 224, 225, 234, 247,

261

Daphoenus-Daphoenodon phylum, 263

Dasyatidse, 164

Dasyatis akajei, 164, 165

bennetti, 164

Davis, L. S., 138

Dawkins, W. B., 150

Decapterus macrosomus, 178

muroadsi, 178

decemcirrosus, Misgurnus, 169

decora, Rohita, 169

deltoidea, RIargaritana, 300

Dentex, 391

hypselosomus, 185, 186

leptacanthus, 377

dentex, Sparus, 378

Deperet, Charles, 150

Description of New Carnivores from the

Miocene of Western Nebraska. By
O. A. Peterson, 205-278

Description of Three New ' Species of

Carangoid Fishes from Formosa. By
David Starr Jordan and John Otterbein

Snyder, 37-40

diacanthus, Epinephelus, 183

Diagram expressing the Phyletic and

Geologic Position of Entelodontida^, 147

Diceratherium, 73
4

cooki, 72

Dillonia, 170

Dinictis, 253

Dinochcerus, 82, 154

Dinocyon, 261

(Borophagus) gidleyi, 262



f

422 MEMOIRS OF THE CARNEGIE MUSEUM

Dinocyon, Skull of, from the Miocene of

Texas, 262

Dinohyus, 42, 56-59, 65-68, 74, 77-83,

86, 87, 91, 92, 96-98, 101, 102,

106-114, 117-123, 126, 128-131,

133-144, 148, 155

hollandi, 41, 59-62, 66-70, 77, 80,

82, 86, 87, 91-118, 126-136,

142, 153

History of the Agate Spring

Fossil Quarries where skeleton

was found, 70-77

Principal Generic Characters, 67

Restoration of, 142-144

Dinohyus hollandi Peterson, Detailed De-

scription of, 77-142

Fore Limb, 110-114

Hind Foot, 133-142

Hind Limb, 126-132

Inferior Dentition, 80-84

Manus, 114-126

Milk Dentition, 84-86

Ribs, 106-107

Skull, 86-92

Sternum, 107-110

Superior Dentition, 77-80

Vertebral Column, 92-106

Diodon, 391

erinaceus, 391

holocanthus, 199

reticulatus, 356

tenuispinus, 391

Diodontidffi, 199, 390

diplasioR, Cynoglossus, 202

djeddaba, Caranx, 178

Dodd, A. A., 72, 205

Doderlein, L., 155

dodgei, Daphcenus, 213

dorab, Chirocentrus, 105

Dorosoma nasus, 167

Dorosomidae, 167

dorsalis, Carangopsis, 369, 394

Douglass, Earl, 49, 262

dubia, Fistularia, 361

Urosphen, 392, 404

Ductor, 391

Ductor leptosomus, 369, 370

Dules, 391

mcdius, 375

temnopterus, 376

Dussumieria elopsoides, 166

dussumieri, Callyodon, 196

Halichoeres, 195

Hepatus, 198

Pseudoscarus, 196

Scarus, 196

Duymseria flagellifera, 195

Dynasty, Ch'in, 4

Chou, 5, 6

Han, 6, 7

Early Chinese Writing. By Rev. Frank

H. Chalfant, 1-35

Illustrations Derived from An-

cient Inscriptions, 1-18

Sources of Knowledge Concerning,

4

Early Writing Derived from Ancient In-

scriptions, Illustrations of, 1-18

East Audience Hall, 3

Eastman, Charles R., Catalog of Fossil

Fishes in the Carnegie Museum, 349-414

eastmani, Pristiurus, 160

East Palace, 3

Echeneidse, 201

Echidna polyzona, 173

cctenurus, Leptocephalus, 159, 171

edentulum, Leiognathus, 180

edentulus, Strophitus, 292, 298, 300, 305,

307, 311, 340, 344

Edict of Wu Wang, 3

egertoni, Platyrhina, 351

Elasmobranchii, 351

elegans, Plagiola, 287

Eleotris fusca, 200

oxycephala, 200

Eleutheronema tetradactylum, 177

elizabethse, Amia, 181

ellipsis, Obovaria, 287, 296

Elliptio, 336

crassidens, 346

gibbosus, 340, 344, 346

i
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elongate, Elisha, 166

Ptericeplialina, 356

elongatus, Sparnodus, 378, 394, 408

Elopidfe, 165

Elops hawaiicnsisj 165

machnata, 165

elopsoides, Dussumieria, 166

Elotheriidse, 43

Elotherium, 41, 43

arctatum, 55

bathrodon, 58

coarctatum, 55, 152

crassum, 156

imperator, 54, 69, 152

ingens, 54, 55, 65, 152, U.

leidyanum, 152

mortoni, 54, 56, 152

superbum, 69, 148, 152

Embolichthys mitsukurii, 204

emiliaD, Mesiteia, 352

Eng kochu, 196

Engraulidse, 166

Enhydrocyon, 260

Enoplosus, 391

pygopterus, 377

Entelodon, 41-43, 79, 82, 83, 90, 116, 117,

120-125, 132, 137, 147, 149, 155

crassus, 51, 153

ingens, 53

magnum, 44-46, 77-81, 133, 136, 139

mortoni, 55

ronzonii, 46, 47

Principal Generic Characters of, 43

Entelodontidse, 43, 51, 58, 63, 77, 116,

126, 128, 144, 146

Bibliography, 149-156

Diagram Expressing the Phjdetic and

Geologic Position of, 147

Entelodontini, 156

Eocottus, 385, 391

veroncnsis, 385, 386, 410

Eomyrus, 391

formosissimus, 358, 392

latispinus, 358

ventralis, 357

Ephippida^, 197

ephippium, Lutianus, 374

Ephippus, 391

longipennis, 380

oblongus, 380, 381, 402

orbis, 197

rhombus, 380, 396

Epinephelus awoara, 183

chlorostigma, 183

diacanthus, 183

epistictus, 183

fuscoguttatus, 183

hcedti, 183

moara, 183

tauvina, 183

epistictus, Epinephelus, 183

Equula ruconia, 181

erinaceus, Diodon, 391

eriomma, Scolopsis, 159, 188

Er-shih Huang-ti, Standard measures of, 7

erumci, Psettodes, 201

erythrinuSj Sparus, 378

erythropterus, Lutianus, 184

eso, Saurida, 168

Esox lucius, 360

saurus, 359

sphyraena, 359

spret, 360

Eurvnia, 318

Euthynnus alleteratus, 177

Evenchelys macrurus, 175

evermanni, Ophichthus, 159, 172

evides, Hemipteronotus, 159, 196

evolans, Zacco, 170

Exoccetidffi, 176

Extinct Mammalia Fauna of Dakota and

Nebraska, 47

Eyerman, J., 226, 232

fabalis, Micromya, 287, 296, 316, 334

falcarius, Tachysvirus, 168

familiaris, Cynodictis, 232

far, Hemiramphus, 175

Farr, Dr. M. S., 42

Fauna, Ancient, of Nebraska, 47

Extinct Mammalian, of Dakota and
Nebraska, 47
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felinus, Daphcenus, 207-209, 211, 212, 224,

225, 234, 247, 261

Felis, 252, 253

concolor, 261

leo, 217, 218

ferox, Megalictis, 272

Temnocyon, 232

ferussaciana, Anodonta, 300

Anodontoides, 300

ferussacianus, Anodontoidcs, 246, 292, 300,

313, 314

filamentosus, Acanthonemus, 370

Filhol, H., 150

fimbriatus, Gymnothorax, 173

Fishes of the Island of Formosa, or Taiwan,
Based on the Collection of Dr. Hans
Sauter, Catalog of the. By David
Starr Jordan and Robert Earl Richard-

son, 159-204.

Fishes from the Upper Eocene of Monte
Bolca, 349-414

Index of Genera of,

391

Fistularia, 391

dubia, 361

petimba, 176

tabacaria, 361

Fistulariida;, 176, 360

flagellifera, Duymgeria, 195

Flat-fishes, 383

flavomarginatus, Gymnothorax, 173
Flower, H., 150

fo, Apogonichthys, 181

foliacca, Synaptura, 201

formosa, Perca, 364

formosse, Brotula, 204

formosana, Channa, 193, 194
formosanus, Caranx, 38, 179

Liobagrus, 168

formosissimus, Eomyrus, 358, 392
Sphagebranchus, 358

forsteri, Caranx, 39, 179

Sphyraena, 176

forva, Trachurops, 178

Fossil Fishes in the British Museum,
Catalogue of, 350

frontalis, Scatophagus, 381

fucata, Archamia, 182

fulviflamma, Lutianus, 184

Furlong, E. L., 42, 63

fusca, Eleotris, 200

fuscescens, Lutianus, 184

Siganus, 198

fuscoguttatus, Epinephelus, 183

fuscus, Clarias, 168

Gadus merluccius, 384

Ga lah, 185

Ga la hii, 189

Galeus cuvieri, 353, 354

japonicus, 162

gallus, Zeus, 180, 370

Gastcroidei, 300

Gasteronemus rhombeus, 366

Gau bu, 167, 168

Gaudry, A., 150

gazolse, Promyliobatis, 352

Trygon, 351, 352

Gazza jequulseformis, 181

Gazzola Collection, 353

geoffroyi, Ccphalogale, 260

georgii, Hemiramphus, 176

Gerres punctatus, 190

GerridfE, 190 •

Gervais, P., 151

Giam kong, 192

gibbosus, EUiptio, 340, 344, 346

Pycnodus, 356

Unio, 292, 302, 313, 314

gibbus, Lates, 374, 375

Pycnodus, 355, 356, 402

Gidley, J. W., 42

gidlcyi, Dinocyon, 262

gigantea, Platyrhina, 351

giganteus, Amphicyon, 211

gigas, Cyclopoma, 375

Semiphorus, 365

Giles, Dr. Herbert, 16

Gill, Dr. Theodore, 389

Girard, C, 385

Girella leonina, 190

melanichthys, 190

'
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Girella mezina, 190

nigricanSj 190

punctata, 190

giur nus, Rhinogobius, 200

Glabaris, 337

Glaucosoma burgeri, 185

glochidial shell, 297

Glossogobius abacopus, 159, 200

brunneus, 200

vaisiganis, 200

Go bang he, 191

Gobiidffi, 200, 384

Gobiiformes, 3G2, 384

Gobius, 391

barbatus, 385

macrourus, 386

macrurus, 386

microcephalus, 384, 404

smyrenensis, 369

veroncnyis, 385

Goniiistius zonatus, 194

Gorganovic-Kramberger, Carl, 351

Government Land Plot, 24

Go yen, 179, 180

gracilis, Lampsilis, 287, 296, 302, 307

Lates, 274, 375, 410

Leptocephalus, 358

Paraptera, 302, 342, 345

Saurida, 168

Sphyr^ena, 360

grandis, Anodonta, 292, 300, 313, 341

gigantea, Anodonta, 288, 289, 311,

341, 345

Greene, F. V., 151

Grinnell, G. B., 151

Gu bo, 194

Gui hii, 199

Gulo, 272, 273, 278

luscus, 269, 270, 273-275

guttatus, Scomberomorus, 177

Siganus, 198

Gymnodontes, 390

Gymnosarda (nuda), 177

Gymnostpmuri labiatus, 169

Gymnothorax fimbriatus, 173

flavomarginatus, 173

Gymnothorax isingleenoides, 173

leucostigma, 159, 174

melanospilos, 174

pescadoris, 173, 174

philippinus, 174

pseudothyrsoideus, 173

reticularis, 173

Hsemulidse, 187

Hai ling, 184

Hai tai, 188, 192

HaUchceres dussuniieri, 195

nigrescens, 195

haniiltoni, Anchovia, 166

Han Dynasty, 14

Etymological Dictionary of the,

6

seal character of early, 8

Harengula, 166

Harms, W., 338

Harris, Octave, 72

Harrison beds, 75

hasta, Pomadasis, 187

Hatcher, J. B., 53, 75, 76, 86, 207, 209,

245, 248, 252, 261, 349

haumela, Trichiurus, 180

hawaiiensis, Elops, 165

Hay, 0. P., 151

Hayden, Dr. F. V., 53, 151

Heckelj Jacob, 351

Helohyus, 43

Hemibarbus barbus, 169

Hcmibranchs, 360

Hemilastena ambigua, 300, 301

Hemipteronotus evides, 159, 196

pentadactylus, 196

verrens, 195

Hemiramphidse, 175

Hemiramphus far, 175

georgii, 176

lougirostris, 176

meianurus, 176

henryana, Anodonta, 310

Hepatida?, 197

Hepatus bipunctatus, 198

dussumieri, 198
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Hepatus olivaceus, 198

triostegus, 197

heterodon, Alasmidonta, 287, 292, 346

hetcrognathus, Myrophis, 172

hildrethiana, Margaritana, 300

hippopcea, Quadula, 292

hippophagus, Tephrocyorij 269

Hippopotaniidsc, 145

Hippopotamus, 89, 91, 104, 120-122, 126-

129, 135-138, 143, 147

Histiocephalus, 389

bassani, 390

Histionotophorus, 389, 391

bassani, 390

Histiophoridaj, 386

Histiopterus typus, 192

History of the Discovery of the Agate

Spring Fossil Quarries, where the Skele-

ton of Dinohyus hoi audi was found, 70-77

hoidti, Epincphelus, 183

Hoernes, P., 151

Hoe sin, 193

Ho hii, 194

holacanthus, Diodon, 199

Holland, Moorhead B., 388

Holland, Dr. W. J., ii, 37, 42, 43, 164,

205, 281, 282, 349, 350, 352, 364

Holland Clam-drcdge, 281

hollandi, Dinohyus, 41, 59, 61, 62, 66-70,

77-82, 86, 118, 126-136, 142, 153

Raja, 159, 163

Holocentridffi,' 177, 363

Holocentrum, 363, 391

macrocephaluni; 364, 396

pygseum, 364

Holocentrus calcarifer, 374

maculatus, 375

sogo, 264

hopei, Odontaspis, 352

Hoplophoneus, 252, 253

Horse Mackerel, 372

hoteen, Mesoprion, 184

Hsu author, 7

Hsii family, 20

Hsti Shen, scholar, 6 ,

Hsiie Shang-Kung, 5

humcrosus, Boochccrus, 61, 112, 122, 129,

130, 133, 138

Hung Mu's land, 24

Hysenocyon, 260

hypselosonius, Dentex, 185, 186

Hyrianse, 328

Hyriinffi, 328

from South America, 328 *

idellus, Ctenopharyngodon, 169

ignobilis, Caranx, 179

Scomber, 377

Ilisha elongata, 166

imbecillis, Anodonta, 292, 300, 307, 308,

310, 313, 314, 346

immaculata, Clupca, 166

immaculatum, Amblygaster, 166

imperator, Elotherium, 54, 69, 152

Index of Genera of Fishes from the Upper

Eocene of Monte Boica, 391

indica, Amia, 375

Anchovia, 167

Scyris, 180

indicum, Chiloscyllium, 161

indicus, Platycephalus, 194

Rhinoceros, 62

Upeneus, 192

inermis, Cheilio, 196

Silurus, 194

ingens, Archaeotherium, 53, 61, 62, 87, 91,

93-99, 104-107, HI, 114, 121, 122,

126-129, 133, 138, 143

Elotherium, 54, 55, 65, 152, 156

Entelodon, 53

innominatus, Carcharias, 353

Inscriptions, ancient, upon Bone and

Tortoise-shell, 21, 30-35
,

Inspector of Cavalry, Tan, 26

of Land, Pi Chou, 26

insulindicus, Lethrinus, 189

iris, Lampsilis, 287, 296, 302, 312, 334, 342

ischyrus, Upeneus, 193

isingleenoides, Gymnothorax, 173

Isospondyli, 356

Jaekel, Dr. Otto, 351, 353, 354
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japonicaj Dactyloptena, 200

Sphyrfena, 176

Usinosita, 201

japonicuSj Galcus, 162

Lateolabrax 183

Latilus, 192

Nemipterus, 186

Orectolobus, 161

Ostichthys, 177

Scomber^ 177

Squalus, 162

Thysanophrys, 194

Trichiurus, 180

jarbua, Terapon, 187

jarra, CaranXj 178

jelloj Spliyra3na, 176

Jordan, David Starr and John Otterbein

Snyder, Description of Three New
Species of Carangoid Fishes from For-

mosa, 37-40

Jordan, David Starr and Robert Earl

Richardson, A Catalog of the Fishes of

the Island of Formosa, or Taiwan, Based

on the Collections of Dr. Hans Sauter,

159-204.

josephi, Mesocyon, 259

Journals of Royal Asiatic Society, 16

Jugulares, 362

jugulares, Acanthopterygii, 389
r

kanagurta, Rastrclliger, 177

Kanghsi Dictionary, 19

Kang-hsi, Emperor, 7

kasmira, Lutianus, 184

King, C, 151

King Leopold of Belgium, 349

kirtlandiana, Quadrula, 292, 298, 302, 330,

331

Kner, Rudolf, 351
'

Knight, Charles R., 144

Koh gong, 199

Konosirus thrissa, 167

korcana, Anchovia, 167

Kowala, 166

Kowalewsky, W., 44, 90, 118, 121-123, 125,

134, 147, 151

koyo, Amba, 178

Kuhlia marginata, 183

kuhlii, Scomberomorus, 178

KuhUida?, 183

Kurtiformes, 362

Kyphosidffi, 190

labiatus, Gymnostomus, 169

Labrax, 391

lepidotus, 376

schizurus, 376

Labridas, 194

Labrus, 391

bifasciatus, 374

malapterus, 388

turdus, 375

Lacepede, 169

lacerta, Callyodon, 197

lachrymosa, Quadrula, 292, 330
lacota, Paroligobunis, 276

Igevissima, Lampsilis, 301

Lambe, L. M., 152

Lamna vincenti, 352

Lamnidse, 351

Lampsilinse, 328, 329, 332, 333, 337
Lampsihs, 297, 315, 316, 326, 338

alata, 287, 296, 299, 301, 302, 307,

316, 333

cariosa, 287, 296, 302, 318, 320, 334,

345

gracilis, 287, 296, 301, 302, 307, 316,

333, 334

iris, 287, 296,' 302, 312, 316, 334, 342
l^evissima, 301, 333

ligamentina, 287, 296, 302, 311, 316,

333

luteola, 287, 296, 302, 307, 308, 318,

321, 345

multirg,diata, 287, 296, 302, 307, 308,

311, 318-320, 334, 345

nasuta, 287, 296, 302, 307, 312,

316-318, 334

orbiculata, 287, 296, 302, 318, 320,

321, 334

ovata, 287, 296, 302, 311, 318, 320, 334
parva, 296, 302, 305, 308, 314-317, 334
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Lampsilis purpurata, 301, 333

radiata, 287, 296, 302, 305, 318, 319

recta, 287, 296, 302, 316, 318, 334, 342

ventricosa, 287, 290, 302, 308, 311,

318, 319, 320, 334, 342

Lampsilis-group, 295, 304, 308

-species, 298

-type, 283, 298, 310

lanceolata, Promicrops, 184

lanceolatus, Orycynus, 372

Thynnus, 372

langsar, Sphyrgena, 176

Lateolabrax japonicus, 183

Lates, 374, 375, 391

gibbus, 374, 375

gracilis, 375, 375, 410

Latilida;, 192

Latilus japonicus, 192

latior, Carangopsis, 369

Orycynus, 373

Thynnus, 373

latispina, Anguilla, 358

latispinus, Eomyrus, 358

latrans, Canis, 223, 242

latus, Sparus, 189

Lea, I., 338

Lefevre, G.,338

Leidy, Professor, J., 53, 69, 87, 147, 151

Arctodon of, 145

leidyanum, Ammodon, 67, 68, 77, 148

Elotherium, 152

Leiognathus caballus, 180

edentulum, 180

rivulatum, 180

splendens, 180

leiuruSj Tylosurus, 175

lemanensis, Amphicyon, 260

Leng tsian, 189

leo, Felis, 217, 218

leonina, Girella, 190

leoninus, Crenidens, 190

Lepidotrigla alata, 199

blirgeri, 199

Icpidotus, Labrax, 376

lepidus, Oligobunis, 276, 278

leptacantha, Myripristis, 364

leptacanthus, Dcntex, 377

Leptocepha]ida3, 171

Leptocephalus, 357, 391

anagoides, 171

(Congrellus) anago, 171

ectenurus, 159, 171

gracilis, 358

heterognathus, 172

nystromi, 172

leptolepis, Caranx, 178

leptosomus, Ductor, 369, 370

leptostea, Clupea, 356

lethriniformis, Sparnodus, 378

Lethrinus amboinensis, 189

insulindicus, 189

leutj anus, 189

richardsoni, 189

leucostigma, Gymnothorax, 159

leutjanus, Lethrinus, 189

Liachirus nitidus, 201, 202

Lichia, 370, 391, 406, 408, 410, 414

analis, 368

prisca, 367, 368

ligamentina, Lampsilis, 287, 296, 302, 311,

320, 321

Obovaria, 246, 345

lineatus, Siganus, 198, 199

lineolata, Archamia, 182

lincolatus, Chsetodon, 197

Lutianus, 184

Liobagrus formosanus, 168

Lioy, Paola, 351, 356

Little Bad-Lands, North Dakota, 49

Liu Shu T'ung ''Comparison of the Six

Scripts," 7

Liza troscheli, 176

Lochii, 193

Loh wall, 183

longifilis, Argyrops, 189

longipcnnis, Ephippus, 380

longirostris, Blochius, 386-388, 392

Hemiramphus, 176

longispinus, Sparus, 189

Vomer, 366

Yomeropsis, 366, 398

Loomis, Professor F. B., 207, 231

:
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Lophiodon validus, 153

Lophobranchs, 360

luciuSj EsoXj 360

Lull, Professor R. S., 42, 51, 133

lunula, Ch^etodon, 197

lupus, Canis, 211, 221, 223, 234, 238, 244

luscus, Gulo, 269, 270, 273-275

luteola, Lampsilis, 287, 296, 302, 307, 308,

318, 321

luteus, Upeneus, 193

Lutianidi-O, 184

Lutianus annularis, 184

argentimaculatus, 184

ephippium, 374

erytliropterus, 184

fulviflamma, 184

fuscescens, 184

kasmira, 184

lincolatus, 184

quinquelineatus, 184

rivulatus, 184

russelli, 184

vitta, 184

Lutra, 272, 273

Lutrictis, 276

lycopotamicus, Potamotherium, 276

Lydekker, R., 150, 152

Lymnium, 334

Lyosphsera, 391

lyra, Trigla, 385

machnata, Elops, 165

macrocephalum, Holocentrum, 364, 396

macrogastrina, Pter'cephalina, 356

macropteroides, Archamia, 181, 182

macropterus, Apogon, 182

Archamia, 182

Blochius, 386

macroptlialmus, Sparnodus, 378

Sparus, 377

macrosomus, Decapterus, 178

macrourus, Gobius, 386

macrurus, Evenchelys, 175

Gobius, 386

maculata, Mene, 180

maculatum, Amblygaster, 166

maculatus, Ophicephalus, 193

Pomadasis, 187

magnum, Entelodon, 44-46, 77-81, 133,

136, 139

major, Alectis, 180

Amphicyon, 212, 233, 242, 248, 260,

262

Pagrus, 189

malabaricus, Caranx, 178

malaptcrus, Labrus, 388

maltrechti, Pararasbora, 170

Mammalia, Study of Eocene, 233

manilensis, Anguilla, 171

Marbled Angler, 389

Margaritana, 287, 303, 304, 315, 328, 329,

334

deltoides, 300

hildrethiana, 300

margaritifera, 285, 286, 289, 290, 314,

322, 323, 342

monodonta, 323

spillmanni, 300

triangulata, 300

Margaritanido), 323, 328, 329, 334

margaritifera, Margaritana, 285, 286, 289,

290, 314, 322, 323,

marginata, Alasmidonta, 292, 300, 301

varicosa, Alasmidonta, 300, 301

Kuhlia, 183

marmoratus, Antennarius, 389

Marsh, Professor 0. C., 42, 43, 49, 51, 58,

60, 67, 88, 133, 143, 153

Massalongo, Abramo, 351

matsubara^, Nemipterus, 186

Matthew, Dr. W. D., 42, 57, 74, 96, 111,

153, 209, 216, 262, 269

matutinus. Rhinoceros, 152

mauritiana, Anguilla, 171

maxima, Sphyra?na, 160

meandrinus, ^Elurodon, 263

medius, Dules, 375

Megalaspis cordyla, 178

Mcgalictis, 278

ferox, 272

Megalopidse, 165

Megalops cyprinoides, 165
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melanichthys, Girella, 190

melanopsiloSj Gymnothorax, 174

melanoatigma, Tylosurus, 175

melanurus, Hemiramphus, 176

Meles, 239, 272, 274, 275

taxus, 269, 270, 271, 273, 275

Mclivorodon, 278

Mellivora, 278

Mene, 366, 391

maculata, 18

oblonga, 367, 396

rhombea, 366, 367

rhombeus, 366

Menidfe, ISO

Menidia, 359

merluccius, Gadus, 384

Merriam, Professor John C., 42, 65, 153

Merrill, G. P., 153

Merycoidodonts, 42, 131

mesembrinum, Acheilognathus, 170

Mesiteia emilise, 352

Mesocyon, 212, 261

josephij 259

robustus, 259

Mesogaster, 359

mesoleucus, ChEetodon, 380

mesoprion, Acantliocepola, 204

Mesoprion hoteen, 184

metanevra, Quadrula, 292, 298, 313, 330

mezina, Girella, 190

Miacid^, 223, 256

Miacis, 226

micracanthuin, Cyclopoma, 375, 376, 406

Microcanthus strigatus, 197

micracanthus, Smerdis, 375

Sparnodus, 378

microcephala, Clupea, 356

microcephalus, Gobius, 384, 404

Microniya, 315, 326, 332, 333

fabalis, 287, 296, 316, 317, 334

Mills, Theodore A., 144, 261

minimus, Phombus, 383, 404

minutissima, Clupea, 356

Miocene Canidse, 207

Misgurnus anguillicaudatus, 169

decemcirrosusj 169

mitsukurii, Embolichthys, 204

moara, Epinephelus, 183

Molin, Paffaela, 351

molini, Narcine, 351

mohnii, Alexandrinum, 352

•Monacanthida3, 199

monodonta, Margaritana, 323

monogramma, Scolopsis, 188

Monograph of the Najades of Pennsyl-

vania.

By Arnold E. Ortmann, 279-347

Monopteridse, 171

Monopterus albus, 171

Monte Bolea, Fishes from the Upper

Eocene of, 349-414

Index of Genera of Fishes from the

Upper Eocene of, 391

moorheadi, Blochius, 387

Moropus, 64, 72, 73

mortoni, Archasotherium, 47-50, 87, 151

Elotherium, 54, 56, 152

Entelodon, 55

Mugil brevis, 369

oeur, 176

MugilidiE, 176

Mullid^, 192

multibarbata, Brotula, 204

multiplicata, Quadrula, 287

multiradiata, Lampsilis, 287, 296, 302, 307,

308, 311, 318-320, 334, 345

Mura^na bullata, 173

Muraenidai, 173, 357

MurEenophis stellatus, 173

muricata, Paja, 351, 353

Trygon, 352

muricatus, Trygon, 351, 353

muroadsi, Decapterus, 178

Museum of the Royal Asiatic Society,

Shanghai, 31

Mustelidffi, 269, 275, 278, 328, 334

myops, Trachinocephalus, 167

myriaster, Platophrys, 201

Myripr stis, 363, 391

leptacantha, 364

leptacanthus, 364

Myrophis (Gnathophis) heterognathus, 172

1
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Najades, anal and branchial openings, 312

anal siphon, 313

anatomical investigations, 282

arrangement of the ova and embr3^os

in marsupium 297

Bibliography, 338

branchial opening, 313, 314

bradytictic forms, 304

breeding season, 302

differentiating structures on edge of

gills, 294

discharge of the glochidia, 305

division into families and subfamilies,

322

edge of the mantle in front of branchial

opening, 315

eye-spot, 318

found in Pennsylvania, 334

general structure of the gills, 284

glochidia of, 299

hermaphroditism, 308

ova and larvse (glochidia), 297

of Pennsylvania, Monograph on, 279-

347

sex recognition in the young, 310

structural features of the finer anat-

omy of the gills, 290

summer-breeders, 303

supra-anal opening, 313

suprabranchial or cloacal canal, 286

tachytictic forms, 304

water-tubes and septa dividing them,

290

winter-breeders, '303

namiyei, Salarias, 203

Narcine molini, 351

Naseus, 391

nuchalis, 381, 402

rectifrons, 382, 406

nasus, Dorosoma, 167

nasuta, Lampsilis, 287, 296, 302, 312, 318,

334

Nebraska beds of Scott, 75

Nebraska, Quarry of University of, 72

Nemipterus japonicus, 186

matsubarse, 186

Nemipterus ovenii, 185

virgatus, 186

niger, Apolectus, 179

nigrescens, Hahchoeres, 195

nigricans, Chaetodon, 381

Girella, 190

nitidus, Liachirus, 201, 202

Niu e, 198

notseus, Lates, 374

notata, Archamia, 181

notatus, Apogon, 181

. Sparus, 181

Notes on the Classification of Teleostean

Fishes, 358

Notes on a Collection of Fishes from the

Island of Formosa, 159

upon the "Shuo Wen," 1, 18-19

Nothocyon annectens, 206

novi-eboraci, Lampsihs, 317

nuchaUs, Naseus, 381, 402
Pygaus, 380

nuda, Gymnosarda, 177

nyctemblema, Choirodon, 195

nyctereutes, Pempheris, 181

nystromi, Leptocephalus, 172

obliqua, Quadrula, 292, 314, 330, 331
Obliquaria, 297, 315, 316, 326, 332, 333,

334, 337

refiexa, 287, 296

obliquum coccincum, Pleurobema, 346

oblonga, Mene, 367, 396

oblongus, Ephippus, 380, 381, 402
Obovaria, 297, 315, 316, 326, 332, 333, 338

circulus, 287, 296, 302, 346
• ellipsis, 290

ligamentina, 345, 346

retusa, 287, 296, 302, 314
occidentalis, Canis, 211-213

ocellatus, Spheroides, 199

ocyurus, Plectorhynchus, 187

Odontaspis hopei, 352

Odonteus, 391

sparoides, 379, 406

sparoides yar. depressus, 379
Odontorcion, 191



I

432 MEMOIRS OF THE CARNEGIE MUSEUM

ccur, Mugil, 176

Ogallala formation, 74

0-ke, 190

Olcott, T. F., 72, 73, 205

Oligobunis lepidus, 276, 278

-phylum, 277

Oligocene Canid^, 245, 252, 261

oligodon, Pseudorhombus, 201

olivaceus, Hcpatus, 198

Oltinotlicriuin, 152, 154

Ophicephalidae, 193

Ophicephalus maculatus, 193

polylepis, 193

tad"anu8, 193

striatus, 373

Ophichthus cephalozona, 172

evermanni, 159, 172

Ophichthyidffi, 172

Ophidium barbatum, 358

ophthalmica, Clupea, 356

OpsariicMhys barbatus, 169

orbicularis, Sca;ops, 201

orbiculata, Lampsilis, 287, 296, 302, 318,

320, 321, 334

orbis, Ephippus, 197

Orectolobidai, 161

Orectolobus japonicus, 161

Oreodon beds. North Dakota, 49

Orcodonts, 42, 131

orieiitalis, Scomberoides, 178

Synaptura, 201

Ortmann, A. E., 339

A Monograph of the Najades of

Pennsylvania, 279-347

Orycynus lanceolatus, 372

latior, 373

orycynus, Scomber, 373

Osborn, Professor Henry Fairfield, 42, 144,

154, 155

Ostichthys japonicus, 177

Ostracidac, 199

Ostracion cornutum, 199

Ostracodermi, 390

ovaUs, Sparnodus, 378

ovata, Anodonta, 300

Lampsilis, 287, 296, 302, 318, 320, 334

ovenii, Nemipterus, 185

oxyccphala, Eleotris, 200

Oxyurichthus cristatus, 201

papuensis, 201

pachycephalus, Brachypsalis, 277

Zacco, 170

Pagellus, 377

Pagrus, 377

cardinahs, 189

major, 189

Palaeorhynchidse, 380

Paleontological Collection of University of

California; 64

Palmer, T. S., 154

papuensis, Oxyurichthus, 201

Paradaphtenus, 212, 260

paradoxum, Amphistium, 382, 383

paradoxus, Cristiceps, 388

Pterygocephalus, 388, 404

Parahyus vagans, 43

paralcpoidoB, Rhamphognathus, 359

Paraplagusia bilineata, 202

Paraptera, 301, 334, 338

gracilis, 302, 338, 342, 345

Pararasbora maltrechti, 170

Parasalanx acuticeps, 167

Parasilurus asotus, 168

Parmaturus pilosus, 161

Paroligobunis, Affinity and systematic

position of, 275

Paroligobunis, 278

(Potamotherium) lacota, 276

simplicidcns, 269-271, 274-277

parva, Lampsihs, 287, 296, 302, 305, 308,

317, 334

Patriofelis, Osteology of, 216

Pcdiculati, 389

Peking Dialect, 16

pelagicus, Scomber, 367

pclamis,. Scomber, 373

Pelonax, 56, 57

bathrodon, 57-60

potens, 60

ramosum, 56, 57, 91, 147

Pempheridge, 181
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Pempheris nyctereutes, 181

Pentaceros, 192

Pentacerotida^j 192

pentadactylus, Hemipteronotus, 196

Perca formosa, 364

punctata, 359

radula, 378

Percesoces, 358

Percida^, 374, 384

Percifonnes, 362, 384

Perciform fishes, 363

Perciform Fishes in British Museum,

Catalogue of, 374

Perissodactyla, 63

perplexa rangiana, Truncilla, 296, 302, 345

pescadoris, Gymnothorax, 173

Peterson, O. A., 76, 154, 155

Description of New Carnivores from

the Miocene of Western Nebraska,

205-278

A Revision of the Entelodontida?, 21-

158

petimba, Fistularia, 176

phal^ena, Amblygovius, 201

phaseolus, Ptychobranchus, 296, 298, 302,

307, 342, 346

phiUppinus, Gymnothorax, 174

Philotrox, 260

pilosus, Parmaturus, 161

Pisoodonophis boro, 172

Plagiola, 297, 315, 316, 326, 332, 333, 334,

338

elegans, 287

securis, 287, 296, 300, 302, 342

Platacidse, 197

Platax, 365, 391

subveapertiho, 365

teira, 197

Plates, Explanation of, 158, 340-347, 392,

394, 396, 398, 400, 402, 404, 406, 408,

410, 412, 414

platessus, Pycnodus, 355, 356

Zeus, 355

Platophrys myriaster, 201

Platycephahda?, 194

Platycephalus indicus, 194

Platyinms spams, 185

platyrachis, Uropterina 356

Platj^hina bolcensis, 351

egertoni, 351

gigantea, 351

plebius, Polydactylus, 176

Plecoglossus altivelis, 167

Plectognathi, 390

Plectorhynchus ocyurus, 187

pceciloptcrus, 187

radjaban, 187

plejodon, Alopiopsis, 352

Pleurobema, 295, 299, 315, 323, 324, 329-

331, 335

sesopuR, 292, 314, 331, 343

cicatricosum, 331

clava, 292, 302, 313, 346

obliquum coccineum 346

Pleuronectes, 382

quadratulus, 383

Pleuronectidai, 201, 383

plicata hippopoea, Quadrula, 330

Plotosid^e, 168

Plotosus anguillaris, 168

plumbeus, Caranx, 38, 40, 179

plumierii, Scicna, 376

Poa'n, 189

poecilopterus, Plectorhynchus, 187

Polydactylus plebeius, 176

rhadinus, 177

zephomus, 177

poljdepis, Ophicephalus, 193

Polynemidse, 176

Polynemus, 368

quinquarius, 368

polyzona. Echidna, 173

Pomacentridse, 194, 379

Pomadasis hasta, 187

maculatus, 187

Pomel, S. A., 41, 144, 147, 154

Pompanos, 365

Porgies, 377

Potaniotherium, 276, 277

(Lutrictis) lycopotamicus, 276

potens, Pelonax, 60

Prentice, Sydney, 42
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Priacanthidse, 192

Priacanthus tayenus, 192

primsevus, Rhinobatus, 351

prisca, Lichia, 367, 368

Seriola, 367, 368, 406, 408, 410, 414

Pristigenys, 391

Pristipoma, 391

Pristiurus eastmani, 160

sauteri, 159, 160

Proamphicyon, 261

productus, Unio, 292, 313

Promervcochocrus beds, 64

Promicrops lanceolata, 184

Promyliobatis gazola3, 352

Proptera, 301, 333, 338

propterygia, Auxis, 373

propterygius, Auxis, 374

Thynnus, 374

Protelotherium, 154

uintcnse, 153

Protcmnocyon, 260

Protogaleus cuvieri, 353, 354

Protospondyli, 355

Psammoperca waigiensis, 183

Psenopsis anomala, 181

Psettodes erumei, 201

Pseudoberyx, 363

Pseudogaleus voltai, 352

Pseudorhombus oligodon, 201

Pseudoscarus dussumierij 196

Pseudoscieena, 191

pseudothyrsoideus, Gymnothorax, 173

Pseudotolithus brunncoluSj 159, 191

Ptychobranchus, 287, 315, 316, 326, 332,

333, 334, 337

phaseolus, 296, 298, 302, 307, 342, 346

Ptericcphalina macrogastrina, 356

elongata, 356

Pterophryne, 389, 390

Pterygocephalufi, 391

paradoxus, 388, 404

punctata, Nigrella, 190

Perca, 359

punctatum (filamcntosum), Xystsema, 191

punctatus, Gerres, 190

pustuiosa, Quadrula, 292, 330

Pycnodontidee, 355

Pycnodus, 391

apodus, 355

gibbosus, 356

gibbus, 355, 356, 402

platessus, 355, 356

pyga^um, Holocentrum, 364

Pygffius, 391

nuclialis, 380

pygmajum, Cyclopoma, 406

pygmaeus, Smerdis, 376

pygopterus, Enoplosus, 377

pyra'midata, Quadrula, 292, 308, 330, 331

quadratulus, Pleuronectes, 383

quadrifasciata, Amia, 181

quadrilincatuR, Terapon, 187

Quadrula, 290, 295, 303, 304, 315, 323, 327,

329, 315

coccinea, 283, 292, 298, 299, 302, 306,

314, 330, 331

cooperiana, 292, 330, 331

cylindrica, 292, 305, 313, 330

hippopcca, 292

kirtlandiana, 292, 298, 302, 330, 331

lachrymosa, 292, 330

metanevra, 292, 398, 313, 330

multipUcata, 287

obliqua, 314, 330, 331

plicata hippopcea, 330

pustuiosa, 292, 330

pyramidata, 292, 308, 330, 331

(Rotundaria} tuberculata, 314

rubiginosa, 292, 298, 302, 308, 314,

330, 331

subrotunda, 292, 298, 302, 306, 314,

330, 331, 340, 346

trigona, 292, 330

tuberculata, 292, 313, 330, 340

undulata, 287, 292, 298, 302, 307, 314,

330, 343, 346

undulata hippopoea, 311, 312

Quadrula-groups, 325

Quarries, Agate Spring Fossil, 41, 42, 61,

66,75-77,86,89, 112,

141

i
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Quarry of University of Nebraska, 72

quinquarius, Polynemus, 368

quinquelineatus, Lutianus, 184

Rachycentrid^e, 180

Kachycentron canadum, 180

radiata, Lampsilis, 287, 296, 302, 305, 318,

319

radjaban, Plectorhynchus, 187

radula, Perca, 378

Raja hollandi, 159, 163

muricata, 351, 353

Rajidse, 163

ramosum, Pelonax, 57, 91, 147

Rastrelliger kaiiagiirta, 177

rastrosus, Caranx, 37, 179

rastrum, Uranoscopus, 362

recta, Lampsilis, 287, 296, 302, 334, 342

rectifrons, Naseus, 382, 406

recticaudus, Callipteryx, 385

reflexa, Obliquaria, 287, 296

Regan, C. Tate, 358

remifcra, Anguilla, 171

Remora remora, 201

Restoration of Dinohyus hollandi, 142-144

reticularis, Gymnothorax, 173

reticulatus, Chsetodon, 197

Diodon, 356

retusa, Obovaria, 287, 296, 302, 314

Revision of the Entelodontidse. By 0. A.

Peterson, 41-158

rhadinus, Polydactylus, 177

Rhamphognathus, 391

paralepoides, 359

Rhamphosus, 391

aculeatus, 362

Rhinobatidas, 163

Rhinobatus primsevus, 351

schlcgeli, 163

zignii, 351

Rhinoceros indicus, 62

matutinus, 152

Thinogobius caninus, 200

giurinus, 200

rhombea, Mene, 366, 367

rhombeus, Gasteronemus, 366

rhombeus, Mene, 366

Scomber, 366

Zeus, 366

rhomboides, Chgetodon, 371, 380
Rhombus, 391

minimus, 383, 404

rhombus, Chsetodon, 380

Ephippus, 380, 396

Richardson, Robert Earl, 40, 159

richardsoni, Lethrinus, 189

Ulua, 39, 179

rivulatum, Leiognathus, 180

rivulatus, Lutianus, 184

robusta, Stenogale, 276

robustum, Archa^otherium, 151

Borocyon, 263, 265

robustus, Mesocyon, 259

Rogers, 0., 155

Rohita decora, 169

Romanization, Value of Latin letters in

Wade system of, 17

ronzonii, Entelodon, 46, 47

Rotundaria, 314, 335

Royal Asiatic Society, Journals of, 16

Royal Edict Confirming the Domain of

San, 1, 20-29

rubiginosa, Quadrula, 292, 298, 302, 308,

314, 330, 331

ruconia, Equula, 181

rurestris, Tephrocyon, 269

russelU, Lutianus, 184

Saccarius, 389

Sail-fishes, 386

Salangida;, 167

Salarias namiyei, 203

Salmo cyprinoides, 372

Salmonidse, 167

salpa, Sparus, 378

*'San Edict, The," 1, 21

San I-sheng, 20

San-I, Territory of, 22

San, Royal Edict Confirming the Domain
of, 20-29

sancti-petri, Scomberoides, 178

Sand-sucker, 281

XiH
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Sardinella toli, 166

Sardinia, 166

Sargassum weed, 389

Sargus, 377

sargus, SparuSj 378

Saurida argyrophanes, 168

eso, 168

gracilis, 168

tumbil, 168

saurus, Esox, 359

Sauter, Dr. Hans, 37, 39

sautcri, Pristiurus, 159, 160

saxatilis, Abudefduf, 194

Ch^todon, 364

scaber, Thysanophrys, 194

Scscops orbicularis, 201

Scaricbthyidai, 196

Scarichthys auritus, 196

Scarus dussumieri, 196

Scatophagida?, 197

Scatopbagus, 391

argus, 197

frontalis, 381

sceleratus, Spberoidcs, 199

schaapii, CalUonymus, 202, 203

scbismatorhynchus, Tylosurus, 175

schizurus, Labrax, 376

schlegcli, Rhinobatus, 163

Schlosser, Prof. M., 145, 147, 155

Schuchert, Professor Charles, 42, 51,

Scia3na undecimalis?, 369

Scisenidee, 191

Sciena plumierii, 376

undecimalis, 369

Sclerodermi, 390

Scleroparei, 385

Scoliodon, 353, 354, 365, 391

walbeehmi, 161, 162

Scolopsis eriomma, 159, 188

monogramma, 188

vosnieri, 188

Scomber, 368

alatunga, 372

altalunga, 372

ignobilis, 377

japonicus, 177

133

Scomber orycynus, 373

pelagicus, 367

pelamis, 373

rhombus, 366

thynnus, 373

trachurus, 373, 374

Scomberoides orientalis, 178

sancti-petri, 178

tol, 178

Scomberomorus commersoni, 177

guttatus, 177

kuhlii, 178

Scombrcsocidee, 360

Scombrida;, 177, 372

Scombriformes, 362, 364

Scorpa^na, 375

Scorpainidffi, 194

Scott, Professor W. B., 42-44, 53, 61, 81,

88, 91, 94, 98, 101, 111, 115, 118, 121-

124, 143, 155, 232, 242

scrofa, Sus, 102

Scylliorhinidffi, 160

scyllium, Triakis, 162

Scyris indica, 180

Sea-Breams, 377

Sebastapistes tristis, 194

securis, Plagiola, 287, 2^6, 300, 302, 342

Semiophorus, 391

gigas, 365

velifer, 365, 404

Seriola, 366, 391

analis, 368

(Lichia) prisca, 367, 368, 406, 408, 410,

414

Serranidge, 183, 385

SerranuSj 391

ventralis, 379

sexfasciatus, Caranx, 178

sexhneatus, Terapon, 187

Shang Dynasty, 8

Shang-Kung, Hsiie, 5

Shi chang ah, 178

shoshonensis, Dseodon, 64

Shuo Won, 7, 8, 19

Notes upon the, 1, 18-19

Primitives, 10
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ShuoWen, ''Speech Signs/'

6

Siganus fuscescens, 198

guttatus, 198

lineatus, 198, 199

verraiculatus, 198

virgatus, 198

sihama, Sillago, 192

Si Kong, 184

Sillaginidffi, 192

Sillago seolus, 192

sihama, 192

Siluridfe, 168

Silurus inermis, 194

simplicidens, Parohgobunis, 275

Simpson, C T., 339

paper on the Najades, 280

Synopsis, 283, 292, 295, 332

sinapius, Amphicyon, 263

Sinclair, Dr. W. J., 63, 64, 155

sinensis, Anguilla, 171

Tachysurus, 168

Siwalik mustelids, 278

Six Scripts, Comparison of, 7

''Small seal," 7, 14

Smerdis micracanthus, 375

pygmaeus, 376

smyrnensis, Gobius, 369

Snyder, John Otterbein, and David Starr

Jordan, Description of Three New Spe-

cies of Carangoid Fishes from Formosa,

37-40

Soa tngah, 168

sogo, HolocentruSj 364

Soh ah, 176

Soleidffi, 201

Solenichthyes, 362

Soles, 383

sordidus, Abudefduf, 194

Sparidffi, 189, 377

Sparnodus, 377, 391

altiveUs, 378

elongatus, 378, 379, 394, 408

lethriniformis, 378

macropthalmus, 378

micracanthus, 378

ovahs, 378

Sparnodus vulgaris, 377

sparoides, Odonteus, 379, 406

var. depressus, Odonteus, 379
Sparus, 377

berda, 189

chromis, 378

dentex, 378

erythrinus, 378

latus, 189

longispinus, 189

macropthahnus, 377

notatus, 181

salpa, 378

sargus, 378

sparus, Platyinius, 185

speciosus, CalUpterjTi:, 384, 414

Caranx, 179

Speech signs, Shuo Wen, 6

Sphagebranchus formosissimus, 358

Spheroides ocellatus, 199

^celeratus, 199

sphinx, Amblygobius, 201

Sphyrsena bolcensis, 359, 360

forsteri, 176

gracilis, 360

japonica, 176

jello, 176

langsar, 176

maxima, 360

sphyrsena, Esox, 359

Sphyrgenidse, 176, 359

Sphyrna zygeena, 162

Sphyrnidie, 162

spillmanni, Margaritana, 300

spilonotopterus, Cypsilurus, 176

spinidens, Callyodon, 196

splendens, Leiognathus, 180

Spoon Butte beds, 74

spret, Esox, 360

Squalidse, 162

Squalus carcharias, 353

japonicus, 162

"Square character," 4, 14

Standard measures of Er-shih Huang-ti, 7

Standard Weights and ^Icasul-es of Ch'in

Shih Huang-ti, 21

^-
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Stanford University, 159

Stelilin, H. G., 155

Steindachner, Franz, 351

Steinmann, G., 155

stellatus, IMureonophis, 173

Tetraodon, 199

Stenogale (Potamotherium) robusta, 276

Stephanodonj 276

Stephanolepis sulcatus, 199

Sterki, Victor, 280, 283, ;299, 326, 339

Sthenictis, 277, 278

Sticklebacks, 385, 389

Sting-ray, 352

Stone, Dr. Witmer, 42

striatus, Ophicephalus, 373

strigatus, Microcanthus, 197

Stromateida3, 181

Strophitus, 287, 290, 294, 299, 315, 324,

328, 332, 336

edentulus, 292, 298, 305, 307, 311, 340,

344

subaureus, Acanthonemus, 370, 400

Ch^todon, 370

subrotunda, Quadrula, 240, 246, 292, 298,

302, 306, 314, 330, 331

kirtlandiana, Quadrula, 346

substriatus, Chsetodon, 380

Subursi of de Blainville, 145

subve>spertilio, Platax, 365

SuidEe, 42, 44, 131

sulcatus, Stephanolepis, 199

superbum, Elotherium, 69, 148, 152

Buperbus, Amphicyon, 207

Daphcenodon, 206-211, 215, 217, 219,

221-225, 227-231, 233, 235-243,

247-258, 260, 261, 265

Superintendent of Punishments K'ao Wei,

26

Sus, 67, 88, 89, 98, 120, 122, 124, 128, 135,

138, 142, 148

scrofa, 102

Symbols, Artificial Alteration of Old Chi-

nese, 12

Mechanical Invention of New Chi-

nese, 13

Symphynota, 287, 290, 295, 315, 324, 336

a ryy

Symphynota complanata, 292, 300, 301,

311, 346

compressa, 292, 300, 309, 311, 346

costata, 292, 300, 301, 307, 341, 345

viridis, 292, 300, 301, 310-312, 341

Synagris japonicus, 186

Synaptura foliacea, 201

orientalis, 201

Synodontidffi, 167

Szajnocha, Wladislaw, 351

tabacaria, Fistularia, 361

Tablet of Yu," 5

Tachysurus falcarius, 168

sinensis, 168

tadianus, Ophicephalus, 193

Tgeniura, 353

tan, 168

taro sat, 168

taurus, Bos, 142, 148

tauvina, Epinephelus, 183

taxoides, ^Elurodon, 263

taxus, Meles, 269, 270, 271, 273, 275

tayenus, Priacanthus, 192

Taylor, J. W., 339

teira, Platax, 197

Teleostean Fishes, Notes on the Classifi-

cation of, 358

Teleostomi, 355

temerarius, Tephrocyon, 268, 269

Temnocyon, 212, 226, 261

altigenis, 231

ferox, 232

temnopterus, Dules, 376

tenuiceps, Trachynotus, 371, 394, 412

tenuispinus, Diodon, 391

Tephrocyon, 261

(Canis) temerarius, 268, 269

hippophagus, 269

rurestris, 269

Terapon cancellatus, 187

jarbua, 187

quadrihneatus, 187

sexlineatus, 187

theraps, 187

Territory of San-I, 22
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Tetraconodon, 146

tetradactylum, Eleutheronema, 177

Tetraodon stellatus, 199

TetraodontidgD, 199

theraps, Terapon, 187

Thi gha, 178

Thomson, Albert, 70

thomsoni, CynodcsmuSj 209, 267, 268

thooides, Cynodesmus, 209, 267

Thoracostei, 360, 362

thrissa, Konofiirus, 167

Thynnus, 391

bolccnsis, 373

lanceolatus, 372

latior, 373

proptcrygius, 374

thynnus, 372

thynnus. Scomber, 373

Thysanophrys japonicus, 194

scabcr, 194

Titanotheres, 64

Titanotherium, 63, 64, 156

Titanotherium beds, 27, 53, 92

tobianus, Ammodytes, 359

tolj Scomberoides, 178

toli, Sardinella, 106

Tortoise-shell inscriptions, 21

Trachinidffi, 384

Trachinocephalus myops, 167

trachinus, 167

Trachinotus bailloni, 180

ovatus, 180

russelh, 180

tenuiceps, 371

trachinus, Trachinocephalus, 167

Tr-achurops crumenophthalma, 178

forva, 178

trachurus, Scomber, 373, 374

Trachynotus, 370, 391

tenuiceps, 371, 394, 412

Trade-marks, Chinese,

tragulus, Upeneoides, 193

Trau toh, 198

Griakis scylliumj 162

triangulata, Margaritana, 300

Trichiuridffi, 180

Trichiurus haumela, 180

japonicus, 180

Trigla lyra, 385

Triglidffi, 199

trigona, Quadrula, 292, 330

Trigonodon, 377

triostegus, Acanthurus, 382

Chffitodon, 382

Ilepatus, 197

triquetra, Truncilla, 296, 302

tristis, Sebastapistes, 194

Tritogonia, 315, 323, 324, 329

tuberculata, 202

triurus, Zeus, 366

troscheli, Liza, 176

Trouessart, E. L., 155

Trumpet-Fish, 360

Truncilla, 287, 315, 316, 321, 326, 332-334,

338

perplexa rangiana, 296, 302, 321, 345

triquetra, 296, 302, 321

Trygon carnea, 164

gazzolge, 351, 352

muricata, 352

muricatus, 351, 353

(Tseniura) muricatus, 353

zignii, 351

Trygonidffi, 352

Trygonobatus vulgaris, 352

tuberculata, Quadrula, 292, 313, 330,

340

Tritogonia, 292

tumbil, Saurida, 108

turdus, Labrus, 375

Tylosurus caudimaculatus, 175

coromandelicus, 175

leiurus, 175

melanostigma, 175

schismatorhynchus, 175

uintcnse, Protelotherium, 153

Ulua, 37

richardsoni, 39, 179

umbratile, Cephaloscylhum, 160

undccimalis, Scia^na?, 369

Sciena, 369
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undulata, Alasmidonta, 292, 298, 300, 314,

344, 346

Quadrula, 287, 292, 298, 302, 314, 330,

343, 346

hippopcea, Quadrula, 311, 312

Unio, 282, 287, 295, 315, 324, 329, 330, 331

complanatus, 292, 305, 311, 313

crassidens, 292, 302, 313, 314, 336

gibbosus, 292, 302, 313, 314

productus, 292, 313

Unio-group, 295

Unionidffi, 281, 283, 292, 323, 328, 335, 344

geologically rather old, 329

UmoninEe, 328, 329, 335

University Hill, 71, 72, 73, 76, 205

Quarry, 206

University of California, Paleontological

Collection of, 64

Upeneoides bensasi, 193

tragulus, 193

vittatus, 193

Upeneus cyclostomus, 193

indicus, 192

ischyrus, 193

luteus, 193

Uranoscopus rastrum, 362

Urolophus crassicauda, 353

crassicaudatus, 352

Uropterina platyrachis, 356

Urosphen dubia, 392, 404

ursinus, Amphicyon, 263

Usinosita japonica, 201

vaisiganis, Glossogobius, 200

validus, Lophiodon, 153

Values of Latin Letters in Wade System of

Romanization, 17

varicosa, Alasmidonta, 292

velifer, Semiphorus, 365, 404

ventralis, Anguilla, 357

Eomyrus, 357

Serranus, 379

ventricosa, Lampsilis, 287, 296, 302, 308,

311, 318-320, 334, 342

vermiculatus, Siganus, 198

veronensis, Eocottus, 385, 386, 410

veronensis, Gobius, 385

verrens, Hemipteronotus, 195

Vertebrates, New, from the Montana

Tertiary, 262

vestenae, Callionymus, 369

vincenti, Lamna, 352

virgatus, Nemipterus, 186

Siganus, 198

viridis, Symphynota, 292, 300, 301, 310,

311, 312, 341

vitta, Lutianus, 184

vittatus, Upeneoides, 193

Viverra africana, 219

zivetta, 220, 252

voltai, Pseudogaleus, 352

Vomer longispinus, 366

vomer, Zeus, 366

Vomeropsis longispinus, 366, 398
r

vosmeri, Scolopsis, 188

vulgaris, Sparnodus, 377

Sparus, 378

Trygonobatus, 352

vulpes, Alopias, 162

Wade, Sir Thomas, 16

Wade system of Romanization, 16

waigiensis, Calotomus, 196

Psammoperca, 183

walbeehmi, Scoliodon, 161, 162

Wang Chun, 8

Wang, Wu, 5, 20

Weber, M., 156

Wei-Hui-Fu, 6

Wen Wang, 35

Whitney, G. D., 156

Wilckens, M., 156

Winge, Dr. Herluf, 146, 155

Woodward, A. S., 156, 350, 351, 357, 388

Woodward's, Dr. A. S., Catalogue of Fossil

Fishes, 356

Wortman, J. L., 156, 216, 233

Wu Wang, Edict of, 3

Xystgema abbreviatum, 190

punctatum, 190

punctatum (filamentosum), 191

i



Year sign, 21

Yin Dynasty, 8

Yuan, Juan, 5, 20

'^Yu, Tablet of/' 5

Zacco evolans, 170

pachycephaluSj 170

Zanclus, 391

brevirostris, 371, 372

cornutus, 371

zebra, Zebrias, 202

Zebrias zebra, 202

Zeida;, 383

Zeorhombi, 382

tH
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Zeus gallus, 180, 370

platessus, 355

rhombeus, 366

triurus, 366

vomer, 366

zignii, Rhinobatus, 351

Trygon, 351

Zigno, Achille de, 351, 368

Zittel, K. A., 63, 156

zivetta, Viverra, 220, 252

zonatus, Goniistius, 194

zophomus, PolydactyluSj 177

zyga;na, Sphyrna, 126
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