
1-.. Xh.-;-"t_.J:'.,_-7.1,1- .,,,_, ,. _,,,,,...,.-..,..- --,,' .-,, .,.4, - -- 4-,,._-, "". -,. -z---- ..: .,.-" ,. -*7 ... ,.., ..t '., -', "...-''V _- .,. .-1.,l -,.,-.16;r /, ,,- .-.,; ..,.-,. -d -'..;, ,1. -v 4, -.1. , .,I

.11& 1. .--- i- ,.,-.` ",;.,, ,,,
.,,,

tj,"4__ _11---.: -.--' .--,-- "t". ,,4. ",-,.,-.z .. .,",,,-4,1.f:,_.`_,._ -_ '.__'_ __ 11-- _-
.

-.... ,.-,4"'. .1'. 1, It., -,- .... -,.7.'.,-,,1. I,1_-,.. ,-. -.-I_,k'_4-i_.. )- -" .- A;..,!.4,14,.-;,..`A;. 41- -.r .P "-- ,....,.,..-1 ,.R.-.,,IA, "'(",
".l " -,-..,, -`.-,.i .' "", ., -1

., ,4 -.4,,.,. .,;L,..I,".
f7-,3*,i,, -,,..-1 .jr, ,-., .,. .. --.:. -*. I'll.,._-,.,.- _.. -4, ..*.I-.- _q -',.,-'.-.. '),..-,'. "'._,I.l., _iI. ,-. --_*.l-'.,--.i,Y.._..'.,.

I.,,i,_. v_l :'l",.-',lV.-,l',l.- .;,';,),.. "".-,",AI,I_- *Z...--q i.,;, "' -.11---tl, - -, 'y',Ii. 1..ll .-: 1.-
, !.,.`.;2.;..,.,__.I_l,..-...7..,A'A,'L-1: I, "t" . 1. L.. -, -.4-,..;,-I_..,.,.,...,I,.1.. I_. "I't .11 ,'. .. -, I. -., "

.- . , _.-,,-, .,,",,-. ,'r ,-,.,.. .--..' ? ."(, .j..,,l ,-,.. -.- ,, -Av, ..'A-'.,--,, W, , -., 4'.- 4, ,_1 -I."-.",1.,.,_-.- .-: -,.:?w, ,;- .'r-.,.,4 __, ,,.,,,.--11, .A., VI ..,I`.,-_. . '(.-- ,.&-,.-, ,. '..1.;I. .V, ..) ..I...l "-- ,.,,rt,,,,.I .;,_ .I,,_---.__"tI.:,,--, ,1--,;. ,I,-- -.,.. ...,.__-.tkl,.1 -,.L ..# j...-,.. -,. .lf,;.,- ., - 7 I.: ,.,, ,,, I-I-07 .. ..-11" -.-,-.-V'_.1 ,x--.1. -", .;. ,,-I1.. '11. I-,.I,.. ,. I...I-.I,- A34 ,,,7;, ,-o.r -"" .,, 't-11, .,,.i-,-. ,. , ,". .A..,,',,,..,A,..,'-, ,P.I-",,.--,.., ".';" ..F. -,_-.r .." ,-,,-7.,.-""'4 1...5,-,1_4 "; I..'-Al/r,.,,-...,'. "5 ._.; k, ,,---,.,4i.-l ."

i;..,..i. ",-., .: 2N Y.1'.', 4J - -. :., ..z ':,,-- .7..-..i ,,, " ,.. .. .,,I_71 Z. A.,j '11- -. A._ .' '- - '-t .-,.,.,I."_.,,11 -11 N11-II,,,- ,_i., -, ,, --. 5" &-,.:I..1*1 -1.11--,.-.I., .,.., Z t
..

,6 ., ,.I-, ;.-. ,!;."_ ,-.':"*-,.-,..-.,.,. ",(I....;,*,, - 'A -- -zv -, ,.4,-,-,., -_-,,. ..n '1_4.;,.-11---"..-.-.- ",,, I,--.,.,___.-I -?, -, .. , , "'.1I-,i ,, -t..x,-,...l -;.,_,..l ..- c.,-.,. "'..11 _,:,).,, --,-- II i.. ,,I-'4-j.- .'Y-,---- _.,r,:. _- -,i..., .l -, I" _; ..'," i . " -__; .l l-,,-,-I.,.-.,.,-,,?r-,k- ., """.'Y., " ""
--1.I,.- ;;.-_,.';-.l _.'! .14.-'.,.,_..l,,,, ", ,".S, *-- 4 ,_..,.'. ,,,..,,.,!. ,,., ,^-,-"_. .11I.,;.,:-;";I.._.I_l '._.'- .. -,,",tf' - .*..,;.-I",..,-,."..,.,.:re,,, -, Ill.,`,-.- , .-

.l ._ ,,,...-11;. ,,- ."'. -. -- 1-.4'..-...% ^_ -1. 71 1. ,Z, -,""I" ,.p .l -,- ,. .,..,,,,.....,a,-,,.,--ji-Z,..,I.'I-".,.-,tyk .' _',,".-,.,v-_,---,.(,,,. ,.,",--, "'... -.",;,- 117V-1 .1. ,-, -.- - -- -,.,- .., 1, _1.I."', 11,-111(.4-,.f,-1..-_,, Z..,-t...;., ,,,,., 11 ff. It" -n.-._:- _,,,. ,.....:,",,. _...,`,-,,"'. "I1. T.__` .i I_,_:.-IZ-.....l __ 'K ,,.,-.`4-I. ,., .,- .:. .-- --,.,.--... . `1. ,,,-,SI).`.,eII....,Ii" I " '. I..'_ ,". I,-".-,.,,-,V- ,. ".---?".1. "it_,_.14;._Tl.15." " .1:.._130, ,,-- , .. ,0;,.:.--,--.,?,..,'.k.c'-'.,-..',.- ._,,.,,.I.-I,.,. ,"I%
-I'll, 't_,.,.t'evI",M,X-, ,., 4,_.-,_,..

Ill-',II.,I.l.i-- -,.,,, .- -Z_L,-,".,.z,,- ,.: 14 lk;" _.;,'.I'--.,,-- .,-.,.:; ,.,. ..!`I,1.4 oU.--11*1,,C.,,-. A'ik. "-,.<-..i..;,-----.. _.- -,.-' I-_. "I,,..4- ',..-,r- ..._".,_i, - ,.i .,,;4S..,,_4-,;...7 ,.,Z5,-,..--...-.,.1. .- .,'t..,; z," :---t*'.;.'.,.- t'i,-., .1, -, -,-,.. __! ,tl..,,,,,,-. ..",-,. ...,-.,11,, I.:,.1. -4 .- _,,,:.-, ,; -. ;,,,---';.1; -: ..1_ , i,.; -.--.,:-.I I..", .,I,,, 1, -,1-.-,._,,_.. IV-..- _-i _..".,I.,..... 4.1- .'7 I..,,,-_-_ I.;," "-:,-Z.,-
.,-, -_,v.i..i.', i ".. 1.,.14. _:. "N-,7" It, -A.",:,: n,;, .-- " _..l.,-e.._,.."ll-I .-,7"-,"- ,. .---.t_',.1. IC

-_""--1, ,'111..__. .._l...11 -._.-"I k, --,r.,,,.,..- ,,.. J`
-,_ .y "..C.!-M -,.,., -A ,...-,.-,`,_'-..,-.,-.-_-,.I,;, ,14" '11A-' .A.- 4p. ._,.., I,,..-e- ,-It,_,..ZN I-:-- , ',-,i' , -;.- ,,. k.' ,'.`.:4r1..-iii.,,,I;l..I-,._-.,..,..,",.,-;.,j.:.-,f,>,;,4,k
..,"_,-II-..,.'.;__-.,-.vI._,.,i-,:-,-II,_.,....,,..Vge,.,..,,,te-.-...,..I.,;-1 ,4,A,-,:.,--.,"I"..,,.,-114,-,). ..w .'J..-_. ,.:,",;,,.;..'i,,--.I..4,-4...,., ,.,.-.-,:1,.t .`, .--, _.- ,.,---;,,"'-- --_-_a, ...!&, ,.,,,l -., a.- -;,,`,.,' "I .,.'.,
,,,-,."-, -..,'C ,--. 1.- ., -'. "'--,--, .- _..,11-1II

..K--'j;r".,
I&

.-,.`...i:45"-777_ .. ,.- ".--., ,.,. --
...,,.1 N - ,,;--.-::)..,.._,-.:..11'."-,.-_,.,..,,,,-,..'' ._&.,", _,._,--.--,....,"I ,.. ;..,,-'. -,. .A-I1.- -,.,,"I.I_.,,'k ,,".-1,,---je.._ vr:7._.,_ -.--7. -,.:- j,i-..-f-.,..:."'N-.,.. ,., ",.,,_-..? 1'z -- 42.1.,,I,i,.-_-,..Q, ".., .t,, r"-'irl..iev_ ._ __:--.".., .1, _,.,..,-, ..I"-r,.,,-, ..

.N -.,-,.';,.,.-._. ", ,:j.,,I., .1-"- ..,.,i,- "-,..;,,.l .,*I
li.lI.,,--r-...,i.._... -It,-- -"R-_*-

l-,__._,,-I., .l."
., ,+ -,-p-, ."1---.---,,,;"If ,-,,,,._- -op.--..,-..-I k.. I,,pr,W,"','-,-I":., .' " .. .4,,__..;II..,a,I.x.,,4 -,. ,"-X-,i'-Q',f, 4. .,. .d.._.Ir!.._-...-.-,,k...,,.I-",.".Ot.- .. . ,-, ." t-I_.ij,-,-,. ., ...,.i?,g.,_

_. A,-----.,-I-"",,'N,,-"...,-%-", v"C., _".1 #tl1, ,f, ,,!..,-( .t`,-i.t'z, .."I,,._ ,,.. . -,-vI,.,t.t': `,-.k",-;...,--._7..'ll,,..,"",_-z-,... ._,;:1-4 I,-? --,,
-, ,.,.._ f:t., .,;,.'. ..,..-.t.,",,,AF-,,,, __..-

.:.-'-..'.L_'. ..r;x ,...;., .'..,zr a-- -,;r".-f,"'z-,. ;1-,I
"I., 47-Ill" ----,,ip,n .., _.

.,- i, ,6, __R ._x1"14T.-.-,-1--v.,?.t _'_".Z -`.,-_ _. 'y --.lp-..., .T.. Y,i5. .1"I'll.A.4, -,-.....,,3>1,'A-. -_1.5IIIo"'i4.,- ll..,,..._-_:5.1-t,L,1;1.1;1 .,,., Nl` .', -.,, ",
..II-, ---,-I..-41.,",,yt,e-.-'-..-X.".. -. .- -i -'It --,-,,-

-.. -_ ..,.l .,j.. .,7.,_.,,,-:.:.",
1.1 ..,- ":.-.-,_1,-t,,. .nI. 7 t_,,,,-, '. . .e ,II,-.-.-44, ".,-.1' 11,7'! -I .--- !.,.t, ,r,,. -.,-..,._. -.,,.,\_4 -*,.-Vz_,,,,,,.

4--.,-.. -.Q .,'__,",-_ ,r, ..,.!..,V-1"zz:_..,0."I -11 R._ -fl- ..x-"..-,. .,-,.V' I r-- .-
-4,.-..,,..,-.-".

'.,,. ..,.,-,-,-__..1"-Zl-',,.- .lv.-,,. ...l -_ I1__
,_.,,.,-- -,

I.1-I.: I_...1-, ,,, ..,"'--,7,.,1. ,.,-;,,,._ ,.. - > ",
I,,-.--I,-,pFW1..-.;,. , -"- ;-"- -, 4:.,.,.f)<_.,-1W-- .- E-. .x "-4-1 1, "Z4,1.."5.4-..,,,,,....

.. -f..,.§ -1 "-4-,,;,.'i--,"4.,"I17dkl.-, .K N..,Q_ __- Wm.,;.J.. ..I___-.* .. ..II_,,_.,,-,'o ..g "A"', .".., -1-S-, .-.--,, I-"I -1 .e
-T-A, 4.1,wii,-.., ,:. ,,,,,'. --',,. -A-l. __ ,,. ,,-,- ,-,, ...?.j.;, ,. '. 7..;, ,. ,, ,,.i,,. II'I., 1. ,11fl, -,-"';C.,K, ,,'(, ..l "I "-j ..),,..-- -1:L-,I_..- _,,4

...,Z,-..__.q:,;,*,.-- :.-
,.I-- -,'-'t`;.- .` ,Z,A. 41 'TI. X.. ".,. ,4 .;

?l'__%el_l_, ,_-- I,,'l___F_-- 1.._ , .-ir ,_ .,;."n,,a,,...,...I4', '...I., ig. ,F, "l-,-1...x .__.t..rl__-__.,_.. ,)-,z.I.'.' ,,.('1.yi-I. ,'! .Q ,._,.Ir... 114',,-.--.1,,,,,..,.),i,./"-, _ , .. .. -..s _.,;I;r.. .I Iz Ill-,,t,-, .-I-,__.,.I .,-,,,-1i.....,
,7,.,,-A, "n "I1,'K...,I_.. ., .r,.

-Z`,k..,`,"',-4 .V-_,y,j.-,A-i -`-'..,I,.-I--i'll.'..I.,i,7,.-,..iL -.-.A., A r.,Vc -4-4,,.S-1,4-:.,f,I-..,,1.1,_.-Pn' ,..--..j..l.
.41_1. ....i..",ii,I-9.,.,

:: -.",I- i-,1;![.*_PZO--..,.,I C7 -.l&- N,,,-. :,.-,.` __

't-; --W.-T.-i,-- ,.' W"--..X-,", !-
_j.,-41,j.,.,...LA,.RE.II ". .;2'lw- ..X!F.Tt!:...e.4.k..I.- -1. I -;.u-I- "._.,., _. .... 1_11.w lir.t.l,,.10t i_,,!.VltV!A_"rII-k....k.,I.I1.Z7 1,,,-1)" 11I,-I.-- .7.-.I,lk.'-liiml L.. --'-'-,-.i; I i.. 1,,.,, ,. )...-"?,".I...e;,,..,,,"__ -1 -,-., .-...."..1-i4.,-,I,X,.,1*,p..

.,'- sori.MI.;
,.I-T." .l,.1',A-I __

,...:;k-,- .. ,.-k-'-I-.1- .r. "A,"- ,11 .T.I.,.,,, ,._.-.II.-,..tF.--;...1 -,:.,,.;,.`z.,;.,-., .,j -.,-,4-,. ,v- ----,-.I,*.-
.4 1..- PIII--.DIMIIA.-l'.1-w-,.-1

, ,7j.,1.f. _Q4.1.I-1'..--1..;lO--Ii_..I,,..(j .4,.WII,.. Z; ..,,,'#4 _--.-- t*, .%,.1` .,' ,'. _'.lI11 pI,II-.- ,.;l_-:L*_- 11 .,.'..." -11,..".-.-._- ,II,I.. j:. -t.... .114.1. ,-.J.-' ,-,.11..__ -, ,*:jq..I.,'.'I..X Z-,,it "',--I,; -,*-,M,1,IM-P27,I.
.vi ll. --,., .,,,I"... 1-1 .: I-..-..IIMI,- 1'.Tl:l1-1 .-J .41, -11II..11.1-I.,-..I;z--jo-I11 I1.- n.'.` .",,-.,;-..- 7'1."S"N. ._-,, ._1.1-i 'Z'.,'._-

..,' -9 I, -4-1,f- 1.1,,--A-..-ft .,., I'- -1.t --,,-.4,.''..,RAI'_.II'l---.,, "

,.'.'

1;-.....--.;----o., .V._ ,,;,-.I-I.1. .q -I;,I-, -ir. :!n,Qt.- .i)".1,1. "Z.- -,I.Iir-!_-,_ __I.W.
..,--..i. ",, ..",Ii.-11IkL -A_.-,;,Iri -t .11;,-.11.'_l.4-:...,. ., ,-Vl'-k 't.,..2 1)_-,,I-- "Ij'.l,_.:.l,-:p.,7,-)11.--L1.,1, ,",-r-.'Ii,:". ."",.V- ; -...'l ,'.') 1- r.., ,", .,-,U_-,..,.--,1..-,,.,.., y ..'-_.-,).,,,_ -, "I P_.111-et,_ A, ",j, .Z,..vj..,.j-.,. I! ',,,,,..I"Z-.,,; -, ij.,;-., _... ,.,

!, -1YI_1. All. 'Z-.--,'W',I,..,i,-"",_i. _`_l.,I. ,.I2",_.,", .":-.1,.."'? ,Z ..,IIli",..'. I,. -,''11--k .,..Ff.-.:-..7.1. ..,.', -1, ....-- k. .I.lfI'. .,., ,-.,-;.,! ,:.--_ ,-...-..!,;,.I.,,..1- 1.. ." .., 4 ,,lw-,__,.. ., -.;,j ,.; .,I- -.':,.,-.-:I,1,.:t -"I '. --iI-_ .4 *1' .1-,,,,,, .;_!. ,,:;.._.11-.III,,E, -, "-'.-I, ,,.` -.O-, 1- -. ",.' .._;t.",A...-..-t..I,.
- N, ..-I._., , ,to.., .K".;,,---.'44 ;1! _- I-,-I114 -1, -4 -!!... -,,- -.4".1 '414,,, IIrA,: - I,- _4- ..II ., ,..-,. -4 .'i I't, ...'. .i5,)W., 1,-..,..r, .,,..,,,_,_7.-,--1.-.".,--- -;r..q-,- Z-,- V-1, -,I--...-,,'t.,-1, ,tc Y'. 1.1___l.:1,.. ,.,,..-....51,I .41_ ",.,.

,.l,.,..,.l.-..,.-.t. -..,-Z" I)*. .-,-" -,i.l __.,2_.I-"..-.--.,.1,"" ."l- -. -7'.I- .,.,.,.. - f.,...-,"0-,.;,. ,f,.1-, , .,.. ,,.. ,_-.1 11I,-_.-1.,.-,
_. --..t ". ,;,. _.-"--4"t ',-,-,-- S-51;,.,- .-'-,,.._-,_,I,..-.I.,WI..i.,,! 14-,. ,-.-..4,I-1 -- ,.Z",O_ .,q
,.. :&'l,,,,;-'.,,-,,,I.',,.-,."-... .. I"-,:,. ",."i", iA",..-II.lll_. -f--1._._.1.1.1- %F;...-,. ...I,.t.---,_..-4 I-,,;:!.,.-;, .'t- ""-.,. ,,,,I.t 1-. ;i- ...-.,,..,-": _.,l...--- .J..'. ... 1. .. ",.,.;: ." Y..':"V-1--"11-:.11,1.", I,...l,1...,- -.l ". ". 1,

k, -, 4,-,:.-.I. , :z., -I I',,.,V.7.,,kl,-.I. I" --r..,."':..,,.,z,..-.,-



?V77 4-~
.~ \4~-4 ~ N' M".--' 44

4~ ~~~~~* A--5- ~ -

J.

4~~~~

ow_ZZ~~~~~~~~~~~~'- .

Fi LZI,~~~~')4 4.~

.'4-4N~~~~~~~~~~~~~~~~~~~~~~~~~.' ~~ ~-f

-~~~~. "-.4-...- '444~~~~~~~~~~~~~~~~~~~~~~~il

5 4"4-- -

'4~~~~~~~~4. 44 -- ~~~~~~~~~~~~~~~~~~~.- 4 ----'~~~~~~~~~~~;_7,

.544,~~~~~~~~~~~~~~~~~~5

"-4--' 4-~~~~~~~~I
ni~~~ ~ ~ ~ ~ ~ ~ --.

~~'4"N'4'~''4¾~~4.- '4- 4.- .....~-4.44. ~ .' -i

¾..~~~~~~ K' ~ ~ ~ ~ ~ ~ N ' s'.~~~~~~~~~~' A{"~~~~~~~ 44, ~~~~~-- 7-4>'>-74,- ~ '4.'¾~~-. '4J~~.'i>.,'4V--k
4~~~~~44-~ ~ ~ ~ S

¼-'-..~~~~~~~~~~~~~~~~~~~~~l

-'jw.-i?y ~ 4 -'7 - '

44'.44~~~~~~x
4~N~~'4' -~ '"',

_*4~ ~ -A 4.

-~~~A~~~~-~~~>~ ~ ~ 'A'.-~~~~~~~~'- -'-~~~~~~-~~'4---'44~~-115

"4'~~~~~~~~~~~~94'44.-¾~~~~~~~~~~~~~~7-

4

N.~ 7. # ~ ~ '4 ~ 4 ' '- -



* BULLETIN

OF

THE AMERICAN MUSEUM

OF NATURAL HISTORY

VOLUME LI, 1924-1925

NEW YORK
PUBLISHED BY ORDER OF THE TRUSTEES

1924-1925



EDITED BY EDM[TND OTIS HOVEY AND CHESTER A. REEDS



THE AMERICAN MUSEUM OF NATURAL HISTORY
SEVENTY-SEVENTH STREET AND CENTRAL PARK WEST,

NEW YORK CITY

BOARD OF TRUSTEES
(As of December 31, 1925)

PRESIDENT

HENRY FAIRFIELD OSBORN
FRST VICE-PRESIDENT

GEORGE F. BAKER
TREASUXRER

GEORGE F. BAKER, JR.

SECOND VICE-PRESIDENT

J. P. MORGAN
SECRETARY

PERCY R. PYNE

EX-OFFICIO

THE MAYOR OF THE CITY OF NEW YORK
THE COMPTROLLER OF THE CITY OF NEW YORK
THE PRESIDENT OF THE DEPARTMENT OF PARKS "

ELECTIVE

GEORGE F. BAKER ARCHER M. HUNTINGTON
GEORGE F. BAKER, JR. ADRIAN ISELIN
FREDERICK F. BREWSTER WALTER B. JAMES
FREDERICK TRUBEE DAVISON ROSWELL MILLER
CLEVELAND EARL DODGE OGDEN MILLS
CLEVELAND H. DODGE J. P. MORGAN
WALTER DOUGLAS A. PERRY OSBORN
CHILDS FRICK HENRY FAIRFIELD OSBORN
MADISON GRANT GEORGE D. PRATT
CHAUNCEY J. HAMLIN PERCY R. PYNE
WILLIAM AVERELL HARRIMAN LEONARD C. SANFORD
CLARENCE L. HAY JOHN B. TREVOR

FELIX M. WARBURG

ADMINISTRATIVE OFFICERS
(As of December 31, 1925)

HONORARY DIRECTOR ACTING DIRECTOR AND EXECUTIVE SECRETARY

FREDERIC A. LUCAS GEORGE H. SHERWOOD

ASSISTANT TREASURER
THE UNITED STATES TRUST COMPANY OF NEW YORK

iii



SCIENTIFIC STAFF
(AB of December 31, 1925)

FREDERIC A. LUCAS, Sc.D., Honorary Director
GEORGE H. SHERWOOD, A.M., Acting Director and Executive Secretary
ROBERT C. MURPHY, D.Sc., Assistant Director (Scientific Section)

JAMES L. CLARK, Assistant Director (Preparation Section)

I. DIVISION OF MINERALOGY, GEOLOGY, AND GEOGRAPHY
W. D. MATTHEW, F.R.S., Curator-in-Chief

ASTRONOMY
G. CLYDE FISHER, Ph.D., in Charge

GEOLOGY AND INVERTEBRATE PALAEONTOLOGY
W. D. MATTHEW, Ph.D., Acting Curator
CHESTER A. REEDS, Ph.D., Associate Curator of Invertebrate Paleontology
ED*ARD J. FOYLES, B.S., Assistant

MINERALOGY
HERBERT P. WHITLOCK, C.E., Curator

GEORGE F. KUNZ, Ph.D., Research Associate in Gems

VERTEBRATE PALAEONTOLOGY
W. D. MATTHEW, Ph.D., Curator-in-Chief
HENRY FAIRFIELD OSBORN, LL.D., D.Sc., Honorary Curator
WALTER GRANGER, Associate Curator of Fossil Mammals
BARNUM BROWN, A.B., Associate Curator of Fossil Reptiles
CHARLES C. MOOK, Ph.D., Associate Curator
WILLIAM K. GREGORY, Ph.D., Associate in Palaeontology
CHILDS FRICK, B.S., Research Associate in Palaeontology

II. DIVISION OF ZOOLOGY AND ZOOGEOGRAPHY
FRANK MICHLER CHAPMAN, N.A.S., Curator-in-Chief

LOWER INVERTEBRATES
RoY W. MINER, Ph.D., Curator
WILLARD G. VAN NAME, Ph.D., Assistant Curator
FRANK J. MYERS, Research Associate in Rotifera
HORACE W. STUNKARD, Ph.D., Research Associate in Parasitology
A. L. TREADWELL, Ph.D., Research Associate in Annulata

ENTOMOLOGY
FRANK E. LUTZ, Ph.D., Curator
A. J. MUTCHLER, Assistant Curator of Coleoptera
FRANK E. WATSON, B.S., Assistant in Lepidoptera
WILLIAM M. WHEELER, Ph.D., Research Associate in Social Insects
CHARLES W. LENG, B.S., Research Associate in Coleoptera
HERBERT F. SCHWARZ, A.M., Research Associate in Hymenoptera

iv



Scientific Staff

ICHTHYOLOGY
BASHFORD DEAN, Ph.D., Honorary Curator
WILLIAM K. GREGORY, Ph.D., Curator
JoHN T. NICHOLS, A.B., Associate Curator of Recent Fishes
E. W. GU-DGER, Ph.D., Associate in Ichthyology
CHARLES H. TOWNSEND, Sc.D., Research Associate

HERPETOLOGY
G. K. NOBLE, Ph.D., Curator

ORNITHOLOGY
FRANK M. CHAPMAN, Sc.D., Curator-in-Chief
W. DEW. MILLER, Associate Curator
ROBERT CUSHMAN MURPHY, D.Sc., Associate Curator of Marine Birds
JAMES P. CHAPIN, Ph.D., Associate Curator, Birds of the Eastern Hemisphere
LUDLOW GRISCOM, A.M., Assistant Curator
JONATHAN DWIGHT, M.D., Research Associate in North American Ornithology
MRS. ELSIE M. B. NAUMBURG, Research Associate

MAMMALOGY
H. E. ANTHONY, A.M., Associate Curator of Mammals of the Western Hemisphere

(In Charge)
HERBERT LANG, Associate Curator of African Mammals
CARL E. AKELEY, Associate in Mammalogy

COMPARATIVE AND HUMAN ANATOMY
WILLIAM K. GREGORY, Ph.D., Curator
S. H. CHUBB, Associate Curator
H. C. RAVEN, Assistant Curator
J. HOWARD MCGREGOR, Ph.D., Research Associate in Human Anatomy
DUDLEY J. MORTON, M.D., Research Associate

III. DIVISION OF ANTHROPOLOGY
CLARK WISSLER, Ph.D., Curator-in-Chief

ANTHROPOLOGY
CLARK WISSLER, Ph.D., Curator-in-Chief
PLINY E. GODDARD, Ph.D., Curator of Ethnology
N. C. NELSON, M.L., Associate Curator of Archaeology
CHARLES W. MEAD, Assistant Curator of Peruvian Archaeology
J. ALDEN MASON, Ph.D., Assistant Curator of Mexican Archaeology
CLARENCE L. HAY, A.M., Research Associate in Mexican and Central American

Archaeology
Mmo HELLMAN, D.D.S., Research Associate in Physical Anthropology

v



Scientific Staff

COMPARATIVE PHYSIOLOGY
RALPH W. TOW;ER, Ph.D., Curator

IV. DIVISION OF ASIATIC EXPLORATION AND RESEARCH
Roy C. ANDREWS, A.M., Curator-in-Chief
WALTER GRANGER, Associate Curator in Paleontology
FREDERICK K. MORRIS, A.M., Associate Curator in Geology and Geography
CHARLES P. BERKEY, Ph.D. [Columbia University], Research Associate in Geology
AMADEUS W. GRABAU, S.D. [Geological Survey of China], Research Associate
CLIFFORD H. POPE, Assistant in Zoology

V. DIVISION OF EDUCATION AND PUBLICATIONS
GEORGE H. SHERWOOD, A.M., Curator-in-Chief

LIBRARY AND PUBLICATIONS
RALPH W. TOWER, Ph.D., Curator-in-Chief
IDA RICHARDSON HOOD, A.B., Assistant Librarian

PUBLIC EDUCATION
GEORGE H. SHERWOOD, A.M., Curator-in-Chief
G. CLYDE FISHER, Ph.D., Curator of Visual Instruction
GRACE FISHER RAMSEY, Assistant Curator

PUBLIC HEALTH
CHARLES-EDWARD AMORY WINSLOW, D.P.H., Honorary Curator
MARY GREIG, Assistant Curator

VI



CONTENTS OF VOLUME LI
PAGE

Title-page............................................................ i
Officers and Trustees ................................................... iii
Scientific Staff......................................................... iv
Contents............................................................ vii
Dates of Publication of Separates.......................................... vii
List of Illustrations..................................................... viii
List of New Taxonomic Names......................................... xiv
Errata............................................................ xiv

Art. I.-Miocene Oreodonts in the American Museum. By F. B. Loomis.
(Twenty-six text figures).................................. 1

" II.-On the Classification of the Reptiles. By R. Broom. (Thirteen
text figures)............................................ 39

III.-Further Evidence on the Structure of the Eosuchia. By R.
Broom. (Four text figures)............................... 67

" IV.-The Position of the "Sparassodonts": with notes on the Rela-
tionships and History of the Marsupialia. By Horace
Elmer Wood, II. (Fifty-seven text figures)................ 77

" V.-Basin Structures in Mongolia. By Charles P. Berkey and
Frederick K. Morris. (Seventeen text figures)............. 103

VI.-Fossils in the Ondai Sair Formation, Mongolia. By T. D. A.
Cockerell. (Plates I and II; six text figures) .............. 129

VII.-The Pectoral Limb of Eryops and Other Primitive Tetrapods. By
Roy Waldo Miner. (One hundred four text figures)......... 145

VIII.-The Affinities of the Fish Lycoptera middendorffi. By T. D. A.
CoJkerell. (Plafe III; one text figure)........ 313

" IX.-A Revision of the Mesozoic Crocodilia of North America. By
Charles C. Mook. (Plates IV and V; sixty-three text figures) 319

Index............................. 433

DATES OF PUBLICATION OF SEPARATES
The edition of separates is 350 copies, of which 100 are mailed on the date of

issue, and the others placed on sale in the Library.
Art. I, July 10, 1924 Art. VI, Dec. 30, 1924

II, Sept. 17, 1924 " VII. Jan. 16, 1925
III, " 17, 1924 " VIII, Feb. 11, 1925
IV, " 19, 1924 " IX. April 30, 1925
V, Oct. 7, 1924

vil



LIST OF ILLUSTRATIONS

PLATES
I.-Ephemeropsis trisetalis: nymph and parts of nymphs, adult wing, basal portion;

Ephemeropsis melanurus: detached gills and caudal appendages.
1I.-Lycoptera middendorffi; Estheria middendorffi; Cymatophlebia mongolica: details

of wing; Chironomopsis gobiensis; beetle, undetermined; Baiera; Phyllocladites
morrisi; Indusia reisi: caddis case; plant, undetermined.

III.-Lycoptera middendorffi: enlarged figure of head; Thrissops formosus: median
dorsal scales; Leptolepis dubiuis: anterior dorsal scales; Lycoptera middendorffi:
general view, head, fins, scales.

IV.-Brachychampsa montana: anterior portion of skull, superior view.
V.-Brachychampsa montana: anterior portion of skull, inferior view.

TEXT FIGURES
PAGE

Merycoidodon culbertsoni: upper premolars, left side........................ 2
Merycoidodon culbertsoni, ,Pebrotherium wilsoni, Blastomeryx primus,

Agriochaerus latifrons: upper premolars, left side, showing differences in
character and mode of development ...... 3

Merycoidodon culbertsoni, Poebrotheriutm wilsoni, Blastomeryx primus, Agrio-
chaorus latifrons: lower premolars, right side, showing differences in
character and mode of development.................................... 5

Protoreodon medius, Oreonetes anceps, Merycoidodon culbertsoni: third and fourth
premolars, showing the development of the Merycoidodon line.......... t

Limnenetes platyceps, Eporeodon dickinsonensis, Mesoreodon megalodon, Promery-
cocharus grandis, Merycochacerus magnus, Pronomotherium altiramum:
third and fourth premolars, showing the development of the Merycochcrus
line............................................................. 8

Merycoides longiceps, Phenacocoelus typus, Ticholeptus petersoni, Metoreodon
relictus: third and fourth premolars, showing the development of. the
Ticholeptus line ................................. 11

Merychyus minimus, Leptauchenia decora: third and fourth premolars, showing
the development of Merychyus and Leptauchenia...................... 13

Chart illustrating the phylogeny and geological sequence of the oreodonts.... 15
Promerycochcerus thomsoni: outline of male superimposed on outline of female

of same species...................................I'll .............. 16
Promerycocheerus thomsoni: (male) skull and upper dentition of type........ 20
Promerycochoerus thomsoni: (female) skull and lower dentition.............. 21
Promerycochoerus gregoryi: (female) skull, upper and lower dentitions, from

the type............................................................. 24
Promerycochcerus pygmyus: (female) skull and upper dentitions from the type;

front foot........................................................... 25
Merycochowrus matthewi: skull from the type............................. 26
Merycochoerus matthewi: carpus and fore foot from the type.................. 28
Merycochwrus magnus: skuill from the type; upper and lower dentitions ...... 29
Merycocha-eru-r magnus: front foot from the type......................... 30

vii



Illustrations

PAGE

Merychyus elegans: dpper premolars from Leidy's paratype................ 31
Merychyus curtus: skull, lower jaw, upper and lower dentitions, from the type 32
Merychyus siouxensis: skull from the type............................... 33
Merychyus delicatus: skull and jaws from the type: Merychyus paniensis:

lower jaw from the type............................................ 34
Merychyus paniensis: front foot: Ticholeptus hypsodus, lower jaw from the

type............................................................ 35
Eporeodon relictus: skull and upper dentitien from the type................ 37
Chamazleon quilensis: occiput; Lophosaura species: occiput, showing the rela-

tions of the tabulars to the neighboring bones......................... 43
Lophosaura teniabronchus: tangential sections through the upper end of the

quadrate and associated bones of an early embryo ....................... 45
Sphenodon punctatus, Eremias capensis, Zonurus polygonus, Mabuia sulcata:

lower jaws with quadrate, epipterygoid and connecting cartilaginous
bar in embryos.................................................... 47

Placochelys placodonta and Dermochelys coriacea: occiputs.................. 54
Placochelys placodonta and Emys orbicularis: skulls........................ 55
Placodus gigas and Plesiosaurus macrocephalus: skulls.................... 56
Scylacosaurus sclateri: skull................................................ 57
Plesiosaurus macrocephalus and Ictidosuchus longiceps: skulls.............. 58
Placodus species: inner side of mandible; Peloneustes philarchus: inner side of

jaw; Plesiosaurus rostratus: inner side of imperfect lower jaw; Pelo-
neustes evansi: lower jaw............................................. 60

Diagram: Evolution and Classification of the Reptilia..................... 64
Youngina capensis: skull................................................. 68
Youngina capensis: portions of the skeleton................................. 71
Youngina capensis: left foot; fifth metatarsal as viewed from under side;

tarsus and metatarsus as viewed from dorsal side...................... 72
Philander species, Metachirus species, Caluromys derbianus, Chironectes

minimus, Marmosa chapmani, Didelphys virginiana, Borhyena tuberata,
Prothylacinus patagonicus, Cladosictis lustratus, Amphiproviverra mazaniana,
Thylacinus cynocephalus, Dasyurus viverrinus, Sarcophilus ursinus,
Phascogale cristicaudata, Antechinomys laniger, Sminthopsis crassi-
caudata: dentitions........................................... ...... 89

Philander species, Metachirus species, Caluromys derbianus, Chironectes minimus,
Marmosa chapmani, Didelphys virginiana, Borhyxna tuberata: skulls.. . 91

Cladosictis lustratus, Amphiproviverra mazaniana, Thylacinus cynocephalus,
Dasyurus viverrinus, Sarcophilus ursinus, Phascogale cristicaudata, Ante-
chinomys laniger, Sminthopsis crassicaudata: skulls.................... 93

Philander species, Metachirus species, Caluromys derbianus, Chironectes minimus,
Marmosa chapmani, Didelphys virginiana, Borhyena tuberata: skulls ... 95

Prothylacinus patagonicus, Cladosictis lustratus, Amphiproviverra mazaniana,
Thylacinus cynocephalus, Dasyurus viverrinus, Sarcophilus ursinus, Phas-
cogale swainsoni, Antechinomys laniger, Sminthopsis crassicaudata: skulls 97

Wynyardia bassiana: skull.............................................. 98
Dasyurus viverrinus, Trichosurus vulpecula, Phascolarctus cinereus, Bettongia

species: skulls..................................................... 99

iX



Illustrations

PAGE

Dasyurus viverrinus, Wynyardia bassiana, Trichosurus vulpecula, Phascolarctus
cinereus, Bettongia species:skulls.101

Map of Asia, showing the trend of mountain ranges and the position of the
great basins....................................................... 103

Profiles across the Gobi region between Kalgan and Urga and between the
Khangai and Altai mountain ranges ..................... 104

Map of the Gobi region ........................... 105
Cross section from the geologist's field -notebook, showing the basin north of

Uskuk Mountain ............................ 106
Sketch in the Oshih basin, looking westward ......... 108
Lay figure of a maturely dissected region of low relief, before warping; the

same region after warping, showing how basins and uplands may be the
result of original relief and deformation combined .............. 111

Cross section of the Djadochta region .................... 112
Sketch map of the eastern Altai region, showing location of stations mentioned

in the text ............................... 113
Cross section of the Baga Bogdo faulted gobi basin...114
Cross sections showing four stages of warping indicated in the Djadochta basin 117
Sketch map of the Irdin Manha region ..................... 119
Cross section of a repeatedly warped basin, from Iren Dabasu to Irdin Manha 120
Cross section of a warped gobi basin, from Boltai Urtu to Shara Murun...... 121
Block diagram to show the general relations of the formations.............. 122
Columnar diagram of the formations thus far observed in Mongolia.......... 123
Columnar diagram of formations in Mongolia and of typical sections in the

western United States.................................................. 124
Map of the Gobi region................................................. 129
Ephemeropsis: nymphal wing............................................. 137
Ephemeropsis: venation of parts of the wing.............................. 138
Trichopterella torta: discoidal cell of wing................................. 141
Phyllocladites morrisi: fruiting body ofplant.. 144
Eryops megacephalus: right and left sides................................ 154
Eryops: restoration of shoulder girdle.................................. 156
Eryops megacephalus: dorsal view.......................... 157
Archegosaurus: shoulder girdle from ventral side, after von Meyer.......... 160
Alegeinosaurus aphthitos: type shoulder girdle; Eryops: restoration of shoulder

girdle and pectoral limb from right side............................... 162
Megalobatrachus maximus and Sphenodon punctatus: shoulder girdle and fore

limb.............................................................. 163
Eryops: restoration of shoulder girdle, viewed anteriorly.................. 164
Eryops: glenoid cavity from different angles.............................. 166
Megalobatrachus: shoulder girdle from ventral side; scapulocoracoid and pro-

coracoid from inner and outer sides, showing probable supraglenoid
buttress, etc.; Sphenodon: shoulder girdle from ventral side (adapted
from Furbringer)..................................................... 170

Eryops: shoulder girdle and right humerus from ventral side; Megalobatrachus
and Sphenodon: pectoral girdles, ventralview.176

x



Illustrations

PAGE

Eryops, Sphenodon and Megalobatrachus: right humerus from posterior, anterior,
outer and inner sides (two plates, showing homologous bony areas and areas
of muscle attachment)............... ; 182-183

Eryops; Acheloma; Cricotus; Dimetrodon; Naosaurus (after Williston);
Varanus: right humeri............... 184

Eryops: restoration of left antebrachium and manus........................ 187
Megalobatrachus maximus and Sphenodon punctatus: comparative dissections

of the superficial dorsal musculature of shoulder girdle and upper arm.. 191
Sphenodon: dissection showing incomplete separation of trapezoid and cleido-

mastoideus muscles.................................................. 192
Megalobatrachus and Sphenodon: trapeziuscleidomastoideus musculature com-

pared; inferred forEryops..194
Megalobatrachus and Sphenodon: levator scapulwe, omohyoideus and serratus

systems compared; inferred for Eryops................... 198
Megalobatrachus and Sphenodon (after Fiirbringer): serratus profundus muscu-

lature compared................................................... 204
Megalobatrachus and Sphenodon: ventral girdle musculature compared;

inferred for Eryops.................................................. 209
Megalobatrachus and Sphenodon: dissections of superficial ventral musculature

of the pectoral limb compared......................................... 212
Megalobatrachus and Sphenodon: pectoral muscle compared; inferred for Eryops 214
Megalobatrachus and Sphenodon: dissections of the supracoracoid and neigh-

boring musculature compared......................................... 216
Megalobatrachus and Sphenodon: supracoracoideus and scapulohumeralis

anterior musculature compared; inferred for Eryops.................. 218
Megalobatrachus: dissection of the ventral upper arm musculature; Sphenodon:

dissection of the ventral arm musculature.............................. 219
Megalobatrachus and Sphenodon: humeroflexor musculature compared; in-

ferred for Eryops..................................................... 223
Megalobatrachus and Sphenodon: dissections of the superficial shoulder and

outer arm musculature compared..................................... 227
Megalobatrachus and Sphenodon: dissections of outer arm and shoulder mus-

culature compared................................................. 229
Megalobatrachus and Sphenodon: dissections of the deeper muscles of the upper

arm and shoulder region compared..................................... 231
Megalobatrachus and Sphenodon: latissimus dorsi and deltoid muscle system,

scapulohumerales and subscapularis compared; inferred for Eryops...... 234
Megalobatrachus: dissection of the inner upper arm and shoulder musculature. . 243
Megalobatrachus and Sphenodon: anconaus musculature, inner and outer sides

of arm, compared; inferred for Eryops.................................. 246
Megalobatrachus and Sphenodon: dissections of the superficial and deeper

extensor musculature of the forearm compared.......................... 253
Megalobatrachus and Sphenodon: extensor muscle systems of lower arm com-

pared; inferred for Eryops............................................. 260
Megalobatrachus and Sphenodon: dissections of the superficial and middle

flexor musculatures of the forearm compared.......................... 268
Megalobatrachus and Sphenodon: flexor muscle systems of lower arm compared;

inferred for Eryops.................................................. 272

Xi



Illustrations

PAGE
Megalobatrachus and Sphenodon: dissections and comparisons of the deepest

flexor musculature of the forearm; inferred for Eryops................. 275
Sphenodon: dissection of deepest flexor musculature of forearm.............. 280
Megalobatrachus: dissections of the superficial and deep flexor musculature

of the hand........................................................ 282
Megalobatrachus and Sphenodon: dissection of flexor musculature of digits

compared........................................................... 285
Eryops megacephalus: inferred restoration of the superficial musculature of the

pectoral limb and girdle, lateral view................................... 295
Eryops: inferred restoration of the superficial musculature of the pectoral limb

and girdle, anterior and posterior views................................ 298
Lycoptera: two scales from the Ondai Sair shales... ...................... 316
Goniopholis vebbianus: anterior cervical vertebra of type: lateral, anterior,

inferior and superior views............................................. 323
Goniopholis (Diplosaurus) felix: type skull, superior view ................... 324
Goniopholis gilmorei: type skull, superior view............................ 327
Goniopholis gilmorei: type tooth, lateral view; outline of section at base;

outline of section at middle of crown................................. 328
Goniopholis affinis: type tooth, edge view................................. 330
Bottosaurus harlani: portions of type right dentary and angular bones, with

outline restoration of jaw, external view; portion of type dentary bone, with
outline restoration of jaw, superior view; paratype tooth, external view. . 332

Bottosaurus harlani: type right dentary, superior and external views; type
angular, external view................................................ 333

Bottosaurus harlani: left dentary of young individual, superior and external
views............................................................ 334

Bottosaurus harlani: paratype tooth, external and lateral views; referred teeth,
external views..................................................... 335

Bottosaurus perrugosus: type jaw fragments and femur.................... 340
Bottosaurus perrugosus: posterior dorsal vertebra(type), posterior, anterior

and inferior views.................................................. 341
Sphenosaurus dlavirostris: type skull, superior view........................ 343
Hyposaurus rogersii: anterior dorsal centrum (type),lateral, inferior and posterior

views............................................................ 345
Hyposaurus fraterculus: part of mandibular ramus (type), superior and

external views ...................................................... 347
Thoracosaurus neocesariensis: type jaw fragments............................ 350
Thoracosaurus (Crocodilus) basifissus: type cervical vertebra, lateral and

inferior views..................................................... 353
Pliogonodon priscus: type teeth .......................................... 356
Holops basitruncatus: type fourth or fifth cervical vertebra, lateral and inferior

views............................................................ 358
Holops obscurus: cotype cervical vertebrae, probably fourth and fifth:

inferior views..................................................... 360
Holops (Crocodilus) tenebrosus: type vertebrae............................ 362
Holops brevispinus: type vertebrae from various parts of the column: inferior

views............................................................ 364

..i



Illustrations

PAGE

Holops brevispinus: posterior part of skull (hypotype): superior view......... 366
Holops brevispinus: right humerus (paratype): anterior view ..... ......... 368
Holops brevispinus: anterior dorsal vertebra (paratype): lateral and anterior

views................................................. 369
Holops cordatus: centrum of fourth dorsal vertebra (type); postmedian dorsal

vertebra (probably part of type lot)............ 373
Holops pneumaticus: type teeth, lateral and external views................ 376
Holops pneumaticus: cervical, anterior dorsal and lumbar vertebrae (type),

superior and lateral views............................................ 377
Polydectes biturgidus: type tooth, lateral and external views................ 379
Teleorhinus browni: type skull and jaws: superior and lateral views.......... 382
Caelosuchus reedii: right ilium, external view; right pubis; proximal end of

humerus, posterior and anterior views. Cotypcs.. .. 383
Coelosuchus reedii: right coracoid (cotype), external view.................. 384
Caelosuchus reedii: left ischium, internal view; left tibia, distal end, external

and distal views; centrum of cervical vertebra, anterior view; centrum
of dorsal vertebra, anterior view; caudal vertebrwe, lateral and posterior
views. Cotypes..................................................... 385

.Coelosuchus reedii: posterior portion of left mandibular ramus (cotvpe),
external view....................................................... 387

Leidyosuchus canadensis: left ramus of mandible (type), external, internal
and superior views; part of right dentary bone (paratype), superior view 388

Leidyosuchus canadensis: part of cranium (paratype), posterior view; teeth
(paratypes)....................................................... 390

Leidyosuchus canadensis (type and paratype specimens), posterior portion of
cranium, superior view; anterior end of right premaxillary, superior and
inferior views, sections of mandibles................................... 391

Leidyosuchus canadensis: left jugal, external and internal views; dorsal and
sacral vertebrae. Paratypes............................................. 393

Leidyosachus canadensis: frontal bone, superior and inferior views; scutes,
dorsal views. Paratypes............................................. 395

Leidyosuchus sternbergii: type skull, superior view........................ 405
Leidyosuchus s!ernbergii: type skull, inferior view......................... 407
Leidyosuchus sternbergii: type skull and jaws, lateral view.................. 409
Leidyosuchus sternbergii: type skull, posterior view .................... . 411
Leidyosuchus sternberqii: type lower Jaws, superior view.................... 414
Deinosuchus hatcheri: seventh (?) dorsal vertebra: anterior, lateral and

posterior views (type)....................................... 420
Deinosuchus hatcheri: last (?) lumbar vertebra, lateral view (type) .......... 421
Deinosuchus hatcheri: left first cervical rib, internal and external views (type). . 422
Deinosuchus hatcheri: le'ft first dorsal rib, posterior and anterior views (type).. . 423
Deinosuchus hatcheri: right pubis, superior and inferior views (type) ..... ..... 424
Deinosuchus hatcheri: cervical scute, superior and inferior views (type) ...... 425
Deinosuchus hatcheri: cervical scute, dorsal, posterior and lateral views (type). . 426
Deinosuchus hatcheri: cervical, dorsal and sacro-caudal scutes, anterior,

superior, lateral and posterior views(types).427
Brachychampsa montana: twelfth maxillary tooth, lateral and posterior views

(type) ............................................ 430

.x. .



LIST OF NEW TAXONOMIC NAMES IN THIS VOLUME

FAMILIES AND SURFAMILIES
Lycoptericde Cockerell .................... 131
Siphlonurin2e Cockerell .................... 136
Leptolepinre Cockerell .................... 317
Thrissopsinae Cockerell .................... 317

GENERA
Prodromites Cockerell.................... ............................. 136
Trichopterella Cokerell.140

SPECIES
Promerycocheerus thomsoni Loois.22
Promerycocheerus gregoryi Loomis.23
Promerycochoerus pygmyus Loomis......27
Merycochoerus matthewi Loomis ..27
Merycochoerus magnus Loomis.. ...28
Merychyus curtus Loomis................... 31
Merychyus siouxensis Loomis ..33
Merychyus delicatus Loomis ..33
Merychyus paniensis Loomis ..34
Ticholeptus hypsodusLoomis... 35
Eporeodon relictus L6omis.......36
Liaplacodes purus Cockerell .................... 133
Cyrena reisiCockerell.... 133
Pitiospermum witimi Cockerell ..134
Ephemeropsis melanurus Cockerell.139
Cymatophlebia mongolica Cockerell....140
Trichopterella torta Cockerell.....141
Indusia reisi Cockerell.142
Chironomopsis gobiensis Cockerell....142
Phyllocladites morrisi Cockerell.144

ERRATA
Page 9, line 21 from top, for time time read same time.
" 23, No. 12816 in ms. incorrect, number not ascertainable.

82, line 19 from bottom, for Parameles read Perameles.
83, line 14 from bottom, for No. 6346 read 6364.
90, Fig. 17, for No. 2702 read 2072.
138, Fig. 4, for Compare with Plate I, Fig. 10, read Compare with Plate I,

Fig. 8.
138, Fig. 4, for Compare with Plate I, Fig, 11, read Compare with Plate I,

Fig. 9.
328, Fig. 4, for teeth read tooth.
391, middle of second line, for maxillary read premaxillary.

xiv







BULLETIN
OF

THE AMERICAN MUSEUM OF NATURAL HISTORY

VOLUME LI, 1924

56.9.730(1182:78)
Article I.-MIOCENE OREODONTS IN THE AMERICAN

MUSEUM

BY F. B. LOOMIS

As a result of a series of expeditions undertaken annually since 1905,
the American Museum has accumulated a large collection of mammals
from the various beds of the Miocene, especially in the region of western
Nebraska and South Dakota. Parts of this collection have already been
described, but the oreodonts have remained almost unknown. This
group, by the generosity of Prof. H. F. Osborn and Dr. W. D. Matthew,
it has been my privilege to study; and I here thank Dr. Matthew for the
many suggestions which have aided me in the study of the group. The
collections from the lower and upper Rosebud beds are particularly full,
and rich in forms which help toward an understanding of the Oreodonti-
dce,-a group none too easy to understand, because it contains such a large
number of genera and species and, at the same time, displays so little
variation in the dentition and foot structure, this in spite of the fact that
there were wide ranges of adaptation in the group.

The study of this group involved a comparison of the material with
the collections in the Carnegie, National, Princeton, Yale and Amherst
Museums, in order to find a better basis, or bases, for the distinctions.
between genera and species. This led to a review of various parts of the
skull in the hope of finding features which could be followed through the
various genera and would serve as criteria for distinguishing one from
the other and would at the same time register relationships. Two regions
havre proved of primary value in tracing the relations of the various
genera to one another: first, the premolar dentition; and second, the rear
of the skull, including the otic region. Whether dealing with such short-
headed types as Merychyus and-Leptauhenia...or...with long-headed
genera like Promerycochcerus, the dental fornula remains the same and
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the character of the molars varies but little; but the premolars do vary,
and considerably, also purposefully; so that by their aid generic distinc-
tions and relationships may be clearly traced. Not only is this true for
the Oreodontidae; but these premolars are equally important in distin-
guishing the phyla of artiodactyls and, while I have not carried this study
through all the genera of the other phyla of artiodactyls, so far as I have
gone it is equally useful in those other phyla outside the Oreodontidae.

Inasmuch as the premolars of artiodactyls have not been studied
systematically and there is no standardization of their changes, it will be
necessary to take a little space to discuss premolars in general and to
describe certain structures which mav be referred to more conveniently

in the future, if given names.
Posterior crescent The upper premolars of Mery-

Anterior crescent coidodon culbertsoni may serve asPm4 3PO Ant.intermedicte crest
PM± VpW primitive enough to illustrate early

characters and, at the same time, as

crest specialized enough to illuistrate theMedincrest features of the whole group. We may
Anferior crest start with premolar 1, the least mod-

Posterior crest ified of the series. It consists of a
Fig. 1. Upper premolars, left primary cusp (the protocone?) on the

side of Merycoidodon culbertsoni outer side of the tooth. From the
]Leidy. Natural size. primary cusp there extends forward

a crest which I would designate the
ANTERIOR CREST, and a second crest extends to the rear, the POSTERIOR
CREST. From the primary cusp a slight ridge runs to the middle of the
inside of the tooth, and I would call this the MEDIAN CREST. These three
crests will appear on all the premolars. Those farther to the rear, like
prenmolar 3 or 4, may have other crests, quite generally one running from
the primary cusp to the middle of the anterior root of the tooth, and this I
would call tile ANTERIOR INTERMEDIATE CREST. In like manner, a weaker
crest may extend from the primary cusp to, or toward, the middle of the
posterior root of the tooth, and this is the POSTERIOR INTERMEDIATE
CREST. Lastly, above both the anterior and posterior roots, on the inner
side of the tooth, there may be a fold, either low or extending to the full
height of the tooth. These I have designated the ANTERIOR and POSTERIOR
CRESCENTS. One or both may be either fully developed or entirely lack-
ing. This nomenclature is illustrated in figure 1.

These crests and crescents may all appear on one tooth and are best
developed on the third upper premolar. The marked development or
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suppression of certain crests, or crescents, is characteristic of phyla and
genera. In some cases a further modification is present in the develop-
ment of a cusp-like pillar at the junction of the median crest and the
posterior crescent. The fourth upper premolar appears like a half-
molar, and this peculiarity is attained differently in different phyla,
making this tooth and its origin of prime importance in studying artio-
dactyls. A few cases will illustrate this.

Merycoidodon
cut bertsoni'

P6ebrothe.rium
wilsoni

Blistomeryx
primus

Aqrioch6erus
lact ifrons

Fig. 2. Upper premolars, left side, of an oreodont, a camel, a deer and an agri-
ochoerid, to show differences in character and mode of development.

In the oreodonts, examining the premolars from the first to the
fourth, it will be seen that premolar 4 corresponds to the posterior half
of premolar 3, the posterior crescent being greatly developed and united
to the median crest, and all trace of the anterior part of the tooth has
disappeared, except for a tiny pit in the anterior outer corner, which is
the vestige of the outer part of the anterior basin seen on premolar 3.
In a few very primitive genera, traces of both parts of the anterior basin
are retained; and in the more advanced genera, all trace of the anterior
half of the tooth is lost. See figure 4.

In contrast with this, the fourth premolar of camels is formed by
shortening the whole of premolar 3; its inner crescent is composed of
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both the anterior and the posterior crescents united, and there is never
any pit in the corner. Then the other premolars are characterized by the
narrowness and lack of intermediate crests. The fourth premolar of the
deer is developed in still another manner. As in camels, both anterior
and posterior crescents are developed, together with anterior, median and
posterior crests, but the intermediate crests are wanting. Also as in
camels, premolar 4 is formed by the shortening of the anterior-posterior
diameter of such a tooth as premolar 3; but, in this case, the posterior
crescent overlaps the anterior crescent to a greater or less extent. In
some cases, between the overlap a pit is preserved, which is located on the
inner side and just behind the middle of the tooth. This is more marked
in the advanced genera. The Agriocheeridae differ widely from the other
artiodactyls, first, in that the anterior portion of each premolar is simple,
without either crests or crescents, while the posterior portion has strong
crests and a strong crescent. The fourth premolar is unique among artio-
dactyls, so far as I have seen, in being molariform in character, with two
outer cusps and two inner cusps. Then too this double character is
attained in an unexpected manner, for the whole tooth is developed from
the posterior portion of premolar 3, the outer cusps being formed by
dividing the posterior crest, and both inner cusps being already indicated
on the rear half of the posterior crescent of premolar 3.

Among the artiodactyls, the lower premolars also have certain
fundamental characters in common. As in the upper premolars, there is
the primary cusp on the outer side, and from it a crest to the front, the
ANTERIOR CREST, and another to the rear, the POSTERIOR CREST. A
MEDIAN CREST is usually developed, and both ANTERIOR and POSTERIOR
INTERMEDIATE CRESTS may be present, though one or the other of these
last two may be lacking. ANTERIOR and POSTERIOR CRESCENTS are usually
indicated on premolars 1 and 2; and may be more, or less, fully developed
on premolars 3 and 4. A cusp-like pillar is likely to develop at the junc-
tion of the median crest and the posterior crescent, and in some cases the
middle of the posterior crescent is developed to appear almost like a
cusp. Premolar 1 is modified into a caniniform tooth in both form and
function. Premolar 4 is not modified to molariform character, except in
Agriochceridae, so that the change from premolar to molar teeth is abrupt.
Premolars 3 and 4 are the most typical teeth in this series.

Among the oreodonts, the anterior, median and posterior crests are
well developed, and the posterior crescent is strong; but the anterior
and posterior intermediate crests are usually weak or lacking. Both
crescents are likely to be indicated on premolar 2, but usually only the
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posterior crescent is well developed on premolars 3 and 4. Camels have
the lower premolars markedly compressed, and only one basin, which is a
narrow one on the posterior half of premolar 4, between the posterior
crest and crescent. Deer have complex lower premolars, on which the
anterior, median, posterior intermediate and posterior crests are well
developed; but the inner side does not develop the crescents to any large
extent, so that basins are not inclosed between the crests. Agriochoeridae
are again peculiar in the structure of their lower premolars, especially the

Merycoidodon9
cul bertsoni
P6ebrotherium

-wilsoni

Blastomeryx F
primus

Aqnroch&rus.
loftifrons

Fig. 3. Lower premolars, right side, of an oreodont, a camel, a deer and an
agriochcerid, to show differences in character and mode of development.

fourth, on which the posterior portion is more or less independent. The
anterior crest is strong, but the anterior crescent is shortened into a
pillar-like cusp, unique. The posterior crest also is short and independent,
making a cusp, and the posterior crescent also is shortened and tends to
become an independent cusp.

Turning to the phylum Oreodontidae, we may consider the various
genera to find generic variations and phyletic relationships, which, in the
discussion of the genera, are correlated with the characters of the body and
especially with those of the rear of the skull which are shown in figures
9 to 26.

In the Uinta beds there are several selenodont artiodactyls which
from time to time have been suggested as related to the higher oreodonts.
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Studying the premolar dentitions of these, however, such genera as
Eomeryx and Protagriochoerus seem to belong to the oreodont phylum
but by no means in the ancestral line, in fact far to one side, having
developed a dentition which is specialized, though the shape of the skull,
especially the orbit's being open behind, is primitive. In like manner,
Protoreodon is in the oreodont phylum; but in this case, we have a form
which. is much nearer to the ancestral line, though not directly in it.

Protoreodon

Oreonetes
anceps

Merycoidodon
culbertsoni

Pm.4 Pm.3 Pm.4 Pm.3
Lower Upper

Fig. 4. The third and fourth premolars of oreodonts, uppers from the left
side, lowers from the right side, to show the development of the Merycoidodon line.

All the above forms have the tiny bulla which is characteristic of Mery-
coidodon and which separates this group of oreodoints from the much
larger group with large bullae.

Three genera are closely related and make up the series which is
characterized by the tiny bulla, Protoreodon of the Uinta, Oreonetes of the
Titanothere beds and Merycoidodon of the middle Oligocene. The third
and fourth upper and lower premolars are shown in figure 4 for compari-
son. In Protoreodon, upper premolar 3 has, besides the anterior and
posterior crests; a weak median crest, no posterior intermediate crest,
but on the front portion of the tooth, two weak anterior intermediates.
The same features are repeated on the fourth upper premolar, which, in
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this case, has progressed toward the half-molar type less than in any other
genus. On the lower premolars, the anterior, median and posterior crests
are well developed, and both crescents are clearly marked, though low.
These characters indicate nearness to the ancestral type, but the anterior
crescent on the lower premolars suggests a position to oine side of the
main line, as does also the rather elongate type of the feet.

Oreonetes' has the upper third premolar with a weak median and
anterior intermediate crest. In this genus the posterior crescent is well
developed, The fourth premolar is formed typically by the reduction of
the front half of the tooth, but in this case traces of both parts of the
anterior basin are still preserved on this tooth. On the lower premolars
the anterior crescent is wanting and the posterior crescent is united to
the median crest, making a well bounded and typical posterior basin.

Merycoidodon has rather broad premolars on which the anterior
portion of the tooth is less developed than usual. Premolar 3 has the
anterior intermediate crescent well developed, dividing the basin into
two equal parts. Premolar 4 is formed in the usual way, but in this
case, in teeth not too much worn, there is a pit in the anterior external
corner representing the outer portion of the anterior basin. On the lower
premolars, the anterior intermediate crest is lacking and the posterior
intermediate crest, while present, is weak and has a peculiar position, in
that it comes off from the median crest instead of the primary cusp.

Turning to the group of oreodonts marked bv the presence of very
large bullae, Limnenetes from the Titanothere beds, Eporeodon from the
Middle and Upper Oligocene (perhaps into the Miocene) and Mesoreodon
of the Lower Miocene form a group which have much in common: in
medium length and weight of limbs; in having the back of the skull com-
pressed and drawn out to the rear, and also in the character of their den-
tition. All tend to have the median cusp weak and at the same time the
crescents, especially the posterior crescent, well developed. This is even
more true of the later representatives of this phylum.

The type of Limnenetes is very old and the pattern of the teeth has
to be taken from associated material, on which only the upper premolars
have good dentitions. In this form, though the skull has the orbit open
behind and is in every way primitive, the upper teeth areenoughspecialized
to cause the genus to be regarded as a little to one side of the main
phyletic line. On premolar 3 the anterior crescent is barely indicated and
the intermediate crests are wanting. Premolar 4 has the posterior

'The name is one given to Douglass's Limnenetesd anceps in an article to appear in the Annals of
the Carnegie Museum.
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Limnenetes
platyceps

Eporeodon
dickinsonensis

Mesoreodon
megIlodon

Promerycocho6erus
qrandis

Merycocho6erus
maqnus

Pronomotherium
altiramum

I.

Pm.4 Pm.3
Lower

-4'

Pm.4 Pm.3
Upper

Fig. 5. The third and fourth premolars of oreodonts, uppers from the left side,
lowers from the right side, to show the development of the Merycocheerus line.
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crescent fully united to the median crest and no trace of a pit in the
anterior external corner, as might be expected in so early a form. Eporeo-
don has the third premolar with the anterior portion more nearly equal
in size to the posterior portion than is general in this group. The anterior
intermediate crest is well developed and both crescents are well marked.
Premolar 4 forms in the normal manner by the reduction of the anterior
half. In the case illustrated, E. dickinsonensis, an early species, traces of
both parts of the anterior basin are preserved, but in the Upper Oligocene
and John Day species only one pit is present in this position. The third
lower premolar has strong anterior, median and posterior crests, but very
weak crescents or none. The posterior basin is divided by a ridge run-
ning back from the median crest, which is typical. Premolar 4 has no
trace of this ridge, but has the posterior basin completely inclosed between
the posterior crescent and the posterior and median crests. It shows also
a considerable tendency for the development of a pillar-like cusp at the
junction of the posterior crest and the median crest; and this enlarge-
ment is prolonged forward noticeably, a feature more developed in some
of the later genera.

Mesoreodon was founded on M. chelonyx, which is related to M.
megalodon. Both of these have skulls tending to the same form as that
characteristic of Promerycochoerus, but at the time time they have a
skeleton which is about like that of Eporeodon or Merycoidodon; so I
take this to represent a group which was transitional between Eporeodon
and Promerycochoerus, though the known representatives of the genus are
contemporaneous with these genera. The other species which have been
referred to Mesoreodon, such as M. longiceps and M. laticeps, are far from
the type species and close to the form which Douglass called Merycoides; so
that I should group them with Merycoides cursor as a separate line. In the
true Mesoreodon, the front half of the upper third premolar is shortened,
and the anterior intermediate crest, though small, is well developed. The
posterior crescent incloses a basin 'on the rear of the tooth. On the
anterior external corner of premolar 4 there is a pit in M. chelonyx, but
none in M. megalodon. In like manner, the lower premolars are inter-
mediate. The genus is distinguished in that on premolar 3 only the rear
portion of the posterior crescent is developed, and that is united with the
posterior intermediate crest. On premolar 4 the intermediate crests are
wanting, but the posterior crescent is well developed and confluent with
the pillar-like cusp which is developed at the junction of this crescent
with the median crest. This pillar-like cusp is not so prolonged forward
as that of Eporeodon, but is more distinct. Neither is it as isolated as in
Promerycochaerus.
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In the Miocene we find three large oreodonts which have in common
very short limbs, heavy bodies and skulls with wide-spreading arches.
Promerycochoerus of the John Day and Lower Miocene has a prolonged
snout and nasal bones, while Merycocha3rus has the head shortened and
the nasals retreating far back on the skull, and Pronomotherium has the
shortening of the nasal region in such exaggerated degree that the nasal
bones end as far back as the eyes. These forms are successive in
time and would seem to be a progressive series, but in each case the one
genus abruptly disappears and is replaced by the later genus without
intermediate forms. The dentition, however, shows that they are of
common stock, but that one genus is not derived directly from its
predecessor.

The Promerycochoerus upper premolars have both the anterior and
posterior crescents well developed, but the median crest is weak, hence
there is a suggestion of the union of the anterior and posterior basins.
The anterior basin is partly divided by a weak anterior intermediate
crest. The fourth premolar has entirely lost the pit in the anterior ex-
ternal corner. The lower premolars are narrow and compressed. The
third lower premolar has no anterior crescent and only a weak posterior
one. The posterior intermediate crest is well developed, and it com-
pletely divides the posterior basin. Premolar 4 is entirely characteristic,
in that the pillar-like cusp at the junction of the posterior crescent and
the median crest is greatly enlarged; and not only that, but it remains
distinct from both the crescent and the crest until the tooth is worn far
down. Furthermore, there is developed on the posterior crest an en-
largement which appears like a smaller cusp. This tooth, therefore, is
entirely distinctive, and, because Desmatochyus corresponds entirely
with this dentition, I regard it as a small, though not the smallest,
Promerycochoerus.

Merycochoerus has no pit in the anterior external corner of premolar 4.
The other upper premolars have the crescents both well developed and
the median crest rather weak. The lower premolars are compressed and
narrow. Premolar 3 has lost the intermediate crests, its anterior portion
being simple and the rear inclosing a simple basin. Premolar 4 is the
characteristic tooth, having the posterior crest and crescent inclosing a
simple basin, but at the junction of the median crest and the posterior
crescent, the pillar-like cusp is not distinct, but is prolonged far forward,
into the anterior basin. This, though related to the condition of the
corresponding tooth in Promerycochterus, can not be derived from it but
seems rather to indicate independent development from common ancestry.
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Pronomotherium has a very peculiarly shaped skull, but its dentition
is by no means so highly specialized. Upper premolar 3 has so weak a
median crest that anterior and posterior basins are confluent, especially
as both are bounded by well-developed crescents. There are traces of the
intermediate crests, but they are small. The third lower premolar has the
anterior portion of the tooth prolonged. The anterior crescent is present,

Merycoides
long iceps

Phenacoc6eIus
typus

Ticholeptus
petersoni

Metoreodon
relictus

Pm.4 Pm-3
Lower

Pm.4 Pm.3
Upper

Fig. 6. The third and fourth premolars of oreodonts, uppers from the left side,
lowers from the right side, to show the development of the Ticholeptus line.

but weak; the median crest is well developed, but there are no inter-
mediate crests. Premolar 4 has a strong median crest, with a cusp-like
pillar at the junction of this crest and the posterior crescent, which pro-
jects forward as in Promerycochoerus, but is not isolated as in that genus.
Such teeth as these can scarcely be derived from those of Merycochoerus,
and it will be necessary to go back pretty well in the Miocene to find the
form which would be the common ancestor of these two genera.
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Merycoides, Phenacocoalus, Ticholeptus and Metoreodon are a group
of genera, all of which have the medium type of limbs, neither long nor
short, light nor heavy; skulls which are lightly built, with light arches,
and the supra-occipital crests not prolonged behind. In the rear of the
skull there are usually pits in the exoccipital bones, and in many species
there is a marked tendency to vacuities in the antorbital region. The
type of the genus Merycoides is M. cur.sor, and I should associate with this
such species as have been known as Mesoreodon longiceps and Mesoreodon
laticeps. In all these genera the anterior portion of the upper premolars is
shortened, the median crest is weak, and the posterior crescent, though
swollen, does not unite with the median crest. In the lower premolars
the anterior intermediate crest and the anterior crescent are lacking or
weak. The posterior portion of premolar 3 is always inclosed by the
median crest, posterior crescent and posterior crest, and into this basin
the posterior intermediate crest projects from the rear. Premolar 4 has
the rear portion of the tooth inclosed like that of premolar 3, but there is
no posterior intermediate crest. There is a marked tendency for the
pillar-like cusp to be developed and to project far forward into the
anterior basin.

Merycoides does not show specialization in any line and the descrip-
tion just given for the whole group will answer for this genus.

Phenacoccelus is a genus in which the skeleton is not specialized, but
the skull is highly modified. Its general character is that of Merycoides,
but there are excessively deep pits in the rear of the occipital bones, two
small vacuities in the frontal bones and large vacuities in the antorbital
regioil. The teeth are those of Mferycoides, except that they are less
advanced, so that this form belongs to the Ticholeptus line but had already
begun to develop its peculiarities before the lower Miocene, when we are
first acquainted with it.

Ticholeptus is a large group of Miocene to lowest Pliocene oreodonts
which show a tendency to shorten the skull and develop large vacuities
in the antorbital region. The teeth are similar in plan to Merycoides, but
more advanced, first, in a greater shortening of the anterior portion of
premolars 1 to 3 of the upper jaw, so that the anterior basin is in many
cases so shallow as to appear almost flat, and, second, in the greater
thickening of the posterior crescent of premolar 3. In the lower denti-
tion, premolar 4 has the anterior end of the anterior crescent bifurcated,
which serves easily to identify this genus or the following one.

Metoreodon is a Pliocene genus based on lower jaws and is an ex-
aggerated Ticholeptus. It is distinct in that the teeth are hypsodont;
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premolar 3 has the anterior crescent developed into an inner boundary
of the anterior basin, and the posterior basin is divided completely by the
posterior intermediate crest in a peculiar position parallel to the median
crest. Premolar 4 is also distinctive in the small size of the posterior
region, and the great enlargement of the pillar-like cusp which almost fills
the anterior basin.

Merychyus is a genus about which there has been endless confusion.
It was based on M. elegans, and to this genus were referred a large number
of species which have proved to be of entirely different character. In
addition, the genus is extremely conservative, and such a species as M.
elegans has been identified as occurring in horizons all the way from Lower

Merychyus

A.

Leptaucheniac
decora B.

Pm.4 Pm.3 Pm.4 Pm.3
Lower Upper

Fig. 7. Third and fourth premolars of oreodonts, uppers from the left side,
lowers from the right side, to show the development of Merychyus and Leptauchenia.

Miocene to Pliocene, to which horizon the type belongs. On page 31
I have listed the species which truly belong to this genus. Merychyus
had light slender limbs, a short, rather wide skull, not prolonged behind,
and with pits in the exoccipital bones, usually a small antorbital vacuity,
but this last is variable. The teeth of the upper jaw are shortened. T.his
is accomplished in the premolar series by the reduction of the anterior
portion. The illustration (Fig. 7A) shows about an average amount of
shortening of this anterior region. In the lower Rosebud species M.
curtus, the anterior is less shortened, and in the Pliocene species M.
elegans, it is much greater. The lower premolars remind one of Mery-
coides, but the posterior crescent is not so much developed. This genus
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runs from the lowest Miocene into the Pliocene, with very little change
in character, and is represented in the John Day by Oreodontoides oregon-
ensis, which I take to be a Merychyus slightly less advanced than the
eastern representatives. Paroreodon is another John Day genus which
belongs close to Merychyus, but is different in the greater depth of the
skull and in the peculiar pointed, large bullae.

Leptauchenia and Cyclopidius represent a line of oreodonts which
appears suddenly in late Oligocene times and disappears as suddenly at
the end of the Deep River epoch. The skeleton is lightly built and
slender, somewhat like Merychyus, except that there are five toes on the
front foot. The skull is excessively shortened; there are enormous
bullaw and great vacuities in the antorbital region. This phylum prob-
ably unites with the light-limbed Limnenetes of the Lower Titanothere
beds, though I doubt if this genus is the actual ancestor. There is much
in common between this line and Merychyus, and these two lines probably
come together in lower Oligocene times. The upper premolars of Lep-
tauchenia seldom show their pattern, since they are hypsodont and al-
most always badly worn. When, however, little-worn teeth are studied,
it is seen that the upper premolars are shortened by the almost complete
suppression of the anterior portion. When such teeth are worn, the
median crest appears like the anterior crest, and the tooth seems to stand
transversely in the jaw. This peculiar appearance, however, is due to the
suppression of the anterior basin. Premolar 3, as seen in figure 7B,
has a large posterior crescent which does not unite with the median crest.
Premolar 4 in little-worn teeth shows the pit in the anterior external
corner. The lower premolars are characterized by the entire lack of
crescents and intermediate crests. The fourth premolar is unique in
the enormous swelling of the posterior crest, so that this fills the posterior
basin. Cyclopidius is Leptauchenia exaggerated, with the incisors re-
duced to two on either side of each jaw. Chelonocephalus is a Cyclopi-
dius with a markedly depressed skull.

Five lines of Oreodontidae have been recognized in the foregoing.
First, there is the fundamental division based on the tiny or large bulla,
and a line ending in Merycoidodon represents the tiny bulla. Second,
the main line of medium-heavy forms with large bullse leads into the
short-limbed, heavy-bodied Pronomotherium and Promerycochoerus type.
Third, there is another group leading from the intermediate stock of the
Middle Oligocene to Ticholeptus and Metoreodon. Fourth, Merychyus is a
very conservative line of lightly built small forms, the Oligocene repre-
sentatives of which are unknown. Fifth, the extremely light-limbed and
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Fig. 9. An outline of a male Promerycochaerus thomsoni (solid line), super-
imposed on the outline of a female of the same species (broken line). Two-fifths
natural size.
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short-headed Leptauchenia and Cyclopidius represent some special
adaptation which it is very difficult to interpret.

Throughout the whole group there is great uniformity in the char-
acter of the dentition and the feet. There is none of the progressive
adaptation and change, characteristic of the grazing types, and I feel
that this is probably due to a constancy in the type of food and feeding-
ground. I should take the food to be leaves, seeds and fruit; and the
feeding-ground the more or less wooded valleys along the streams. One
feature characteristic of the group tends to confirm this, and that is the
distinctness of the faunas from the different localities. The genera are
widely distributed, but the species are local. It would seem that of the
various river valleys each had its group of oreodonts, and, when there
was a change in climate or other living conditions, the fauna of any given
valley was either exterminated or replaced by a new immigration.

The various genera are compared in the chart on the following pages,
and their relationships expressed as nearly as I can see them in the
phylogenetic tree on page 15.

The following pages describe the new material of the Miocene be-
longing to the Oreodontidae and in The American Museum of Natural
History.'

PROMMYCOCHMRUS

To this genus has already been assigned a bewildering number of
species, from the John Day, Monroe Creek, Lower Harrison, Deep River
and certain Montana beds. The American Museum material from the
Lower Rosebud formation consists of over twenty skulls, together with
considerable skeletal material. On examining this material it at once
became clear that either there were five or six species in this one forma-
tion or that there was marked sexual dimorphism, as well as considerable
individual variation. A careful examination of the two largest types
resulted in drawing them superimposed to make figure 9. To me, this
indicates that, while No. 13819 and No. 12948 differ in the amount that
the incisors protrude, the size of the canines, the width of the zygomatic
arch a'nd the length of the posterior projection of the supra-occipital
crest, still they are alike in the premolar and molar dentitions. the width
of the snout, the position of the orbits and ear openings, the bullwe and the
base of the skull. The latter list of characters is of deep-seated features,
such as do not change with minor changes of habit, while the first list is
entirely of characters which do change where there is sexual dimorphism.
I have concluded that in this genus there is wide sexual dimorphism, and
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Genera of Oreodonts, their Respective Geologica

Protoreodon

Oreonetes

Merycoidodon

Limnenetes

Eporeodon

Mesoreodon

Promerycochcerus

Merycochoerus

Pronomotherium

Merycoides

Phenacoccelus

Ticholeptus

Merychyus

Leptauchenia

Cyclopidius

AGE SKULL BULLAE | POSTPTERYGOID
PROCESS

Upper Eocene
(Uinta)

Lower Chadron

Upper Chadron to
Middle Oligocene

Lower Chadron

Middle Oligocene to
Lower Miocene

Lower Miocene

Lower to Middle
Miocene

Upper Harrison to
Middle Miocene

Upper Miocene to
Pliocene

Lower Miocene

Lower Miocene

Lower Miocene to
Pliocene

Lower Miocene to
Pliocene

Upper Oligocene to
Middle Miocene

Lower Miocene to
Middle Miocene

mesocephalic;
open orbit

mesocephalic;
open orbit

mesocephalic;
closed orbit

mesocephalic;
open orbit

mesocephalic;
closed orbit

dolichocephalic;
closed orbit

dolichocephalic;
closed orbit

brachycephalic;
closed orbit

brachycephalic;
closed orbit

dolichocephalic;
closed orbit

mesocephalic;
closed orbit

mesocephalic;
closed orbit

brachycephalic;
closed orbit

brachycephalic;
closed orbit

brachycephalic;
closed orbit

tiny

tiny

tiny

large

medium large

medium large

large

medium large

small, cylin-
drical

medium large

large

large

large

enormous

enormous

moderately oval

small and oval

moderately oval

small and oval

moderate and ova

small, oval anc
long

stout, oval and
short

very wide and
flattened

wide and flattened

moderate and oval

large and oval

wide and flattened

small and flat-
tened

tiny and flattened

tiny and flattened
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Iorizons and their Diagnostic Skull Characters

ANTORBITAL
ZYGOMATIC ARCH EXoCCIPITAL BONES NASAL BONES PIT OR

VACUrTY
I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ight

ight

ight

ight

ight

ight

ieavy and wide

teavy and wide

nedium and wide

ight

ight

ight

ight and fairly wide

ight and very wide

ieavy and very wide

supraocc. crest prolonged behind

supraocc. crest moderate

supraocc. crest prolonged behind

occiput wide; crest not prolonged

supraocc. crest high and prolonged

supraocc. crest high and prolonged

supraocc. crest high and prolonged

supraocc. crest none

supraocc. crest moderate

supraocc. crest low, not prolonged
pits

supraocc. crest low, little prolonged
pits

supraocc. crest moderate, little pro-
longed

supraocc. crest low, not prolonged
pits behind

occiput very broad

occiput very broad

long

long

long

long

long

long

long

greatly shortened

greatly shortened

long

long

long

long

fused to maxilla

fused to maxilla
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neither

shallow pit

pit

pit

pit

pit

pit

pit

pit

pit and big
vacuity

vacuity

pit and small
vacuity

enormous
vacuity

enormous
vacuity



.m

c3

0
H

0z

~ 0

16



r.N

-4
c3

0
Hc~3

o6

z
0

0
CS

ce

._o

q6°



Bulletin American Museum of Natural History

that the width of the arches changes not only with sex, but also with age.
I have therefore reduced the number of Lower Rosebud species to three,
describing both males and females.

I am convinced that the same applies to the large number of species
described from the John Day beds, and I would use the length of the
molar and premolar series as a basis of comparison, considering such
features as the width of the arches, the size of the canines, or their
protrusion as sex or individual variations.

Promerycochowrus thomsoni, new species
This is the largest of the Rosebud species, and I have selected No.

13819 of the Americani Museum as the type, associating No. 12948 with
it as the female. The male skull is from Eagle Nest Butte, and the female
from Wounded Knee Creek, both of South Dakota and the same bed.
The name is in honor of Mr. Albert Thomson, veteran collector in this
regiQn and finder of the male skull. Other skulls of the male tvpe are
Nos. 13818, 12944 and 12951.

The species is characterized by a broad snout, with large but shallow
antorbital fossae. The brain case is somewhat inflated, with a marked
ridge across the inflated parietal region. Upper premolars 3 and 4 and
molar 1 all have cingula on the outer side of the teeth. The lower pre-
molars are typically those of the genus (see Fig. 5), except that premolar 3
has the posterior intermediate crest rising from about the middle of the
median crest, instead of from the primary cusp.

In the various Lower Miocene beds there are several large Promery-
cochoeri about the size of this species. P. grandis from the Canyon Ferry
beds is of the female type, but is not only larger than P. tho-msoni but also
has a much narrower skull and arches, and has the snout markedlv pro-
longed, especially the premolar region. P. macrostegus of the Upper
John Day is a male type and about the same length as our species, but it
has a very small antorbital fossa, where P. thomsoni has a broad one and
smaller bullae, and the whole skull is narrower. P. latidens of the John
Day has about the same over-all measurement as the male of P. thomsoni,
but its snout is short and the dentition compressed. P. marshi of the John
Day is of the female type, but is both larger and longer than the female
from the Lower Rosebud. The following table gives the most important
measurements for comparison with nearly related species. Other meas-
urements may be taken directly from the drawings.
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P. P. P. P. P. P.
thom- thom- grandis macro- latidens marshi
soni elsoni 9 9 stegus Q 9

Length of the skull 388 362 390 380 385 380
Width of the skull 277 224 186 '246 279 344
Length of the upper molar

series 82 78 98 81 79 85
Length of the upper premolar

series 66 73 82 71 695 76

Promerycochwrus gregoryi, new species
This is the medium-sized form in the Lower Rosebud and the one

found in largest numbers. For the type I have chosen No. 12964, a skull
and lower jaw, the skull being slightly crushed laterally as shown in the
figure. This is a female, a narrow skull with light arches, which are
estimated to have had a width of 190 mm. No. 12962 belongs to the same
species and is also a female. No. 12816 is slightly longer and with wider,
heavier arches, and is the male of this species. The type comes from
Porcupine Creek, South Dakota. The name is in honor of Dr. W. K.
Gregory, who was a member of the expedition which collected this
material.

This species is characterized by its size, rather deep and broad ant-
orbital fossse, an elongated brain case, moderate-sized bullae, and the
fact that for this genus the premolars, both upper and lower, are quite
simple. On lower premolar 3 the posterior intermediate crest runs from
the primary cusp, as is normal for the genus.

This species approaches P. hollandi of the Canyon Ferry beds in
size, but it has a deeper antorbital fossa, and a shorter snout and denti-
tion. P. chelydra of the Upper John Day is a male of similar size but has
a much longer snout and dentition. P. leidyi is another John Day species
which approaches our Rosebud form in length of skull, but it too has a
longer snout and dentition. I presume P. chelydra and P. leidyi represent
the male and female of a Promerycochoorus in the John Day, which is
perhaps the nearest of any species to P. gregoryi.

The following table gives principal measurements and comparisons
with the nearest related species.

P. greg- P. greg- P. hol- P. chely- P. leidyi
oryice oryi 9 landice dra e 9

Length of the skull 344 313 342 342 330
Width of the skull 235 190 234 256 188
Length of the upper molar series 79 70 76 78 76
Length of the upper premolar series 60 58 70 63 48
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Promerycochoarus pygmyus, new species
This is a tiny species, the smallest of the true Promerycochoeri, but

it has the characters of the genus not only well developed but in an
advanced degree. It is a dwarf species rather than a primitive one. I
have chosen No. 12967 as the type of the species, a female found on
Porcupine Creek, South Dakota. No. 12968 is a second female of this
species, having an imperfect skull, but with good fore feet and some
other limb bones. No male has yet been found of this species.

The specific characters are the small size; small bulla; a wide snout
with broad and shallow antorbital fossme; simple, rather narrow teeth;
and an extremely short foot.

There are no other species at all close to this one.
The following measurements of the principal parts will serve to

identify the species.

Length of the skull 253 mm. rear estimated, see figure 12.
Width of the skull 179
Length of the upper molar series 59
Length of the upper premolar series 48

MUBYCOCHnERUS
In his description of Merycochoerus proprius, the tvpe species of this

genus, Matthew' showed that this was a highly specialized genus in that
the cranium was shortened and broadened; the nasals moved far toward
the rear; the zygomatic arches heavy and wide, and the limbs short and
stocky. So far only one species has been described, but the material in
the American Museum furnishes us with two new species. The genus
appears abruptly with the Upper Harrison and disappears as abruptly
in the Martin Canyon beds.

Merycochcerus matthewi, new species
This species is from the Upper Rosebud beds and was found three

miles northeast of Porcupine Butte, South Dakota. I have used No.
12970 as the type, a skull and jaws with a good front limb and some other
less perfect limb bones. The name is in honor of Dr. W. D. Matthew,
who found the Upper Rosebud beds.

The specific characters are: the size; the fact that the sagittal crest
extends to the rear of the skull and unites with the lambdoidal crests in
making the projection behind, whereas in other species the sagittal crest

11898. Mem. Amer. Mus. Nat. Hist., I, p. 401.
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does not extend to the lambdoidal crests (compare with M. magnus and M.
proprius); the broad upper teeth; and the relatively long, limbs and feet.

I here introduce a comparison of the three known species.
Length of Width of Length of Length of Length of

skull skull upper upper humerus
molars premolars Horizon

M. matthewi 299 220 87 65 U. Rosebud
M. proprius 286 244 88 61 Pawnee Cr.
M. magnus 334 273 95 68 240 U. Harrison

Length of Length of Length of Length of Length of
radius metacarpal femur tibia metatarsal

IV IV Horizon
M. matthewi 146 71 U. Rosebud
M. proprius 150 63 250 195 68 Pawnee Cr.
M. magnus 161 66 238 195 65 U. Harrison

A.M.1297 From the above it is seen that Mlk. matthewi,
while small, does not have as short or stocky
limbs and feet as do the other two species. The

4 rt ,}S>;.z;;3 skull also is much less shortened and less broad-
t t;r< ened than is the case in the other two species.
l.1!'l.' Furthermore, in this species there is not, as

yet, a tendency, which is so marked in the other
two species, toward dishing in the nasal region.
The line of the top of the skull is more or less
parallel to that along the top of the premaxilloe,
whereas in the other two species the nasals slope
down as though to meet the premaxillke.

Merycochoerus magnus, new species
The type for this species is No. 14242, from

the Upper Harrison beds, seven miles north-
east of Agate, Nebraska. The type is an old

Fig. 15. Meryco- individual, but with it are associated both
cha,rus matthewi, carpus front and hind limbs. It is by no means a
and fore foot from the rare species in these beds.
type. One-half natural
size. This species is nearer to M. proprius, in

that the sagittal crest ends some distance in
front of the lambdoidal region. The brain case is greatly shortened
and broadened, and the whole rear of the skull is crowded together.
The zygomatic arches are heavy and wide, but not as wide propor-
tionally as those of M. propriu.s. There is a moderate antorbital fossa.
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The line along the top of the skull pitches down toward the front, so
that the nasals approach the much dished premaxillae. The limb bones
have the same character as in M. proprius, being heaVy and stocky, with

the feet extremely short and stubby. The phal-
anges go to the extreme in their shortening.

MZRLYCHYUS
4 N

*''t.'il§X This genus, in which there has been constant
confusion, is based on the species M. elegans and
consists of a series of small light-built oreodonts,
ranging from the Lower Rosebud and John Day

i o up into the Pliocene, from which horizon the
type species came. I should redefine the genus

A.M.14Z4Z as follows.
Merychyus is a genus of Oreodontidae of light

build; with slender limbs; having a wide brachy-

> odont skull with light zygomatic arches; large
Fig. 17. Merycochaerus bulloe; and low sagittal and lambdoidal crests,

magnus, front foot from which are not prolonged behind. The back of
the type. One-half nat- the skull is broad, with either deep pits or
ural size. vacuities in the exoccipital bones. There is

usually a large antorbital fossa, often with a
small vacuity between the lachrymal, frontal and maxillary bones.
The upper premolars are greatly shortened, which is due to the anterior
portion of these teeth being reduced, in the later species often to a
point where the median crest may be taken for the anterior crest, which
makes the tooth seem to stand transversely in the jaw. Peterson' has
recently figured a complete skeleton of this genus, Merychyus minimus.

The type species of this genus, M. elegans Leidy, was found on the
Niobrara River in Nebraska, in Hayden's horizon F, which was described
as Pliocene. This seems to be the Valentine beds of Lower Pliocene age.
A large nunmber of species were referred to this genus, almost always
based on teeth alone, and most of them either have already been or must
in the future be, referred to other genera, most often to Ticholeptus.
Below I have listed all the species which really belong to the genus. I
include Thorpe's Oreodontoides oregonensis from the John Day as a
primitive representative. His Paroreodon marshi seems to be distinct,
though related. Besides there being too many forms referred to this

11923. Annals Carnegie Museum, XV, p. 96, P1. viii.
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genus; there has been some identification of species as M. elegansIin
more than one horizon, which a study of the premolars serves to straighten
out. The following table will serve to show how extremely conservative
this genus has been.

Length of Length of Length of

M. (Oreodontoides)
M. curtus
M. siouxensis
M. minimu,
M. leptorhynchus
M. arenarum
M. delicatus
M. parigonus
M. panunsis
M. elegans

oregonensis Upper John Day
Lower Rosebud
Lower Harrison
,Upper Harrison
Laramie Peak
Laramie Peak
Upper Rosebud
Deep River
Pawnee Creek
Valentine

M. (Oreodontoides) oregonensis
M. curtus
M. siouxensis
M. minimus
M. leptorhynchus
M. arenarum
M. delicatus
M. parigonus
M. paniensis
M. elegans

Upper Day John
Lower Rosebud
Lower Harrison
Upper Harrison
Laramie Peak
Laramie Peak
Upper Rosebud
Deep River
Pawnee Creek
Valentine

skull upper-
molars

165 33
158 37
178 46
160 39
167 43
191 45
140 36

50

upper
premolars

30
30
35
30
38
38
31

45 31

Length of Length of
lower lower
molars premolars

40 33

43
46
46
39
51
47
47

In order to make a basis for the compar-
ison of the different species of this genus, I
here figure the premolars- of the upper jaw of
the paratype of M. elegans, the type being too
worn to show the character of these teeth.
This is from the jaw figured by Leidy, 1869,
Jour. Acad. Nat. Sci. Phila., VII, P1. xi, fig. 3.

30
32
32
29

35
34

Fig. 18. Merychyus
elegans, from' Leidy's
paratype (see text).
Natural size.

Merychyus curtus, new species
The type of this species is No. 13817 in the American Museum and

was found ten miles east of Kyle, South Dakota, in the Lower Rosebud
beds.

While a typical Merychyus, it is smaller than most of the species.
It has enormous bullse and a deep antorbital fossa with a small vacuity
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A.M.13817

Fig. 19. Merychyus curtus, skull and lower jaw from the type. One-half natural size.

AbM.1$8I7

Fig. 20. Merychyus curtus, upper and lower dentitions, from the type. Natural size.

just above it. The whole skull seems foreshortened. The teeth are wide
and short from front to back. The upper premolars are characterized
by the anterior portion's being abbreviated and having several small
striae running forward from the primary cusp, giving this anterior end a
striated appearance. The posterior crescent is well developed but does
not unite with the median crest. Premolar 4 has a small pit in the
anterior external corner. The lower premolars are those tvpical of the
genus.
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As compared with other species, this is about the size of M. minimus,
but this species has a large antorbital fossa and a small vacuity, whereas
M. minimus has a small fossa and a large vacuity. M. curtus is a little
larger than M. delicatus, which is, however, lighter-built throughout and
has only alslight antorbital fossa and no vacuity.

Merychyus siouxensis, new species
The type for this species is a fine skull in the American Museum,

No. 13774, from the Lower Harrison beds, ten miles west of Agate,
Nebraska. It is not far from M. elegans in size, which name has been in-
correctly applied to some of the material in the Lower Harrison beds,
M. elegans coming from the Valentine beds.

A.M.13774
Fig. 21. Merychyus 8iouxenis, skull from the type. One-half natural size.

The specific characters are a moderately large antorbital fossa and a
moderate-sized antorbital vacuity. The premolars are neither crowded
in the jaw nor shortened, as are those of M. elegans. This is also about
the same size as M. paniensis, which species is lighter-built throughout
and has a much narrower dental series. These three species are nearly
the same size, but a careful examination of the upper dental series of
premolars will readily distinguish them. In M. siouxensis the anterior
portion of premolars 2 and 3 is (for this genus) long, and the anterior
basin is divided into two parts.

Merychyus delicatus, new species
This species is based on a skull and jaws, numbered 12980 in the

American Museum, found on Porcupine Creek, South Dakota. It is the
smallest species known and at the same time has the best-marked specific
characters.
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Fig. 22. Merychyus delicatus, skull and jaws from the type. One-half natural size.

The specific characters are: the size; the light build; only a trace of
an antorbital fossa, and no vacuity. There is no crowding or special
shortening of the premolars. With the measurements in the table on
page 31, the species will be readily recognized.

Merychyus paniensis, new species
Merychyus elegans MATTHEW, 1898, Mem. Amer. Mus. Nat. Hist., I, p. 419.
The material on which this species is based is that which was used by

Dr. Matthew in describing the Pawnee Creek fauna. I have chosen No.
9047 of the American Museum as the type for the species, because that is

1>\ ~~A.M.9047

Fig. 23. Merychyus paniensis, lower jaw from the type. One-half natural size.

an adult lower jaw-associated with metapodials of both the fore and hind
feet and other bones. No. 9442 is an imperfect skull, but it is young;
No. 9045 is another lower jaw, with some limb material; No. 9046 has the
nearly perfect front foot, illustrated in Fig. 24, and No. 9443 has an equally
good hind foot. All show the slender and delicate build of this species.
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The species is very similar to M. elegans, but the upper dentition,
so far as known, is so largely deciduous that comparisons can not be made
on this character. The lower dentitions, however, can be compared.
While the length over all of the two premolar series is nearly the same, in
M. paniensis the first lower premolar is considerably smaller; premolar 2
is considerably larger; premolar 3 somewhat larger, and premolar 4 of
about the same size. The whole dentition of M. paniensis is lighter,
both the premolars and the molars being narrower.

A.M.14057

A.M.49046
Fig. 24. Fig. 25.

Fig. 24. Merychyus paniensis, front foot from No. 9046. One-half natural
size.

Fig. 25. Ticholeptus hypsodus, lower jaw from the type. One-half natural size.

TICHOLZPTUS
This genus was established to include those oreodonts with limbs of

intermediate length and with skulls of a mesocephalic or brachycephalic
type, on which the supra-orbital crest is high, the exoccipital region
broad, the bullae large, and the antorbital vacuity large. The teeth are
shortened from front to back, and the lower fourth premolar is distin-
guished by having the anterior crest bifurcated at the front end. It
ranges from the Lower Harrison be(ds up into the Snake Cr;eek.

Ticholeptus hypsodus, new species
This is one of the oreodonts from the Snake Creek beds, twenty-

three miles south of Agate, Nebraska. I have taken No. 14057, a lower
jaw, as the type. The pattern of the teeth is that typical of Ticholeptus,
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but these are more hypsodont than is usual for the genus. This, however,
seems to me simply the expression of the advanced condition of these
late forms, and it is not desirable to separate them from their prede-
cessors in the Miocene.

The lower premolars have the anterior crest bifurcated, as is char-
acteristic of the genus, but in this species the fourth premolar is slightly
peculiar in that the posterior basin is not completely inclosed until the
tooth is much worn. Molars 2 and 3 are characterized by having a
cingulum in the gap between the two lobes on the outside of each tooth.

METORIODON
This genus was established by Matthew and Cook' for several

oreodonts in the Snake Creek beds which at the time they associated with
Merychyus. The type species of the genus is M. relictus, which represents
an exaggeration of the Ticholeptus characters. The teeth are more hypso-
dont. The cusp-like pillar on lower premolar 4 has grown forward and
enlarged so that it almost fills the anterior basin. The fuirrows on the
outer side of the premolars are also distinctive.

Metoreodon profectus is a larger specialized form which I should refer
to Ticholeptus.

EPOREODON
This genus, so abundant in the Upper Oligocene and John Day beds,

has, so far as known, but one representative in the Miocene of the eastern
Rocky Mountain discrict.

Eporeodon relictus, new species
The type of this species, No. 13813 in the American Museum, was

found in the Lower Rosebud, six miles west of American Horse Creek,
South Dakota. Other specimens of the same species are No. 13814 and
No. 8949, with the latter of which there is a considerable part of the
skeleton, but unfortunately the individual is a young one.

The skull is characterized by being nearly straight along the top,
with bulloe of medium size, a small and rather deep antorbital fossa, and
teeth typical of the genus. There is an unusually wide gap between the
postglenoid and paroccipital processes, so that the whole tympanic bone
is exposed in the side view.

11909. Bull. Amer. Mus. Nat. Hist., XXVI, p. 391.
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E. montanus is the only eastern form of similar size, but it is larger
and has an arched line along the top of the skull. E. occidentalis of the
John Day is similar in size, but this species has a skull of much wider and
heavier build.

The front limb is light and slender, even.for a member of this genus,
but would fall in the class described as medium, that is, about the weight
of the skeleton of Merycoidodon. The following measurements give the
characteristics of the species.

A.M.13813 ,'

Fig. 26: Eporeodon relictus, skull and upper dentition from the type. One-
half natural size.

Length of the skull 198 mm.
Length of upper molar series 44
Length of upper premolar series 40
Length of radius (No. 8949) 100
Length of ulna (No. 8949) 135
Length of metacarpal III (No. 8949) 52
Length of first phalanx (mc. III) (No. 8949) 17
Length of second phalanx (mc. III) (No. 8949) 11
Length of ungual phalanx (mc. III) (No. 8949) 13
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