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OTHNIEL CHARLES MARSH 

BY CHARLES SCHUCIIERT 

Othniel Charles Marsh, for ,twelve years president of the 
National r\caderny of Sciences, was born to Caleb Marsh and 
Mary Gaines Peabody on October 29, 1831, in Lockport, New 
York, and died in New Haven, Connecticut, on March 18, 1899. 
One of the three founders of the science of vertebrate paleon- 
tology in America, his career furnishes an outstanding exatnple 
of the indomitable spirit that drives men on to a determined 
goal. His motto might well have been. "\l.That 1 have, I hold." 
H e  asked no quarter, and gave none. :It home around a camp 
fire or in an army tent, formal as a presiding officer or in 
society, at times austere and autocratic, at others a raconteur 
of note, he left a lasting impression on his chosen 111-anch of 
science. 

Summarizing his work statistically, it may be said that he- 
tween 1861 and 1899 he published about 300 papers, reports, 
and books. Of new genera he described 225, and of new species, 
496; of new families 64, of su1)orders 8, of orders 19, and of 
subclasses I .  

Of his work on vertebrate fossils in general, Osbom says that 
he "carried out the most intensive field esl)loration known to 
science ant1 pul~lishetl a large num1)er of 1)reliminary papcrs, 
which fairly revol~~tionized our knowledge." 

ANCESTRY AKD TIZ:\INISG 

John hlarsh of Salem, the first of his name recorded as 
emigrating from England to America, is believctl to have reached 

In  the preparation of this memorial, the writer has been aided greatly 
by the excellent skctches of Professor Marsh writtcn by George Bird 
Grinnell, Charles E. Beecher, and J. L. Wortman. Still further insight 
into his background and character was furnished hy the many family 
letters preserved in the archives of the Peahody Museum at Yale Uni- 
versity, and by the twenty-six bound volun~es of Marsh correspondence. 
The memorial has also had the benefit of criticism hy Professor Richard S. 
T ~ l l ,  who was for many years in charge of the Marsh collections a t  
Yale. I t  is the writer's hope soon to expand the memorial into a I>ook on 
Professor Marsh. 
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the Massachusetts Bay colony in the year 1634. A cordwainer 
by trade, he was very fortunate in his marriage, taking to wife 
in 1635/36 Susanna, eldest daughter of the Rev. Samuel Skelton, 
the latter a graduate of Cambridge and the "spiritual father" 
of Governor Endicott, at  whose solicitation he came to Salein 
in 1629 and there organized the first church of the Puritans. 
Zachary, the eldest of John and Susanna Marsh's eleven chil- 
dren, in turn left a family of nine, and it is this line that has 
most interest in the present connection, because John Marsh, 
of the sixth generation from Zachary, and his wife, Mary 
Brown, were the parents of Caleb Marsh, born in South Dan- 
vers (now Peabody) on Kovember 8, 1800. 

On his mother's side, Professor Marsh's ancestry can be 
carried back much further, the name Peabody (or Pabody) 
reputedly originating early in the Christian era. Lieut. Francis 
Peabody, the first of the American family, came to New Eng- 
land from Hertfordshire in 1635-a "husbandman," 21 years 
of age. I Ie  lived first in Ipswich but in 1638 became one of the 
original settlers of Hampton, and moved to Topsfield in 1650. 
Like John Marsh, he picked a helpmate from a distinguished 
family, the daughter of Reginald Foster (or Forster) , whose 
kin were honorably mentioned in "The Lay of the Last Minstrel" 
and in "Marmion". Thomas, their descendant of the fifth gen- 
eration, born in 1762, married Judith Dodge of Rowley in 1788, 
and became the father of Mary Gaines Peabody, Professor 
Marsh's mother, on September 3, 1807. 

I t  is interesting to note the purity of the English stock that 
lay hack of the subject of this memorial. The families that are 
represented hy Professor k r s h ' s  eight greatgrandparents can 
each be traced back to the early days of the colonies without 
break, and several of them are known for many generations in 
England; and in none of the marriages so fa r  traced does there 
appear any name indicative of other than English blood. The 
families were: Marsh, Brown, Foster, and Buxton, on the one 
side, and Peahody, Gaines, Dodge, and Spofford on the other. 

The early years of the nineteenth century found the two house- 
holds with which we are concerned living in the village of South 
Danvers. John and Mary Marsh, with their seven children, 
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shasctl a comfortable home, kept f roil1 ready money by the 
father's tet~leiicy to acquire still more land, but with definite 
educational tratlltioils that sent the boys to nearby academies 
antl at least two of them to college-John to Harvard, Ezekiel 
to Ik~wdoin and then to ~lnclovei- and Yale for theology. In  the 
1'eal)ody home, there was at first little surplus 1)eyond living 
i~ec~ssit ies,  because the father had died by accident in 1811, 1e;~v- 
iiig liis widow to find food antl shelter for eight children, the 
yomigest of whom had been in the world on11 two years. Jutllth 
Dodge Peahody was iilatle of stern stuff, however, and she hat1 
stalwart help in her sons, especially George, then agetl sixtccn, 
who was to have one of the most aston~sliing careers in Amel-i-. 
can finance. By the time the younger girls were ready for school- 
ing, Geoigc mas psoviding the family w ~ t h  a comfo~tal)le li\iilg. 
antl it n a s  at his request that liis sisters Mary and Sophi-nnia 
were sent to Bradford Alcademy, which Calel) l larsl i  had also 
attended. 

The  I'eahody family moved from II:m\.ers to a neighl)os~ng 
town some time (luring this period, hut Mary's friendship w t h  
Calcl) l farsh  reached thc stage of an engagement in the early 
part of 18.26. A lctter was sent to Daltimore, asl\ing her I~rothcs's 
conscnt to the marriage, and enclosing an extract of a letter from 
C;llc.l~, n hich n a i  conceriletl with the ver! iieccisarj question of 
what the young couple wcse to l i \e  on. George Peal~ody agreed 
to give his sister as much :Is Calelj should receive from his father, 
so the two weined assuretl of a comforta1,le aniomt  on which to 
start life together. 

Calel) antl his family felt that his opportunities for ~nalcing a 
living would be hetter in the new country to the west, and wit11 
that idea in mind thc yotuig mail accon~~)anie(l his brother John 
to hIichigan. TTowel-er, the farm that Calel~ finally 1)ought lor 
111s ~natri~nonial  vrnturc was in Idockpoi-t, S e w  L'ork, on Chcst- 
nut IC~tlge, three miles eait of thc village and one mile from the 
Eric Canal, on the north side of the old Post Road to Albany ; 
it I d  T 13 acres of land, two "convenient houses", three large 

' Tile Llr. Johi1 Marsh ~vliose interesting story has I)ccii told 114. George 
D. I.yrna11 i l l  llis bnok. Johr~ dltrrsl~,  I'ioizcrr, Scrilmcr's, 1930. 
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barns, and a very fine orchard, the price being $2000. Later he 
bought an additional IOO acres or more. 

To this Lockport farm Caleb brought his young wife shortly 
after their marriage on April 12, 1827. No sorrow seems to 
have clouded their first years together except the loss of their 
first child at birth early in 1828, a loss soon softened I)! tlie 
coming of a daughter, Mary, in a i ~ ~ g u s t  1829, and of a son, 
Othniel Charles, on October 29, 1831. There were temporary 
reverses of fortune such as fall to the farmer's lot, but no major 
catastrophe until August 1834, when the young mother, appar- 
ently recovering normally from the birth of her fourth child, 
was taken down with cholera and died within fourteen hours. 
Her  husband. grief stricken, hurriedly sold his farm and 11 ent 
back with his two elder children to his old home in Danvers. In 
1836 or early 1837 he was remarried, this time to Mary Lattin, 
daughter of a well-to-do Lockport man. H e  was engaged for 
a while in the shoe business in Haverhill. but sl~aretl the fate of 
many in the depression of 1837, and a few years later returiled 
to Lockport, taking Othniel with him. 

Of Othniel's early days, we have but little information As 
the eldest boy, he was expected to he his father's mainstay in 
tlie farm work, but he preferred to range the countryside, hunt- 
ing the small game thcn still abundant in the Lockport region, 
and becoming an expert shot with a rifle. UThile lie and his 
stepmother seem to have been on friendly terms, neverthcless 
the new hrood of children, which had increased to six by 1852, 
tlie recurring financial troubles, Caleh's inability to cope with 
them, and his consequent lack of equability, all helped to drive 
the wedge deeper between father and son. The 11oy went to 
school apparently in the winter only, hut by 1848 he had acquired 
sufficient knowledge to allow him to attend IVilson Collegiate 
Institute at IYilson, New York, where hii coilduct and progress 
during the years 18&1850 were reported by the principal to 
1)e "satisfactory". In  1850 he was a pupil in the Lockport Union 
School, and in that year he tried sc!mol teaching, but gave it up 
I~ecause of "headaches9'-probably due to near-sightedness. 
However, he made money enough to enable him to follow a long- 
cherished wish and go back East ;  and the next year his doings 
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at  tlie family homestead in South Danvers are recorded in a 
diary. This diary, it must be admitted, shows surprising im- 
maturity for a young man of twenty, and yet the year 1851- 
1852 was the turning- point in Marsh's life. Coming of age. 
lie received a settlement, at  least in part, of the property held 
for him since his mother's death (proceeds of the inarriage 
clo~vry given her by her I)rother George), and with it, he decided 
to go to Phillips Academy at  2Andover, ;Ilassachusetts. 

I-le entered the Academy 1)efore the turn of tlie year, and 
there he found the environment that brought to the fore qualities 
hitherto dormant. n'ot at oncc, however: the first year he did 
not exert hiniself, I)ut the second year he settled down to work 
in carnest. His  comparative niaturity gave him an advantage 
over the other I~oys, anil he found within himself a zest for 
learning. Even illore .significant, he very shortly develo1)ed 
a talent for  leadership. I le was at  Andover five years, gradw 
ating valedictorian in July 1856; according to a statement quoted 
by Gr-inncll. "He had made a clean sweep of all the honors of 
Phillips ilcademy-there was no desiralde honor which 11c did 
not get while there." 

1-Je had not been in L-\ntlover long when George Pcal~ody ex- 
tentled hinl a helping l i a ~ d ,  ant1 in May 1856 ()thniel carefully 
frarnetl a letter to his uticle, expressing his gratitude for past 
opl)ortunities, and asking perniission to enter Yale College. 
The first actual meeting 1)etween the two took place later in that 
samc year, ancl what George Peabody saw was evidently to his 
lil;ing, for LTarsh enteretl \-ale Collegc in Septen11)cr 18\56. 

. \ t  Yale, Marsh's progress was less brilliant than at  Andover, 
but he was graduated in 1860 (a t  the age of 28) with a 1Tigli 
Orations stand in the Classical Course, eighth in a class of 109. 
H e  was clectecl to Phi Reta Kappa, and he also rcceivctl a 
Berkeley Scholarship, awarded for excellence in certain of 
thc classics, ancl carrying with it the proviso that the recipient 
must remain at  Yale as a graduatc student for one to three years. 
Although his rank as a "Scholar of the House" was thus founded 
on the classics, h1arsh had no intention of following these 
1)mnches further. Before his graduation he had written his 
uncle that he wished to fit himself for "a Professorship of Nat- 
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ural Science in Yale or some other College", and had received 
the latter's consent. Certainly it was quite in keeping with 
George Peabody's own career to be \villing to foster high ambi- 
tion when he saw i t !  

I t  might be profitable at this point to consider what forces had 
been shaping Ililarsh's mind toward science. First among them 
was doubtless his country upl~ringing and his great love for the 
outdoors, expressed in his compositions at the llTilson Collegiate 
Institute. At  the time when the Erie Canal was being excavated, 
in 1823, and when it was being widened, about 1843, the Lock- 
port region 1)ecamc famous the world over for its Niagaran 
( Silurian) fossils, and this rich fauna attracted a retired army 
officer. Col. Ezekiel Jewett ( I 791 - 1 8 7 ~ ) ,  who is said a t  that 
time to have been "unsurpassed in America as a field paleontolo- 
gist." I t  is known that young Marsh came under the influence 
of Colonel Jewett some time after 1843-the colonel had a 
sumnicr school in geology at Lockport in 1843-181 /~and  learned 
from him how ant1 where to collect fossils, and especially inin- 
erals. P,y the time he went to .%ndover, in 1851, he already had 
a mineral collection of sonw dimension, and he added to it dur- 
ing five summer trips to Nova Scotia. ,&I interesting item, in 
view of subsequent events, is the statement in his Andover diary 
that in April 1855 he called on Renjamin F. Mudge, then curator 
of the natural history society in 1,ynn. to see his minerals and to 
get help in identifying some of his own. During his first two 
years at Antlover, he was in the English Department, which 
offered some courses in natural science, Imt with his decision 
to go to college. made in the spring of 1853, he had perforce 
to shift to the Classical Course. 

After his graduation from Yale College, Ararsh turned at 
once to science, then developing rapidly at Yale undrr the two 
Sillimans, George J. Brush, and James D. Dana; a11d it was 
under the guidance of these men, and especially of Professor 
Brush, that he spent two years of study in the young Sheffield 
Scientific School. As the second year drew to a close, he had to 
decide what should be the next step toward the professorship 
that had become his goal. Evidently the idea of study abroad 
had been in his mind for some tin~e-doubtless placed there by 
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Brush, wlio.liad studied in Germany-for he wrote his u~iclc on 
June 9, 1862 : " l f  the plan of completing nl!. studies in Ger- 
many, wliich you once so liindly approved, still meets with your 
apl)rol~ation, I should like to go in Scptcmhcr next." Alr. l'ea- 
hotly readily assented, and letters of introduction given Alnt-sh 
by l'rofessor Dana indicatc that lie \vas planning to study par- 
ticularly analytical chemistry antl mineralogy. 

Marsh started for Germany in Novemljer 1862, stopping in 
London to visit his uncle, to see the International Exhiljitio~l, 
antl to look at  some fossils in the l3ritish l [useui~i  that lie 
wished to compare wit11 certain verte1)rate rcniains discovered 
on his second visit to S o w  Scotia S O I I I ~  years earlier, and form- 
ing the subject of Iiis first papcr on fossil vertc1)rates. "Descrip 
tion of the Remains of a Xew I<l~aliosaurian (Eo.sn~rri~.s nctrtli- 
a~zzr.~)", pul~lishetl in July 1862. copy of this Inper llad 
been sent to Sir  Charles 1,yell for pul)lication in the Procrrd-  
i ~ z ~ j s  of the Geological Society of Lontlon, antl it was con11n11- 
nicatetl to that Society in Ilecc~nher by Lye11 liimsclf. In  the 
followi~lg year, l larsl i  was ~)roposetl for n~cml~ership  in this 
leading geological society 1)y Lycll, a signal Iionor foi- so yoi~ng 
and ~intricd a n-orlier. 

Marsh matriculated at  13erlin University as a studelit of 
minct-alogy and chemistry u~ltler G. antl H. Rose, respectively, 
and of microgeology untler Ehrcnherg. I n  the spring of 1863 
he m w e d  011 t o  I leidcllxrg, to work untler 131111sen, l',lum, ant1 
Kirsclmff. During- this spring, also, he hat1 a momentous 
meeting with his uncle while tlie latter was taking the "~111-c" 
at  Wiesbatlen. This con fcre tm was concernetl not only ~v i th  
Alarsh's hoped-for carccr, but with l l r .  I'e:~l~otly's "futw-e 
plans antl donations," r c p r d i n g  which the two hat1 had "a 
long talk" in England the year before. \\'hen it \vas over, 
Marsll was able to w i t c  the eltler Silliman that his uncle pro- 
posed to give Tale tlie sum of $~oo.ooo (later inci-eased to $ 1  50,- 
ooo)  for a museum of natural science. 

After a summer spent in Switzerland, 11arsh went hack to 
Berlin in the fall of 1863, antl slxnt the entire academic year 
in the study of paleontology, at Professor Ilana's suggestio~l; 
by this time it had 11een n u d e  clear to him that a position in the 
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Sheffield Scientific School was a probability. The surnmer of 
1864 he devoted to further excursions in Switzerland, and in 
October he entered the university at Breslau to study with 
Ferdinand Roemer (who had done much geologic work in 
Texas and Tennessee), Grube, and Goeppert, returning to Ber- 
lin in the spring. 

Marsh's formal appointment to the professorship of paleon- 
tology in the Sheffield Scientific School-the first such chair in 
America-was made at  Commencement, July 24, 1866. His  
connection with the Scientific School continued until 1879, 
when he was transferred to Yale College. According to Grin- 
nell, "he did not wish to malie his professorship a teaching one, 
and preferred to serve Yale without salary in order that his 
time might be devoted to research and exploration." 

1LIRSH'S  PEIISOS-41,ITY 

George Bird Grinnell, naturalist and writer, was one of Pro- 
fessor Marsh's stude~its, a fellow explorer with him on two 
Yale expeditions in the Rocky llountain country, and a close 
friend to the end of Marsh's life. Charles E. Beecher, who suc- 
ceeded Marsh at Yale, worked in the same room with him for 
ten years as his assistant, had the full confidence of his superior, 
and prol)al~ly understood him better than most other persons, 
besides knowing more of his later Iiistorj. The ilieinorials 
written by Grinnell (1910) ant1 Beecher ( ~ S g g ) ~  form the basis 
for the following account, supplemented by the writer's own 
knowledge of Marsh, gained from daily intercourse with him 
during the year 1892 and occasional meetings during the last 
six years of his life, and from a study of the thousands of letters 
received Ily Marsh, his many notes relating to his own career, 
an abundance of newspaper clippings, and finally, the nearly 
three hundred scientific papers that he published. 

Blarsh's early life as a farmer's so11 had developed fo r  him 
a strong frame and a robust body. Kever seriously ill at any 
time in his life, we find him nowhere dwelling on the hardships 
of life or the dangers and fatigue of field work in his pioneer 

Cited, together with other sketches of Professor Marsh, a t  the end 
of the bibliography which accompanies this memoir. 



days in the Rocky Mountain region. H e  stood about 5 feet, 10 

inches, in his shoes, was stockily built, broad-shouldered, and 
erect. 111 early life he probably weighed around 160 pounds, 
and in later years about 175. I n  middle life his nose, mouth 
and chin were average in character, his facc round, his com- 
plexion fair antl of a healthy color. II is  hair and eyehrows were 
sandy in tone, with a b e a d  tending toward red. H e  had widely 
spaced blue eyes that were somewhat ncarsighted-a defect that 
led to his rejection by the Army in t h e  Civil W a r  days ; he 
wore eyeglasses only while reading and writing, howeyer, and 
none of his imany portraits show him with such. His  forehead 
was high, and a scantiness of front hair caused it to appear even 
untluly so ; with middle life he 1)ecanie slightly bald. As  a youth 
he wore a flowing mustache, but almost all his later portraits show 
a well dressed full beard. 

Although possil~ly inheriting t l ~ r o ~ t g h  his mother Inany of 
the traits that were to make him prominent, Marsh grew up 
without the softening influence that she might have exerted, 
antl his favorite sister, Mary, died while he was in L2ndover. 
With his somewhat domineering father he did not get on well. 
Moreover, as he remained a bachelor, he had no family ties to 
holtl him in check. Self-reliance he possessed to an  cstraordi- 
nary degrec, and it naturally led to a self-centering of his life 
antl anibitioi?s. Out  of it came, also, lleecher says, 

"an absence of tlic complete excliange of confitlcnce which normally 
exists betwccn intimate friends. Evcn where perfcct confidence existed, 
he seldom revealed more al~out any particular mattcr than seernctl to 
him necessary or than the circumstances really demat~ded." 

By anyone meeting RIarsh for the first time, and especially 
anyone asking for info~ination in his line o l  rewarcli, the cautiuu 
of the inan must have been instantly fe l t -po~ddy even a slightly 
suspicious attitude until he had made sure that he knew the 
whj  s and wherefores of the meeting. Although access to him 
wa5 easy, the critical visitor soon saw the marlied self-confidence 
that comes with wealth antl position. I t  was hut natural that he 
should be proud of his ancestry, especially of his relationship 
to (ieorge I'eabotly, who had made his career possible; antl he 



was very proud indeed of his unique professorship at  17ale, as 
well as of his high standing among the leaders of science. The 
next things to impress the visitor were ininor physical peculiar- 
ities, such as the l~linking of his searching, nearsighted eyes, and 
the seeming impatience shown in his nervous, half-artic~~lated 
"\\:hat ? byha t ' s  that ?' O n  longer acquaintance one came to 
appreciate that his chief characteristic was his feeling that "the 
work of the hour is of prime importance." and that all those 
around him should be as interested in it as he was. His  amhition 
to stand at the top is apparent from his A h d o v e s  days onrvard. 
and once he had tlecidetl what road to follow, he never navered 
in his determination to be one of the highest savants in science 
and to build up at  Yale one of the world's largest fouildations in 
paleontology. H e  fully accomplished all these wishes. 

\I-e get a good insight into Professor Marsh as he appeared 
to his Yale colleagues in the following excerpt from President 
Timothy Dwight's l lerriorics of  Ytrlc Lifc nrld J l c ~ :  

"In his personality, Professor Marsh was, as \ve may say, a man quite 
by himself. H e  Ivas intelligent, with a manly intelligence, and a careful 
student, patient in his researches. But a t  the same time, as a collector 
and discoverer, he had the irrepressible zeal which is characteristic of an 
enthusiast. Every ne\v thing in his own sphere of investigation which 
revealed itself-rrerything which had in it the promise of a revelation- 
gave him happiness and stirred him to fresh activity. H e  would press 
for\$-ard with all energy, and any needed outlay of effort or means, to 
secure what it might have to give him. IVhen he had made it his own, and 
found it of true \ d u e ,  he hastened with joyful ardor to relate his good 
fortune to his friends, as if he had posscsscd himself of a hidden 
treasure. . . . 

"In his attitude and in his manner of exprcssing himself, a certain 
formality n-as characteristic of him. Especially was this manifest in 
cases where he sought an interview with others on matters of business, 
or on subjects of interest with respect to his own particular \vork. The 
slight and somenliat peculiar hesitation in his utterance rendered this 
formality more conspicuous. I was always struck with this singularity 
of manner \\-lien Ile called upon me. . . . IVhatever the object might he, 
the tnanncr o i  the man was the same. I t  was as if we had been two mill- 
isters of state having little acquaintance with each other, ~ v h o  had met for 
the settlement of some great question of public concern. .Ul was serious 
\\.it11 a dignified solemnity, and measured with a diplomatic deliberate- 
ness. . . . Such idiosyncrasies made the man the more interesting. They 
certainly gave him an individuality which distinguished him from others." 



Grinnell says that Marsh was a keen judge of men, could 
instantly select the one he felt would I)e of most use to him, 
and was seldom at fault in his estimate of character; that he 
was efficient and shrewd, with a touch of cunning, and an 
aggressive leader. Though not an easy writer, "he took great 
pains to express himself clearly and in correct English." 

With the desire to know how RIarsh appeared to his Euro- 
pean conte~nporaries, the writer asked this question of Sir 
Arthur Smith \Z'ooclm-artl. of I,ondon, whose father, Henry 
\Vootlward, was probably the closest o f  Marsh's friends on 
that side of the ocean, and f r o m  him received the following 
reply : 

"Professor Marsh visited l'nglantl usually in alternate years, and he 
had a large circle of friends both in this country and on the European 
continent. I first met him in 1884 in my second year as an assistant in 
the Geological Department of the Ilritish Museum (Nat .  Hist.), and 
thenceforth I regarded him as one of my best friends. 111 1890 I stayed 
with him in his 'wigwam' (as he termed i t)  at 360 Prospect Street, 
Kew Haven, and I was always closely associated with him during his 
visits to Eng la td  IIc was ahsorbed in palaeontological research; and 
in I,o~itlon he spent most of his tinic in studying the fragmentary fossil 
renuins of reptiles and mamtnals in the British Museum for cornparison 
with the much finer specimens which 11e had at  his disposal in America. 
H e  visited other cities for the same purpose, and thus had much influence 
on thc progress of vertebrate palacontology in Europe. . . . 

''Like other great men, Marsh Iiad his failings; and close association 
with him soon revealed both his unrestrained jealousy and his love of 
popular adulation. l i i s  early rivalry wit11 Cope ant1 his latcr rivalry 
with Osl~orn were never-endiug su1)jects of conversation. Flattering 
newspaper notices pleased him, and 1 remember he was delighted when 
the l<nglish journal l'l111clt pulilished a little picture of him discoursing 
on the newly discovcrcd sIi111l of ? ' T ~ c c I . ( z ~ o ~ ) s  to the 12ritisli Association 
at  Ixcds in 1890. . . . 

"Alarsh was a renlarliably keen observer, a d  he was quick to see the 
infcrc~ices which tniglit be drawn from the Pacts before him. H e  was also 
oue o f  the forc~nost systematists of his time, aiitl contributed greatly to  
the classification of reptiles, I~ii-ds and mammals. . . . I am convinced 
that in all essentials Marsh's fundamental contril)utio~~s to vertebrate 
palacoutology were his own, and stimulated hy his boundless enthusiasm 
fo r  our science." 

In his Academy days, and at Yale College, hfarsh learned 
to 11e a11 easy miser, and his diary shows that this was true not 
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only among his classmates but also among his instructors; 
during his vacations he was constantly traveling about, calling on 
his relatives, on the curators of museums, on local collectors of 
iniilerals, and on others whom he had heard of as interested in 
natural history. This ease in meeting people, and especially 
notables, stood him in good stead in both America and Europe. 
The sunny side of his make-up was nearly always uppermost; 
in Huxley's words, he was "a wonderfully good fellow, full of 
fun and stories of his western adventures." 

Marsh was also very fond of entertaining, and liked to give 
dinner parties in his finely landscaped home on Prospect Street, 
which was in reality but another museum in which to display his 
many trophies, his orchids, his paintings, and his endless ex- 
amples of Japanese art. Here also he had as a guest, for several 
days in 1883, the great Sioux leader, Chief Red Cloud, whom 
he presented to several hundred of the distinguished citizens of 
the town. 

I t  is a little difficult for a biographer, writing after this lapse 
of time, to understand fully the trail of hostility that Marsh left 
in many quarters. Beecher testifies that he was 

"normally restive under restraint, and met all opposition with power and 
fearlessness. Having practically created the modern science of verte- 
brate paleontology in America, he resented any encroachment upon the 
particular fields of research in which he was engaged. This attitude 
irequently developed feelings of hostility in other investigators, and often 
alienated him from co-workers in his Department of Science." 

Grinnell puts the same idea a little differently, thus: 

"His fossils were priceless in his eyes, and he guarded them with 
extremest care. A man of less enthusiasm or more liberal mind might 
have turned over ccrtain subjects to able assistants; Marsh's failure in 
this respect caused in several cases a rupture of friendly relations. . . . 
H e  had one or two uufortunate experiences with visitors; hence was some- 
what suspicious. . . . Marsh's peculiarities were many, some of them 
being so marked as to give hi\ enemies an opportunity to  speak ill of 
him, which sometimes resulted in grave injustice." 

Looking back through his career, appears to the writer 
to have been a sort of Jack the Giant Killer, for he was forever 
attacking errors, humbugs, and impostors. H e  began this in 



1861, when he exploded the Nova Scotians' hopes for their gold 
mines, and in 1862 he corrected no less a savant than Louis 
Agassiz in regard to a certain feature in Eosazwz~s. Six years 
later, on his first trip to  the West, certain so-called "human" 
remains found nearly 70 feet beneath tlie surface in western 
Nebraska were shown by him to belong to three-toed horses 
and associated animals ; and huge footprints supposed to have 
been left by giants in ancient Nevada, turned out, under his 
searching exaii~inatioii in 1883, to be those of a well-known 
species of extinct ground sloth. 

The richest exposure in which he figured was utidoubtedly 
that of the Cardiff Giant in 1869. This was "a gypsum man, 
ten and a half feet long, nude, virile and unabashed," dug up in 
the dark of an October night in Onontlaga County, New York, 
and widely shown at fifty cents a head. State Geologist James 
Hall, inspecting it undisturl~ed for "a full quarter of an hour," 
publicly stated it to be "the most remarkal)le ol~ject yet brought 
to light in this country and although perhaps not dating back 
to the Stone Age, . . . nevertheless deserving the attention of 
archeologists." The perpetrators of the hoax were getting rich, 
when Professor Marsh, suspicious of this gypsum giant from 
his native state, unearthed its real history with the help of a 
man from Iowa who, dissatisfied with his share of the profits, 
declared that he "got up" the giant from a I~lock o f  Iowa gypsum, 
and that it was then shipped to Cardiff, Kew York, hauled by 
nig-ht to its 1)urying place, and "resuscitated with full attention 
to all necessary details." After his inspection of the giant a t  
Syracuse, during which he made sure that it was conqmsed of 
gypsum, a substance that is soluble in water and therefore 
could not have retained, af ter  burial, the polished surface that 
the statue displayed, Marsh wrote a letter to a newspaper friend 
exposing all that he had learned, and thus exploded the most 
uproarious hoax ever "launchetl upon tlie credulity of a hum- 
bug-loving people" (Clarke, Life of J a ~ i l c s  Hall, 1921 ) . 

One of the two hardest lnttles of Marsh's life was his strug- 
gle in 1875 with the unscrupulous politicians of the "Indian 
Ring" a t  Washington, which started when he sent to President 
Grant, following a promise made to Chief Red Cloud, a printed 
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expos6 of disreputable frauds that were being practiced upon 
the Indians at  the Red Cloud Agency in Nebraska; and which 
ended with the cleaning out of the Agency and added the final 
straw to a load of evidence that had long been accumulating 
against certain members of the Interior Department. Many of 
the partisan papers of the time showered the professor with 
scurrilous language, but so fa r  as Marsh was concerned these 
attacks had the same effect as water on a duck's back, and in 
no wise turned him from his determination "to clear out the 
varmints." 

The most protracted and bitter fight of Marsh's life, that 
against his great rival, Professor Edward Drinker Cope of 
Philadelphia, broke out in 1873, when he began to point out in 
print the latter's attempt at  antedating papers containing cle- 
scriptions of new forsns of vertebrates. Years of acrimony 
between the two clin~axed on January 12, 1890, when Cope, 
through a newspaper writer in the New Yorlc Herald, burst 
forth with a full-page charge against the doings of Marsh and 
of Major J. IV. Powell, Director of the United States Geo- 
logical Survey, which was met a week later by a long blast of 
counter-accusation from Marsh. Of  this exchange, Osbort~ says, 
in his life of Cope (1931) : 

"Cope attacked after a truly Celtic fashion, hitting out blindly right 
and left with little or no precaution for guarding the rear. . . . Marsh's 
reply was thoroughly of a cold-l~looded Teutonic, or Nordic t jpe,  very 
dignified and, undcr the co\cr of wounded silence, reluctantly breaking 
the silence of years." 

During the two closing decades of the last century, nearly all 
the vertebrate paleontologists in the United States became parti- 
sans in this warfare, either openly or otherwise. Reverbera- 
tions of the quarrel reached the Senate in 1892, when the Geo- 
logical Survey was under fire because of Major Powell's ad- 
vanced ideas about irrigation; and it thus 11ecame one of the 
factors that led to the 30 per cent cut in the Survey's annual 
appropriations ( j o  per cent in paleontology), and to the con- 
sequent discharge of many geologists, aside from hlarsh, who 
had had nothing whatever to do with the contro~ersies. 
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MARSH AS A COLLECTOR 

According to Beecher, it was as a collector that Marsh was 
seen at his best, and the collections that he amassed during the 
last thirty years of his life 

"form a lasting monument to his perseverance and foresight. . . . H e  
not only had the means and the inclination, but entered every field of 
acquisition with the dominating ambition to obtain everything there was 
in it, and leave not a single scrap behind. Every avenue of approach was 
made use of, and cost was often a secondary consideration. The nine- 
tenths, when attained, were only an additional stimulus for securing the 
remaining one-tenth." 

This preeminence of Marsh as a collector went beyond the 
amount of material that he acquired, because the improvement 
that he made in the technique of collecting was of equal im- 
portance. In 1892, when the writer was at work as a prepara- 
tor of invertebrate fossils in the Yale Museum, he saw masses 
of rock and bone coming in from the field daily, bandaged and 
held together by gunny sacking that had been cut in strips, 
saturated with plaster of paris, wrapped over the fossils before 
they were lifted out of the ground and again on the under side 
when they could be turned over. H e  saw these packages, small 
and large, opened little by little by the skilful "bone-setters", 
with no disturbance of the much fractured specimens. As each 
part was opened, thin shellac or liquid glue was poured into all 
the crevices, or the parts were lifted one after another and 
reset in plaster of paris, so that when they dried out, the pieces 
were held firmly in place. He  was fascinated by this resurrec- 
ti& of ancient bones and their preservation in all their structural 
glory for the edification of paleontologists. Having heard that 
Marsh was the inventor of the process, the writer asked him one 
day how this came about. Marsh replied that he got the idea 
from having seen medical men set broken bones in splints and 
hold them together with strips of cloth soaked in plaster of 
paris. This may be true, but rumor has it that the first step in 
this method was invented by S. W. Williston. In the late sum- 
mer of 1877, he and M. P. Felch were trying to take up a badly 
fractured and much weathered Difilodocus, and finally, in de- 
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spair, Williston wrote Marsh on Septeinber 21 : "Will it do to 
paste strips of strong paper 011 fractured hones before reinov- 
ing? . . . These strips are put on with ordinary flour-paste 
and can be removed I think easily." There is still extant in the 
Peabody Museu~n a bone bandaged in this way by Williston and 
Mudge in 1877. This seems to indicate that the former was 
the initiator of the bandaging method, and it would be but a 
step from strips of paper with flour paste to the more secure 
stripsof sacking soaked in liquid plaster of paris. Marsh may 
have suggested the improvement; in any event, 11y 1880 this sur- 
gical device was in use by all his collectors. 

A t  the time when he began to collect vertebrates, Marsh 
went on to say, the material that had been described was nearly 
always of a fragmentary nature, and usually consisted of teeth, 
broken jaws, and other isolated bones. The truth of this state- 
ment is evident at once to anyone who looks through the early 
publications. As Marsh said, this was the age when the usual 
n~ethod was to drive the pick under the bone, pull it up, rake 
all the pieces together and dump them into a sack, with the 
pious hope that the preparators would be able to fit the puzzle 
together. How much better Marsh and his "bone-hunters" 
came to do their collecting may be seen from a perusal of the 
plates in, for example, his monographs on the toothed birds 
(1880), the Dinocerata (1885), and the dinosaurs (1896), and 
in his many papers that give lifelike restorations of extinct rep- 
tiles and mammals. 

John Bell Hatcher, the most extensive collector of Marsh's 
many field men, speaks of "Marsh's well known aversion to 
dealing with fragmentary or relatively unin~portant material 
and seeking after the 'choicest plums' as he used frequently to 
express it." In another place, he adds: 

"Where a generation ago the extinct vertebrate life of America was 
but poorly represented in our museums by imperfect series of teeth and 
isolated bones, we are now able to study many of these extinct animals 
from more or less complete skeletons. For these improved conditions 
we are mainly indebted to the late Professor Marsh, either directly by 
reason of the vast collections acquired by him, or indirectly through the 
improved laboratory and field methods developed by him and his 
assistants." 
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The steady stream of vertebrate fossils that poured from the 
West into the Yale Museum during the years 187-1873 came 
as the result of a brilliant idea on the part of Marsh-brilliantly 
planned and brilliantly executed-in short, the organization of 
four expeditions into the western territories, the personnel of 
which was made up mainly of recent graduates or under- 
graduates of Yale College and the Sheffield Scientific School, 
who not only did their share of the actual collecting, but paid 
most of the expenses of the trips. A fifth expedition, in 1874, 
though rich in yield, was made up of tested collectors and army 
men. After that date, Marsh did most of his collecting through 
individual paid collectors and their assistants, directed by corre- 
spondence and by occasional trips to the field. 

Marsh himself said that at  one time or another between 1870 
and 1898, and for short or long periods of service, he employed 
"several hundred" helpers of various types. Included in this 
category were soldier escorts and their officers and guides, cooks, 
teamsters, "bone-diggers" and their assistants, and also his 
laboratory aids. There is no record of those who were thus 
employed for short times, but more than one hundred persons 
are represented either by letters or by names in the accession 
and account books. Of these, at  least fifty were employed be- 
fore 1882, and the remainder during Marsh's connection with 
the United States Geological Survey; and of the latter, thirty- 
five were collectors on the federal payroll. The collector par 
excellence was J .  B. Hatcher; other efficient ones were B. F. 
Mudge, Arthur Lakes, M. P. Felch, W. H. Reed, S. W. 
Williston, Fred Brown, E. Kennedy, D. Baldwin, Gus Craven, 
Leander S. Davis, Sam Smith, and H. T. Martin. In the years 
between 1870 and 1892 the vertebrate fossils arrived at  New 
Haven in an endless stream of boxes and packages of all sizes, 
and at times in carload lots, the accession books recording about 
3000 shipments. 

The use of his personal fortune and of the funds put a t  his 
disposal by the United States Geological Survey made it possible 
for Marsh to bring together what was probably the greatest col- 
lection of Mesozoic and Cenozoic vertebrate skeletons ever 
amassed by one individual. Cost was never his first considera- 
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tion-he was after big results. H e  told the writer that his pet 
specimen, the giant sauropod dinosaur Brontosaurus excelsus, 
had cost him $20,000, and that he had spent on his collections 
as a whole not less than $zoo,ooo of his own money. In  
addition, he spent for the United States Geological Survey 
about $I 50,000. 

With regard to the improvements in collecting technique 
brought about by Marsh, we have the testimony of J. L. Wort- 
man, who was in a position to note the changes in methods, since 
he was long assistant to Cope and later a member of Osborn's 
large staff in the American Museum of Natural History. I n  
his memorial of Marsh, he says : 

"The record of his discoveries is one of almost continual triumph in 
the bringing to light of new and strange forms of life that had inhabited 
the western hemisphere in the distant past. . . . The methods of col- 
lecting and preparing these fossils for study and exhibition which he has 
introduced in the course of his long experience form the basis very largely 
of all sin~ilar work in almost every palaeontological laboratory of the 
world, and it is a matter of common remark that nearly all the noted 
collectors and preparateurs have received their training under his imme- 
diate influence." 

Of Marsh's vertebrate collection, presented by him to Yale 

University in 1898, Wortman said in 1900 that it was 
"without doubt the finest and most complete of any in the world, and, 
when properly installed and exhibited, will make a monument in every 
way worthy of the greatness of the man who dedicated his life and his 
fortune to its formation. The influence of his work for advancement in 
this department of knowledge has probably no equal in any country." 

At  the same time that Marsh was building up his great col- 
lection of fossil vertebrates, he was bringing together, from all 
parts of the world, skeletons of recent animals to be used for  
comparative studies. The collection of recent osteological ina- 
terial thus assembled was in Marsh's time one of the most com- 
plete in America. 

MARSH'S CONTRIBUTIONS T O  T H E  E V O L U T I O N  
T H E O R Y  

Darwin's epochal work, The Origin of Species, did not appear 
until November 1859, and, since it is well known that Professor 
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Dana was a creationist until long after that date, it is more than 
probable that Marsh's attention was not directed favorably 
toward evolution until his student days in Germany. That he 
was thinking about it, however, is evident from his paper of 
1862 on Eo.strurz~s, in wl~ich he says that, inasmuch as these bones 
occur in Paleozoic strata, 

"they add another to the arguments that have been brought against the 
so called 'Dcveloptnent Theory'; and they show with how great caution 
we should receive the assertions, so frequently and confidently made on 
negative evidence alone, of the exact date of the creation or destruction of 
any form of animal or vegetable life." 

Marsh made his first visit to England in the fall of this same 
year, and at this time or shortly thereafter he met Charles Lye11 
and Thomas Huxley, the latter of whom, he tells us, was "a 
guide, philosopher, and friend, alnlost from the time I n d e  
choice of science as  my life work". W e  also know that as 
early as 1865 he had been at the country home of Darwin. In 
ally event, I)y 1874 he was an out-and-out evolutionist, and 
in his memorable Nashville address of 1877 he states that evolu- 
tion is the "key to the mysteries of past life on the earth," and 
that "to doubt evolution is to doubt science, and science is only 
another name for truth". In his address of the following year, 
he adds that Darwin's Origiu of Species had in two decades 
"changed the whole course of scientific thought . . . Darwin 
spoke the magic word-'Natural Selection,' and a new epoch 
in science began." 

The demonstration of  the truth of the evolutionary theory 
can con~e  only through the study of fossils, and Marsh's well 
preserved and carefully collected material played a large part 
in the establishment of the hypothesis. I t  was, indeed, his 
specimens from the region to the east of the Rocky Mountains, 
where there exists an unrivaled record of dinosaurs, birds, and 
mammals, that helped to take the entire question of evolution 
out of the realm of hypothesis and to demonstrate that i t  is a 
living truth. 

Marsh's first major contribution to the evidence for the 
evolution theory was his discovery of birds which, by their 
possession of teeth and other reptilian characters, proved the 
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genetic relationship between these two groups of animals that 
had been foreshadowed by Huxley. It  was, however, his mag- 
nificent collection of fossil horses, and his accurate and careful 
tracing, from these, of the progress of the horses through 
geologic time, that tended to give him a greater reputation than 
any of his other discoveries. 

I t  has been well said that the living horse is probably the 
most perfect organic machine for swift running so far de- 
veloped, and that it displays throughout its organization a most 
exact and finished adaptation to this purpose. It  has, however, 
taken Nature about fifty million years to perfect this mechanism. 
The evolution of the superfamily Equoidea "affords the best 
known illustration of the doctrine of evolution by means of 
natural selection and the adaptation of a race of animals to its 
environment" (W. D. Matthew 1913). This evolution begins 
in the Rocky Mountain country during the Age of Mammals 
(Cenozoic) in Eohippus (= Hyracotheriunz), only I I inches 
tall, and proceeds by various genetic lines through 15 genera 
and some 21 5 different forms into the Equus of today. 

Even previous to 1865, no fewer than ten kinds of fossil 
American horses had been described. Nevertheless, as Marsh 
tells us in his Nashville address: 

"I heard a world renowned Professor of Zoology [in Germany] gravely 
inform his pupils that the horse was a gift of the Old World to the Kew, 
and was entirely unknown in America until introduced by the Spaniards. 
After the lecture I asked him whether no earlier remains of horses had 
been found on this continent and was told in reply that the reports were 
too unsatisfactory to be presented as facts in science. This remark led 
me, on my return, t o  examine the subject myself, and I have unearthed 
[many] species of the horse tribe . . . and it is now, I think, generally 
admitted that America is, after all, the true home of the horse." 

In  his paper on the fossiI horses of America, appearing in 
1874, Marsh said : 

"The large number of equine mammals now known from the Tertiary 
deposits of this country, and their regular distribution through the sub- 
divisions of this formation, afford a good opportunity to ascertain the 
probable lineal descent of the modern horse. The American repre- 
sentative of the latter is the extinct Eq. fraternus Leidy, a species almost, 
if not entirely identical with the old world Eq. cnballus Linn., to which 



our recent horse belongs. Huxley has traced successfully the later 
genealogy of the horse through European extinct forms [1870], but the 
line in Amcrica was probal~ly a more direct one, and the record is more 
con~plete. Taking, then, as the extremes of a series, Orohippz~s agilis 
Marsh, from the Eocene [Rridger] and Iiq. fratrr~rlts Leidy, from the 
Quaternary [Pleistocene] intermediate forms may be intercalated with 
considcrablc certainty from the thil-ty or more well marked species that 
lived in the intervening periods. The natural line of descent would seem 
to he through the following genera : Orohipp~rs, of the Eocene ; Miohipplls 
and Anchitl~crizr~r~ of the [Oligocene and] Miocene; i l ~ c h i p p ~ i s ,  Hippnrioli, 
Protohippus and Plioltipp~rs, of the Pliocene ; aud Eqlllls'' of the Pleisto- 
cene and I k e n t .  

"The most n~arked changes undergone hy the successive equine genera 
arc as follows:   st, increase in sizc; znd, iucrease in speed, through con- 
centration of limb hones; 3d, elongation of head antl neck, and modifica- 
tions of skull. The increase in size is remarkable. The Eoccnc Orohippzls 
was about the size of a fox. -Uioltippus and A~l rh i i l~cv iu~r~ ,  from the 
Miocene [Oligocene] were about as large as a shccp; Ilippariorl and 
I'liohippus, of the Pliocene, cqualletl the ass in height; while the size of 
the Quaternary Eqlllts was fully up to that of the modern horse. 

"The ancient Orol~ipplts had all four digits of the tnanus wcll tlevcloped. 
I n  Jliolzip/ws . . . the fifth toe has disappeared, or is only represeuted 
h y  a ruditncnt, and the limb is supported by the second, third, and fourth, 
the middle one being the largest. Ilippariort . . . still has threc digits, but 
the third is much stouter, antl the outer ones have ceased to Ix of use, as 
they do tiot touch the ground. In Eqzltts, the last of the series, the lateral 
hoofs are gone, and the digits themselves are represented only hy the 
rudimentary spliut boues. The middle, or third, digit supports the limb, 
and its size has increased accordingly. The corresponding changes in the 
posterior limb of these genera are very similar, hut not so manifest. . . . 
This reduction in the number of toes may, perhaps, have been due to cle- 
vation of the region inhabited, which gradually led the animals to live on 
higher ground, instead of the soft lowlands where a polydactyl foot would 
he an advantage." 

Uetween 1868 and 1892 Marsh issued thirteen papers relating 
to fossil horses. His genera, arranged in the order of their de- 
scription, are : Orohippus ( 1872), Miolzippus and Pliollippus 
(1874), Mesohippus (1875), Eolzippus (1876 = Hyracotheriuwz 
Owen), Epihippus (1878), and Helohippus ( 1892, a synonym 
of Orohippus, as is Orother iu~~~ 1872). 

By 1876, Marsh knew at least thirty kinds of American 
horses, and most of these he showed Huxley on the occasion 
of the latter's visit to America. The great scientist was met 
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by Marsh on his arrival in New York and stayed a week in New 
Haven as his guest, examining Marsh's general collection, which 
he wished to see before delivering his course of lectures. Marsh 
said of this circumstance later : 

"One of Huxley's lectures in New York was to be on the genealogy of 
the horse, a subject which he had already written about, based entirely 
upon European specimens. My own explorations had led me to conclu- 
sions quite different from his, and my specimens seemed to me to prove 
conclusively that the horse originated in the New World and not in the 
Old, and that its genealogy must be worked out here. With some hesi- 
tation, I laid the whole matter frankly before Huxley, and he spent nearly 
two days going over my specimens with me, and testing each point I made. 
H e  then informed me that all this was new to him, and that my facts 
dcmonstrated the evolution of the horse beyond question, and for the first 
time indicated the direct line of descent of an existing animal. With the 
generosity of true greatness, he gave up his own opinions in the face of 
new truth, and took my conclusions as the basis of his famous New York 
lecture on the horse." 

If more striking testimony to the value of Marsh's contribu- 
tions to the evolution theory is needed, it is at  hand in a holo- 
graph letter treasured in the Peabody Museum archives, which 
reads : 

"Down, Kent, August 31, 1880. 
"My dear Prof. Marsh,- 

"I received some time ago your very kind note of July 28tI1, and yester- 
day the magnificent volume [Odontornithes]. I have looked with renewed 
admiration a t  the plates, and will soon read the text. Your work on these 
old birds and on the many fossil animals of N. America has afforded the 
best support to the theory of evolution which has appeared within the 
last 20 years.* . . . 

"With cordial thanks, believe me, 
"Yours very sincerely, 

(Signed) CHARLES DAR\VIZI." 

MARSH AND STRATIGRAPHY 

When Marsh was receiving his training in geology in the 
late fifties and early sixties, the stratigraphy of the marine 
formations was as yet very much generalized, and of the fresh- 
water deposits there was hardly any known chronology at all. 

' In other words, since the publication of The Origigz of Species in 1859. 
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The time had not arrived when lake and river deposits could be 
distinguished clearly from those of the seas. Besides, there was 
little information that was reliable about the genetic sequence 
of the land plants and the animals found fossil in continental 
strata. I t  was but natural, therefore, that Marsh, while a stu- 
dent in Germany, should have been greatly influenced by the 
dictum of Professor Goeppert of Ureslau, who told his classes 
"to doubt the value of fossil plants as indices of the past history 
of the world" (Marsh IS@), and that he should unfortunately 
have retained this opinion throughout his career. It was this 
prejudice that led him late in life into the grave error of thinking 
that continental deposits of Jurassic age are present throughout 
the Atlantic Coastal Plain from Martha's Vineyard and Hock 
Island south into Virginia, despite the fact tliat the paleobotanists 
of the United States Geological Survey, on the basis of large 
floras described by Fontaine and Ward, had shown these de- 
posits of the Potomac group to be of Lower Cretaceous age. 

When Marsh began his researches on the Tertiary deposits 
of the Great Plains east of the Rocky Mountains, it was the 
general belief that these strata had accumulated in vast lake 
I~asins. The first edition of Dana's Mnlrual of Geology (1862) 
held that these formations were of lacustrine and bracl<ish-water 
origin, laid down in bodies of water tliat had beeu of long 
endurance aud that had covered great areas with thick deposits. 
These erroneous ideas about lake deposits did not begin to break 
clown until the last decade of the nineteenth century. Therefore 
in Marsh's papers treating of the Cenozoic stratigraphy of the 
Great Plains we read of "ancient lake basins," and that "the 
existence of several large fresh water lakes in the Rocky Moun- 
tains region, during Tertiary time, is now well estal~lishecl." 
The lakes, he said, were of Eocene (Wasatch, Rridger, Uinta, 
Green River, etc.), Miocene = Oligocene, and Pliocene ages. 
Even as late as 1885, in the inonograph of the Dinocerata, he 
says that these aniiiials are "found in a single Eocene lake 1)asin 
in Wyoming. . . . This lake basin . . . slowly filled up with 
sediment, but remained a lake so long that the deposits formed 
in it, during Eocene time, reached a vertical thickness of more 
than a mile." That rivers in a semiarid climate lay down their 
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sediineilts over widespread flood plains did not come to be general 
knowledge among stratigraphers until the present century. 

In none of Marsh's publications do we find that he ever 
actually measured or described in detail a stratigraphic sequence. 
He  was content to note the formation in which the fossils 
occurred and rarely did he mention the subdivision of the for- 
mation. I i e  left to the geologist all this most desirable strati- 
graphic detail, as well as the naming of the formations, since 
it was his ambition to develop only the biologic sequence which 
would show the direction evolution had taken. As a rule, his 
named zones were very broadly conceived. 

In his description of new species of fossil vertebrates, Marsh 
rarely gave exact information as to their geologic level or de- 
tailed geographic position, his usual citation being "lipper 
Eocene of Wyoming," "the Coryphodon beds, or lowest Eocene 
of Wyoming," "the Miocene of New Jersey," "the Pliocene of 
Idaho," "the Ceratops beds or the Laramie of Wyon~ing," "the 
Atlantosaurus beds of the upper Jurassic in Colorado," and so 
on. For  this lack of detail he was severely criticized by his 
colleagues, and the statement was often made verbally that his 
reason was that he did not want others to go to his collecting 
places and get specimens of his species. In his monograph on 
birds with teeth, he is more specific than usual as to the geologic 
horizon; these remarkable Kansas birds, he said, occur "in the 
Middle Cretaceous [which] corresponds to the strata named by 
the writer the 'Pteranodon beds' . . . included in subdivision 
number three in Meek and Hayclen's section." 

As we have seen, Marsh very rarely attempted stratigraphy 
from thz viewpoint of geology. On the other hand, he was a 
good hiostratigrapher from the standpoint of evolution as seen 
in the succession of vertebrate life. H e  was quite correct in 
holding that vertebrate fossils are of the greatest value in deter- 
mining the stratigraphic sequence of fresh-water deposits. W e  
may illustrate his principle by the following quotation regarding 
the evolution of the horse, taken from his paper of 1898: 

"Near the base of the Eocene the genus Eohippus is found, representing 
the oldest known member of the horse tribe. Higher up in the Eocene 
Orohippzts occurs, and still higher comes Epihippus, near the top of the 
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Eocene. Again through the Miocene more genera of horses, Mcsohippirs, 
Miolzippus, and others, follow in succession, and the line still continues in 
the Pliocene, when the modern genus Eqzitrs makes its appearance. 
Throughout this entire series, definite horizons may be marked by the 
genera, and even by the species of these equine mammals, as there is a 
change from one stage to thc other, both in the teeth and feet, so that 
every experienced paleontologist can distinguish even fragments of these 
remains, and thus identify the zones in which they occur." 

Accordingly, it was Marsh's aim to name the successive verte- 
brate life zones after "the largest and most dominant vertebrate 
form which characterized them." By this method he had by 1896 
panled sixteen vertebrate life zones above the Paleozoic, as 
follows : Triassic, I ; Jurassic, 3 (Hallopus, Baptanodon, and 
Atlantosaurus) ; Cretaceous, 2 (Pteranodon and Ceratops) ; 
Eocene, 4 (Coryphodon, Heliobatis, Dinoceras, Diplacodon) ; 
Oligocene, 3 (Brontotherium, Oreodon, Miohippus) ; Pliocene, 
2 (Pliohippus and Equus) ; Pleistocene, I (Bos). Many of 
these post-Triassic life-zone terms are still in use for the Rocky 
Mountain region. Osborn in 1929 proposed a different scheme 
for the same region, with sixteen life zones. 

MARSH A N D  T H E  U N I T E D  S T A T E S  GEOLOGICAL 
SURVEY 

In view of Marsh's spectacular success in his earlier years as 
a collector of vertebrate fossils, and the rapidity with which he 
produced pul~lished results, it was only natural, when the reor- 
ganized and combined geological and geographical surveys were 
placed under the direction of Major Powell, that the latter should 
turn to Marsh for paleontological help. Moreover, through his 
Yale influence, through his wide personal acquaintance with 
important men, and through his long connection with the Na- 
tional Academy of Sciences, Marsh could also be very helpful 
to the Survey in easing the annual appropriations bill through 
Congress. According to Heecher : 

"Aftcr repeated solicitations and with promises of material aid in the 
way of publication and collections, Marsh in 1882 accepted the appoint- 
ment of Vertebrate Paleontologist to the United States Geological Survcy. 
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This position he held to the time of his death, although the field work for 
the survey was terminated in 1892. His connection with the Survey gave 
him increased facilities for publication and for prosecuting explorations 
in the West." 

During the ten years that Marsh was chief of the federal 
section of Vertebrate Paleontology, the Powell Survey was 
liberal in allotn~ents for his work, and he was given about $i;,ooo 
each year to pay salaries for himself and his numerous assist- 
ants-collectors (about 35), preparators (9) , scientific aids (8), 
and artists-and for field and laboratory expenses, including 
large freight bills. 

The monograph of the Dinocerata was published by the Sur- 
vey in 1886, and those of the vertebrates of the Denver Basin 
and on the dinosaurs of North America in 1896, but none of 
the five other monographs projected was completed. The ma- 
terial for them had heen collected, most of the plates (about 
21 j) and many text figures had been made, and preliminary 
descriptions of the genera and species had been published, but 
the final detailed accounts and the philosophical and phylogenetic 
problems were left largely untouched. As Beecher said, Marsh 
"planned his life work on the basis that itninortality is here 
and not in the hereafter. I t  seemed difficult for him to realize 
the limitations of human existence and worldly accon~plishinent." 

The material results of the ten years' service given to the 
federal Survey by Marsh and his staff amounted to seven car- 
loads of vertebrate fossils. Shipments totaling two carloads ( 2 5 5  
large boxes) were sent to the United States National Museum 
in 1886, 1891, 1896, and 1898. The  final sending, made in 1899 
after Marsh's death, filled five freight cars (529 boxes). Wal- 
cott, referring to the cessation of Marsh's relations with the 
Survey, said in 1900 that the value of these collections 

"will he upwards of $150,000. . . . The transfer of these great collec- 
tions to Washington without the loss of any material, either through 
imperfect recording or through misunderstanding as to the ownership 
of specimens, reflects the greatest credit on the business-like methods and 
the integrity of Professor Marsh." 
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P R E S I D E N T  MARSH OF T H E  NATIONAL ACADEMY 
OF SCIENCES 

Professor Marsh was greatly elated over his election to mem- 
bership in the National Academy of Sciences at  the April meet- 
ing of 1874 in Philadelphia, which was announced to him in a 
congratulatory telegram by John Strong Newberry. H e  was 
then forty-three years old, in the eighth year of his professor- 
ship at  Yale; and the number of his papers describing striking 
new discoveries in the fossil fields of the West was just short 
of fifty. The geologists in the Academy at that time were a 
strong and influential group, including as they did Cope, Dana, 
Guyot, James Hall, Hayden, E. W. Hilgard, Hunt, Leidy, 
Lesley, Lesquereux, Meek, Newberry, Pumpelly, W. B. Rogers, 
and Worthen. Prior to his election, he had made one personal 
appearance before the Academy, by invitation, when he read a 
paper at  the Northampton meeting in September 1868 on 
"human" bones found in a well in Nebraska, which had turned 
out to be those of an upper Miocene (Loup Fork) horse and 
other contemporary mammals. In the spring following his elec- 
tion he read his second paper, on "Size of the Brain of Extinct 
Mamn~als," and in his twenty-five years of membership, he read 
in all cleven papers before the Academy. 

Marsh becanle an officer in the Academy in 1878, when he 
was elected vice-president. Alexander Bache, the founder-pres- 
ident, elected in 1863, had not lived to complete his six-year term, 
and Joseph IIenry, who had succeeded Dhna as vice-president 
in I~GG, served as acting president until 1868, when he in turn 
was elected president, and was re-elected in 1874. Following 
Henry as vice-president had been William Chauvenet (1868- 
1870) and Wolcott Gibbs (1872-April 1878). At  the spring 
meeting of 1878, Gibbs gave way to Marsh as vice-president, 
and on May 13, 1878, President Henry died and Marsh thus 
became the Academy's acting president four years after his 
election to membership. H e  held this office until the spring 
meeting of 1879 when, with the election of W. B. Rogers to the 
presidency, he resumed his status as vice-president. Curiously, 
however, the third president, like the other two, was not destined 
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to fill out his elected term. Rogers died in 1882, and once more 
Marsh was acting president. In April 1883, Wolcott Gibbs 
was elected to succeed Rogers, but as he could not serve, the 
presidency was given to Marsh. As a result of this odd chain 
of circumstances, Marsh was no stranger to the Academy's 
administrative duties when he became its presiding officer. That 
he took his duties seriously is evident when he tells us that in 
his seventeen years of administrative service he did not miss a 
single stated meeting of the forty called, nor was he absent from 
any of the meetings of committees of which he was a member. 
No other member of the Academy, either before or since his 
time, had as long or as strenuous a service as its presiding 
officer. 

In 1881, the Academy had been in existence for eighteen 
years, and during this time no fewer than 649 papers had been 
read at the scientific sessions. Of these papers, only five had 
been published by the Academy, and President Rogers felt that 
the organization had not received the recognition by the scientific 
world that would have come if the papers of each year had been 
published promptly by the Academy. He proposed that they 
should be brought together and transmitted with the annual 
report to Congress, but nothing came of this move. During 
Marsh's presidency, the plan of issuing a volume of papers each 
year or two became fairly well established, six volumes (in eight 
parts) appearing up to 1895 ; and during his term there was no 
lapse in the publication of the annual reports. 

As a presiding officer, Marsh exercised the same amount of 
care that he bestowed on his private affairs, and he was an 
active and efficient leader. Testimony as to this is included in 
a statement from Professor Russell H. Chittenden, a member 
of the Academy since 1890, who, at the writer's request, wrote 
down the following recollections : 

"As president of the Academy during a period of twelve years, 
1883-1895, Professor Marsh through his strong personality exerted an 
influence on the meetings of the Academy which resulted in a dignified 
formality in keeping with its high standing. Somewhat stern in appear- 
ance, rather punctilious in intercourse with his associates, and with a 
stiffness of bearing frequently misunderstood, Marsh nevertheless pos- 
sessed an innate courtesy and kindness of heart which softened his 
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apparent harduess and made him a friend and colleague to be respected 
and admired. 

"His interest in the Academy was deep and sincere. By many means, 
both direct and indirect, he sought to promote its standing with the 
administration at  Washington, even suggesting to the President specific 
ways in which the Academy could be of service to the Government. 
Whenever possible a t  the annual meeting in Washington he arranged for 
a formal call of the Academy on the President at  the White House, this 
at  a time when there was laxity in this custom. In  these and other ways 
he used his office to enhauce the standing of the Academy as an efficient 
servant of the Government of the United States." 

Between 1881 and 1883, Marsh had much to do with placing 
the administration of the Academy(s trust funcls on a secure 
basis. As he said in his acldress to the Academy on April 19, 
1889 : 

"The Academy may justly congratulate itself on the possession of its 
trust funds for the promotion of original research in science. Three of 
these, for discoveries in astronomy alone, are recent gifts to the Academy, 
and already the Draper, Smith, and Watson gold medals, the first fruits 
of these donations, have been awarded, and promise to do much to encour- 
age future study. The acquisition of these gifts made it necessary for the 
Academy to secure from Congress the authority to receive and hold trust 
funds in aid of scientific investigations, and this was accomplished in June 
1884." 

The first award of a medal took place in 1886, when Samuel 
P. Langley was given the Henry Draper medal. I n  the follow- 
ing year the Watson medal was awarded to B. A. Gould. The 
J. Lawrence Smith medal was presented for the first time on the 
evening of April 18, 1888, in the lecture room of the U. S. 
National Museum, the recipient being Professor H. A. Newton. 
This meeting was made still more memorable by the presentation 
of the second Draper medal to Professor Edward C. Pickering. 
In Marsh's time ten medals in all were given. 

In 1883, the Academy began the practice of sending delegates 
to other learned societies and to universities, both in this country 
and in Europe, Marsh being delegated in 1892 to represent the 
Academy at the tercentenary of the University of Dublin. 

AS is well known, the one thing that sets the National Academy 
apart from other scientific organizations in America is its rela- 
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tion to the Government. The Academy's historian, F. W. 
True, states this in the Jubilee volume of 1913 in these words: 

"Other scientific organizations were founded whose membership was 
drawn from all parts of the country, whose scope covered all branches of 
scientific research, and whose transactions reflected credit on their mem- 
bership and on American science, but none could claim recognition as the 
scientific adviser to the Government." 

The Academy was founded for this purpose, and its con- 
stitution was framed with this in view. Nevertheless, in the 
fifteen years previous to Marsh's administration, although coin- 
mittees had been called on twenty-seven times by the various 
Government bureaus for reports on technical matters, Congress 
itself had turned to the Academy but twice, once in 18691870 
when the Academy was directed to draw up plans for the scien- 
tific operations of the Polaris expedition to the Arctic, and once 
in connection with the Transit of Venus Comn~ission in 1874. 
During Marsh's official terms (vice president or acting president 
1876-1883, and president 1883-1895), the Academy was asked 
for advice by Congress three times, indirectly by Congress once, 
and by the departments thirteen times. The work of all these 
committees is described in the Jubilee volume. From Marsh's 
time up to the Jubilee year (1896-1913), there were but five 
calls, a falling off of direct service that is ascribed by True to 
"the increase of large scientific organizations in the country, the 
growth of public opinion relative to scientific matters of more or 
less practical importance, and the development of the scientific 
bureaus of the Government." 

Regarding this relationship of the Academy to the Govern- 
ment, Marsh said in 1889: 

"The question has arisen, shall the Academy, in addition to  the duty of 
giving advice when asked, volunteer its advice to the Government? Mem- 
bers of the Academy have urged this course a t  various times in the past, 
and during the present session the question came up again for decision. 
My own opinion on this subject, after careful consideration, is against such 
action. The Academy stands in a confidential relation to the Government, 
as its scientific adviser, and in my judgment it would lose both influence 
and dignity by offering its advice unasked. 

"In appointing the committees on the part of the Academy, I informed 
them that the proper province of the National Academy is not merely to 



malie a teclinical examination in any case, but especially to  bring out the 
scientific principles involved in tlie invcst igat io~~,  a s  a basis for future 
use." 

Prol)aljly the most important, ant1 certainl~ the most con- 
troversial, affair that came before the A\catlcmy in nlarsli's 
~)eriotl of adniinistration was the reorqanimtion of tlic various 
geological sur\.eys, which was referred to tlie zlcatlemy by an 
act of Congress approved June LO, 1878, ~mtles the title, "011  

a I'lan for Surveying and R'lapping the Territories of the 
United States". This was concernctl with the relative iiierits 
of military or civil control of ~)ul)lic enterprises centering around 
the surveys of the ~ ) u l ~ l i c  tlon~ain, antl tlie discussion of it, I)egun 
as early as 1869, had I)econ~e ani~natctl, acrid, and widespread. 
The :lcatlcmy's solution of the prol)lem \vas to have far-rcacliing 
results, not only for American geology in gcneral, hut ior  nlarsh 
himself, whom that ctn-ious chain of circumstances liitherto noted 
]lad I)rought to the acting 1)residrncy o i  the :\cadem); a t  tllis par- 
ticular tinie. 

7 7 l l le  state of affairs that led 111) to this 1-eq~~est l)y Col~gress 
has l)eeii tlescrihetl hy George 1'. Mcrrill, in Thi. First 01rc 
Nzll~drctl Y c n r s  0 1  A~lli~ic-trlr Gc.olo<yj~ ( I O ~ J ) ,  thus : 

"Tlic period of tlie Civil W a r  had brouyl~ t  to l i ~ l i t  a consitlera1)lc 
numl)er o l  men for ~ v h o n i  the piping tiincs of pcacc, even w h c ~ i  varied 
hy Indian oLlthrc;llis in the \Vest, affortlcd illsufficient opport~~nit ies .  T l ~ e y  
were ~ n e n  in wl~otn  t l ~ c  titlies had devclopetl a po\vcr t ~ i  organization anti 
romm;md. They werc, moreover, men of great physical antl moral cour- 
qge. I t  was hut nat~u-al ,  therefore, 1)articularly \\.hen the nccessity for 
military routes in the West  ant1 public land questions were taken into 
consitlcration, that such should turn tlivir attention to\va~-d \vestern explo- 
 ration. . . . Willing \ \ d w r s  werc abundant and Congress not difficult to 
1)crsu;ltle into g r ; ~ ~ i t i n g  the necessary fu~ids.  I lence e~1)ctlition after expc- 
tlition \vas organized and sent out, some purely military, somc n~il i t ;~l-y a d  
geographic, nit11 geology only incidental, antl otliers for tlie avo\vctl pur- 
Iwse of geological and 11atur;tl history rcsearch." 

As  a reiult of t h s  condition. there were functioninq in 1874 
i i ~  scparatc surveqs of the mestern tcrritor~es-two gcologlcnl 
iurveys under tlie Engineer Corl)i of the .\rm> antl t n o  ~ m d e r  
the Department of the Interior, a Iantl-parcelling survey under 
the latter department, and tlie Un~tetl  State\ Coait and Geodetic 



Survey under the Treasury 1lel)artment-all with little or  no 
attempt at  mutual collaboration, more or less overlapl)ing, and 
consc~quent wasteful expenditure of time and of public funtls. 

The cliscussion iinally I~eca~ne  so acute that Congress tlecitletl 
reform must he I~rought ahout, and set it in  notion with the 
following act : 

"And the S a t i o ~ ~ a l  .\cadetny of Sciences is hereby reipircd at their nest  
meeting to take into consitleratio~~ the method aud expenses of conducting 
all surveys of a scientitic character under thc \trar o r  I~lterior Ilepart- 
Inent, and the surveys of the T a d  Oftice, and to report to Congress as 
soon thercafter as may bc practicable, a plan for surveying and mapping 
the Territories of the Uuited States on such general system as will, in 
their judgmeut, secure the best results at  the least possihlc cost;  a d  also 
to recommend to Congress a suitable plan for the pul~lication and tlistri- 
I~ution of reports, maps, and documents, and other results of t l ~ e  said 
>Ill-vc'ys. 

\\.hen this act \\.at; approvcd on June 20, 1878, Alarsll was 
in Europe. Lpon his return in August, after consulting mem- 
Ilcrs of the Xcatle~ny Couticil antl others, he at  once set a l~out  
iuliilling tlie wish o i  Congress. 111 his own wortls. as given in his 
allnun1 report for that yea]- : 

"I was required to appoint a special committee to consider the subject. 
The report of the committcc, \vhen completed, coultl in accordance \\it11 the 
crmstitutiw of thc Acatlcmy . . . be transmitted directly to the govern- 
ment, antl afterward to thc Academy at  its next stated session. Inasmucl~, 
ho~wver ,  as the s t~ l~ j cc t  to he considered was of great i~nl)ortancc, I thought 
it better to have the report submitted first to the Acatletny bcforc trans- 
mission to Congress. 

"In the appointment of this special committee it Lvas oljvious that T 
coultl not properly select as  mcml~ers any of those who had taken part iu 
the controversy I~e t~ rcen  the then existing gover~~rnent snrvcys ; which 
contention, it was said, l ~ a d  resulted in the passage of the law ior thc 
proposed reorganization. Again, the sul~jects to be considered I)y the 
comti~ittcc pertained to mensuration, geology, ant1 natural history, and I 
t11creio1-e selected those n.110 \Yere familiar \vith these Ixanches of science." 

The committee appointed by h r s h  n a s  ~naile up of tlie 
iollowing ,9catlemicians : James D. Dana. \\'~lliam I!. Rogers, 
1 .  S. S e w l ~ e r r > ,  \Y F'. Tromhritlge, ' S ~ m o n  Ke\vcoml), and 
,llesandcr Agassiz. Their appointii2ent, T rue  says, 
"led to a protest fly General Humphreys, Chief of Engineers, who asserted 
that ';I properly constitutctl committee should have had among its mctnlxrs 
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those officers in the Government service \\hose duties consisted in part 
or in whole in making geodetic, topographic, or other scientific survels 
in the different departments of the go\ernment.' " 

Marsh then went on to say: 

"_4s the surveys under the W a r  1)epartment and the Interior Dcpart- 
nient were the special subjects for investigation, I addressed letters to  
the Secretary of W a r  and the Secretary of the Interior informing them 
that a committee of the Academy had bee11 appointed to consider the 
matter, and requested any information as to thcir plans or wishes in 
regard to the scientific surveys under their clepartmcnts they might think 
proper to lay before the Academy. In reply, the Secretary of \\Tar sent 
a conimutlication from the acting Chief of Engineers of the Armr, and 
the Secretary of the Interior sent reports from the Commissioner of the 
General Land Office, from Prof.  F. 1-. Haydeli, and from RIaj. J. W. 
Powell, all of which were carefully considered by the committee." 

The committee deliberated some three months, then handed 
in a report of about 2000 words which was brought before a 
special meeting at the autumn session of the Academy in i iew 
York City, Novemher 6, 1878, "and after a full discussion of 
three hours was adopted with only a single dissenting vote". 
Acting President Marsh then transmitted the report to the 
President of the Senate and to the Speaker of the House o i  
Kepresentatix es. 

The report recolnmended the recon~l~ination of the various 
surveys into three : I .  Coast and Geodetic Survey, "whose ~LII IC-  

tion will embrace all questions of position and ~nens~iration" ; 
2. U. S. Geological Survey, to determine "all questions relating 
to the geological structure and natural resources of the public 
domain" ; 3. Land Office, to coiitrol "the disposition and sale 
of the public lands" : all three organizations to be within the 
Department of the Interior. 

\I7hen the report was printed, the chief opposition to it came, 
as was to be expected, from the \17ar Department, and espe- 
cially from General Hunlphreys, Chief of Engineers, but despite 
this the House Coininittee on Appropriations incorporated the 
whole plan proposed by the Academy in a bill (House Res. 6140) 

which was duly reported to Congress. The final action by COIF 
gress, however, accepted only that portion of the plan relating 



to the establishment of a single geological survey under the 
Department of the Interior, and appointed a commission to 
consider the codification of laws relating to the survey and 
disposition of the public domain, leaving the matter of the 
mensuration surveys for the present in abeyance. 

Another important recon~nendation of this report, adopted 
by Congress, was that 

"All collections of rocks, minerals, soils, fossils, and ohjects of natural 
history, archaeology, and ethnology, made by the Coast and Interior Sur- 
vey, the Geological Survey, or hy any other parties for the Government 
uf the United States. whet1 no longer needed for  investigations in progress 
shall be deposited in the Sational Museun~." 

This provisiou n-as atltled 11y Marsh. 
Among the reports made 11y Academy committees to various 

tleprtmental bureaus during Marsh's terms of service, oue of 
the most discussed was that on glucose, presented in 1882 ljy 
Remsen, Chantller, and Barker, which covered j j  printed pages. 
\I.'ith this report Marsh had nothing to do directly, hut he was in 
irecluent correspondence with the comn~ittee (luring its delil~era- 
tions. 

Marsh's presidency of the Academy came to an end in April 
1895, when he refused re-election for a third term. In his fare- 
well adtlress, on A'qril 19. he said in par t :  

"In conclusion, allow mc to congratulate the Academy on the suhstan- 
tial progress it has already made, the sure foundation on which it now 
stands in its relations to the Government, and its high position in thc 
ranks of the scientific societies of the world. . . . I am especially gratcful 
ior the unanimous vote of thanks by which you have set the seal of your 
approval on my services as vice-president and president of the Academy 
during the last seventeen years." 

I t  was ?Ifarsh's wish that "the influence of the Academy 
~ l i o ~ ~ l c l  be scr~tpulously reserved for the promotion of noble 
ends." At  his death in 1899, it was found that he had be- 
queathed to the Academy in his will the sum of ten thousand 
clollars "for promoting original research in the natural scieiices," 
a sum that was later increased to tnenty  tl~ousand dollars by 
the trustee of his estate. 
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Of all land ani~nals that ever lived, none was more re- 
tnarliable than the dinosaurs, antl they were certainly the most 
wonderful creatures discovered in Marsh's time. They were 
the masters of the warmer parts of the continents during the 
Mesozoic era, antl for ahout one hunclretl antl thirty million 
years they were the rulers of all life. The Age of Reptiles saw 
their rise, culn~ination, decline, and extinction. 

In general form, ditiosaurs were more like n~ammals than 
any other class of animals. not sprawling as do most reptiles, 
hut standing well up on their legs; nevertheless, they were the 
most specializetl of all reptiles. Rlost significant was the small- 
ness of their 1)rains. It mattered not whether the head in these 
giants was a root or eight feet in length, the sensory center 
\veiglied Ilut a few ounces, or at most two pountls. in 1)otlies 
that in some i o r ~ n s  weighed as much as forty tons. Truly, the 
long .Age of I<eptilcs was characterized I)\- low mentality and 
1)rutc strength. 

Isolatctl l~ones and partial skeletons of carnivoro~~s dinosaurs 
arc now Iillown to hare been found as early as 1820 in the Upper 
r .  I riassic strata near East L\Ti~~tlsor, Conriccticut ; and in 1824 
one of the tlucli-billed tlinosaltrs, Ig~la~lotlorr,  IKLS tlescrilxd from 
the late Jurassic deposits of England, although the relationships 
\\-ere then unlmown. Curiously, the numerous so-called "bird 
tracks" of the Connecticut Valley did not attract much attention 
 until 1835, and it was many years later Ilefore tliese highly 
~ a r i c t l  foot impressions were proved to be the tracks of  dino- 
saurs. 1iy 1841, enough tlilierent I.;i~itls o f  dinosaur re~nains 
were I.;no\vn to show the leading 13ritish anatomist, Sir Richard 
Owen, that these animals \\-ere different from all other known 
reptiles, and lie proposed the name 1)inosauria ("terri1)le 
reptiles") for them, regarding them as an order. 

In this country. 1)ones and teeth of s n d l  sauropotl dinosaurs 
were found in 1858 in the TJower Cretaceous near Xladens1)urg. 
AIar!.land, ant1 a single tooth of a different type was found 



almut this same time by I Iaytlen in the Judith River region of 
l\lontana. Still later, remains of Igzttrnotloil-like dinosaurs were 
recovered in the marl pits of New Jersey farmers and elsewhere 
along the Atlantic border. 

The possibility of the Great l'lains as a major source for 
tlinosaui- remains may have suggested itself to  Rlarsh on his first 
transcontinental trip, in 1868, when he was shown a sauropod 
lmne fou~ld near Lake Como, Wyoming; but at that time he 
was apparently too much engrossed in other things to follow up 
the discovery. Late in 1870, in the marine strata of the Upper 
Csetaceous of western Kansas, lie found the greater ~m-t of a 
small dinosaur skeleton that he named Ht rd~o . snw~~s  (now 
Clnosczzwus) ngilis. I t  was of the same general type as those 
isom the S e w  Jersey imrl pits, hut only one or two other speci- 
mens ot' this species h a w  been fonntl since. A\ few years later, 
Cope Ixought Inck from the Judith River region of Montana 
a long series of dinosaur teeth ( Z T  species), intlicating that 
dinosaurs had been present there in abund:~ncc, and that some 
o i  them had reached considerable size. From that time on, 
Marsh was on the alert for dinosaurs, arid he kel~t  himself ~ ~ o s t e d  
as to new finds through the newsimpers of the time ant1 through 
correspondence with military officers and scouts stationed a t  the 
irontier posts east of the Rocky Mountains. Partly as the 
result of this vigilance, there were two periods in his career 
uhen the dinosaurs of the Great Plains were on the march to 
S e w  Haven in carload lots. The first of these "migrations" 
was of late Jurassic forms, and it began in 1877 and lasted 
strongly until 1886; the other, of late Cretaceous for~ns,  began 
in r XSX ant1 c o ~ l t i n ~ w l  until I 802. These discoveries were so 
remarka1)lc that the story may I)e told in some detail. 

Late in the spring of 1877 Marsh received a most welcome 
letter from Arthur Lakes, an Englishman teaching school at 
Denver, stating that he atid Captain H. C. Beckwith, U. S. N., 
were digging out, at Morsison, Colorado, the bones of a gigantic 
animal which they wished to sell. As  Cope had also been in- 
formed of this find, Rlarsh rushed one of his experienced col- 
lectors. Professor 13. F. Rlutlge, to Lalie's quarry, and 1)ought 
a11 the 1~nc . s  (including even the few rrninjns that l m l  been sent 
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to Cope for inspection), announcing in Jul j  1877 the tliscoverj of 
"a new a i d  gigantic dinosaur", which he named Tltanosaltl-us 
(later Atlantosaurus) wzoutamts. Tlus striking new discover! 
was widely heralded in the newspapers of Denver and elsewhere. 
and other collectors were quickly at work. Mudge was sent 
to Canyon City to inspect another promising locality, and after 
111s report, Marsh transferred Samuel IY W~lliston, one O F  
Mudge's most alert students, from western Kansas to Colorado 
Williston went to work with a will on September 21. I t  was 
only a short time, however, before he wrote Marsh that Cope's 
man, 0. W. Lucas, was getting "by f a r  the best lot of fossils." 
and that another man was out prospecting all the time for Cope. 
Young and impatient, Williston also set out to find "better 
bones," and by October 27 had gone as far north as Morrison. 
This battle of prospectors continued until Williston was ordered 
by telegram to go at once to Como, Wyoming, to look at still a 
third "bone-yard". From t h ~ s  place he wrote Marsh on Novern- 
her 14 that he had struck pa? dirt with a vengeance, that nell 
preserved bones could be had there "by the ton. . . . Canyon 
City and AIorrison are simply no~vhere 111 comparison with this 
locality. . . . I shall commence m orl\ . . . about 2 jo  yards froin 
the northwest shore of Coino Lake." 

The finding of these inally dinosaur localities 111 IV\~4oin1ng 
and Colorado finally led to the employment by Marsh of dozens 
of "bone-diggers", and during the years 1877 to 1886, Marsh 
and the Uiiited States Geological Survey spent there upward of 
$ro,ooo a year. In  the course of these ten years ahout 134 m ~ a l l  
packages, mainly with mammal teeth, a i d  at least 480 large 
boxes of dinosaur bones came from Coma alone; in atld~tion, 
Marsh received about 270 boxes of dinosaur I~ones from CanJ on 
City, and 230 from hIorrison. ,411 in all, the late Jurassic iorma- 
tions-hIarsh's Atlantosaurus beds-yielded him not less than 
I 11; l~oxes, large and small, of dinosaur remains. Out of this 
material lie described a t  new genera and 41 new species. trul! 
the richest harrest of dinosaurs ever garnercd by a iingle 
paleontologist. Among them were the latgest members of the 
order, Brontosazts~ts and D~plodoczcs, the carnivorous horned 
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Ccmtosaurzu, and also the most bizarre of dinosaurs, Stcgo- 
sazt~zz.~. 

Thc swamp-living sauropods, ponderous quadrupetlal tlino- 
saurs of worltl-wide distribution in late Jurassic time, includetl 
the largest land animals that ever lived, in fact. "greater than 
was supposed possible in an  animal that lired and movcd upon 
the land". One of the mightiest of these, the "thuntler saurian," 
Rro~lto.saztsi~.s cm e lms ,  was described by JIars11 from the most 
perfect sauropod slteleton ever dug up, found I)y Reed near 
Como. \ITlien the bones were tliscoveretl, Jlarsli statei, the 
huge skcleton "la) nearly 111 the pos~tion in wliicl~ the hones wnuld 
naturally fall after death." In  August 1883 he presented a 
lifelike restoration of this sheleton, the first to be puhlishrd of 
any dinosaur, and this illustration, together with man! other 
drawings based on his \T orh, has golie into inany textl)ool\s. The 
B~orrto.\ir~lr;rs shelcton, as now mounted iu the Pealmtl\ JIu-,eum 
of XTale University, is 67 feet long and 16 feet high a t  the hips, 
ant1 the animal is estimated to hare  wcighed nearly 30 tons in 
tlie flesh. The h a d  is leis t l ~ a n  2 feet long. "snlaller in propor- 
tion to tllc body than in any reptile liltherto li~iown," and the 
astonish~ngly sniall brain weighs less than one pound. n hile the 
enlarged neural ganglion in the sacrum is about three timcs a s  
large. A n  Intlian elephant ("Rya"), 1)y contrast, had nearly I r 
pounds of brain to 4 tons of body \\eight. -1 slenderer and 
lighter sauropotl associated with B~or~to.\cr~rrm- \I as L)ipIocr'ocz~.s, 
whlch hat1 a length of nearly 80 feet to the end of its long 
whiplike tall. 

The 01 erspecialized stegosaurs of the late Jurassic of \I7) om- 
ing a i d  Colorado, first described by Alarsll in 1877, were pro- 
~i t le t l  with a miglity armor composed of huge plates and long 
slxkes, which Rlarsh placcd in a single row down the back and 
tail. This curious armature. RIarsh saqs, "could not have been 
anticipatetl and ~vould liartlly haye been credited had not the 
plate5 tl~einselvcs I~een found 111 position." Now, howm er, 
nearly all vertebrate paleontologists agree that these plates were 
arranged in two alternating rows along either side of the dorsal 
processes of the vertebrae, while the tail spikes were opposite. 
in pairs. These plates and spikes appear to have heen for 
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tlefensc against the terril)le carnivores of the time. .Sicgo.ctr~ir~t.s 
was more than I 8 feet in length antl a l~out  I o feet tall : the I~eaked 
head \\as only almut 17 inches in length, with a brain 5 inches 
long and weighing a)< ounces or lcss, to control 10 tons of 
;minlatctl flesh. 

Alarsh's second ~)eriotl of tlinosaurian discovery was concerned 
with the l ~ u ~ - i ~ e ( l  cei-atol)sians, whose evolution was recortlecl in 
about 3500 feet o i  late Cretaceous strata. 

Tlic Ceratopsia Lverc  gain huge and 1)oiltlerous tlinosaurs, 
ranging 1111 to 23 feet or more in length and 1112 to 8 feet in height, 
w ~ t h  ~l iu l l s  from 4 to 8 feet long. The 1)raiii in these huge heatls 
was not over 6 inches long and "smaller in proportion to the 
entire skull than in any I i l l o~ l i  vertebrate." Thc  jaws were pro- 
~i t le t l  with a sharp cutting I~eak. antl in l 'r irrrirtops there \\.as a 
strong horn 011 the nosc, a ln i r  of very large pointctl horns on 
the to11 o i  the head, antl a row of sharp projections arotuid the 
nlargln o i  the ~wstcrior crest. This h ~ ~ g e ,  expanded crest, which 
over41atlowetl the 1ncL o f  the sl\ull antl neck, was evic le i~t l~  of 
sccontlary growth, a practical necessity for the ~)rotection of the 
neck ant1 c\.en nlorc so fos the attachment of the ~ ~ o \ \ - e l - f d  liga- 
mcnts and muscles that supported the great he:ltl. 

Tlie region fro111 which nearly all the lxst  cc.ratol)sinns come 
is an area almtit 15 1)y 3.5 niilcs in the east-central part of Con- 
\.erst I no\v Siol)rara] County. \Yyoining. 111 this area H:~tcher, 
\\-it11 the help of 0. A. I'cterson, \V. H. Utterljack, ;I. 1,. Sullins. 
\\'. I I .  Riu-well, and Charles E. IJeecher, worked for most of 
lour ycai-i, shipping to ;\lass11 inorc than 300 large I)oxc.s, con- 
taining 31 "l~ig skulls" and scvel-a1 fairly complete sl\elctons of 
hornetl dinosaurs. 1)esitlcs niuch other material aiiiong which 
wcrc nmrc than jooo smnll m;~ii~ni;tl teeth ant1 jaws. 'Thc I;~rgcst 
ccratol)sian skull shipped \vas Xo. 24, which, with its box, 
\veighed 68 jo pountls. The  amassing of this great amount of 
material was, as Oshorn says, one of the greatest achievements 
of Hatclwr's ~-cma~lial) lc life. 

In the I-evision o i  the Ccratopsia made by Jlatcher ant1 Lull 
in 1907, we learn that of the r3 genera proposed 1)y 3l;lrsh. Cope. 
I,aml)e, and Lull, but 6 were left in good staiding within the 



group, l l a r s h  losing 2 ,  Cope 4, and Lanilx I .  Lull's memoir 
of 1'133 recognizes 6 genera, 3 of which l~elong to l la rsh .  

111 addition to the ceratopsians, Converse County yielded 
other dinosaurs, duck-l)illecl and ostrich-like forms. both bipetlal 
running types. The cluck-hills (Cltro.snltr-~ts = "trachotlonts") 
\verc. c11aracte1-istic aninials of late Cretaceo~~s time the world 
ovcr, antl lived along the shores of rivers antl lakes. 'The front 
of the mo11t11 hat1 no teeth I n ~ t  the jaws had a 1101-17). cropping 
I~eak as in 1)istls. l larsh 's  hest material in this group came from 
\\'yonling, where ttvo entire skeletons were fountl, each with a 
length of al )o t~t  30 feet ant1 a height of I ;  feet. 

illarsli's w0r-1~ (XI the Ilinosauria is recostled in 5; 1 q x s s a n d  
I)oolis. These were issued between 1872 and 1809, ant1 most 
ot' the rrsults of the first 50 1)apers are summarized in his quarto 
~iionographs, Tlrc Diirostrur-s of North . 1 rirrrirc~ ( I 890) and 
1 t t  o.sxl .s  of 1 L i  x i  ( I . 111 these 1 1 ~ 1 ) -  
lications ;\lass11 named and describetl 80 new species ( r  lost to 
T,eitly) .' antl these hc classified in 34 lien- genera, of which 17 
are still in use ( I  each lost to Leidy, Cope, and J(ullnsto11, ant1 3 
to himself), in 7 ne\v sul~ortlers, and 3 new orders-surcly an  
astonishing record for one man to make in less tliall thirty years. 
Evcn more valuable than tlie tlescriptions is the perfection of 
much of tlie niatci-ial left to posterity, since alnong- the several 
huntli-ctl intlivitlunls studied 1)). iltarsll many are representetl 11y 
almost complete slxletons. ;\I1 this material is now in the United 
States Sational lTl~scturn, or  in the E'cabotly Museum O F  \'ale 
Uiii\.ersity. 

I n  18~);~ l l a r s h  was not disposed to accept the view that the 
1)inosauria belong to two or more distinct groups, each of intle- 
1)entlent origi~i. I~ecause of "the very limitctl infornlation we now 
have in r e ~ a r t l  to  so Inany tlinosaurs Imown only iron1 il-;lg- 
Illelltar! remains." The tentlency among more rc.ce11t authors, 
however, is to n1)antlon the tern1 Di11osauri;l. since it surcly in- 

" 'l'lie t axr~no~i iy  ir~llowcd throughout tllis papcl- is that uwtl  11y 0. P. 
H a y  in I ~ i s  c;ctalogut.s oi  icwil \-ertel)t-ates. xvith ollc or t \ \ o  esceptirrns. 

no 
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Late in Soveml~er 1870, after an especial1~- successful clay's 
fossil hunting in the ~ha l l i  bluffs of the Smoky Hill River in 
western Kansas, ;lIarsh was returning to camp witli his soldier 
escort, when he espied from the saddle a fossil bone. The late- 
ness of the day niade it impossible for him to explore the rock 
further, but 11e saw that tlie bone "was liollon, about six inches 
long and one inch in diameter, with one end perfect and contain- 
ing a peculiar joint that I had never seen lxfore." Placing the 
bone in his "softest pocket," he re-exanlii~ecl it in camp and 
thought it might prove to be the tibia of a gigantic bird. Back 
in Kew with figures of other material for comparison, 
he saw that the bone was from the wing finger of a pterodactyl, 
the first remnant of these flying reptiles to be found in America, 
hut of a much larger species than any knowi~ European form. 
H e  at once asked himself how great must have been the wing 
expanse of this animal when alive! a i d  concluded that it "would 
be about twenty feet . . . truly a gigantic dragon even in this 
country of big things." 

In  June 1871, I\Iarsli hurried back to the Smoky Hill River 
country and to the spot where he had found tlie bone the previous 
autun~n. Dismounting, he found the impression of the very hone 
he had collected, "and following it up witli great care, I obtained 
the upper end of the same l~one." T o  his great joy, further dig- 
ging turned up another joint which fitted onto tlie first one, 
atid directly he "uncovered still another bone, and at last the 
whole series that supported the gigantic wing of the ancient 
dragon." These he measured roughly and determined that ''this 
first found American dragon was f111ly as large as my fancy 
had painted him." 

As all pterodactyls known up to 1876 were provided with 
teeth, Professor Marsh must have been greatly surprised to learn 
that his Kansas forins had none at all. In view of the fact that 
they showed characters so widely different from all other forms 
in the Old IYoi-ld, he proposed a nen- order for the American 
types this same year, calling it Pteranodoi~tia, and tlie family, 
Pteranodontitlae, from the tyl~ical genus Pfrrn~rotlorl. The nearly 



perfect skull and jaws of P. longiccps, he says, "are more like 
those of birds than of any known reptiles," and the head of 
P. i~lgcrls was no less than 4 feet long. The  tail was slender and 
short, and the posterior limbs, though small, were well developed. 

In  the decade beginning with 1871 Marsh described and 
named, of the order Pterosauria, 3 new genera ( 1  a synonym), 
and 8 new specles ( I  preoccupied) from the Cretaceous o i  
Kansas, and I new genus and I new species from the Jurassic 
of W7yoming. After 1876, so many extraordinary fossils 
crowded in upon him that he never was able to write a detailed 
account o i  his pterodactyls. This was well clone later on, how- 
ever, Ily \\/Tilliston, in eleven papers published between 18gr and 
1911, and 11y George F. Eatoii in his Osfcology of P t e rc zmdo~~ ,  
1910. From the latter memoir we learn that the spread of wing 
in the usual run of pteranodons was betn eel1 11 ant1 16 feet, 
hut that the largest, P. ilzgeris, shows a breadth of 22 feet, 3 
inclies, and single large bones indicate a probahle maximum of 
26 feet, 9 inches. The hones are a marvel of lightness, and l'l'il- 
liston estimates that the entire animal, when alire, did not weigh 
more than 30 pounds. This cornhination of great wing expanse 
and extreme lightness of hocly was of much interest to Secretary 
Langley of the Smithsonian Institution in his p i o n ~ e r  aviation 
studies, and it was at his request that I?. T,ucas. of the Aluseum 
staff, made a reconstruction of Ptcm~~odorr .  

I n  addition to his American finds, Rlarsli also xmrietl one 
of the tnost perfect pterodact>ls ever unearthed in Europe. This 
was found in 1873 1)y Rlartin Tcrauss in the late Jura5sic litho- 
graphic limestone of Eichstatt, Bavaria, and there n a s  great 
rivalry as to who was to hale  the ipecimen, wh~ch  was of the 
long-tailed t! pe with a11 al~undance of teeth. l l a r i h  cal)letl his 
friend, Prof.  IT. E. Geinitz, to secure this remarkable Fossil 
for him, paying about $1000 for it and other Solenhofen Fossils. 
I t  I S  now one of the gems of the Peal~ody PIIuseutil. I t  1)elongs 
to the genus Rl~nrr iphor l l~~~~r lzz t~r ,  and Marsh gave it the specific 
nalnc pI11~111~r1ts. The lmnes of the skeleton, he sa! s, 

"arc ticarly all in position, and those o f  hot11 wings show w r y  perfect 
impressions of m l a r ~ t  i~~c~ir l~ l -nncs  still attached to them. Moreover, the 



extremity of the long tail supported a separate vertical tnembrane, \z.hich 
was evidently usctl as a rudder it1 flight." 

Another group of rel)tiles to \vhich 3larsh inade a consider- 
able contribution was the mosasaurs, descentlants of carnivorous 
land reptiles that at some time in the early Cretaceous, and at  
some place as yct  unknown, had invaded the realin of the seas. 
So c o ~ n n ~ o n  that they were supreme rulers of the Upper Creta- 
ceous seas, they grew to lengths of 30 antl exceptionally of 40 
feet, with skulls as long as ; feet, a i d  with backl~ones made up 
of more than loo  vertel)rae. "On one occasion," Marsh says, 
"as I rode thi-ot~gli a valley washed out of this old ocean bed, 
1 saw no less than seven different skeletons of these monsters 
in sight a t  once." 1Sy 1880 he h:d a t  Yale bones representing 
not less than I300 i~ldivitlual 1nos;lsaui-s, collected, for the most 
part, ljy Williston, who I~ecame the leading authority on the 
groul). Marsh himself, in eight Ixief papers, described 7 new 
genera ( 2  lost to himself and 2 to Cope) and 18 new species. 

Thc remains of I)irds are among the rarest of fossils. Their 
I)oiics, other than those of leg antl wing, I~eing very frail, are 
soon destroyed hy the atmosphere, by 1)eing crushed, or i l l  other 
ways ; and the I)uoyaiicy of their I)odies, when afloat, causes the 
winds antl waves to carry their catlavers shoreward where they 
are sure to be devoured 11)- carnivorous or scaveng-ing animals. 

At the outset of his fruitful cai-eel- in paleontology, Professor 
hlarsh was well aware of these facts, and he was constantly on 
the hunt for 1)ird senlains. [His first single bones he sccui-ed 
fi-o111 New Jersey, in deposits coilsidered at  the time to I)e of 
Cretaceous age Imt reccntly placed in the Eocene; describing 
thein in 1870 as 3 new gcnera and j new species of aqmtic 1)irtls. 
he regarded tlicm all as representatives of families now living. 

I n  Deccm1)er of that saillc year, in the course of thc first 
of his weitern exl)loration~ with a party of students, Marsh 
fount1 a I~ i rd  til~ia in the Niol)rara (Cretaceous) chalk of western 
Kanias, and it xxhetted his appetite for better material. The  



next year's party, hunting in the Snioky Hill region of the same 
state, n-as primed to look for fossil I)irds; ant1 on Novcml)er 21) 
34arsh wrote l'rofessor Dana from San Francisco that among 
their season's trophies was the 11c.adless skeleton of a great I~ird,  
found 1)y himself, and parts of iour other individuals, found by 
his students; "on my return," he adds, "1 shall descril,e this 
unique fossil under the name Hcs~cror-11i.s :-r~~tr1i.s." a pro~nise 
which hc inade good in the A~lrcric-OIL Joro-~ltrl of Sc-ic71cc ior  
January 1872. 

F .  1 he following summer Alndge was collecting in the Smoky 
lIiIl country, :und Marsh, aware of this, \\rote him on Septeml~cr 
2 to inquire about his results. Mutlgc, well tlisl)osctl tow;lrd 
l l a r s h  from former acq~inint;ince, "l)mctic;lllY presentetl" h i l i~  
with a I)ox of his fossils, regarding which LIarsh \\rote him on 
Septenil~er 25 that "the hollow I)ones are part of a I~irtl, a~i t l  the 
two jaws belong to a small saurian. The  latter is peculiar, ant1 
I \\-is11 I had some of the vertel~sae for comparison with other 
Kansas species.'' Under this hcliei, the specimens \\ere clescribed 
I)>-  ;\[arsh as ~)ertaining to tliffrrent animals, the avian I~oncs 
I~eing nanietl I c l ~ t I ~ ~ l o ~ ~ ~ r i s  dicptri- in 0ctol)er 1872, ant1 the 
"saurian" hones receiving the appellation Colorro.sawz~.s ~r~zttlgci 
the following month. Not until further ta reparation of the spcci- 
Inens had revealed a skull an(1 atltlitional portions of I)oth jaws 
did it 1)ccome apparent that all the I~ones belonged to one animal, 
and that animal a b b d  ~uifh  frefh. This setnarkable discovery 
was announced in February 187.3. in a ~)relimi~iai-y paper in 
which the author nnotlestly r c n ~ a r l s  that "T11e fortnnate dis- 
coTery of these interesting foss~ls . . . does much to I~reak 
clown the oltl tl~itinction I~etwcen Birds and Rcptiles, which the 
A~thacopteryx has so materially tli~ninished." iVilli\ton later 
spoke of these fossils as "by far the most inlportant speci~nens 
o i  these early >cars [of hIarih's career], if not thc most impor- 
tant of those succeeding,'' and Osljorn in 1931 rcm:~rketl that 
they constltutetl "the most important single palaeontological 
discovery" of ;\la-511's life. 

I n  his more extended cleicription of Hrspn-oi,rris rcgalis in 
JIay 1872, l\l;lr\h considered it to I)e relatctl to the Great 
?;orthern Diver (Gnz~icl i~ll l l lrr) .  ;L ~ . e f e ~ - e ~ ~ c e  that was later com- 
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pletelj abantlonecl, a5 a result of the discovery, b j  T. 11. Russell 
of the Yale party, of a nearly perfect sheleton of the same lmd, 
including parts of the head and teeth-"an ample reward for the 
hardships and danger we incurrecl." \\%en the great Cretaceous 
d i ~ e r  had been cleaned of all the adhering chalk, it was seen to 
be a bird 6 feet long and larger than any other known aquatic 
form, fossil or living. "The maxillary bones are massive," Llarsh 
wrote, "and have throughout their length a deep inferior groove, 
which was thickly set with sharp, pointed teeth." 

These astonishing discoverie~ were brought into ex en greater 
prominence in 1880, when Mars11 produced his first monograph, 
a i ~ ~ a g i z u m  opus  entitled Odontor~l i thcs:  A Moizograph on  the 
Ex t inc t  Toothed Birds  of N o r t h  .-li~zcricn, a publication which 
was said by Henry Woodward, the English paleontologist, to 
surpass "any which have already appeared devoted to paleon- 
tology." This l~ook, a sun~ptuous royal quarto with 201 pages of 
text, 40 woodcuts, and 34 litl~ographic plates, was published as 
one of tlie reports of tlie United States Geological Exploration of 
the Fortieth Parallel, under the direction of Clarence King, and 
also as Mcnioir I of the Peabody Museum of Natural History. 
The text was a most detailed description, bone by hone, of 
nearly entire skeletons of five species of toothed hirds: H e s -  
peromis regalis, H.  cl-nssipe.~, Ii-ht11yon1i.s dispav, I .  victov (the 
two last named have curious liconcave vertebrae), and Apatornis  
celcr. These descriptions were haset1 upon about fifty different 
intlividuals of Hcspcl-orrlrs and iexenty-seven of Iclltlayor~zis- 
testimony to the care and patience w ~ t h  which i l larh 's  collectors 
combed the Kansas chalk for this rare material. "Nexer before." 
said Sir Archibald Geikie in his review of the inonograph, "has 
it been possible, we believe, to reconstruct so perfectly so ancient 
an organism." The plates, mliich include a full-si~e restoration 
of I c h t h y o r ~ i s  and one of Hrsprl-orrzis half-size, were marvels 
of reproduction, "combined [ w ~ t h ]  an artistic finish which has 
made each plate a kind of finished pict~re." In  defense of such 
elaborate platec. Alarsh sa j  s in another paper (188;) that his 
aim was 

"to do full justice to the ample material . . . and where possible, to make 
the illustrations tell the main story to anatomists. The text of such a 
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Memoir may soon lose its interest, and belong to the past, but good figures 
are of permanent value." 

Aside from the above n~onograph, Marsh published fifteen 
pamphlets and notes on fossil birds between 1870 and 1880, 
to which he added I ~ u t  e ~ g h t  short articles during the next twenty 

years. In  these t ~ e n t g - f o u r  pul~lications he clescrilml I new 
subclas5 of fossil birds, 2 new orders, 16 new genera (2  are 
s l  nonyms : Coloizosaltrzzs=Ic llflzyou~ir~, and Lc.sfornis=Hes- 
prrorrlis), and 43 new species ( 3  are synonyms, I lost to Cope).  
Of these species, I occurs in the Jurassic (Lnopteryz priscits), 
I j in the Cretaceous (12 in the Xiolrara,  I in the Claggett, I? in 
the Lance), aud 24 in the Cenozoic. 

In Odo1rtorr~ithcs, Xlarsh says : "The Struthious characters 
seen in H r ~ f i r ~ o m i ~ ,  should probal~l> be regarcletl as evidence of 
real affinity, and in this case Hrsprromis would he essentially a 

c a r n i ~  ol-nus, iwiniming Ostrich." Th i i  concluiion "did not meet 
I\-it11 general acceptance . . . and before long the Ratite affinities 
of Hrsprror~lis were seldom alluded to in scientific literature." 
IYhen IYilliston in 1896 described a specimen of Hcsprrornis 
with some of the feathers in place. l l a r s h  coni~neiited that "these 
featheri are the t ~ p i c a l  plumage of an  Ostt-ich." and rejoiced 
that this find pro\ etl "Iw? ontl dispute" that the nearest affinities 
of the Oclontornithes were with the 12atitae. Tlowever, orni- 
thologists of the present day still see no genetic connections here. 

In his Sashril le a d d r e ~ s ,  ;\larsh stated : 

"It is now geuerally admitted, by biologists who made a study of the 
vertebrates, that birds have come down to us through the Dinosaurs. . . . 
The case amounts almost to a detnonstration, if we compare. with Dino- 
saurs, their contemporaries, thr Mesozoic birds. The classes of Birds and 
Reptiles, as now living, are separated by a gulf so profound that a few 
years since it was cited by the opponents of evolution as the most important 
break in the animal series, and one which that doctrine could not bridge 
oyer. Since then, as Huxley has clearly shown, this gap has been virtually 
filled hy the discovery of hird-like repti lc~ and reptilian hirds. C o i ~ ~ p -  
sogrmfhlrs [once thought t o  be a bird hut shown by Gegenbaur, Huxley, 
and l I a r \ h  to he a dinosaur], and Archoropfr r~ , r  ["the most reptilian of 
birds"] ot' the Old \Vorld and Irhllzyorrtis and Hrspc ro r~~ i s  of the hTew, are 



the stepping stones by which the evolutionist of today leads the tloul~ti~l:: 
brother across the shallow remnant of the gulf once thought impassible." 

;\t presalt, systematists would say that there is not much else 
lresitles feathers to d is t i~~guish birds from reptiles. 

Marsh in 1880 regarded the Odontornithes, or birds with 

teeth, as a sul)class, which he divided into three orders: ( I )  
Odontocolcae, for the Ilc.spernriri.s type ; ( r )  Otlontotormae, for 
the Ich thyomis  type (in motlern classification these are of the 
order Cariilatae) ; and (3) Saururae of Haeckel, for Arrhacop- 
tcryx.  That these oldest types of true I~irds 

"should differ so Lvidely from cach other points unmistakably to a grcat  
antiquity for the class . . . but the reptilian characters they possess a r c  
convergent toward a more generalized type. N o  Triassic birds a re  
known. . . . [When they a re  found] ,  if we may judge from Jurassic 
Mamn~als  atid Reptiles, the next classes above antl below Birds, the avian 
forms of that period would still he birtls, al t l~ough with even stronger rep- 
tilian features. F o r  the primal forms of the bird-type, we must evidently 
look to the Paleozoic; and in the rich land fauna from .\merican Permian 
we may yet hop:. to  find thc remains of both Birds antl Matnmals." 

This hope has not yet been reali~ed. 
Lucas (in Zittel, 1902 ed.) holtls that the birtls are "descended 

without question from reptiles, their affinit~es with that c l a s  are 
so intimate that IIuxley inclutled them both under the common 
tlesignation of Sauropsida." I Ie  ol~jects, however, antl correctly, 
to this merging of 1)irds with reptiles. 

Alexander \Vetinore, in his Syste~iltrtic Classrficrrtro~l for tlic 
I3ird.s of tlzc W o ~ d d ,  R c v m d  atzd E ~ ~ z r n d e d  (1934), agrees with 
hlarsh's views as to the sys te~na t~c  relations between thc hleso- 
zoic birds and the more recent ones. H e  refers the Jurass~c 
reptilian lrlrds to the subclass Archaeornithes (ancestral birds ) . 
while placing the Cretaceoui toothed birds in the subclass Nc- 
ornithes (true l~ i rds ) ,  in the superortler Odontogiiathae (New 
IVorlcI toothed bird%), antl in the orders 1-Tespero1-nithifori~~cs 
(Hcsperoritis and Hargcriu)  antl Ichthyornithiforines (Iclztlry- 
ornis) .  While this places them near the ostriches (superorder 
Palaeognathae or struthious birds) among recent birds, they 
are not considered as closely allietl to that group. 



Doctor Wetmore, after liitldly reading the above section, made 
the following comment : 

"Marsh's discovery of the toothed birds in the fossil deposits of Kansas 
though made at  so early a day still ranks as one of the outstandi~ig clis- 
coveries in palaeornithology in North America. And to his original studies 
little that is new has hcen added, except to refute Marsh's Ixlicf that these 
cretaceous species were closely allied to the living ostriches. 111 point of 
fact the toothed birds seem set apart by themselves from all living forms. 

"In view of the very definite specialization of Hcsperomis and its allies 
for an aquatic existence, and of Iclttlzyomis for life in the air it seems 
strangc that no cursorial type has yet been discovered in Crctaceoub 
deposits, though hirtls of this kind are found well dcveloped in the 
Tertiary." 

Originally, Rlarsh intended to devote most of his time to the 
study of fossil inamilials, I ~ u t  when he began to get the well pre- 
served skeletons of gigantic dinosaurs, he became more and 
inore o\~erwhelined hy the extraordinary evolution shown in 
this l)hylum of reptiles, of which very little was lino\vn to 
paleontologists in the seventies. Accordingly, his projectccl 
~lionographs on the hlesozoic mammals, the horses, and the 
I~rontotheres failed to materialize, although the hantlsome one 
on the Dinocerata appeared in 1885 (author's edition) . 

3Iarsh treats of fossil maimuals in eighty-five different pul)- 
licntions, and his most productive years for describing them 
were the seventies. I11 these papers he descril~es as new 255 
species and 120 genera; $3 of the species and 43 of the genera 
are knoivn to be synonyms. Their variety is so great and their 
history is so intricate that of most of them little can 1)e said in 
this memoir. It1 the list following, these mammals are grouped 
by orders, and those marked with an  asterisk will 1)e presented 
in more detail. Figures in parentheses indicate synonyms. 

Subclass Allotheria. Mesozoic mammals. 
Order Multituberculata. 
Order Triconodonta. 

Subclass Eutlieria. Viviparous mammals. 
Infraclass Pantotheria. 

Order Symmetrodonta. 
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Infraclass Didelphia. Non-placental matnmals. 
Order Marsupialia, opossums, kangaroos, etc. 

Of the above orders, Marsh described : 
* Late Jurassic mammals, I5 genera(g) and 2 j species (6 ) .  
* Late Cretaceous mammals, 19 genera(10) and 37 species (21 j. 

Infraclass Monodelphia. Placental mammals. .A11 of Cenozoic time. 
Has the following orders : 

Insectivora, 12 genera (6) and I 8 species (3) .  
Tillodontia Marsh, I genus and 4 species. 
Taeniodouta, of uncertain systematic relationship, 2 genera and 2 

species. 
Cheiroptera. None of the "bats" described by Marsh belong in 

this order. 
Xenarthra, ground sloths or Gravigrada, I genus and 2 species. 
Rodentia, ; genera ( a )  and I I species ( I  ) . 
Carnivora, I I genera (3)  and 17 species ( I ) .  
Primates, 5 genera (3)  and 10 species ( I ) .  Five species are lemurs 

and five are tarsioids, the first of these primitive primates to be 
fout~d in America. 

Condylarthra, primitive ungulates, 2 genera(1) and 3 species ( I  ) .  

*Amhlypoda, short-footed ungulates. 3 genera and 23 species 
of * dinoceres. 

Coryphodontia, I species. 
Sirenia, sea cows, I genus and I species. 
Pe r i s s~dac t~ la ,  hoofed animals with an odd number of toes, in- 

cluding the * horses with 8 genera(2) and 19 species(1) : the 
* hrontotheres with 13 genera (4)  and 21 species (5 )  ; the tapirs 
with 2 genera and 3 species; and the rhinoceroses with .; 
genera aud 14 species. 

Ancylopoda, clawed animals with an odd number of toes, I genus 
and 3 species. 

Artiodactyla, cloven-hoofed auimals with an even number of toes. 
including oreodonts, swine-like mammals, camels, deer, ante- 
lopes, etc., 21 genera(4) and 49 species(1). 

From the phylogenetic viewpoint, the Jurassic wzauaznzals are 
probably the most significant of the whole class Mammalia, but 
unfortunately these fossils are amongst the greatest rarities, 
nearly all the known specimens being fragmentary jaws and 
isolated teeth. Even so, as G. G. Simpson said in 1928, "one is 
at  least dealing for the most part with jaws with their included 
teeth and direct comparisons between the established genera 
are possible in most cases". 



The  first hfesozoic mammal jaw was found in England in 
1764, but it was not recognized as  such until 1824, nhen the 
great anatomist, Cuvier, saw it a i d  pronounced it mammalian. 
In I 871 it n as named A ~ ~ ~ p l z i l c s t r s  Orodcripii by Owen. Pro- 
fessor Marsh, from his European studies, was fully aware of 
the desirability of 01)taining more of these early maminals, and 
he was constantly urging his field men to be on the watch 
for small fossils. Due to this prodding, one of his best col- 
lectors, W. H. Reed, excavating fo r  dinosaurs at Corno 13luff. 
\\'yonling, in 1878. found a good lower jaw of a mammal about 
the size of a weasel. Marsh named this find I1r)~alestc.s prisrus,  
and added that it represented a inarsupial "allied to the exist- 
ing opossums". Late in 1879, I\larsh named more of these 
"nlcclieval" nlanlmals, saying that they show "such a reseml~lance 
to I<II~\VII  types from the T'urbeck of England, that some con- 
nection betneen the two faunae is clearly implied." Further 
study convincetl him that these mammals 

"cannot be satisiactorily placed in any of the present orders. This appears 
to be equally true of the European forms. . . . With the exception of a 
very few aherrant forms, the known Mesozoic mammals may he placed 
in a single order, which may appropriately he named Pantotheria." 

This order is still recognized hy some systematists, and Marsh's 
order ;Illotheria is now raised to a subclass. 

These finds led to a more systematic search for man~inals, 
notably in the famous Quarry 5) a t  Coino, from which, thanks 
to a year's careful and persistent search, nearly all the more 
than loo-;oo separate specinlens of A4merican Jurassic mam~nals 
have come. The cost involved in getting these tiny fossils malies 
them worth more than thcir n-cight in gold. and they are among 
the great treasures of the museums at Yale antl at I\'ashiiigton. 

Carrying out Marsh's original intention, all the Mesozoic 
inammal material thus collected has now been elaborately mono- 
graphed by George G. Siinpson ( 1 p 8 ) ,  who finds 44 Jurassic 
slxcies in 23 genera. However, even our present knowledge 
of these early inammals, garnered o\7er more than a century of 
endeavor by many paleontologists, represents, according to Simp- 
son, only "lights in the vast darkness of the Age of Keptiles- 
antl very dim lights most of them are". 



S o  authentic C r c t i ~ c ( ~ o ~ ~ . s  I I I ( I I ~ ~ I I I ( I ~ . S  ;LI)I)C';II- to have k e n  foulltl 
anywhere until 1882, \vlien iso1:ltetl teeth of such were tlis- 
covered by J. L. Wortman in the L,aramie formation of \\Tyo~n- 
ing. I t  was, ho~vever, not until ISSO that they 1)egan to he 
found in any quantity, I-Iatcher writing Rlarsll on I\lay 20 that 
he was sending to New Haven 1)y registered mail "a pack:lge 
containing sonle 4 or  5 species of Laraunie maiiitl~als. . . I hope 
vou will l x  plcasetl and will not des1)ise them I)ecause they are  
few in numl~er.  They are I)y no means al~untlant, the few I 
send you requiring several (lays careful scarcll." J larsh  was 
1)leascd intleed, so tmuch so that on June 8 he telcgraphecl Hatcher 
to stop work on ceratopsian skeletons m t l  go after ~nammals en- 
tirely, for  which he then had four different localities. Within the 
next iour years, Hatcher, assisted 1)); C. 1':. ISeechcr antl other 
collectors, sent to \-ale ahout 5000 teeth antl sonlc jaws and 
skeletal parts. As  early as July 1880 Marsh had a pal)er in 
11rint describing rz  genera and 18 species o i  these Cretaceous 
nlammals, antl announcing that he had in 1)rel)aration for the 
United States Geological Survey a memoir on this "rich ruam- 
~nalian fauna". I n  this paper he gives credit to Hatcher for the 
tliscovery o f  "material for a new clial)ter in paleontology". 

S i r n ~ ~ s o t ~ ' ~  study fintls that these Cretaceous ~nammals are 
still very inadequately I i t i o \ ~ ~ ~ .  1)ccause of their usual isolated 
occurrence as teeth "which cannot he associated into natural 
genera in the majority of cases . . . the characters of two ccm- 
secutioe teeth of a single genus cannot be determined in ~iiaiiy 
instances." Marsh was aware of the necessarily artificial nature 
of his classification o i  these Cretaceous mamnxils; as Sitnpson 
says, Marsh had to resort to an atlalytical basis, giving names 
"not to distinct aniiilals I ~ u t  to difrerent types of teeth. Under 
the circumstances there mas much to 1)e said for this procedure." 
Eve11 yet the time is not at hand for a synthesis of these teeth 
into genera and species based on entire aninials, and Simpson 
concludes that "a revision, in the strictest sense, is itnr)ossilh". 

The relatively aljuntlant short-footed alnblypotls for which 
lZlarsll erected the suborder Dinocerata originated in Wyoming 



during the late Paleocene and died out at the close of the 
Eocene epoch, being the most striking and characteristic anitnals 
of middle Eocene (Bridger) time. They are also known in 
Mongolia, whither they migrated from America. Some of the 
larger forms, standing 6-7 feet high a t  the shoulders, u e r e  
elephant-like in bodily build, but they had no trunks and their 
curious heads were wl~olly unlike those of the prol)oscideans 
in that they bore three pairs of horns; and, in the males a t  
least. the upper canine teeth were drawn out into long recurvetl 
saber-like tusks that must ha\e been terrible weapons, although 
the manner of their use i5 unknown. The brain \\-a5 euceed- 
i~igly small. 

12'hile Leidy was the first to discover hones of the Dinocerata, 
his material was very fragmentary. T o  Marsh belongs, as IVort- 
man said in 1899, "the credit of the final determi~iation of their 
structure and affinities; he classified them in a separate and 
distinct order, Dinocerata, a name \vhicll has been very widely 
adopted II! naturalists." 

I n  September 1870, Professor Narsh,  with a large party of 
\-ale \tutlents, expluretl the Green River basin of western \Vyo- 
mmg under military escort. Here they found a large "1)onc- 
! artl". 111 ~z h ~ c h  mammal reinains were the most abundant fossils. 
.\mong these was n partial skeleton which Marsh the following 
year referred dou1)tfully to Leitly's genus Tita~zothcrizm. call- 
ing the species T. ? a9lccp.s. H e  returned a number of times to 
this basin, and to other nearly a5 r ~ c h  ones in the Green R h e r  
country, and brought 1)acl.c manq more specimens of this group, 
wl~icll he named Dinocerata in 1873, and of which he finally 
Iiad more than two hundred individuals, iilclucling some twenty 
il,ulls in good condition-striking testimony to the tenacity and 
thoroughness so characteristic of illarsh as a collector. 

Between 1872 and 1885, Marsh issued no fewer than thirty- 
lour papers treating of the Dinocerata, the series culminating 
in the quarto volume entitled Diiioccmta, a Monograph of an 
E.rtinct O d c r  of Gigantic Ma~$zmnls, which, illustratetl by 200 

wootlcuts and 56 lithographic plates. ranks among his I~est stutl- 
ies. This volume descril~es 3 of Marsh's genera, Uinoce1-as, 
Tlnoccms,  and Laocerns (subgenus), and I of Leidy's, 1 'rllta- 
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therium, the four together having 23 species llametl 11)- Marsh 
and 6 named by other authors (Cope 3, Osborn 2, Leidy I ) .  

I t  was the naming of these mainmals that led in large part 
to the intense rivalry between Cope and Marsh, into which the 
older Leidy-a man "insenii1,le to and unaffected by the ordinary 
passions of ambition or rimli-y"-was unfortunately drawn. 

IVhile a student in Germany, RIarsh had met Cope, and prc- 
vious to 1870 they had exchanged friendly letters. Shortly 
after Marsh's return, he called on Cope at Haddonfield, New 
Jersey, collected fossils with him, and purchased some of his 
material. Rlarsh's expedition to the IVest in 1870, howexer, and 
its great success in securing vertebrate fossils, as reflected in his 
papers of 1871 tlescrit)ing 4 new genera and 27 new species, 
showed the Philatlclphia group, represented by Leidy, Cope, and 
Haytlen, that here was a very real competitor. 

Hajclen had begun exploring on his own account in the Illis- 
souri River country as early as 1854; in 18j6  he joined Lieut. 
G. K. Warren's survey, and in 1859 that of Capt. W. F. 
Raynolds. In  1867, he was called on to organize the United 
States Geological Survey of the Territories, which, a t  the time 
of its formation, was one of four separate national surveys in 
the Rocky Llountain country. All the vertebrate fossils col- 
lected by Hayden had been turned over for study to Leidy and 
later to Cope, and up to and including 1870 the foriner had 
described from the West slightly more than 100 new species. 
After the early seventies, Leidy dropped more and more out 
of the field of western vertebrate paleontology, but Cope in 
1872 published thirty-four papers and notes, a strong indication 
of his intention to remain there. 

When Congress abolished the four independent surveys in 
1879, and called for a single new organization, the United States 
Geological Survey, to be headed by Clarence King-a reorgan- 
ization with which Marsh had considerable to do-Cope and 
Hayden found themsel~es supplanted in their work for the 
federal government. 

Returning to the battleground of the Dinocerata, Marsh 
published thirty-five papers on this group between 1871 and 
1884, and Cope at least twenty-nine. Seven of Cope's papers 
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describing new genera and species were dated 1872 ; Alarsh 
doubted this date and he set to work to find out the actual dates 
of issue, presenting his findings in ten different papers appearing 
during 1873 A s  a result of this tangle of conflictiilg dates, the 
taxonomy of the Dinocerata is even yet not settled, nor will it be 
until some judicially minded vertebrate paleontologist, fully 
conx7ersant with the International Rules of Nomeilclature, studies 
all the great mass of material in the ~ a r i o u s  n~useurns. 

O n  the third Vale expedition to the West, in 1872, two m e n -  
hers of the party, H. B. Sargent and J. W. Griswold, found 
remains of a huge new mammal, to which Marsh in the following 
year gave the interesting name B1-o~itotlzeiwrfi  giyas,  tlie "great 
thunder beast." l larsl i  showed this striking new type to be a true 
perissodactyl, and, according to Oshorn, "was able in a very few 
\vords to throw a flood of light upon the characters of the 
skeleton." These animals are often called titanotheres. but since 
the generic name T i t a n o t l l ~ ~ i ~ i m  (of Leidj )  110 longer stands, 
it \voultl seem that for the name of the group we should fall 
back upon Xarsh's term brontotheres ; this is also \Y. B. Scott's 
conclusion ( 1937). These creatures once roamed in great herds 
o \e r  \\-hat is now tlie Great Plains of eastern Colorado, \Vyo- 
ming, Dakota, and Selxaska. Their brains were no larger than 
a man's fist eye11 in the largest of the group, which attained 
almost the bulk of an elephant. & i s  Scott says, these great lleasts 
"were even more dull and stupid than are modern rhinocero~cs." 

rllthough elephantine in hulk, the brontotheres were less 
heaxily built proportionally, and stood somewhat higher. The  
head was saddle-shaped, with a blunt horn on either side of tlie 
nose. The  first of the group were comparatively low of stature, 
and their "horiis" were small knobs, well back of the eyes. 
IYith the passage of geologic time, the horns grew longer and 
the animals larger, so that the skull became a yard long and the 
horns a foot high and on the very end of the nose. These 
animals arose early in the Eocene of Sort11 America, and died 
out in the Oligocene, a geologic interval of about ten million 
years. Recently they have been discoxered in the Eocene and 



Oligocene of Mongolia. Their genetic evolution took place alolig 
four n~aiil stems, 1)ut co~mting all the side I~ranches, Osborn later 
indicated not less than eight phyletic lines, with 23 genera, 8 
of \vhich were named by Marsh. 

Between 1873 ant1 1891, Rlarsh ljul)lislicd thirteen paljers 011 

these brontotlieres. In  1889, lie presented a restoration of 
I<rorrtop.s rol~lt.stlzs. pointing out that it rel)resentetl the largest 
anim;ll of its time. Jlones of this animal were first fotind in 
1874 by I I .  C. Clifford, south of the Illacli Hills near Cl~adron,  
Xebi-aska, not far  from the \Vliite River, hut not until 1886 
\vere most o i  its I m t s  finally recovered, and tlie left hind leg 
is still missing; the mounted skeleton is onc of the greatest 
treasures in tlie 1'e:hotly Museum. 

In tlic early 1880's l l a r s h  pla~lned a large ant1 wcll illustrated 
n1onogral)h on the I~rontotlicres, and for it made sixty litho- 
graphic plates. l ~ u t  at  the time of his death in 18~99 he had not 
wen I~egun to I)rel)are the manuscript. The United States Gco- 
logical Survey in 1900 transferred the task of writing this 
n1onogral)li to 11. F. Osl)orn, hut he was not able to finish it tmtil 
1910, and another ten years passed before tlic two hantlsome 
volumes appenretl ~ u ~ l e r  the title T1zc Tittrr1ot11c.rc.s of A ~ ~ c i e r ~ t  
11r~0112i11~/, D(lkoft7. orrd A \ T ~ l w ~ ~ k ~ .  They form the most far- 
tcaching \vorli on a single group c ~ f  vcrtel~rate fossils ever 11~1)- 
lishetl, ant1 it is pleasant to read in them that ll;lrsli 

"madc the largest and most valuahle contributions to our knowledge of this 
family ant1 of its evolution. H e  planned the tnotnnnental lield w r l i  of John 
Bell Hatcher, by which the great collcction for the United States Xational 
lluscurn was made [which has more than 158 ~ l i d l s  and jaws 1 and Ile 
supervised the 111-eparation of thc sixty lithographic platcs. wl~ich ;,I-e here 
reprotlucetl." 

INCREASE 01: IXTELLIGEKCE I X  GEOLOGIC 'LIME 

From I 8 70 on, whenever Marsh had sufficient material, it 
was his rule to have his preparators section the rear end of 
fossil skulls and clean out all the rock or  crystalline material 
in tile I~rain cavity. Into this cavity was then pouretl wasin' 
gelatine, \vliicli, hecause of its marked p1ial)ility. could 11e easily 
ptllrtl out of the cavity, when cold, without tearing off any of 
tlie pi-ojecting 1)arts. From this gelatine cast a more permanent 



mold would be matle that permitted the taking of  other replicas. 
13y 1874, he had I)rain casts of many Cenozoic mammals, ant1 

these enabled him to ~iiake a first attempt at a generalization re- 
garding brain growth in geologic time. On  the evening o i  June 
17, hc presented his coilclusions before the Connecticut Ac;demy 
of Arts and Sciences in New Haven. The Eocene mainin;*ls, he 
said, 

"all appear to have had small brains, and in some of them the hrain cavity 
\\.as hardly more capacious than in the higher reptiles. The largest I'ocene 
mamn~als are the Dirroccrtrtn. which were hut little inferior to  thc elephant 
in bulk. I n  Iliaoccrtrs . . . the brain cavity is not more than one-eighth 
the average size of that in existing Rhinoceroses. . . . The gigantic mam- 
mals of the American lliocene [=Oligocene] are the l?ro)ctofhcridac, 
which equalled the Dircocerclta in size. In  Brurctofherinrn Marsh . . . the 
brain cavity is . . . ahout the size of the brain in the Indian IZhi~loceros. 
In  the Pliocene strata oi the \Vest, a species of 114as fo t fo~~  is the largest 
mammal, and although but little superior in absolute size to Brorrtothrririrrr, 
it had a very 1uuc11 larger brain, hut not  eclual to that of existing I'rohos- 
citlians. The Tapiroid ungulates of the Eocene had small brain cavities, 
much smaller than their allies, the hliocene Khinocrrofitiuc. The Pliocene 
representatives of the latter group had well developed brains, I~u t  propor- 
tionally smaller than living species. -4 similar progress io~~ in Ix:tin 
capacity seems to be \yell marked in the cquiue mammals." 

In  I 876, Marsh l ~ r i e l l ~  rcca1)itulatetl his knowledge as follows : 

"l;ir.st, all Tertiary matnmals had small brains; srco~rti,  there was a 
gradual increase in the size of the brain during this period; third, this 
illcrease was mainly confined to the cerehral hemispheres, or Iligher por- 
tion of the brain; forrrflt, in some groups, the convolutions of the brain 
have gradually bccomc more complicated; fifflt, in some, thc cerel~ellum 
and olfactory lobes have been diminished in size." 

These statements he repeated in his Nashville address the 
followiilg year, adding : 

"In the long struggle for existence during Tertiary time, the big brains 
won, then as now; and the increasing power thus gained rendered useless 
many structures inherited from primitive ancestors, but no longer adapted 
to new conditions." 

In his Presitleiltial Address a t  Saratoga in 1879, he went still 
further, saying : 

"More recent researches render it probable that the same general law o f  
brain-growth holds good for birds and reptiles from the Mesoroic to the 
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present time. The Cretaceous birds, that have heen investigated with 
reference to this point, had brains only about one-third as large in propor- 
tion as those nearest allied among living species. The Dinosaur5 from our 
Western Jurassic follow the same law, and had brain cavities vastly 
smaller than any existing reptiles." 

T o  the five coi~clusions regarding brain growth stated in 1876, 
and later presented as an "outline of a general law of brain 
growth," Xarsh made two additions in the Dinocerata mono- 
graph (1885), as follows : 

6. "The brain o i  a mammal belonging to a vigorous race, fitted for a 
long survival, is larger than the average brain of that period in the same 
group." 

7. "The brain of a mammal of a declining race is smaller than the aver- 
age of its contemporaries o i  the same group." 

H O N O R S  

When one considers that in Professor ?\Iarsh's time, hoiiors 
and other evidences of distiilguishetl achierement were not as 
numerous as they are now, those that he received make an 
impressive list. 

On the academic side, his record includes the class valedictory 
at Andover, a High Orations stand at graduation from Yale, a 
Berkeley Scholarship, and election to Phi Beta Kappa; he re- 
ceived an honorary Ph.D. from Heidelberg University at  its 
;oath anniversary in 1886, and E-larvard's doctorate of laws in 
the same year, at its 250th anniversary. 

President of the American Association for the Advancenieiit 
of Science in 1878, he was vice-president of the Kational Acad- 
emy of Sciences from 1878 to 1883, and its president froill 
1883 to 1895. H e  was vertebrate paleontologist of the United 
States Geological Survey from 1882 to 1899, and honorary 
curator of vertebrate paleontology in the United States National 
Museum from 1887 until 1899. 

From the Geological Society of London, of which he was 
elected a Fellow in 1863 and a Foreign illeinbcr in 1898, he 
received the Bigsby Medal in 1877; and twenty years later he 
received Vertebrate Paleontology's cord011 blcu, the Cuvier Prizc 
from the Institute de France, becoming Correspondent of the 
French Academy the next year. 



H e  u-as a meml~er or an honorary member of forty-one 
scientific societies or academies, and six of a non-scientific 
nature, distributed as follows: United States, 26; England, 4 ;  
Belgium, 4 ; Germany, 4 ; France, a ; and one each in Canada, 
Mexico, rlrgentina, Ireland, Denmark, Italy, and Russia. 

His epitaph. written by his lifelong mentor, Professor 1Srush. 
reads : "To Yale l1e gave his services, his collectioils and his 
estate." 

"Here are the] to whom, from the depths of space, were 
whispered in the night watches its long hidden secrets. There, 
too, are those who, in the silence of the laboratory, rejoiced in 
the fertile marrlage of the elements, or they who, like confessors, 
heard from dead 1,ones or rock or flower the itmneasurable his- 
tory of the silent age\ of earth." 

S. WEIR ~~IITCIIELL, 
At the  J d i l r r  balqi lc t  of fllc ~Vtrtrorlcd 

Academy of Scirrlccs. 



Compiled from three sources: a list of Professor Marsh's papers, 
prepared by Miss Lucy Pcck lu sh ,  his secretary for many years, and 
published privately I)y Professor Marsh from time to time; the hihli- 
ography appearing in Professor Charles 17. I!eecher's memorial ; arid 
one reprinted from "Bibliographies of tlie Officers of Yale University, 
covering tlie years 1861-1892." About three hundred titles are listed 
here. 

1861 

The Gold of Kova Scotia. A ~ R .  JOUR. SCI. (21, v d .  32, pi). 395-400. 
Al~stract  : C.zr;i\ur.m ?;AT., vo1. 6, pp. 427-430 

On the Saurian Vertehrae from Kova Scotia. AMER. JOUR. SCI. (2 ) ,  vol. 
33, P. 278. 

Description of the Remains of a new Ihiliosaurian (I?osnzzrus actrdianus), 
from the Coal Formation of Kova Scotia. Ib~ci., vol. 34, pp. 1-16, 
pls. i-ii. Abstract: CAKAI)IAX N ~ T . ,  vol. 7, pp. 205-213; Qu.~RT. 
JOLR.  GEOL. SOC. LOXDOY, vol. 19, pp. 52-56, 1863. 

Catalogue of hlincral Localities in New Urunswick, Xova Scotia, and 
Newfoundland. AIIER. JOUR. SCT. ( z ) ,  vol. 35, pp. 21&218. Abstract: 
In J. 1). Dana, "Treatise on Mineralogy," 5th ed., pp. 789791, 1568. 

o n  tlie Scictice of the International l<xhibition. AMER. Joun. SCI. (2) ,  
vol. 3j ,  pp. 2jG-250. 

186.; 

Notice of a ncw Fossil Annelid (llclt~lirrfhotlcs arrtiqn~ts), from the 
Lithographic Slates of Sole~ihofen. Ibid., vol. 38, p. 415 Abstract: 
ZISITS. D E ~ T S C H .  (.EOL. GESELL., vol. 10, p. 363; N. JAHRU., p. 57, 
186j. 

186.5 

[Uebcr eincn Pterodactylus von Eichstadt, alpinen Muschelkalk und 
S'o1ui1oc.rir1zz.s costntzrs.] ZEITS. UEUTSCH. GEOL. GESELL., vol. 17, 
1). 13. 

[New Genus of Jurassic :Itinelides (fsc/zyracar~thzrs).] Ibid., vol. 17, 
p. 267. 

[Douhle Lobe-lines of Coxtitcs itodosns.] Ibid., vol. 17, pp. 267-269. 



Description of  an ancient Sepulchral Mound near Kenark, Ohio. AMER. 
J L I ~ R .  Scl. ( z ) ,  vol. 42. pp. 1-11, 

Discovery of additional Mastodon Remains at  Cohoes, S e w  1-ork. Ibid., 
vol. 43, pp. 115-116. 

A Catalogue of Official Reports upon Geological Surveys of the United 
States and British Provinces. Ibid., vol. 43, pp. 116-121, 39p404. 
Reprint, pp. 1-14 (slightly different). 

Xotice of a new Genus of Fossil Sponges from the Lower Silurian. 
Ibid., vol. 44, p. 88. Ahstract: CANAIIIAX NAT., n s . ,  vol. 3, p. 301, 
I 868. 

Contributions to the Mineralogy of S o r a  Scotia. S o .  I .  Letlererite 
identical with Grrlelinite. AMER. JOTI:. SCI. (2) .  vr~l. 44, pp. 362-367. 

On the Pnlacotrocl~is of Emmons from North Carolina. Ibid., vol. 45, 
1)D 217-219. 

On the Origin of the so-called Lipil i tcs,  or Ejso~ilitrs. Ahstract: PROC. 
,431~~. ASSOC. AIW. %I., Burlinfito~l meeting. 18O7, ~ 0 1 .  16, pp. 135- 
143 ; CANADIAN NAT., 1l.S., ~ 0 1 .  3. 1). 193. 

On certain 1Sffects produced upon 1;ossils hy \Veatllering. A h t r a c t :  
C'A~YADIAX NAT., n.s., vol. 3, p. 30j. 

Observations on the Metamorphosis of Sircdorl into .4111bl>'sto1rltr. Amin. 
JOUR. SCI. (2),  voI. 46, 111). 364-374 I pl. ; ZOOLOCTST. Im1(1on. v d .  4, 
pp. 1569.1580, 1869. Abstract: AMER. NAT., vnl. 2, p. 493; PROC. 
BOSTON Sac. ? \ T ~ ~ .  HIST., vol. 12, pp. 97-98, 1809. 

Notice of a new and diminutive Species of Fossil Horse (Equus pay- 
zmlus), from the Tertiary of Nebraska. Aims. JOTK. SCI. ( 2 ) ,  v d .  
46, pp. 374-375 ; AKN.  MAG. NAT. HIST. (q),  vol. 3, pp. yj-90, 1869. 
Abstract: N. JARRB., p. 767, 1869. 

Notice of some new Reptilian Remains from the Cretaceous of Brazil. 
AMER. JOUR. %I. (2) ,  vol. 47, pp. 39c-392. A x s .  MAG. NAT. HIST.  
(4) ,  vol. 3, pp. 442-444 Ahstract: K. J A I T I ~ . ,  p. 112, 1871. 

Description of a new anti gigantic Fossil Scrpent (Dir~ophir g r n d i s ) ,  
from the Tertiary of New Jersey. AMF.R. JOCR. SCI. ( z ) ,  vo1. 48, 
pp. 397-400 Abstract: AMER. NAT., vol. 4, p. 254, 1870. 

Description of a new Species of Protirllilitc.~ from thc Potsdam Sandstone 
of New York. PROC. AXEI:. ASSOC. AIIV. SCT.. 1868, vol. 17, pp. 
322-324; AMER. JOUR. SCI. ( z ) ,  vol. 48, pp. 36-49, I p1. A h t r a c t :  
X. JAHRB., p. 536, 1871. 
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On the Preservation oi Color in Fossils from Palaeozoic Formations. 
PROC. AMER. ASSCC. ADV. SCI., 1868, vol. 17, pp. 325-326. 

On a remarkable Locality of Vertebrate Remains in the Tertiary of 
Nebraska. Abstract: CAKADIAS K.~T., vol. 4, pp. 322-323. 

[The Cardiff Giant.] NEW YOHI< HLR.\LD, Dec. I ,  1869, p. 8. Reprinted 
from BUFFALO COURIER, NOV. 29. 

Notice of some new Mosasauroid Reptiles from the Greensand of New 
Jersey. AMER. JOCK. SCI. (2) ,  v01. 48, pp. 392-397. Abstract: 
CANADIAN NAT., vol. 4, p. 331 ; AMER. KAT., vol. 4, p. 62. 1870; 
GEOL. MA(;., vol. 7, pp. 376-377, 1870; N. JAHKB., p. 526, 1870. 

Kotice oi some new Tertiary and Cretaceous Fishes. PROC. AMER. ASSOC. 
ADV. SCI., 1869, VOI. 18, pp. 227-230. 

Notice of some Fossil Birds from the Cretaceous and Tertiary Forma- 
tions of the United States. AMER. JOUR. SCI. ( z ) ,  vol. 49, pp. 205-217. 
Abstract: PROC. ACAD. EAT. SCI. PHILADELPHIA, vol. 22, pp. 5-6; 
GEOL. MAG., ~ 0 1 .  7, pp. 377-378; K.  JAHRR., P. j12; ZEITS. GESARIIIT. 
NATURW., ~ 0 1 .  j, pp. 263-264, 1872. 

Note on the Remains of Fossil Birds. AJSER. JOUR. SCI. (2) ,  vol. 49, p. 
272. 

Notice of a new Species of Gavial from the Eocene of New Jersey. 
Ibid., vol. 50, pp. 97-99; GEOL. MAG., v01. 7, p. 427. 

[New Vertcbrate Fossils from New Jersey.] PROC. ACAD. NAT. SCI. 
PHILADELPHIA, vol. 22, pp. 2-3. 

[New Fossil Turkey.1 Ibid., p. 11 ; (with addition\) AMER. JOUR. SCI. 
(3) ,  vol. 4, pp. 260-261, 1872. Abstract: AKER. SAT., vol. 4, p. 317, 
1871. 

[New Fossil Peccary from New Jersey.] PKOC. ACAD. SAT.  SCI. PHILA- 
DELPHIA, ~ 0 1 .  22, P. 11. 

Rocky Mountain Expedition.-Discovery of the Xazwaises Tewes Forma- 
tion in Colorado. AMER. JOUR. SCI. ( z ) ,  vol. 50, p. 292; CANADIAN 
N A ~ . ,  vol. 5, p. 240, 1871. 

Note on Lophiodort from the Miocene of New Jersey. PROC. ACAD. NAT. 
Scs. PHILADELPHIA, vol. 23, pp. 9-10. 

New Reptiles and Fishes from the Cretaceous and Tertiary Formations. 
Ibid., pp. 103-105. 

Scientific Expedition to the Rocky Mountains. AMER. JOUR. SCI. (3 ) ,  
~ 0 1 .  I, pp. 142-143. 

On the Geology of the eastern Uintah Mountains. Ibid., vol. I, pp. 191- 
198. 

Notice of a Fossil Forest in the Tertiary of California. Ibid., vol. I ,  pp. 
266-268. -4bstract : N. JAHRB., pp. 892-893. 



Description of some new Fossil Serpents from the Tertiary Deposits of 
Wyoming. AMER. JOUR. SCI. (3) ,  ~ o 1 .  I ,  pp. 322-329; BOLL. R. 
COMITATO GEOL. D'ITALIA, vol. 3, pp. 273-278, 1872. Abstract: N. 
JAHRB.. p. 986. 

Xotice of some new Fossil Reptiles from the Cretaceous and Tertiary 
Formations. AMER. JOUR. SCI. (31, vol. I, pp. 447-459; BOLL. R. 
CO~IITATO GEOL. D'ITALIA, vol. 3, pp. 278-283, 338-343, 1872. Abstract : 
K. JAHRD., p. 890; POP. SCI. REV., London, p. 436 

Kote on a new and gigantic Species of Pterodactyle. AMER. JOUR. SCI. 
(3) ,  vol. I ,  p. 472. Abstract: K. JAHRB., p. 890. 

Sotice of some new Fossil Mammals from the Tertiary Formation. 
ALIER. JOUR. SCI. (3) ,  vol. 2, pp. 35-44; BOLL. R. COMITATO GEOL. 
D'ITALIA, ~ 0 1 .  3, pp. 343-350, 1872, 

Sotice of some new Fossil Mammals and Birds from the Tertiary 
Formation of the West. AMER. JOUR. SCI. (3) ,  ~ o 1 .  2, pp. 120-127; 
BOLL. R. COMITATO GEOL. D'ITALIA, V O ~ .  3, pp. 350-353, 1872. Abstract: 
K. J.\HRB., pp. 706-107, 1872; ZEITS. GESAII~IT. ~ A T U R W . ,  V O ~ .  5, 
p. 264, 1872. 

1872 

Discovery of a remarkable Fossil Bird. . ~ M E R .  JOL-R. SCI. (3) ,  \~o1. 3, 
pp. 56-57, Abstract: SATYRE. vol. j. p. 348, Feb. 29, 1872. 

Remarks on Explorations in the Rocky Mountains, Oregoil, etc. Ab- 
stract: PROC. CALIPORXIA ACAD. NAT. SCT., vol. 4, p. 200. 

Discovery of additional Remains of Ptcrosalrria, with Descriptions of two 
new Species. AMER. Jovn. Scr. (3) ,  vol. 3, pp. 241-248. Abstract: 
1. JAHRB., p. 983; N A T ~ R E ,  vol. 5 ,  p. I 51, June 20, 1872. 

Discovery of the dermal Scutes of Mosasauroid Reptiles. AIIER. JOL-R. 
SCI. (3) ,  V O ~ .  3, pp. 290--292. 

Notice of a new Species of EIadrosaur~u. Ibid., vol. 3, p. 301. 
Preliminary Description of Ilcsperor~zis regtrlis, wit11 Notices of four 

other new Species of Cretaceous Birds. Ibid., vol. 3, pp. 360-365; 
- 4 s ~ .  MAG.  AT. HIST. (4), 1'01. 10, pp. 212-217; BOLL. R. COMITATO 
GEOL. D'ITALIA, vol. 3, pp. 211-217. Abstract: NATURE. vol. 6, pp. 
90, 94, May 30, 1872; Z u r s  GFSAMIIT NATUKIV., v01. 5, 1). 263; 
POP. SCI. REI., London, pp. 316-317; N. J-AIIRB., p. 983. 

On the Structure of the Skull and Limbs in Mosasauroid Reptiles, with 
Descriptions of new Genera and Species A i n m <  JOUR. SCI. (3 ) ,  
vol. 3, pp. 448-464, pls. x-xiii. Abstract: S. JAHRB., p. 983; JOUR. 
ZOOL., Paris, vol. 2, pp. 533-536, 1873. 

Note "On Two new Ornithosaurians from Kansas." .%MER. JOUR. SCI. 

(3) ,  vol. 3, PP 374-375 
Bowlders in Coal. AMER. NAT., vol. 6, p. 439. 
Preliminary Description of new Tertiary Mammals. Pt. I. A n m ~ .  

JOVR. SCI. (3) ,  vol. 4, pp. 122-128. Abstract: N. JAHRB., pi). 990- 

99'. 
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Valr College Expedition to the Rocky Mountains and Pacific Coast. 
AMER. JOUR. SCI. (3) ,  vol. 3, p. 140. 

Note on Rlzi~zosaurris. Ibid., vol. 3, p. 147. 
Preliminary Description oi new Tertiary Mammals. Pts. 11, 111, and IV.  

Ihid., vol. 3, pp. 202-224. Abstract : N. JAHRB., PI). 990-991. 
Sotice o i  some ne\v Tertiary and Post-Tertiary Birds. A ~ I E R .  JOUR. S(.I. 

(3 ) ,  vol. 3, pp. 256262. Abstract: K. JAHRB.,  p. 220, 1873. 
Prrliminary Description of new Tertiary Reptiles. Pts. I and IS. A ~ I E I I .  

JOUR. SCI. (3 ) ,  v01. 4, pp. 298--309. Ahstract : N. JAHRB., p. 984. 
Sote  on Tiimccrns nrlrcps. AMER. JOUR. SCI. (3 ) ,  vo1. 4, p. 322. Abstract : 

POP. SCI. REV., 1-ondon, p. 91, 1873 
Notice of a new Species of Tinoccvczs. AMER. JOUR. SCI. (3 ) ,  vo1. 4, p. 323. 
Notice of somc remarkahle Fossil Mammals. Ibid., vol. 4, pp. 343-344. 
Notice of a new and remarliable Fossil Bird. Ibid., vol. 4, p. 344; ANN.  

MAG. NAT. HIST. (4) ,  vol. 11, p. 80, 1873; AMFA. NAT., vo1. 7, 1). 50, 
1873. Abstract: POP. % I .  REV., I.ondon, p. 97, 1873; ZEITS. ~ E S A M ~ ~ T .  

NATURW., vol. 6, I). 532. 
Discovery of Fossil Qladrlimaim in the Eocene of Wyoming. A ~ ~ E R .  Jo r r~ .  

Scr. (3 ) ,  vol. 4, pp. 405-406 ; Gmr.. L~Ac. . ,  V O ~ .  10. p. 33, 1873 ; An1ri.R. 
NAT., vol. 7, pp. 1 7 ~ 1 8 0 .  1873. 

Note (in a ncw Genus oi Carnivores from the Tertiary of Wyoming. 
ARIER. J o ~ R .  SCI. (3 ) ,  vol. 4. p. 400: GEOL. MAC., vo1. 10, pp. 33-34, 
1873. 

Sotire of a new Reptilc from the Cretaceous. A m x .  JOUR. SCT. (3 ) ,  VOI. 

1, P. 406. 
Synopsis of American Fossil Birds. In Coues's "Key to North American 

Birds," pp. 347-350, Salem. 

Return o i  the Yale College Expedition. AMFA. JOUR. SCI. (3) ,  vol. j, 
PP 71-72. 

Notice of a new Species oi Iclzthyoncis. Ibid., vol. 5, p. 74. Abstract: 
ZEITS. (;ESANMT. NATL~KW.,  VOI. 6, 1). j32, 1872; NATUKE, ~ 0 1 .  7, 1). 
310, Feh. 20, 1873 ; J o n .  ZOOL., Paris, vol. 2, pp. 40-41. 

O n  sonic of Professor Cope's recent Investigations. AMER. NAT., vol. 7, 
pp. 51-52, 

On the gigantic Fossil Mammals of the Order Uitrocrvnfn. AMER. JOUR. 
S ~ I .  (3 ) ,  vol. 5, pp. 117-122, pls. i-ii; A x x .  SCI. NAT. (ZOOL.), Paris. 
\ . , ) I .  17, pp. 1-8, 111. 2 1 ;  Joru. %001.., Paris, vol. 2, pp. 160-168. Ah- 
.;tract: ZEITS. (;r;sA~alT. NATUKW.. v d .  0.  pp. 533-534, 1872; G ~ L .  
MAG., vol. 10, pp. 115-116; NATURE, vol. 7, p. 360, March 13, 1873 ; 
Por.  Scr. KEY:, Ixmdon, p. 213; N. JAHKB., pp. 334-335, 1875. 

On a new Sub-class of Fossil Birds (Odontm-nithcs). AMER. JOUR. SCL. 
(3) .  vol. 5. p p  161-162: AAIEH. NAT., ~ 0 1 .  7, pp. 115-117; ASN. MAG. 
NAT. HIST.  ( 4 ) ,  vnl. 11, pp. 233-234: A x s .  SCI. NAT. (ZOOL.), Paris, 
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vol. 17, pp. 8-10. :\bstract: POP. SCI. REV., London, pp. 210--211 ; N. 
JAHRB., P. 334. 

Discovery of new Rocky Mountain fossils. Proc. AMER. PHILOS. SOC., 
vol. 12, pp. 578-579; A m .  SCI. GBOL., Paris, vol. 3, pp. 99-100. 

Fossil Birds from the Cretaceous of North America. AMER. JOUR. SCI. 
( 3 ) ,  vol. 5, PP. 229-230. 

Notes on the Dates of some of Prof. Cope's recent Papers. Ibid., vol. 5, 
pp. 235-236 ; A XER. NAT., vol. 7, p. I 73. 

The  Fossil Marnmals of the Order Dbtoccvntcl. A ~ I E R .  NAT., vol. 7, pp. 
146-1 53, pls. i-ii. 

.\dditional Observations on the Dirlocc~-ata. AMER. JOUR. SCI. ( 3 ) ,  vol. 5, 
p p  293-296. Abstract: NATURE, vol. 7, p. 491, April 24, 1873. 

Supplen~entary Note on the Dir~orcmtn. AIIER. JOUR. SCI. ( 3 ) ,  vol. 5, 
pP. 3 I e 3 I I .  

On the (;enus Tit7oc.o.o~ and its Allies. .I\MF:R. NAT., vol. 7, pp. 217-218. 
Notice of new Tertiary Mammals. XMER. JOCR. SCI. ( 3 ) ,  vol. 5, pp. 407- 

410. Ahstract: NATI:RE, vol. 8, p. 76, May 22, 1873. 
On the Dates of Prof .  Cope's recent Publications. AMER. NAT., vol. 7, 

p p  303-306. 
Tii~oceras and its Allies. Ibid., vol. 7, pp. 306-308. 
Reply to Professor Copc's Explanation. Ihid., vol. 7, Appendix, pp. i-ix. 
Notice of new Tertiary hiammals (continued). AMER.  J o ~ R .  SCI. ( 3 ) .  

vol. j, pp. 485-488. 
New Observations on the Dixoccmttz. Illid.. vol. 6, pp. ~ ( I o - ~ o I .  

On the gigantic Mammals of the American Eocene. PRW. AMP:II. PHILOS.  
SOC.. vol. 13, pp. 255-256. 

1874 
Return of Rocks Mountain Expedition. AXIEK. JOI.R. SCI. ( 3 ) ,  vol. 7, 

pp. 6243 .  Abstract: NATURE, vol. 9, p. 273, Feh. j, 1874. 
On the Structure and Affinities of the BI-oirtotheridtrc. ARIER. JOUR. SCI .  

( 3 ) ,  vol. 7, pp. 81-86, pls. i-ii. AMER. NAT., vol. 8, pp. 79-85. Ah- 
stract : NATURE, vol. 9, p. 227, Jan. 22, 1874; Joun. Zoo I... Paris, vol. 
3, pp. 61-62. 

Notice of new equine Mammals from the Tertiary Formation. AMER.  
JOUK. Sc.1. ( 3 ) ,  ~ 0 1 .  7, pp. 247-258. 5 figs. ; A N  N .  ,\I A(;. S, \T.  11 IST. 

(4) .  vol. 13. p p  397-400. .-\hstract : NAT(.RF.. v d .  r), p, .3oo. Marrli 
rg, 1874: ZEITS. GESAXIMT. NATUIIW..  vol. ro, pp. 463-464; 1or.r' 
Zoo1 ... Paris, vol. 3, pp. 9 ~ 9 2 .  

Fossil Horses in America. . ~ A ~ E R .  NAT., vol. 8, 1)11. 288-194, figs. 73-75. 
Abstract : N. JAHRB.,  p. 774, 1875 

Notice of 11cw Tertiary Marnmals. P t .  111. ARIER. JOUR. SCI. ( 3 ) ,  
vol. 7 ,  pp. 531-534 Abstract: N. J.\HRB.. p. 774, 1875. 

Small size of the Brain in Tertiary Mammals. AILIER. JOVII. SCI. ( 3 ) .  
vol. 8, pp. 66-67; AMER.  NAT., vol. 8, pp. 503-504; ANN. MAG. NAT. 
HIST. (4) .  V O ~ .  14. 1). 767: JOI.R. %OOL., Paris, vol. 3, 1'1). 326-32;. 
Ahstract : NATIJRE. vol. 10. p. 273. :lug. 6. 1874; N. JAIIRII . ,  1). 77.2 
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Ancient Lake Basins of the Rocky Mountain Region. Pt .  I.  AMER. 
JOUR. SCI. (3) ,  vo1. 9, pp. 49-52 Abstract: A ~ I E R .  NAT., vol. 9, 
p. 119; GEOL. MAG. (2 ) ,  vol. 2, pp. 232-233. 

Return of Prof. Marsh's Expedition. AMER. JOPR. SCI. (3 ) ,  vo1. 9, p. 62. 
New Order of Eocene Mammals. Ibid., vol. 9, p. 221 ; AMER. NAT., vol. 

9, pp. 182-183; NATURE, rol. 11, p. 368, March 11, 1875; ANN. MAG. 
NAT. HIST. (4) .  rol. IS, p. 307; JOUR. ZOOL., Paris, vol. 4, pp. 70-71 ; 
N. JAHRB., p. 332, 1876; POP. SCI. REV., T.ondon, p. 207. 
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