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THE PROBLEMS OF COMPARATtVE 03TEOLOGY.I 

OSTEOLOC-Yi~the study of the bones or the skeleton of verte- 
brates. Comparative osteologv is the study of the origin and 
evolution of the dtfferent n~odifirations of the slreleton. I t  could 
also be called "morphology of the skeleton " It  not only regards 
the living forms a l o n ~ ,  but considers the fossil form.; exactly in 
the same may. '1s we know nothing but the ske!eton of the ex- 
tinct ~ertebrates, comparative o-teology becomes the real basis of 
tertehrate phylogeny. ill1 our systems of veitebrates hacr to be 
founded on characters clertved from the skeleton. I t  is quite evi- 
dent, therefore, that comparali\e osteology is one of the most 
important branches of vertebrate morphologv. It alone enables 
us to give an exact and scientific explanat~on of the origin and 
srolution of vertebrates, and so it is the real foundation of the 
~norpholog~of these aninlals. 

Clonlparative osteology may be divided into three branches. 1. 
Osteology bf the living forms; 8. Osteology of the extinct forms; 
8. Evolution of the slreleton. 

It  is the task ( f the fiist-named branch-osteology of the living 
forn~s-to study the skeleton of the living fortns in as com-
plete a manner as possible. A characteristic genus cf each 
family ought to be examined, and the characters of the famtlies 
glren on this basis. I1 especially reqards such groups of animals 
as are verg. isolated to-day, and of the ol.igin of wl~ich we know 
very little or nothing throng11 paleontology, Sucll ar~irv~als are, 
for instance, the ilfonotremntn the ost~iches, cha~neleon, Necturus, 
Hippocampus. A t  the same time it nims to study with gleat 
care such fmhis :IS in former periods must h a \ e  been rib~~ndant, 
and which ape represented to day, perhaps, bye  single genus onlv. 
Such fortns are Hyrtrx, Apteryx: Sp7/enodon, Po7gpterzis, Ce7-uto- 
dus, and many others. 

There ale cl~fferent ways lo ~vorlr in this branch One man 
may give a n~os t  complete osteologv of a ningle form, for instance, 
the chicken; hut this purely descriptive tx ork mill be of little sci- 
entific value in itself, though it will become valuable for h ~ t n  who 
gets the philosophy out of it, and who traces the relations and 
origin of the form described. Notwithstanding, such work 1s very 
often important, if forms n~ltich are very rare or d~fficult to get 
are  treated in this way. A pure description, for instance, of the 
osteology of the peculiar tortoiie Curettoche2ys from New Guinea, 
would be very important, because it would cnable us to give the 
correct systematic position to this form. Of the greatest impor- 
tance is tile study of osteological variations in a genus or a species. 
Darwin's publications in this direction are Lnown to everybofly, 
and Neltring in Germany bas devoted much time to it. Such re- 
~earchesought to be undertaken oftener, as they are of the greatest 
value for the explanation of the origin of species. Another man 
may study all the skulls of the members of a family, or an order, 
o r  a class or even of all living vertebrates, and thus gice a com- 
plete history of the osteology of the skull; or he may treat the 
vertebra, the shoulder-girdle, the pelvis, the limbs, in the same 
way. Such researches are extremely important; hut, l)g consider-
ing  one part of the skeleton alone, it may happen that: parallel 
forms may be considered as nearly related which in fact have 
nothing wliaterer to do with each other. -

1 Abstractof s lecture  given by Dr. G. Baur at Clark University, Worcester, 

Maas., Cct. 17, 1890. 


It is hy thts method of study that the great holnologies of the 
skelctot~ have bren worked out Of coarse, the time of the 
a rche t~pc idea of the skeleton belong3 now to the past, or nearly 
so; but it has been followed bg a time which has gone a step too 
far aitli its tendency to homologize every thing. In this, great 
care is necessary There are elements and formations which have 
no ho?~olopueq 1recall the Interparietal of mammals. This bone 
appeared in the mammalian line. doubtless produced by the in- 
crease of the brain It is a new formation in the special branch 
of mammals n111ch has no homologue among lower ~ertebrates. 
W11cn the predentary bone was found In iguanodon, a homologue 
was eagerly .parched for; but this bone is a new formation in the 
peculiar g ~ o u p  of Orthopoda to which iguanodon belongs, and has 
no homologue aniong loner form<. I could multiply these exam- 
ple% (the tympanic of marnlnals belongs here, for instance), but I 
1t71ll mention only one other case. There is much qaid at  present 
about hexa- or hepta-dactjlism of the mammalian hand, homo- 
l o p e s  for the additional digits are looked for among fishes, and 
we hear about the polodactyl anceslors of marnmals; but it is for- 
gotten that mammals came from pentadactyl reptiles, ancl reptiles 
from pealadactjl batlachian\, and that these rudimentary addi- 
tionhl ciigits in mammals are sirliply of recent i~ldependent origin, 
and have no hou~ologues. The same is true of $he polydactyl 
fo111ls of ichthyosaurs, cf the hexadactyl hind-limb of frogs, and 
of all higher ~eitebrates ullh polyplialangeal digits, as the 
Pleszostru.zztr, ilZi~sasauridce, Szrenia, L'etacen. I t  is by studying 
only one part of the skeleton, nithout consideration of the otherq, 
that s~icll mistakes in homology are made. So it  i s  that the fins 
cf ~chtlivosnurs were consicl~red for a long time, and by some 
still to-daj, as forni~ng the missing link between fishes and rep- 
tiles 

A third man mag study the osteolo~y of a group of vertebrates as 
a whole; for instance, the ungulate., or tl,e pairots, or the croco- 
diles, or calmons. He will compare all the skulk, the limbs, the 
~ e r t ~ b i a ?and so on, of s~ lch  a group, trying to trace the origin 
and reldtion of its members. He will have a big task, but he will 
get nearest to the truth. Rut even if he should fitudy the skulls 
of all living species of vertebrates, or the com~le te  osteology of 
a!l living forms, his genera! results on origin and affinily of the 
different groups would be very incomplete. 

Here paleontology comes in with a helping hand. I mean true 
morpl~ological vertebrate paleontology, not that old " geological" 
naleontoloar. Paleontoloar of r7eltebrates, when studied without 
anatomical knowledge, is of no u.;e : in this case it 1s generally 
nothing more than a lumber room of names of so-called new 
species or geneia, mostly based on insignificant fragn~ents or 
~pecimens insufficiently described. That old paleontology should 
be abolished entirely. A geologist ought to remain in his own 
doma~n,  geology, and leave paleontology alone, if he is not, what 
is seldom the case, a thorougl~ anatomist. This i.: true also of 
invertebrate paleontology. The splendid publications of Hyatt, 
Jackson, Beecher, and Clarke, for instance. are written from 
this standpoint. Vertebrate paleontology is nothing but a 
branch of comparative osteology, \vhich in itpelf belongs to 
vertebrate morphology. I t  is very remarkable that the mtiseums 
of natural t~istory are not arranged according to this natural sys- 
tem, Zere we find with one exception (the Museulll of the Royal 
College o-€ Surgeons of London) the bones of extinct animals 
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separated from those of the living ones; not only separated in 
different rooms or parts of the building, but separated in diBerent 
departments. The bones of the living animals n e  generally find 
with the skins or near them. The bones of the foss~l forms we 
find either in a special department or in the geological department. 
It is absolutely neceesarj to exhibit the bones of fossil and living 
animals togethel in one section. 

The morpholog~st n 111 not waste his time and that of others in 
giving new names to ey ery miserable fragment of a skull, or a 
xertebra, or a hmb-bone: he will study the toss11 forms exactly 
as the living ones, with the greatest detail. He will take the ut- 
most care to uork the bones out of the rock, not leave them to 
show people how nicely they were embedded in the matrix. How 
can a man study the Lanes of living forms it he does not remove 
the muscles? By treating the foss~l bones exactly as the liting 
(nes, it is possible to make a ditect comparison with the gteatest 
minuteness; and thus alone can we got satisfactory results. How 
many in~portant extinct forms exist, of the oqteology of M hicli we 
know but little, simply becauie they have not been worlred out 
sufficimtly! I may mention, tbat, of the lriassic Aetosnuriu, a 
group of two tlozen specimens is preserved in a splendid condi- 
tion; but ahout this lery remarkable ordel of ~eptiles \ \ e  know 
very little, simply because it has not been worked sufficiently 
out of the rock. 

I stated above, that a man, if he should stndy all forms of liv- 
Ing animals, would get no clear results without paleontology; but 
vely o:ten we find living fol ms for which me recei\ e no help even 
thro~lgh paleontology, the ancestors of which are not yet found. 
In this case the third blanch of osteology comes in,-embr~ology, 
or evolution of the skeleton. Of coulse, in  \cry rare csies only, 

say, has not been treated with the interest it deserves. Embry-
ologists generally stop after they have found out about the forma- 
tion of the germ-layers. Very seldom an animal is studied up to 
its adult stage. It  is true, the late Professor W. K Parker has 
published numerous works on the evolu(ion of the skull of differ- 
ent vertebrates, and these we find cited very often as examples of 
such a kind of studv: but these researches suffer verv much from 
the lack of paleontological knowledge, a number of the state- 
ments krougbt forward are unreliable, and the general conclu-
sions are uscially to:, vague. In these numerous papers ire miss 
the true phylogenetic sense, which alone can lead to true results. 
Had he, with his great diligence, considered more the results of 
paleontology and taxonomy, he would have done very rnuch more 
for the phylogeny of vertebrates. 

I can only repeat here, what I said eight J ears ago in my paper 
on the ' '  Tarsus of Birds and Dinosaurs: " " Palaeontologie und 
Entwicklungsgescli~cl~tedes Skelets! stems lniisieu Hand in Hand 
gehen. Wenn wir palaeontologische Reste studiren tvollen, so 
miissen wir die Slreletogenese cles Thieres, welches ihm atn n&chs- 
ten verwandt ist, zuvor lrennen. Icll halte daher die Geneee des 
Slteletsjstems der Witbelthiere con eben so Eioher Berlentung, 
\vie die ersten VorgSinge am Ei und die Entstehung der Keim- 
blatter." 

Osteology of living forms, osteology of fossil forms, evolution 
of the skeleton, must go hand in hand. No one of tliese branches 
is sufficient in itself: it becomes conlplete only by the aesistance 
of the two others. So osteology of living fcrlns is deficient with- 
out paleontology and embryology of the skeleton; so paleontology 
isdeficient without osteology andembryolog\ of the l i ~ i n g  forms; so 
embryology is deficient u ithout osteology of living and Eossll forms. 

\i7e can study the evolution of the skeleton of an extinct f o ~ n ~ ;  All three equallj and harmoniously united are able to explain and 
such a rare case is offered, for instance, by the Permian batrachian 
Branchiosaurus, of which Professor Cretlner has given the derel- 
opment. The exolution of the skeleton of living forms is of the 
greatest importance for comparat~re o~teology, and I mill demon- 
strate it by a few exaniples. 

Tlie ltnow little about the ancestols of the Bovida; but by 
studying the evolution of their limtls n e  find that the earliest 
embryos show four arell-r?e~ eloped metapodials, distinct from each 
other Gradually the side metarodials become reduced, and the 
tnedian ones unlte. We can safely say that the ancestors of the 
Bovada! had a t  a former period four distinct metapodials, mhicli 
became modified from time to time until the conditions were 
reached u liich we see to-day. Another very instructive example 
is offered by the Curnzvoru, dogs, cats, and so on. In  thecarpus 
of the living animals we find thar; the radial, intermedial, and 
central are replesented by a single bone, but in the embryo we 
find three distinct cartilages which unite later to form this one 
bone. This we knew long ago, before we had any idea of these 
parts in  the ancestors of the Cur?zavora; and we could say with 
confidence that these ancestors must have three distinct bones in 
the carpus, in the place of one. The limb-bones of some of the 
C%eodo?ztu, the ancestors of the Cnr?zivora, were discovered sub- 

sequently, and showed the three bones. 
We know the whole paleontological history of the horse, down 

to the pentadactyl Pl~enacodus from the lower eocene, but we 
hardly know any thing about the en~hryological history of this 
nnimal This, rvhen known, mill show the gradual evolution of 
the peculiar monodactyl foot. Of course, it will not represent 
the early Phenacoclus in the earliest enlbijo (too many genera- 
tions have gone since the lower eocene, and the rmbiyological 
history is obscured), but it w ~ l l  doubtless show three well and 
more equally developed metapodials, and possibly the representa- 
tive of a tourth one. Here a man could do great service to sci- 
ence by collecting the necessary material in one of the places 
where the horse has become wild. 

But the embryologist has to be sceptical with his conclu-
sions also in osteology. H e  must never forget that the em-
bryological history is very much abbreviated, and that only the 
later stages will be indicated in the skeleton of the embryo. But 
this study is very reward~ng, and, in connection with osteology of 
living and fossil forms, gives splendid views of the origin and evo- 
ution of vertebrates. This branch of osteology, I am sorry to 

to unriddle that complicated genealogical tree of vertebrates, with 
its numerous branches and brauchlrts. and to conceive the origin 
of man. 

REPORT OF THE MARINE BIOLOGICAL LABORATORY 
AT WOOD'S HOLL. 

THE trustees have the pleasure of reporting to the corporation 
another year of prosperity to the laboratory. 

During the last sumuler those working in the laboratory num-
bered no less than forty-five, and the tuition-fees amounted to 
$959, as against $845 during 1889, and $363 during 1888. 

During the last summer the laboratory offered greater advan- 
tages for study and collecting than ever before, and it in:-y be 
confidently expected that in the future the receipts from tuition- 
fees will be even larger. The trustees learn withpleasure that the 
gentlemen in charge of the department of instruction report that 
the quality of the elementary students and the work done by them 
is decidedly better than in previous years. 

The two Lucretia Clocker scholarships, of fifty dollars each, 
\$ere held by Miss A. F. Armes and Miss Nellie L Shaw, both 
teachers in the Boston public scl~ools. 

During the sum~ner of 1889 the need of a lecture-room was 
keenly felt. Every available place in the laboratory being occu-
pied by a work-table, i t  was in~pc)ssible for students to gather 
atound the lecturer without completely disarranging the labora- 
tory. Experience had also shown that some more aclvanced stu- 
dents did not need to altend every lecture gilen, but could spend 
the time allotted to  certain lectures to greater advantage if al- 
lowed to continue their laboratory work. This could not be clone 
conveniently w111le lectures were in progress. Further, in accord- 
ance with the plan adopted by the director, evening lectures of a 
more advanced character were given from tirne to time. These 
were attended by both students and investigators, an aggregate of 
over forty persons. The interest in and instr~lctiveness of these 
lectures were much marred by the discomforts of the surround- 
ings. The library had also outgrown the quarters to which it 
was originally assigned, and during the summer of 1889 the num- 
ber of rooms for investigators mas less than the number of appli-
cants. 

In view of remedying these defects, the trustees have added an 
L to the present building. This addition contains a comfortable 
and convenient lecture-room, a pleasant library, and six investi- 


