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PREFACE.

Penuars I cannot better express my decp sensc of Ihe generosity with which my labors
in America have been supported, than by a simple narrative of the manner in which I
have collected the materials for the series, of which this volume is the first, and of the
growth and progress of the plan for its publication.

Since the time of my amival in this country, now cleven ycars ago, 1 have lost no
opportunity of making collections wherever my lecturing excursions led me; and, by my
own cfforts, and by the friendly aid of persons throughout the United States, who huve
shown from the beginning a warm interest in my scientific pursunits, I have succceded in
bringing together an extensive museum of purely American specimens. My opportunities
for investigation were, of course, daily incrcased, and at the end of eight or nine years

‘1 had on hand a great quantity of materials, containing the results of my studies in
this country; but the expense attending the collection and support of so large a museum
more than exhausted the means which I was able to devote to it, and T felt obliged to
renounce all idea of publishing the results of my labors. I had them in tangible form,
not with any expectation of ever secing them in print, but in the hope that after my
death my collections and papers would be found o uscful guide for others, and might be,
in the end, of some service to science in America.

It is now two years since, in conversation with Mr. Francis C. Gray, of Boston,— now
no longer living to see the result of his disinterested and generous efforts in behall of
science,— I mentioned to him the numerous preparations which I had made to illustrate
the Natural History of North America, and my rcgret that the costliness of such works
must prevent the publication of the materials I had collected. He entered at once into
the matter with an encrgy and hopefulness which were most inspiring: spent some time in
examining my manuscripts; and, having satisfied himsell of the feasibility of theit .pablica-
tion, sct on foot a subscription, of which he took the whole direction himself, awakening
attention to it by personal application to lis friends and acquaintances, by his own lib-
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eral subscription, by letters, by articles in the journals, and by every means which the warmest
fricndship and the most genuine interest in science conld suggest.  He was rewarded
beyond his utmost hope or mine, by the generous response of the public to whom he
uppenled. We had fixed upon five hundred subscribers as the number necessary, to cnter
upon the publication with safety; and we had hoped (hat the list might perhaps be
incrcased to seven or cight hundred. At this moment it stands at twenty-five hundred : a
support such as was never before oflered to any scientific man for purely scientific ends,
without any reference to government objeels or dircel practical nims, — although 1 believe
no scientific investigations, however ubstruse, are without practical results, My gencrous
friend did not live fo witness the completion of the first volune ol the series, which
without his assistance could not have appearcd, but he followed with the deepest interest
every step in its progress, fo the day of his death;— he did ‘Ii\'o, however, to hear the
echo which answered his appeal fo the nation, in whose love of culture and liberality
towards all intcllectual objects he had felt so much confidence.  TFrom all the principal
cities, and from towns and villages in the West, which a few ycars since did not exist;
from California, from every corner of the United States,—came not only names, but
profiers of assistance in the way of collections, and information respecting the distribution
and habits of animals, which have been of the utmost assistance in the progress of the
work.

It has been my wish to make my part of the undertaking worlthy of the intcrest so lib-
erally shown by the community ; and in this 1 have been greatly assisted by the liberal
views which the publishers have taken, from the beginning, with regard to its publication.
And now, in presenting this volume to the American public, I would take occasion to
repeat,— what has already been stated in a circular to my subscribers,— that the plan of
the work hes been enlarged, in consequence of the liberality of the subscriptions, in &
manner which: has delayed the publication for nearly a year, but which has, I believe,
made the book more valuable. I have thus been able to double, at the least, the num-
ber of figures upon most of the plates, and to include in the text, generalizations which
are the results of my whole scientific life; so that this volume,— which, according to the
original plan, was designed to’be one of special descriptive Zotlogy, — contains, in addition
to a description of the North American Tartles, o review of the classification of the whole
animal kingdom. 1 have also endeavored to make it o text-book of reference for the
student, in which he may find notices of nll that has been accomplished in the various
departments of Natural History alluded to, and which, I trust, young American naturalists
will take not only ns an indication of what bas been done, but ns an ecarnest of what
remains to be done, in the ficlds now open to our investigation.

In consequence of these udditions, the first volume is more bulky than wus intended, but

contains no plates; while the second, in order lo avoid mixing heterogencous subjects, hud
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to be brought to a close before its size amounted to what it should be; but in the sue-
ceeding volumes full compensation will be made for this, and measures taken fo bring
them forward with more promptitude.

With reference to the [uture progress of Zoillogy in this country, it is purlicularly
desirable that investigators should not allow themselves o be carried away by the almost
inexhaustible diversity of species, so as to conline their eflorls fo deseribing  merely what
is new, for however desirable it may be that all our species should be correetly nained,
described, and delineated, such lubors are, in fact, only the preliminary steps fowards deeper
and more philosoplical studies; and the sooner atention is turned fo the mode of
life of all our animals, to their geographival distribution, their natural aflinities, their
internal structure, their cmbryonic growth, and to the stwdy of fossil remains, the sooner
will the investigations of American naturalists contribute largely to the real advancement
of scicnce, and the investigntors themselves acquire an independent standing among scien-
tific men. I am well awnre, while writing this, that there are already many who pursne
the study in that truly scientific spirit which has bronglht Nutural History to its present
prosperous state; my remarks, therefore, do not apply to these noble devatees of truth.
But 1 know equally well, thut there are {oo nmmny who [uncy that describing a new
species, and hurrying to the press a hasty and mostly insullivient dingnosis, is a real
scientific achievement.  These 1 wonld warn from the deceptive puth, adding, that a long
experience has taught me that nothing was ever lost to an investigator by covering, as
far as possible, the whole ground of any subject of inquiry; and that, though at times a
subject muy seem to have lost some of its value for being less novel, it generully gains
tenfold in scientific imnporlance by being presented in the fullest light of all its nutural
relutions. It is chielly this conviction which has induced me to keep to mysell for so
many years the results of my investigations in this country; and if, in the course of this
publication, I am occasionully compelled to offer fragmentary information upon many parts
of my subject, it is simply because the time has come with me when I must publish what
1 have been able to observe, if I would publish at ull

Scandinavia, Germany, and France afford us striking cxamples of the new impulse
scicnee has received, in consequence of the gradual exbaustion of the field afforded them for
descriptive Zotlogy. As soon os most of the species of these countries hud been described,
after Linmeus haud begun to register systematically the whole animal kingdom, those who
were denied the opportunity of visiling foreign countries, or of receiving large supplies of
new species from distant lands, applied themselves to the investigation of the internal
structure of the animauls anlready described, and to the study of their habits, their metamor-
phoses, their embryonic growth, e¢te.  Never did Zoilogy receive a more important imnpulse than
at ke time when Germun students began to trace with untiring zeal the carliest development
of all the clusses of the animal kingdom, and some Scaudinavian obscrvers pointed out the

B
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wornderful phenomena of aliernate generations; amd, if we would not remain behind in the
generous race now running in science, we must nke rood eare, while we investigate our
Fauna and deseribe our new species, to combine (he investigation with all those considera-
tions which give true dignity to science, und mise it above the play of the mere collector.

I must beg my Buropenn readers {o remember, that this work ix wrillen in Ameriea,
and more especinlly for Ameriea ; and that (he comuumity  to which it is particularly
addressed has very dillerent wants from those of the reading public in Burope.  There is
not a class of learned men here, distinel from the other enltivided members of the com-
munity. On the conlrary, so general is the desive for knowledge, that I expeet to see my
book read by operatives, by lishenmen, by farmers, quite as extensively as by the students
in our colleges, or by the learned professions; nnd it is but proper that I should endeavor
to make myself understood by all

Licber, —whose testimony caunot be questioned, as, like mysell; he did not lirsl sce
the light of day in America, — justly remarks, what is particularly troe of the United
States, “that one of the charmcteristic features of the nineteenth  cenfury in the great
history of the western Caucasian race, is o yearning for knowledge and enlture far more
general than has ever existed at any previous period on the one hand, and on the other
a readiness and corresponding desire in the voturies of knowledge to dilluse it,— to make
the many millions shure in its treasures and benelits”!

It must not be overlooked also, that, while our scientific librarics are still very delective,
there is o class of clementary works upon Nutural Ilistory widely circulated in Europe, and
accormpanied with numecrous illustrations, which are still entirely unknown in this country.
In most of our public libraries there are no copies of such works as Swammerdam,
Roescl, Reaumur, Lyonect, etc,, nor any thing, within the reach of the young, like those
innumerable popular publications, such as Sturm’s Fauna, the Inscct Almanachs, Bertuch's
Bilderbuch, and the neatly illustrated school-books published in Esslingen, or like the series
of valuable treatises illustrating the Natural History of Eungland, and the popular sca-side
books, which, in the Old World, are to be found in {he hands of every child. The only
good book upon Insccts in general, yet printed in America, is “ Harris’s Treatise on the
Insects injurions to Vegetation in Mussachusetts”; and that book does not contain cven a
single wood-cut.  There has not yet been published a single text-book embracing the
whole animal kingdom. This may explain the necessity T have felt of introducing fre-
quently in my illustrations, details which, o u professional naturalist, might scem ‘entirely
out- of place.

I have & few words more to say respecling the first two volumes, now ready for pub-

lication:  Considering the uncertainty of humnn life, T have wished to bring out ut one?

! Calumblin Atheniewn Leeture, by Francis Licber, Columbia, 8. C., 1836, p. 7.
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n work that would exemplily the nature of the investigations T have been tracing during
the Ilnst ten years, and show what is likely to be the clameter of the whole scries. I
have nimed, therefore, in .pﬂ'puring these two volumes, to combine them in such a munner
as that they should form a whole. The First Part contains an exposition of the general views
1 have arrived at, thus far, in my studies of Nutural IHistory. The Second Part shows
how I have attempted to apply these results (o the specinl study of Zoilogy, taking the
order of Testudinata as an example. I believe, that, in America, where Turtles are every-
where common and greatly diversified, a student conld not make o better beginning than
by a careful perusal of this part of my work, specimens in hand, with constunt reference
to the second chapter of the Tirst Part.  The Third Part exemplifies the bearing of Embry-
ology upon these general questions, while it contains the fullest illustration of the embry-
onic growth of the Testudinata.

As stated above, I have received contributions from every part of the country, and upon
the most diversified subjects, relating to my studies, which I shall mention in their proper
place in the course of the publication of my work, and give to all due eredit for their
assistance. TFor the present, I must limit mysell to returning my special thanks to those
who have materially contributed to the preparation of the first two volumes, now about
to be published together.

Above all, I must mention the Smithsonian  Justitution, whose oflicers, in the true
spirit of its founder, have largely contributed to the advancement of my researches, by
forwarding to me for examination, not only all the specimens of Testudinata collected for
the muscum of the Institution, but also those brought to Washington by the naturalists
of the diflerent parties that have explored the western territorivs, or crossed the continent
with the view of determining the best ronte for the Pacific Railroad. These specimens
have enabled me to determine the geographical distribution of this order of Reptiles with
a’ degree of precision which I could not have attuined without this assistance. Begides this,
Professor J. Henry, the liberal Secretary of the Institution, has cuused special collections of
Turtles to be made for me in those parts of the country from which I had few or no
specimens, and Professor Baird has spared no pains to carry out these benevolent infentione.
I have also received from Professor Baird a number of interesting specimens, which he
himsell collected during his extensive excursions. To these gentlemen, thercfore, I am
indebted in the highest degree.  Other public institutions have also aflorded me valuable
assistance.  In Philadelphia, T have been able to compnre the specimens of the museum
of the Academy of Natural Sciences, which contains the originuls of the great work of
Dr. Holbrook on the Reptiles of North Americn. The Trustees of the University of Oxford,
in Mississippi, buve intrusted to me, at the request of Dr. L. Harper, the Reptiles of the
State Survey for exwminntion; and besides these, T have received many valuable specimens
from that State, through Prof. B. L. Wailes. Prof. Alexander Winchell has also sent mie
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all those of the museum of the University of Ann Arbor, in Michigan; and, through the
kindness of Professor Poey of the University of Havano, 1 have been able to compare
the Turtles of the island of Cuba with those of the continent of North Amcrica. Prof.
Jeflries Wyman hos allowed me, with the smume liberality, the free use of the preparations
relating to Turtles contained in the mnseum of Compnmtive Anatomy of our University.
I have nlso received valuable specimens for compurison from the mnseum of the Essex
Institute, in Salem.

Among private individuals who have largely contvibuted to my collection of Turtles, [
have to mention, first, Mr. Winthrop Surgent, of Nutchez.  Nol satisfied  with colleeting
extensively the Turtles in the neighborhood of his residence, he undertook a journey
of many hundred miles for the specinl purpose of sceuring ull the species living in the
adjoining regions, and, having completed the survey, set out with a cargo of living Tur-
tles, and brought them sufely aulive to me in Cambridge, after u journey of over u thou-
sand miles. Such devotion to the interests of scienee, on the part of a gentleman who
is not himselfl o noturalist, deserves more than a possing nofice. To him I am indebted
for the opportunity of studying severnl species, alive, which huve probably never been seen
before, by uny naturalist, in u fresh  state.

It would be difficult for me to convey an adequate iden ol the value of all the dillerent
contributions I have received for this part of my work. In some inslances they consisted
perhaps of a few specimens of well-known specivs, but then they caine from regions where
their presence hud not been ascertnined before; or the specimens were so numerous as to
afford ample opportunity to determine the runge of their varintions; or there were umong
them, young ones, in u state of development not before observed.  Yet I may well say,
that, however numecrous have been the invoices of Turtles which I received fromn the difler-
ent States, not one was superfluous ; and 1 have frequently regretted that I could not ob-
tain more, for there are still several species, the eggs or the young of which I huve not
been uble to get.

The butter to show to what extent these specimens were suflivient satisfnctorily to
determine the geographical distribution of our Tariles, 1 will enumerate them in geogmphi-
cal order. From thu British Provinces, my information wus chiefly derived from collections
-and notices sent me by Mr. M. IL Perley, of St. John, and Mr. Wi Couper, of Toronto.
In New Lngland, I have mysell collecsted largely; but I have also received valuable contri-
butions from the lute Rev. Zudock Thompson, of Buringlon; from Mr James B. Mills,
of Bangor; from the late Dr, 'W. I Buructt, of Boston; from Capt. N. Atwood, of Province-
owny f['rom Mr. D. Henry Thorean, of Concord; from Mr. F. W. Putuam, of Sulem; from
Mr. ‘Sidney. Brooks, of Harwich; from Mr. Sanborn Tenney, of Auburndule; nnd from Mr. J.
‘W B: Jenks,. of ‘Middlcboro'. Messrs. Uenuey und Jenks have repeatedly sent me the Tur-
tles"of our sicighborhood by hundreds. From the State of. New York, I have received specl-
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roens from Colonel E. Jewett, of Utica; from Mr. Albert G. Carll, of Jericho, Long
Island ; and from an anonymous contributor in the vicinity of Rome. Mr. A, Mayor has
gent  me those of New Jersey, with interesting remarks upon the height at which they are
found in the Cooley Mountains. From Pennsylvania, I have received very extensive col-
lections and highly valuable information. Among the votaries of Herpetology, I must men-
tion, first, Major LeConte, to whom science is indebled for the first ncenrate nccount of
the North American Testudinata in general, Next (o him I min most indebted to Prof. S.
S. Haldeman, and to Dr. E. Hullowell, for scries of all the specics of the State. Dr. John
LeConte, Dr. Wm. Durlington, and Dr. E. Michener have nlso sent me valnable specimens
aud notices; and to Dr. J. Leidy I owe the communieation of the fossil remning of this order
of Reptiles preserved in the splendid museum of the Academy of Natural Sciences. To
Prof. Baird I am also greatly indebted for specimens from Pennsylvanin and Western New
York; but especially for a large collection of fossil bones of Turtles from the caves near
Carlisle.

From Ohio, I have received specimens and nolices from Dr. J. P. Kirtland, of Tust
Rockport ; from Prof. E. B. Andrews, of Marietta; from Messrs. Jus. Clark and David . Shaffer,
of Cincinnati; and from Mr. George Clurk, of Toledo. From Indinna, from Prof. Richard
Owen, of New Harmony; and Mre. F. C. Hill, of Delphi. Tromn Illinois, from Dr. Watson, of
Quincy ; and from Messers. R. P. Stevens, 'T. H. MeChesney, and Robert Kennicott.  Mr. Ken-
nicott bas furnished me with inferesting dnta respecting the geographical distribution of the
soft-shell Turtles in the tributaries of the Mississippi.  TFromn Michigan and Wisconsin, I
have reccived very fine serivs of specimens, which have enabled me to ascertuin the spe-
cific differences that distinguish the western Chrysemys from that of the Enstern States,
and also numerous specimens of Ewmys Meleagris. I am particularly indebted for {hese to
Dr. P. R. Hoy, of Racine; to Mr. J. A. Lapham, of Milwaukee ; to Dr. Manly Miles, of
Flint; and to Prof. A. Winchell, Dr. A. Sager, and Mr. D. M. Johnson, of Ann-Arbor.
Dr. John H. Rauch, of Burlington, fowa, hns sent me large numbers of specimens from
that State. TFrom Missouri and Arkansus, I have received n great many specimens through
the kindness ol Dr. George Engelmann, of St. Louis; and of Mr. George Stolley, now in Texas,
who colleeted very extensively for me in the western and south-western parts of Missouri,
and luter, in Arkaogsas and Texas. From the Territory of Mincsota, Mr. J:;mos M. Bar-
nard, of Boston, has sccured for me a dozen fine specimens of an extremely rare spucies of
Chrysemys, heretofore known [romn a single specimen preserved in the muscum of the Acad-
cmy of Philudelphia, and supposed to have been fonund in Oregon. My acquaintunce with
the Testudivata of the other western territories, nnd with thoze of Delaware, Murylund, and
Virginia, is chivlly derived from the contributions of the Smithsoninn Institution, among
which were the valuable collections of Dr. R, O. Abbott, and of Dr. C. B. Kennerley. TFrom
Kentucky and Tenncssce, 1 bave received specimens from Messrs. N. A, Gwyn, H. C. Tay-
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lor, Prof. T. D. Lindsley, and interesting notices from Dr. Swinnel Cunningham.  From
North Caroling, from Dr. J. H. Gibbon, Mr. 8. ‘IN Thayer, Dr. C. L. Hunter, Mr \V,
C. Kerr, and Professor Baird,  Mr. Heary [Haerisse has lately sent me the drawing of a
very remarkable young specimen of Ptychiemys concinna with two distinet  heads.

Dr. Bdward Holbrook, by his extensive works upon  the  subjecty, has rendered  South
Curolina classic ground for [Herpetology 3 nnd to him 1 am indebted for the largest supplies
of the species found in that State. I have also reevived n variely of gpecimens from Dr.
W. R. Gibbs, of Columbia, and from Mr. Barnwell, of Beaunfort.  From Georgin, I have re-
ceived invaluable contributions.  Dr. W, C. Daniell and Col. A, 8. Jones have caused
gpecimens to be colleeted for me all over the State, while Prof LeConte, o Athens;
Dr. Wmn. Gesner, of Columbus: Prof. N. A, Pratt, Jr, and Mr. B. L King, of Roswell;
Mr. Alex. Gerhardt, of Whitlickl County: and Mr. R. H. Gardiner, have sent me  large
numbers of specimens from  their respective districts. "The species of  Alabuma have also
been furnished to me in lurge mumbers by Dro Jo Co Notty, Colo Deas, and  Mr. Albert
Stein, of Mobile ; by Mr. Thos. M. Peters, of Moulton : and by Mr. Th, P. Iateh, of Flor-
ence. TFrom Florida, I have received interesting specimens from Do L. M. Jeflvies, of Pen-
sacola; from Mr I Eppes, of Tallnhussee; from My, Theodore Lyman, off Boston: and [rom
Mr. F. W. Putnam, of Salem. Numerous as these invoices were, | have received yet more
extensive collections from Mississippi and  Louisiunu, through the Kinduess of the Rev. Dr.
Tho. . Savage, of Pass Christian; Mr. \W. Sargent, Prof. B. 8. C. Wailes, and Ben-
jamin Chase, of Natchez; Dr. L. Harper, of Osford ; and Prof. R. 1L Chilton, Dr. N. B.
Benedict, Dr. B. Dowler, and Mr. T. C. Copes, of New Orleans.

From Texas, and the adjoining parts of Mexico, I have examined the rich collections
made under the direction of Col. Emory during the boundary survey, and those seenred
by the Smnithsonian Institution from the late Mr. Berlundier. ‘To the Rev. Edward Ifon-
tuine, of Austin, I am indebted for valuable information respeeting the habits of the large
Snupping Turtle of the South-western States; and to Dr. C. B. Kennerley and Mr. George
Stolley, of Williamson County, for numerous specimens, Mr. C. J. Iering, of Surinam,
has provided me with ample menns to compare the speecies of the northern parts of South
America with those of the United Stutes and of Mexico. Irom California und the Gala-
pugos Islunds 1 huve ulso received extensive collections, especiully from California, through
the kindness of Messrs. Thomns G. Cary, Jr. und A. F. Brandn, of Sun Francisco, who
linve sent me Geautiful series of specimens of the only freshewater Turtle found on ihe west-
ern slope of the continent of North Aunerien, and also specimens of the Sea Turtles of
tho Pacific const. I am indebted to Mr. Charles Pickering for notices respecting the Tur-
tles of Oregon; aud to Mr. Patrick H. Frey, of New York, for u living specimen of the
latge Galnpago Turtle.

“The motices respecting the mode of life ‘and the distribution of our Turtles whicli were
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sent to me by the Rev. Thomas B. Savage of Pass Christian, the Rov. Edw. Fontaine of
Austin, Mr. W. Sargent of Natchez, and Mr. Jonks of Middleboro’, are among the most
valuable of the kind I have received; and to Mr. Jenks T am indebted for most of the
eggs the development of which I have becn able to trace. For a number of years he
has provided me annually with many hundreds of eggs, of all our common species. I
have also received many valuable invoices of eggs from Mr. T. W. P. Lewis, of Key
West ; from the Hon. J. Townsend, of Ldisto, in South Carolina; from Dr. Jolin Rauch, of
Burlington, Iowa; from Franklin C. Hill, of Logansport, Indiana; from Dr. Michener, of
Arondale, in Pennsylvania ; from Mr. Winthrop Sargent, of Natchez; from Mr. Eppes, of
Tallabassee ; from Dr. Nott, of Mobile; from Prof. Baird, of the Smithsonian Institution ;
from the late Rev. Z. Thompson, of Burlington, Vermont; from Dr. A. Sager, of Ann-
Arbor; from Major and Dr. LeConte, of Philadelphia ; from Dr. Hoy, of Racine; from the
late Dr. Burnett, of Boston; from Mr. Sanborn Tenney, of Auburndale; and from a number
of intelligent boys of the vicinity of Cambridge. I have mysclf obtained many rare eggs
from species kept alive in my garden, and raised a large number of young Turtles.

It may not be superflluous to state, that most ol thesc specimens were sent alive to
Cambridge, so that I had the amplest opportunity of studying their natural attitudes, their
modes of moving and of cating, and sometimes the manner in which they lay their eggs.
I have of course availed myself of these favorable circumstunces to examine and compare
the largest possible numbers of specimens of the same specics, in order to determine the
range of variations of cach of them, Therc are many species, of which I have exam-
ined many hundreds of specimens. I have also caused innmmerable drawings of these
specimens ‘to be made by my tried friend, J. Burkhardt, representing their varicties of color
and form, and their different attitudes. These drawings and sketches would fill. over one
hundred plates, and are too numerous to be published in this series; but I shall avail
mysell of every opportunity to publish them, in the style of Plates 26 and 27. Minor
contributions are mentioned, in their proper places, in the text.

There is another kind of assistance, which I take great salisfaction in recording, as it
comes from young f[riends and former pupils. Amoug them there is one, a lineal descend-
ant of one of the great patriots of the American Revolution, whose modesty forbids
that 1 should mention him by name. On hcaring of my intention to publish a work on
the Natoral Hislory of the United States, he immediately came forward with a most lib-
crul peenniary contribution to my undertaking. From other pupils T have derived assistance
in the proseention of the work itscll. Mr. James E. Mills, of Bangor, (Muine,) has worked
out for me the specinl characters of the fumilies of the Testudinata; and Dr. Weinland has
helped me in revising the anatomicul characters of the order, in accordance with the prin-
ciples laid down in the First Part of the work; while Mr. H. Jumes Clark has assisted me

from the beginning of my investigution of the embryology of these animnals, and drawn, with
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unfiring patience and unsurpassed accurncy, most of (he microscopic illustrations which
udorn my work. I owe it to Mr. Clurk to say, that he has identified himsell so thoroughly
with my studies since he took his degree in (he Lanwrence Seientilie School, that it wonld
be difficult for me {o say when I censed to guide him in his work.  But this 1 know
very well, — that he is now a anost trustworthy observer, fully  enpable  of  tracing  lor
himsell the iinutest microscopic investigation, and  the  acenraey  of  his  illostrations
challenges compurison. I esteem mysell happy fo lave been able fo seeure the comtinued
assistance of my old fricnd, Mr. A. Sowrel, in drawing the zoilogical figures of my work.
More thun twenty years ago, he begun to wbke illustrations [or my Buropean works ;
ever since he has Dbeen engaged, with short interenptions, in excenting drawings  lor e,
The wmastery he has attnined in this department, and {he cleganee and - acenraey ol his
lithogrmphic representations, are unsurpussed, iU they are anywhere equalled. TFor all these
invaluable services, it is but justice that 1 should ake this public acknowledgment.

As questions of omission or oversight mny come up herealter  respeeting the  different
topies discussed in these volumnes, it is proper for me lo statey that the printing ol the
text of the first volume has been completed more than fen months; indeed, the Fiest Pt
passed through the press fifteen momhs ago. My objeel in delaying its publivation was
chicfly to await the time when 1 could lay before my readers a fair specimen of  the
plates, no one of which relates exelusively to the first volume,  The test of the  secomd
volume wns finished in June last.  But here T met with avother difliculty.  ‘T'he subject
of this volume did not require w sulliciently large number of plates to be fully equivalent
to that required for two volumes, when counting the plates s they now are, as =imple
plates, notwithstanding the lurge increase of figures crowded upon cach, and ir seemed inap-
proprinte to bind together plates belonging to different volumes. I shall therefore have to
make up for this deficieney by n sufficient addition of plates to the third volume, the sub-
ject of which naturally requires very numnerous illustrations. 1 hope no  disappointment
will be felt, on this scconnt, by my subscribers, for in ihe course puwrsued by the pub-
lishers and by myself, they will readily see thut we have nimed to do every thing in our
power to respond to the liberality of the subscription; and I transt the following  volumes
will afford additional evidence of this disposition.

: LOUIS AGASSIZ.
Caxnmpox, October 8, 1837,
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ESSAY ON. CLASSIFICATION.

COAPTER FIRST.

THE F UNDAMENTAL RELATIONS OF ANIMALS TO ONE ANOTHER AND TO THE
WORLD IN WHICH THEY LIVE, AS THE BASIS OF THE NATURAL SYSTEM OF
ANDIALS.

SECTION 1.

THE LEADING FEATURES OF A NATURAL ZOOLOGICAL SYSTEM ARE ALL FOUNDED
IN NATURE.

Mopern clnssifications of animals and plants are based upon the peculiarities of
their structure; and this is generally considered as the most important, if not the
only safe, guide in our attempts to determine the natural relations which exist
between animals. This view of the subject seems to me, however, to circumscribe
the foundation of a natural system of Zoitlogy and Botany within too narrow limits,
to exclude from our consideration some of the most striking characteristics of the
two organic kingdoms of nature, and to leave it doubtful how far the arrangement
thus obtained is founded in reality, and how far it is merely the expression of our
estimate of these structural differences. It has appeared to me appropriate, therefore,
to present here a short exposition of the leading fentures of the animal kingdom, ux
an introduction to the embryology of the Chelonians,—one of the most extraordinary
types among Vertebrata,—as it would afford a desirable opportunity of establishing
a standard of comparison between the changes animals undergo during their growth,
and the permanent characters of full-grown individuals of other types, and, perhaps,
of showing also what other points beside structure might with advantage be consid-
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ered in ascertaining the manifold relations of animals to one another and to the
world in which they live, upon which the natural system may be founded.

In considering these various topics, I shall of necessity have to discuss many
questions bearing upon the very origin of organized beings, and to touch upon many
points now under discussion among scientific men. I shall, however, avoid contro-
versy as much as possible, and ouly try to render the results of my own studies and
meditations in as clear & manner as I possibly can in the short space that I feel
justified in devoting to this subject in this volume.

There is no question in Natural History on which more diversified opinions are
entertained than on that of Classification; not that naturalists disagree as to the
necessity of some sort of arrangement in describing animals or plants, for since
nature has become the object of special studies, it has been the universal aim of all
naturalists to arrange the objects of their investigations in the most natural order
possible. Even Buffon, who began the publication of his great Natural History
by denying the existence in nature of any thing like a system, closed his work by
grouping the birds according to certain general features, exhibited in common by
many of them. It is true, authors have differed in their estimation of the characters
on which their different arrangements are founded; and it is equally true that they
have not viewed their arrangements in the same light, some having plainly acknowl-
edged the artificial character of their systems, while others have urged theirs as the
true expression of the natural relations which exist between the objects themselves.
But, whether systems were presented as artificial or natural, they have, to this day,
been considered generally as the expression of man’s understanding of natural objects,
and not as a system devised by the Supreme Intelligence, and manifested in these
objects?

There is only one point in these innumerable systems on which all seem to meet,
namely, the existence in nature of distinct species, persisting with all their pecul-
larities, for o time at least; for even the immutability of species has been ques-
tioned? Beyond species, however, this confidence in the existence of the divis-
ions, generally admitted in zoilogical systems, diminishes greatly.

With respect to genera, we find already the number of the naturalists who

10y . - x: g .
The expressious constuntly used with refer- own muking; which can, however, only be true in 0

ence to genera and species und the higher groups
in our systems, — ay, Mr. A. Jus made such a species
a genus; Mr. B. employs this or that spevies to form
Mis genus; and in which most nuturalists indulge
when spenking of their specics, their genevn, their
families, their systems, — exhibit in an unquestionn-
Lo light the conviction, thut such groups ure of their

fur ns these groups are nol true to nature, i’ the
views I sball present below are at all correct.

2 Layarck (J. B. nk) Philosophic zoologique
Paris, 1809, 2 vols. 8vo.; 2de édit., 1830, — PowWELL
(Tne Rev. Babey) Essuys on the Spivit of the In-
ductive Philosopliy, ete, London, 1833, 1 vol. 8vo:
Cowpare, also, Sect. 15, below.
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accept them as natural divisions much smaller; few of them having expressed a
belief that genmera -have as distinct an existence in nature as species. And as to
families, orders, classes, or any kind of higher divisions, they seem to be universally
considered as convenient devices, framed with the view of facilitating the study of
innumerable objects, and of grouping them in the most suitable manner. The indif-
ference with which this part of our science is generally treated becomes unjustifinble,
considering the progress which Zoilogy in general has made of late. It is n matter
of consequence, whether genera are circumscribed in our systematic works within
these or those limits; whether families inclose a wider or more contracted range of
genera; whether such or such orders are admitted in & class, and what are the natu-
ral boundaries of classes; as well as how the classes themselves are related to one
another, and whether all these groups are considered as resting upon the same foun-

dation in nature or not.

Without venturing here upon an analysis of the various systems of Zoilogy,—the
prominent features of which are sufficiently exemplified for my purpose by the sys-
tems of Linnmus and Cuvier,) which must be familiar to every student of Natural
History,—it is certainly a seasonable question to ask, whether the animal kingdom
exhibits only those few subdivisions into orders and genera which the Linnean
gystem indicates, or whether the classes differ among themselves to the extent which
the system of Cuvier would lead us to suppose. Or is, after all, this complicated
structure of Classification merely an ingenious human invention, which every one may
shape, as he pleases, to suit himself? When we remember that all the works on Nat-
ural History admit some system or other of this kind, it is certainly an aim wor-
thy of a true naturalist, to ascertain what is the real meaning of all these divisions.

Embryology, moreover, forces the inquiry upon us at every step, as it is impos-
sible to establish precise comparisons between the different stages of growth of young
animals of any higher group and the permanent characters of [ull-grown individuals
of other types, without first ascertaining what is the value of the divisions with
which we may have to compare embryos. This is my reason for introducing here,
in a work chiefly devoted to Embryology, a subject to which I have paid the most
careful attention for many years past, and for the solution of which I have made

special investigations.

Before I proceed any further, however, I would submit one case to the consider-
ation of my reader. Suppose that the innumerable articulated animals, which are
counted by tens of thousands, nay, perhaps by hundreds of thousands, had never
made their appearance upon the surfuce of our globe, with one single exception:
that, for instance, our Lobster (Homarus americanus) were the only representative of

! Compare Chap. I1L
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that extraordinarily diversified type,—how should we introduce that species of animals
in our systems? Simply as a genus with one species, by the side of all the other
classes with their orders, families, etc, or as a family containing only one genus with
one species, or as & class with one order and one genus, or as a class with one
family end one genus? And should we acknowledge, by the side of Vertebrata,
Mollusks, and Radiata, another type of Articulate, on nccount of the existence of
that one Lobster, or would it be natural to call him by a single name, simply as a
species, in contradistinction to all other animals? It was the consideration of this
supposed case which led me to the investigntions detailed below, which, I hope, may
end, in the ultimate solution of this apparently imextricable question.

Though what I have now to say about this supposed case cannot be fully appre-
olated before reading my remarks in the following chapter,' respecting the character
of the different kinds of groups adopted in our systems, it must be obvious that our
Lobster, to be what we see these animals are, must have its frame constructed upon
that very same plan of structure which it exhibits now; and, if I should succeed in
showing that there is a difference between the conception of a plan and the manner
of its execution, upon which classes are founded in contradistinction to the types to
which they belong, we might arrive at this distinction by a careful investigation of
that single Articulate, as well as by the study of all of them; and we might then
recognize its types and ascertain its class characters as [ully as if the type embraced
goveral classes, and this class thousands of species. Then that animal has a form,
which no one would fuil to recognize; so that, if form can be shown to be charac-
teristic of families, we could thus determine its family. Again: besides the general
structure, showing the fundamental relations of all the systems of organs of the
body to one another in their natural development, our investigation could be carried
into the study of the details of that structure in every part, and thus lead to the
recognition of what constitutes everywhere generic characters. Finally: as this ani-
mal has definite relations to the surrounding world, as the individuals living at the
time bear definite relations to one another, as the parts of their body show definite
proportions, and as the surface of the body exhibits a special ornamentation, the spe-
cific characters could be traced as fully as if a number of other species were at hand
for comparison; and they might he drawn and described with sufficient accuracy to
distinguish it at any future time [rom any other set of species found afterwards, how-
ever closely these new species might be allied to it. In this case, then, we should
have to acknowledge a separate branch in the animal kingdom, with a class, a fumily,
and o genus, to introduce one species to its proper place in the system of animals.
But the class would have no order, il orders determife the rank, as ascertained by

1 See Chap. I
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the complication of structure; for, where there is but one representative of & type,
there is no room for the question of its superiority or inferiority im comparison to
others within the limits of the class, orders being groups subordinate to one another
in their class. Yet, even in this case, the question of the standing of Articulata, as a
type among the other great branches of the animal kingdom, would be open to our
investigations; but it would assume another aspect from that which it now presents,
as the comparison of Articulata with the other types would then be limited to the
Lobster, and would lead to a very different result from that to which we may arrive,
now that this type includes such a large number of most extensively diversified rep-
resentatives, belonging even to different classes. That such speculations are not idle
must be apparent to any one who is aware, that, during every period in the history
of our globe in past geological ages,' the general relations, the numeric proportions,
and the relative importance of all the types o' the animal kingdom, have been ever
changing, until their present relations were established. Here, then, the individuals
of one species, as observed while living, simultancously exhibit characters, which, to
be expressed satisfactorily and in conformity to what nature tells us, would require
the establishment, not only of o distinct species, but also of a distinct genus, a dis-
tinct family, a distinct class, a distinct branch. Is not this in itsell evidence enough
that genera, families, orders, classes, and types have the same foundation in nature as
species, and that the individuals living at the time have alone a material existence,
they being the bearers, not only of nll these different categories of structure upon
which the natural system of animals is founded, bhut also of all the relations which
animals sustain to the surrounding world,—thus showing that species do not exist in
nature in o different way from the higher groups, as is so generally believed?

The divisions of animals according to branch, class, order, family, genus, and
species, by which we express the results of our investigations into the relations of
the animal kingdom, and which constitute the first question respecting the scientific
systems of Natural History which we have to consider, seem to me to deserve the
consideration of all thoughtful minds. Are these divisions artilicial or natural? Are

¥ A series of elassifications of animals and plants,
exhiliiting ench o natural gystein of the types known
to have existed simultanconsly during the eeveral
suceessive peologicnl periods, considered singly nml
without reference to the types of other ages, would
ghow in n strong light the different relations in
which the elagses, the orders, the families, nd even
the genern nml species, have stowd (o one mother
during cnch epoch. Sueh elassifications woull illus-
trate, in the most impressive mnner, the importanee

of an accurate knowludge of the relutive stamding
of all unimals and plants, which ean only be inferved
from the perusal even of those palwontolagival works
in which fossil remuins nre illustmted according (o
their assovintion in ditferent geologieal formations ;
for, in all these works, the remning of' pnust nges aro
uniformly referred to n system established upon the
shinly of" the animnls now living, thus lessening the
impression of' their  peenlinr combinution for the

perivds vmler vonsideration.
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they the devices of the human mind to classify and arrange our knowledge in such
a manner as to bring it more readily within our grasp and facilitate further investi-
gations, or have they been instituted by the Divine Intelligence as the categories of
his mode of thinking?' Have we, perhaps, thus far been only the unconscious
interpreters of a Divine conception, in our attempts to expound nature? and when,
in our pride of philosophy, we thought that we were inventing systems of science
and classifying creation by the force of our own reason, have we followed only, and
reproduced, in our imperfect expressions, the plan whose foundations were laid in the
dawn of creation, and the development of which we are laboriously studying,— think-
ing, as we put together and arrange our fragmentary knowledge, that we are anew
introducing order into chaos? Is this order the result of the exertions of human skill
and ingenuity, or is it inherent in the objects themselves, so that the intelligent stu-
dent of Natural History is led unconsciously, by the study of the animal kingdom
itself, to these conclusions, the great divisions under which he arranges animals being
indeed but the headings to the chapters of the great book which he is reading? To
me it appears indisputable, that this order and arrangement of our studies are based
upon the natural, primitive relations of animal life,—those systems, to which we have
given the names of the great leaders of our science who first proposed them, being
in truth but translations, into human language, of the thoughts of the Creator. And
if this is indeed so, do we not find in this adaptability of the human intellect to the
facts of creation, by which we become instinctively, and, as I have said, unconsciously,
the translators of the thoughts of God, the most conclusive proof of our affinity with
the Divine Mind? and is not this intellectual and spiritual connection with the Almighty
worthy our deepest consideration? If there is any truth in the belief that man is
made in the image of God, it is surely not amiss for the philosopher to endeavor, by
the study of his own mental operations, to approximate the workings of the Divine
Reason, learning, from the nature of his own mind, better to understand the Infinite
Intellect from which it is derived. Such a suggestion may, at first sight, appear irrev-
erent. But, which is the truly humble? He who, penetrating into the secrets of cre-
ation, arranges them under o formula which he proudly calls his scientific system? or
he who, in the same pursuit, recognizes his glorious affinity with the Creator, and, in
deepest gratitude for so sublime a birthright, strives to be the faithful interpreter of
that Divine Intellect with whom he is permitted, nay, with whom he is intended.
according to the laws of his being, to enter into communion ?

1 ' -
It must not be overlooked here that a system of a Crentor, but merely ns the expression of 8

may be natural, that is, may agree in every respect fact existing in nuture, no matter how, which the

with the facts in nature, and yet not be cousidered  human mind may trace mud reproduce in @ systen

by its nuthor as the manitestation of the thoughts aliv form of its own invention.
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1 confess that this question as to the nature and foundation of our scientific
classifications appears to me to have the deepest importance, an importance far greater
indeed than is usually attached to it. If it can be proved that man has not
invented, but only traced this systematic arrangement in nature, that these relations
and proportions which exist throughout the animal and vegetable world have an
intellectual, an ideal connection in the mind of the Creator, that this plan of crea-
tion, which so commends itself to our highest wisdom, has not grown out of the
necessary action of physical laws, but was the free conception of the Almighty
Intellect, matured in his thought, before it was manifested in tangible external forms,
—if, in short, we can prove premeditation prior to the act of creation, we have done,
once and for ever, with the desolate theory which refers us to the laws of matter as
accounting for all the wonders of the universe, and leaves us with no God but the
monotonous, unvarying action of physical forces, binding all things to their inevitable
destiny.? I think our science has now reached that degree of advancement, in which
we may venture upon such an investigation.

The argument for the existence of an intelligent Creato- is generally drawn from

1 T allude here only to the doctrines of materinl-
ists; but I feel it necessary to add, that there are
physicists, who might be shocked at tho idea of being
considered as materialists, who are yct prone to be-
lieve that when they have recognized the laws which
regulate the physical world, and acknowledged that
these laws were established by the Deity, they have
explained every thing, even when they have consid-
ered only the phenomena of the inorganic world, as
if the world contained no living beings and as if
these living beings exhibited nothing that differed
from the inorganic world. Mistaking for a causal
relution the intellectual connection observable be-
tween serinl phenomena, they are unable to perceive
any difference between disorder aund the free, inde-
pendent, and self-possessed action of a superior mind,
aml call mysticism, even a passing allusion to the
existence of an immaterial principle in animals, which
they acknowledge themselves in man.  [PowerL’s
Essuyz, cte, p. 478, 883, and 466.] T would further
remark, that, when speaking of ereation in contrn-
distinction with reproduction, T mean only to allude
to the difference there is between the repular course
of phenomena in nature and the estublishment of that
order of thingy, without attempting to explain cither;

9

-

for in whatever manner ary state of things which
has prevailed for a time upon carth may have been
introduced, it is self-evident that its establishment
and its maintenance for a determined period are two
very different things, however frequently they may
be mistaken as identical. It is further of itself plain
that the laws which mny explain the phenomena of
the material world, in contradistinction from the or-
ganic, cannot be considered us accounting for the
existence of living bLeings, even though these have n
material body, unless it be actually shown that the
action of these laws implies by their very nature the
production of such beings. Tlus far, Cross’s experi-
ments are the only oncs offered as proving such a
result. I do not know what physicists may think
nbout them now ; but I know that there is scarcely
n zoblogist who doubts that they only exhibited a
mistake.  Life in approprinting the physieal world
to itself with all its peculinr phenomenn exhibits, how-
ever, some of its own and of a higher order, which
cannot be expluined by physical agencies. The cir-
cumstance that life is so deeply rooted in the inor-
gunic nature, affords, nevertheless, a strong tempta-
tion to expluin onc by the other; but we shall see
presently how fullucious these attempts have been.
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the adaptation of means to cnds, upon which the Bridgewater treatises, for example,
have been based! But this does'not appear to me to cover the whole ground, for
we can conceive that the natural adction of objects upon ench other should result in
o final fitness of the universe, and thus produce an harmonious whole; nor does
the argument derived from the conncction of organs nnd functions scem to me more
satisfactory, for, beyond certain limits, it is not even true. We find organs without
functions, as, for instance, the teeth of the whale, which never cut through the gum,
the breast in all males of the class of mammalin; these and similar organs are pre-
served in obedience to a certain unilormity of [undamental structure, true to the
original formula of that division of animal life, even when not essentinl to its mode
of existence. The organ remains, not for the performance of o function, but with
reference to a plan? and might almost remind us of what we often see in human
structures, when, for instance, in architecture, the sume external combinations are
retained for the sake of. symmetry and harmony of proportion, even when they have
no practical object.

I disclaim every intention of introducing in thiz work any evidence irrelevant to
my subject, or of supporting any conclusions not immediately flowing from it; but 1
cannot overlook nor disregard here the close connection there is between the facts
ascertained by scientific investigations, and the dixcussions now carried on respecting
the origin of organized beings. And though I know those who hold it to be very
unscientific to believe that thinking is not something inherent in matter, and that
there is an essentinl difference between inorganic and living and thinking beings, 1
shall not be prevented by any such pretensions of a false philosophy from expressing

! The Bridgewater Treatises, on the Power, Wis-
dom, and Goodness of God, ns Munifested in the

edit. 1887, — Kinny, (WirL.,) The Power, Wisdom.
and Goodnesa of God, ns Manifested in the Creation

Creation : CuaLsEens, (Tnoxas,) The Adaptation of
External Nature to the Moral and Intellectual Consti-
tution of' Mun, Glasgow, 1839, 2 volx. $vo.— Kinp,
(Joux,) On the Adaptation of External Nature to
the Physieal Condition of Mun, Loudon, 1833, 1 vol.
8vo. — WineweeLt, (WiLL.,) Astronomy and Genernl
Physics considered with Referenee to Natural Theol-
ozy, London, 1839, 1 vol, 8vo. — BeLi., (Cnanes,)
The Hand, its Mechumizm and Vital Endowments, ns
evineing Design, London, 1833, 1 vol. Rve. — Rocer.
(PeTeER Mank,) Animal uwl Yegetuble Physiolugy,
considered with Reference 1o Naturnl Theolugy, Lon-
don, 1834, 2 vals. 8vo.— Bucknasy, (WiLL.) Ge-
ology nud Mineralogy considered with Reference o
Natural Theology, London, 1886, 2 vels. 8vo.: 2d

of' Animals, and in their Iistory, Hnbits, and Instincts.
London, 1835, 2 vols. 8vo.— Puour, (WiLL.,) Chem-
istry, Metcorology, and (he Funetion of Digestion.
considered with Reference to Natural Theology, Lon-
don, 1834, 1 vol. Bvo.
Duerknemy, (Here.,) Thévlogie de In Nuture, Paris.
1832, 3 vol. 8vo.— Mivver, (11ven,) Footprints of
the Crentor, Edinbursh, 1819, 1 vol. 120, — 13an-
nace, (C.) The Ninth Bridgewater Trentise, o Frng-
ment, Lomlon, 1838, 1 vol. 8vo.; 20 edit.

» A . . . * elube
2 The unity of strueture of the limbs of ¢l
fingers are

Compare also: STRAUSS

footed or pinnuted animals, in which the
never moved, with those which enjoy the most per-
- . . . * - . ibi ll$
feet articulntions und freedom of motion, exhibits |

reference most fully,
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my conviction that as long as it cannot be shown that matter or physical forces do.
actually renson, I shall consider any manifestation of thought as evidence of the
existence of a thinking being as the nuthor of such thought, and shall look upon sn
intelligent and intelligible connection between the ficts of nature as direct proof of
the existence of o thinking God,' as certninly as man exhibits the power of thinking
when he recognizes their natural relations,

As I am not writing a didactic work, I will not enter here into a detailed illus-
tration of the facts relating to the various subjects submitted to the consideration of
my reader, beyond what is absolutely necessary to follow the argument, nor dwell at
any length upon the conclusions to which they lead, but simply recall the leading
features of the evidence, assuming in the argument a full acquaintance with the
whole range of data upon which it is founded, whether derived from the affinities or
the anatomical structure of animaly, or from their habits and their geographical distri-
bution, from their embryology, or from their succession in past geological ages, and
the peculiorities they have exhibited during each? believing, as I do, that isolated and
disconnected facts are of little consequence in the contemplation of the whole plan

T am well aware that oven the most eminent
invostigntors consider the task of science at an end,
ns soon as the most genernl relations of natural phe-
nomeon have been ascertnined. To many the in-
quiry into the primitive cause of their existence
seems cither beyond the reach of mam, or as le-
longing rather to philosophy than to physies. To
these the name of God uppears out of place in o
scientific work, as iff the knowledge of sccondnry
ngencics constituted alone a worthy subject for their
investigations, and ns if nature could teach nothing
about its Author. Many, nzuin, are no doubt pre-
vented from expressing their conviction that the
world waz called into existence and is regulated by
an intelligent God, cither by the fear of being sup-
posil to share elerien]l or rectarian prejudices; or
beenuse it may be dangerous for them to discuss
freely such questions without acknowledging at the
sume time the obligation of king the Old "Cestument
n2 the stmwdund by which the validity of their rve-
sulta i3 (o be measurml,  Scienee, llowever, ean only
pro-per when eonfining it<ell” within it legitimuta
gphere ;s nnd nothing can be more detrimental to its
true dignity than dizenssions like thuse which touk
place nt the lnst meeting of the Germnn nssocintion

of mnturnlists, in Gottingen, and which have since
then been enrried on in gevernd pamphlets in which
bigotry vies with personality and invective.

2 Muny points little investigated thus fur by most
nuturalists, but to which I have of lute years pnid
particulur attention, are here presented only in an
uphoristic form, a8 results esinblished by extensive
investigations, though unpublished, most of which will
be fully illustrated in wy following volumes, or in n
special work upon the plan of the crention. (Sce
Acassiz, (L.) On the Difference between Progres-
give, Embryonic, and Prophetic Types in the Succes-
gion of Organized Beings, Proceed. 2d Meeting Amer.
Assoc. for the Advancement of Science, held at Cun-
bridge in 1849, Boston, 1850, 1 vol. 8va, p. 432.)
Meanwhile T refer in foot notes to such works ns von-
tain the materials alvendy on b for the disenssion
of these subjects, even when presented in o different
light. T would only beg leave to add, that in tliese
references I have by no means attempted to quote all
the writers upon the various topics under consiler-
ution, but only the most prominent mul most instrue-
tive, mud here nud there some condensed pecounts
of the faets in more clementary works, hy the side
of the vriginnl pupers,



http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/README.htm

12 ESSAY ON CLASSIFICATION. Part 1.

of creation, and that without a consideration of all the facts furnished by the study
of the habits of animals, by their anatomy, their embryology, and the history of the
past ages of our globe, we shall never arrive at the knowledge of the natural system

of animals. .
Let us now consider some of these topics more specially.

SECTION 1I.

SIMULTANEOUS EXISTENCE OF THE MOST DIVERSIFIED TYPES UNDER IDENTICAL
CIRCUMSTANCES.

It is o fact which seems to be entirely overlooked by those who assume an exten-
sive influence of physical causes upon the very existence of organized beings, that
the most diversified types of animals and plants are everywhere found under iden-
tical circumstances. The smallest sheet of fresh water, every point upon the sea-
ghore, every acre of dry land, teems with a vaviety of animals and plants. The
narrower the boundaries are, which may be assigned as the primitive home of all
these beings, the more uniform must be the conditions under which they are assumed
to have originated; so wniform, indeed, that in the end the inference would be, that

the same physical causes could produce the most diversified effects.

! In order fully to apprecinte the difficulty nl-
luded to here, it is only necessary to remember how
complicated, und at the same time how localized the
conditions are under which animals multiply. The
egg originales in a special organ, the ovary; it grows
there to n certnin size, until it requires fecundation,
that ig, the influence of unother living being, or at
lcast of the product of anotlier organ, the spermary,
to determine the further development of the germ,
which, under the most diversified conditions, in dif-
feront species, passes successively through all those
chaoges which lead to the formntion of a new per-
feet being. I then would nsk, is it probable that
the circumstances under which nnimals and plants
originuted for the first time can be much simpler,
or cven as simple, as the conditions necessary for
their reproduction only, after they huve onece been
created?  Preliminary, then, to their first appenrance,
the conditions necessary for their growth must lave

To concede,

been provided for, ify as I believe, they were crea-
ted ns egus, which conditions must have been con-
formable to those in which the living representatives
of the types first produced, now reproduce them-
selves.  If it were assumed that they originated in
a more advanced stage of life, the diffienltics would
be still grenter, ns a moment's considerntion eannol
fail to show, especinlly if it is remembered how com:
plicated the structure of some of the nnimnls was.
which are known to have been among the first in-
hubitants of our globe. When investigating this sub-
jeet, it is of course necessary to consider the first
appentunce of nnimuls and plants, upon the basis of
probabilities only, or even simply upon that of pos-
gibilitics; a8 with reference to these first-born,
lenst, the transmutation theory furnishes no explann-
tion of their existence.

For every species belonging to the first fauna and
the first florn which have existed upon carth, apecinl
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on the contrary, that these organisms may have appeared in the beginning over a
wide aren, is to grant, at the same time, that the physical influences under which
they existed at first were not so specific as to justify the assumption that these could
be the cause of their appearance. In whatever connection, then, the first appear-
ance of organized beings upon earth is viewed, whether it iy assumed that they
originated within the most limited areus, or over the widest range of their present
natural geographical distribution, animals and plants being everywhere diversified to
the most extraordinary extent, it is plain that the physical influences under which
they subsist cannot logically be considered as the cause of that diversity. In this,
08 in every other respect, when considering the relations of animals and plants to
the conditions under which they live, or to one another, we are inevitably led to
look beyond the material facts of the case for an explanation of their existence.
Those who have taken another view of this subject, have mistaken the action and
reaction which exist everywhere between organized beings, and the physical influences
under which they live® for a causal or genctic connection, and carried their mistake
8o far as to assert that these manifold influences could really extend to the production
of these beings, not considering how inadequate such a cause would be, and that
even the action of physical agents upon organized beings presupposes the very exist-
ence of .those beings® The simple fact that there has been a period in the history

relations, special contrivances must therefore have
been provided. Now, what would be approprinte
for the one, would not suit the other, so thut exclwl-
ing onc another in this way, they cannot huve origi-
nated upon the same point; while within a wider
arca, physical agents are too uniform in their mode
of action to have laid the foundation for so many
such specific differences ns existed between the first
inhabitants of our globe.

1 Sce, Lelow, Seet. 16.

? A critical examination of this point may dis-
pel much of the confusion which prevails in the dis-
cussions relating to the influence of physicnl causes
upon orgunized beings.  That there exist definite
relntions between animals ny well ns plants and the
mediums in which they live, no one at all familinr
with the phenomenn of the orgunic world can doubt;
that these mediums and all physieal agents at work
in nature, have a certnin influence upon organized
beings is equally plain.  But before any such netion
can tuke place amd be felt, organized beings must
exist, The problem before us involves, therefore,

two questions, the influence of physical agents upon
animals and plants wlrendy in existence, and the ori-
gin of these beings.  Granting the influence of these
ngents upon organized beings to the fullest extent
to which it may be traced, (sc¢ Scet. 16,) there
remains still the question of' their origin upon which
ncither argument nor observation has yet thrown any
light. But according to some, they originated spon-
tancously by the immedinte agency of physical forces,
and have Lecome suceessively more and more diver-
sificd Ly changes produced gradually upon them, by
these same forces. Others believe that there exist
laws in nature which were established by the Deity
in the beginning, to the action of which the origin
of orgunized beings muy be aseribed ; while accord-
ing to others, they owe their existence to the im-
medinte intervention of an intellizent Creator. It
is the objeet of the following parngruphs to show
that there are neither wgents nor Inws in nature
known to physicists under the infHuence and by the
netion of which these beings conll hiave originnted ;
that, on the vontrary, the very nature of these be-
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of our earth, now well known to geologists,! when none of these organized beings ns
yet existed, and when, nevertheless, the material constitution of our globe, and the
physical forces acting upon it, were essentially the same us they are now,? shows that
these influences are insufficient to call into existence any living being.

Physicists know, indeed, these physical agents more accurately than the naturalists,
who ascribe to them the origin of organized beings; let us then ask them, whether
the nature of these agents is not specific, whether their mode of action is not spe-
cifie? They will all answer, that they are. Let us further inquire of them, what
evidence there is, in the present state of our knowledge, that at any time these
physical agents have produced any thing they no longer do produce, and what prob-
ability there is that they may ever have produced any organized being? If I am
not greatly mistaken, the masters in that department of science will, one and all,
answer, none whatever.

- But the character of the comnections hetween organized bheings and the physical
conditions under which they live is such as to display thought;® these connections
are therefore to be considered as established, determined, and regulated by a thinking
being. They must have heen fixed for each species at its heginning, while the fact
of their permanency through successive generations® is further evidence that with
their natural relations to the surrounding world were also determined the relations
of individuals to one amnother their generic as well as their family relations, and
every higher grade of affinity,’ showing, therefore, not only thought, in reference to
the physical conditions of existence, hut such comprehensive thoughts as would
embrace simultaneously every characteristic of each species.

Every fact relating to the geographical distribution of animals and plants might
be alluded to in confirmation of this argument, hut especially the character of every

ings, and their relations to onc another and to the to contain fossils at all, there is n variety of them

world in which they live, exhibit thought, und ecan
therefore be referred only to the immedinte action
of n thinking being, even though the manner in
which they were enlled into existence remains for
the present o mystery.

! Few geolugists only mny now be inclined to
believe that the lowest strata known to contnin fos-
sily, wre not the lowest deposits formed sinee the
existence of organized Leings upon carth.  But even
those who would assume that wtill lower fossiliferons
beds muy yet be discoverad, or may have entively
dirsappeared by the influence of plutonic ngencies,
(Powerr's Essuys, ete,, p. 424,) must acknowledses
the fict that everywhere in the lowest rocks known

found together. (Sec Sect. 7.) Moreover, the vimi-
Inrity in the character of the ollest fossils found in
different parts of the world, goes fur, in my opin-
i, 1o prove that we actunlly do know the earliest
types of the animal kingdom which have inlbited
our glohe. Thia conclusion seems fully sustained by
the fact that we fiml everywhere below this oldest
set ol fossiliferous budds, other stratified rocks in
which no trace of organized beings can be found.

2 Sew, below, Seet. 21,

8 See, below, Seet. 16,

4 See, below, Seet, 15,

b See, below, Seet, 17.

® See, Lelow, Seet. 6.
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faunn and every flora upon the surface of the globe. How great the diversity of
animals and plants living together in the same region may be, can be ascertained by
the perusal of special works upon the Zoilogy and Botany of different countries, or
from special treatises upon the geographical distribution of animals and planta! 1
need, therefore, not enter into further details upon this subject, especially since it ix
discussed more fully below.?

It might, perhaps, be urged, that animals living together in exceptional conditions.
and exhibiting structural peculiarities apparently resulting from these conditions, such
as the blind fish? the Dblind crawfish, and the blind insccts of the Mammoth Cave
in Kentucky, furnish uncontrovertible evidence of the immedinte influence of those
exceptional conditions upon the organs of vision. I this, however, were the case.
how does it happen that that remarkable fish, the Amdlyopsis spelawus, has only such
remote affinities to other fishes? Or were, perhaps, the sum of influences at work to
make that fish blind, capable also of devising such a combination of structural charac-
ters as that fish has in common with nall other fishes, with those peculiarities which
at the same time distinguish it? Does not, rather, the existence of a rudimentary
eye discovered by Dr. J. Wyman in the blind fish show, that these animals, like all
others, were created with all their peculiarities by the fiat of the Almighty, and thix
rudiment of eyes left them as a remembrance of the general plan of structure of
the great type to which they belong?  Or will, perhaps, some one of those natural-
ists who know so much better than the physicists what physical forces may produce.
and that they may produce, and have produced every living being known, explain
also to us why subterrancous caves in America produce blind fishey, blind crustacea,
and blind insects, while in Europe they produce nearly blind reptiles? If there is
no thought in the case, why is it, then, thut this very reptile, the Profeus anguinus,
forms, with o number of other reptiles living in North America and in Japan, one of

! Scuxanpa, Die geogrphische Verbreitung der
Thicere, 3 vols. 8vo. Wien, 1853, — Swaixsoxy, (W..)
A Treatize on the Geogeaphy nnd Clnssifieation of
Animnls, London, 1835, 1 vol, 12mo.— ZIMMERMANN,
(E. A. G..) Spevimen Zovlogive geographice, Quudru-
pedum domivilin et migemtiones sistens, Lugduni-Buo-
v, 1777, 1 vol. Jto.—HessonoT, Esai sur ln géo-
[,:l‘llllllit' iles |!|l'l“li'.'l. Jto., Purviz, 1805 3 nmd Ansichien
der Natury, Sd it 12mo., Stottzandt and  Tiibin-
ren, 1849, — Ronerr Brows, Genernl Remarks on
the Botuny of Terrn Austealis, Lowndon, 1814, —
Senovw, Grundzilge ciner allgemeinen Pillanzengen-
graphie, 1 vol. Bva,, with atlus in fol., Berling 1823,
—Aurin vE Casvorte, Géographie butanique rui-

sonnée, 2 vols. 8vo.,, Pariy, 1833, References o
fpecinl works may be found below, Sect. 9.

1 See, helow, Seet. 9.

' Wyymay, (Jer,) Description of a Blind Fish,
from a Cave in Kentucky, S1LListan’s Jone, 1841,
vol. 45, p. M, and 1834, vol. 17, p. 238, — Tr1L-
ganrr, (T G.) Ueher den Dlinden Fiseh der Mam-
muthhishle in Kentueky, in MULLER's Archiv, 1814,
e 381 —TerLraner, (T G.) Besehreibung cini-
goer nener in der Momnthhihle antizefundener Gut-
tungen von Glivderthioren, Wikeyas's Arvchiv, 1844,
vol, L, pe 318 — Avasniz, (L) Observations on the
Blind Fishiof the Mummoth Cave, SiLLisax's Jonr-
mul, 1831, vol. 11, p. 127,
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the most natural series known in the animal kingdom, every member of which
exhibits a distinct grade! in the scale?

After we have freed ourselves from the mistaken impression that there may be
some genetic connection between physical forces and organized beings, there remains
o vast field of investigation to ascertain the true relations between both, to their full
extent, and within their natural limits? A mere reference to the mode of breathing
of different types of animals, and to their organs of locomotion, which are more
particularly concerned in these relations, will remind every naturalist of how great
importance in classification is the structure of these parts, and how much better they
might be understood in this point of view, were the diflerent structures of these
organs more extensively studied in their direct reference to the world in which ani-
mals live. If this had been done, we should no longer call by the same common
name of legs and wings organs so different as the locomotive appendages of the
insects and those of the birds? We should no longer call lungs the breathing
cavity of snails, as well as the air pipes of mammalia, birds, and reptiles? A great
reform is indeed needed in this part of our science, and no study can prepare us
better for it than the investigation of the mutual dependence of the structure of
animals, and the conditions in which they live.

SECTION III.

REPETITION OF IDENTICAL TYPES UNDER THE MOST DIVERSIFIED CIRCUMSTANCES.

As much as the diversity of animals and plants living under identical physical
conditions, shows the independence of organized beings from the medium in which
they dwell, so far as their origin is concerned, so independent do they appear again
from the same influences when we consider the fact that identical types occur every-
where upon earth under the most diversified circumstances. If we sum up all these
various influences and conditions of existence under the common appellation of
cosmic influences, or of physical causes, or of climate in the widest sense of the
word, and then look around us for the extreme differences in that respect upon the
whole surfuce of the globe, we find still the most similar, nay identical types (and I
allude here, under the expression of type, to the most diversified acceptations of the
word) living normally under their action. There is no structural difference hetween
the herrings of the Arctic, or those of the Temperate zone, or those of the Tropics,

! See, below, Scet. 12. 7 See, Lelow, Seet. 16.
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or those of the Antarctic regions; there are not any more between the foxes and
wolves of the most distant parts of the globe! Moreover, if there were any, and
the specific differences existing between them were insisted upon, could any relation
between these differences and the cosmic influences under which they live be pointed
out, which would at the same time account for the independence of their structure
in general? Or, in other words, how could it be nssumed that while these causes
would produce specific differences, they would at the same time produce generic
identity, family identity, ordinal identity, class identity, typical identity? Identity in
every thing that is truly important, high, and complicated in the structure of ani-
mals, produced by the most diversified influences, while at the same time these
extreme physical differences, considercd ns the cause of the existence of these ani-
mals, would produce diversity in secondary relations only! What logic!

Does not all this show, on the contrary, that organized beings exhibit the most
astonishing independence of the physical causes under which they live; an independ-
ence so great that it can only be understood as the result of a power governing
these physical causes as well as the existence of animals and plants, and bringing all
into harmonious relations by adaptations which never can be considered as cause and
effect ?

When naturalists have investigated the influence of physical causes upon living
beings, they have constantly overlooked the fact that the features which are thus
modified are only of secondary importance in the life of animals and plants, and
that neither the plan of their structure, nor the various complications of that struc-
ture, are ever affected by such influences. What, indeed, are the parts of the body
which are, in any way, affected by external influences? Chicfly those which are in
immediate contact with the external world, such as the skin, and in the skin chiefly
its outer layers, its color, the thickness of the fur, the color of the hair, the feathers,
and the scales; then the size of the body and its weight, as far as it is dependent on
the quality and quantity of the food; the thickness of the shell of Mollusks, when
they live in waters or upon a soil containing more or less limestone, etc. The
rapidity or slowness of the growth is also influenced in a mensure by the course of
the seasons, in different years; so is also the fecundity, the duration of life, etc.
But ull this has nothing to do with the essentinl characteristics of animals.

A hook has yet to be written upon the independence of organized beings of
physical causes, as most of what is generally ascribed to the influence of physical
agents upon organized heings ought to be considered as a connection established
between them in the general plan of creation.

! Tanumemble other exumples might be quoted,  nutumlists: those mentioned nbove may sullice for
which will readily present themselves to professionnl my argument

3
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SECTION 1V.
UNITY OF PLAN IN OTHERWISE NIGHLY DIVERSIFIED TYPES.

Nothing is more striking throughout the animal and vegetable kingdoms than the
unity of plan in the structure of the most diversified types. From pole to pole, in
every longitude, mammalia, birds, reptiles, and fishes, exhibit one and the same plan
of structure,! involving abstract conceptions of the highest order, far transcending the
brondest generalizations of man, for it is only after the most luborious investigations
man has arrived at an imperfect understanding of this plan. Other plans, equally
wonderful, may be traced in Articulata, in Mollusks, in Radinta? and in the various
types of plants® and yet this logical connection, these beautiful harmonies, this infi-
nite diversity in unity are represented by some as the result of forces exhibiting no
trace of intelligence, no power of thinking, no faculty of combination, no knowledge
of time and space. If there is any thing which places man above all other heings
in nature, it is precisely the circumstance that he possesses those noble attributes
without which, in their most exalted excellence and perfection, not one of these

! With referenco to this point, consult: Oxexy,
(Lor.,) Ueber dic Bedeutung der Schiidel-Knochen,
Frankfort, 1807, 4to. (pamphlet.)—Srix, (J. B.)
Ceplinlogenesis, sive capitis ossei structura, formutio
ct significatio, Monachii, 1813, fol.— Georrroy Sr.
Hivame, (Et.,) Philosophic anatomique, Paris,
1818-1828, 2 vols. 8vo., and several papers in the
Annal. des sc. nat,, Annal. and Mém. du Muséum,
ete. — Canrus, (C. G.) Von den Ur-Theilen des
Knochien- und Schalengerlistes, Leipzig, 1828, fol.—
Owex, (R.) On the Archetype and Homologies of
the Vertebrate Skeleton, London, 1848, 8vo.

? Oxey, (Lon.,) Lelirbuch der Naturphilosophie,
Jenn, 1809-11, 3 vols. 8vo.; Engl. Elements of
Physio-philosophy, Ray Society, London, 1817, 8vo.
— Cuvier, (G.) Sur un nouvenu mpprochement
Cablir entre les elnsses qui composent le Régne Ani-
mal, Annales du Muséum, vol. xix., 1812, — Savi-
axvy (I C.,) Mémoires sur les animaux sans verid-
Ures, Pavis, 1816, 8vo.— Bagn, (C. E. v.,) Ucher
Entwickelungegeschichto  dep Thiere, Konigshery,

1828, dto.—Leukanor, (R.,) Ucber die Morphologic

und die Verwandtschaftsverhiiltnisse der wirbellosen
Thicre, Braunscliweig, 1848, 8vo.— Acassiz, (L.)
Twelve Lectures on Comparative Embryology, Bos-
ton, 1849, 8vo.—On Animul Morphology, Proc. Amer.
Assoc. for the Adv. of Science, Boston, 1850, 8vo., -
411. I would call particulur attention to this paper,
which has immediate reference to the subject of this
chapter. — Carus, (V.,) System der thierischen Mor-
phologie, Leipzig, 1853, 1 vol. 8vo.

* Gorug, (J. W.) Zur Naturwissenhaft iber-
haupt, besonders zur Morphologie, Stuttgardt, 1817-
24, 2 vols. 8vo.; French, Ocuvres d’histvire nutu-
relle, comprenant divers mémoires " Anntomic com-
parde, de Botanique et de Gdologie, truduits el an-
notés par Ch. Fr. Martins, Puris, 1837, 8vo.: atls
in fol. — DECasvorLe, (A. P.) Organographic
végémle, Paris, 1827, 2 vols. 8vo.— Buavy, (Ar)
Vergleichende Untersuchung iiber die Orduung der
Schuppen an den Tannenzaplen, als Einleitang 207
Untersuchung der Blattstellung iiberhaupt, Acte Nov.
Ae. Nat. Curios, vol. xv., 1829, — Das Individuum
der Pilanze, Akul. d. Wiss., Berlin, 1833, dto.
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general traits of relationship so characteristic of the great types of the animal and
vegetable kingdoms, can be understood, or even perceived. How, then, could these
relations have been devised without similar powers? If all these relations are almost
beyond the reach of the mental powers of man, and if man himself is part and
parcel of the whole system, how could this system have been called into existence
if there does not exist One Supreme Intelligence, as the Author of all things?

SECTION V.

CORRESPONDENCE IN THOE DETAILS OF STRUCTURE IN ANIMALS OTHERWISE ENTIRELY
DISCONNECTED.

During the first decade of this century, naturalists began to study relations among
animals which had escaped almost entirely the attention of earlier observers. Though
Aristotle knew already that the scales of fishes correspond to the feathers of birds)}
it is but recently that anatomists have discovered the close correspondence which
exists between all the parts of all animals belonging to the same type, however dif-
ferent they may appear at first sight. Not only is the wing of the bird identical in
its structure with the arm of man, or the fore leg of a quadruped, it agrees quite as
closely with the fin of the whale, or the pectoral fin of the fish, and all these
together correspond in the same manner with their hind extremities. Quite as strik-
ing a coincidence is observed between the solid skull-box, the immovable bones
of the face and the lower jaw of man and the other mammalia, and the structure of
the bony frame of the head of birds, turtles, lizards, snakes, frogs, and fishes. But
this correspondence is not limited to the skeleton; every other system of organs
exhibits in these animals the same relations, the same identity in plan and structure,
whatever be the differences in the form of the parts, in their number, and even in
their functions. Such an agreement in the structure of animals is called their
homology, and is more or less close in proportion as the animals in which it is
traced are more or less nearly related.

The same agreement exists between the different systems and their parts in Artic-
ulata, in Mollusks, aud in Radiata, only that their structure is built up upon respec-
tively different plans, though in these three types the homologies have not yet been
traced to the same extent as among Vertebrata. There is therefore still a wide

! AmistoTeLES, Ilistorin Animalium, Lib. I, Chap.  Scct. 4, notes 1 and 2, and the many other works,
1, Seel. 4. 6 yip & Gprflt wrepor, zavro &y (YOG pumphlets, and papers, quoted by them, which are too
toti demiy.— Consult nlso the nuthors referred to in numerous to be mentioned lere.
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field open for investigations in this most attractive branch of Zoilogy. So much,
however, is already plain from what hes been done in this department of our science,
that the identity of structure among animals does not extend to all the four branches
of the animel kingdom; that, on the contrary, every great type is constructed upon
a distinot plan, so peculiar, indeed, that homologies cannot be extended from one
type to the other, but are strictly limited within each of them. The more remote
resemblance which may be traced between representatives of different types, is
founded upon analogy! and not upon affinity. While, for instance, the head of
fishes exhibits the most striking homology with that of reptiles, birds, and mammalia,
as o whole, a8 well as in all its parts, that of Articulate is only analogous to it and
to its part. What is commonly called head in Insects is not a head like that of
Vertebrata; it has not o distinet cavity for the brain, separated from that which
communicates below the neck with the chest and abdomen; its solid envelope does
not consist of parts of an internal skeleton, surrounded by flesh, but is formed of
external rings, like those of the body, soldered together; it contains but one cavity,
which includes the cephalic ganglion, as well as the organs of the mouth, and all the
muscles of the head. The same may be said of the chest, the legs and wings, the
abdomen, and all the parts they contain. The cephalic ganglion is not homologous
to the brain, nor are the organs of senses homologous to those of Vertcbrata, even
though they perform the same functions. The alimentary canal is formed in o very
different way in the embryos of the two types, as are also their respiratory organs,
ond it is a8 unnatural to identify them, as it would be still to consider gills and
lungs as homologous among Vertebrato now embryology has taught us that in differ-
ent stages of growth these two kinds of respiratory organs exist in all Vertebrata in
very different organic connections one from the other.

What is true of the branch of Articulata when compared to that of Vertebrata,
is equally true of the Mollusks and Radiata when compared with one another or
with the two other types, as might ensily be shown by o fuller illustration of the
correspondence of their structure, within these limits. This inequality in the fun-
damental character of the structure of the four branches of the animal kingdom
points to the necessity of a radical reform in the nomenclature of comparative
anatomy?  Some mnaturalists, however, have already extended such comparisons
respecting the structwre of animals beyond the limits pointed out by nature, when
they have attempted to show that all structures may be reduced to one noriy and

' Sce Swaixsoy, (W.)) On the Geography and  mologies of Rudinted Animals, with Relerence lf-'
Clasifiention of Aninals, London, 1833, 12wmo., - the .'ﬂ\-ﬁloumlic Position of the 1lydvoid Polyph
129, wliere this point {3 ubly discussed. Proc. :)r the Amer. Aesoc. for the Adv. of Science

* See Acassiz, (L.) On the Structure and 1o- for 1849, Boston, 1850, 1 vol. 8vo. p. 389
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when they have maintained, for instance, that every bone existing in any Vertebrate
must have its ‘counterpart in every other species of that type. To assume such o
uniformity among enimeals, would amount to denying to the Creator even .a.s much
freedom in expressing his thoughts as man enjoys.

If it be true, as pointed out above, that all animals are constructed upon four
different plans of structure, in such o manner that all the different kinds of animals
are only different expressions of these fundamental formulw, we may well compare
the whole animal kingdom to a work illustrating four great ideas, between which
there is no other connecting link than the wnity exhibited in the eggs in which their
most diversified manifestations are first embodied in an embryonic form, to undergo
o series of transformations, and appear in the end in that wonderful variety of inde-
pendent living beings which inbabit our globe, or have inhabited it from the carliest
period of the existence of life upon its surfnce.

The most surprising feature of the anmimal kingdom seems, however, to me to
rest neither in its diversity, nor in the various degrees of complication of its struc-
ture, nor in the close affinity of some of its representatives, while others are so
different, nor in the manifold relations of all of them to one another and the sur-
rounding world, but in the circumstance that heings endowed with such different and
such unequal gifts should nevertheless constitute an harmonious whole, intelligibly
connected in all its parts.

SECTION VI.

VARIOUS DEGREES AND DIFFERENT KINDS OF RELATIONSIIP AMONG ANIMALS.

The degrees of relationship existing between different animals are most diversified.
They are not only akin as representatives of the same species, bearing as such the
closest resemblance to one another; different species may also be related as members
of the same genus, the representatives of different genera may belong to the same
family, and the same order may contain different families, the same class different
orders, and the same type several classes, The existence of different degrees of
nftinity between animals and plants which have not the remotest genealogical connec-
tion, which live in the most distant parts of the world, which have existed in periods
long gone by in the history of our earth, is a lact heyond dispute, at least, within
certain limits, no longer controverted by well informed observers.  Upon what can
this be founded? Is it that the retentive capacity of the memory of the physical
forces at work upon this globe is such, that after bringing forth a type according to
one pattern, in the infancy of this earth, that pattern was adhered to under conditions,
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no matter how diversified, to reproduce, at another period, something similar, and go
611, through all ages, until at the period of the establishment of the present state of
things, all the infinitude of new animals and new plents which now crowd its surface,
should be cast in these four moulds, in such a manner as to exhibit, notwithstanding
their complicated relations to the surrounding world, all those more deeply seated
general relations, which establish among them the different degrees of affinity we
moy trace so readily in all the representatives of the same type? Does all this
really look more like the working of blind forces than like the creation of a reflec-
tive mind establishing deliberately all the categories of existence we recognize in
nature, and combining them in that wonderful harmony which unites all things into
such a perfect system, that even to read it, as it is established, or even with all the
imperfections of a translation, should be considered as the highest achievement of
the maturest genius?

Nothing seems to me to prove more directly and more fully the action of a
reflective mind, to indicate more plainly o deliberate consideration of the subject,
then the different categories upon which species, genera, families, orders, classes, and
branches are founded in nature, and manifested in materinl reality in a succession of
individuals, the life of which is limited in its duration to comparatively very short
periods. The great wonder in these relations consists in the fugitive character of the
bearers of this complicated harmony. For while species persist during long periods,
the individuals which represent them are ever changing, one set dying after the
other, in quick succession. Genera, it is true, may extend over longer periods; fami-
lies, orders, and classes may even have existed during all periods during which
animals have existed at all; but whatever may have been the duration of their
existence, at all times these different divisions have stood in the same relation to
one another and to their respective branches, and have always been represented
upon our globe in the same manner, by a succession of ever renewed and shortlived
individuals.

As, however, the second chapter of this work is entirely devoted to the consider-
ation of the different kinds and the different degrees of affinity existing among
animals, I will not enter here into any details upon this subject, but simply recall
the fact that, in the course of time, investigators have agreed more and more with
one another in their estimates of these relations, and built up systems more and
more conformable to one another. This result, which is fully exemplified by the
history of our science,! is in itself sufficient to show that there is a system in nature

1 . . o gt alog
Sﬂ:t, (3-) Geschichte und Beurtheilung aller  naturelles, Paris, 1826, 4 vols. 8vo.— Ilistoire d¢s
Systeme in der Zoologic, Nurnberg, 1811, 1 vol. 8vu.  seiences naturelles, ete., Paris, 1841, 5 vols fves
— Covier, (G.) Histoire des progris des seivnces  — DeBraisvitig, (U.,) Histoire des sciences de
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to which the different systems of authors are successive approximations, more and
more closely agreeing with it, in proportion as the human mind has understood
nature better. This growing coincidence between our systems and that of nature
ghows further the identity of the operations of the human and the Divine intellect;
especially when it is remembered to what an extraordinary degree many & priord
conceptions, relating to nature, have in the end proved to agree with the reality,
in spite of every objeotion at first offered by empiric observers.

SECTION VII.

SIMULTANEOUS EXISTENCE IN THE FARLIEST GEOLOGICAL PERIODS, OF ALL TOE GREAT
TYPES OF ANIMALS.

It was formerly believed by geologists and paleontologists that the lowest animals
first made their appearance upon this globe, and that they were followed by higher
and higher types, until man crowned the series. Every geological museum, repre-
senting at all the present state of our knowledge, may now furnish the evidence
that this is not the case. On the contrary, representatives of numerous families
belonging to all the four great branches of the animal kingdom, are well known to
have existed simultaneously in the oldest geological formations! Nevertheless, I well
remember when I used to hear the great geologists of the time assert, that the
Corals were the first inhabitants of our globe, that Mollusks and Articulata followed
in order, and that Vertebrates did not appear until long after these. What an
extraordinary change the last thirty years have brought about in our knowledge, and
the doctrines generally adopted respecting the existence of animals and plants in past
ages! However much naturalists may still differ in their views regarding the origin,
the gradation, and the affinities of animals, they now all know that neither Radiata,
nor Mollusks, nor Articulata, have any priority one over the other, as to the time

F'orznnizntion et de leurs progrde, Puris, 1847, 3 vols.
8vo.— Povcuer, (F. A.) Histoire des sciences na-
turelles nu moyen fige, Puria, 1853, 1 vol. 8vo.
Compnre, also, Chap. 1L, helow.

} Munrcisos, (R. L,) The Silurian System, Lon-
don, 1839, 1 vol. dto.— Murcnisoy, (Sie R. 1.,)
Silurin,  The Ilistory of the Ollest Known Rocks
contnining Fossils, London, 1854, 1 vol. 8ve.— Mun-
cimsos, (R. L)) ve Venseviy, (Ep.) aml Kar-

senLinG, (Count Anex. von,) The Geology of
Russin in Europe, and the Ural Mountains, London,
18435, 2 vols. Jto.— Hawr, (Janes) Paleontology
of New York, Albany, 1847-52, 2 vols. {to.— Ban-
raxog, (J.,) Systtme silurien du centre de In Bo-
bime, Prague and Paris, 1852, 2 vols, 4to, — SEnG-
wick, (A.) and McKoy, (Ir.) British Palvozoic
Rocks nnd Foeeils, London, 1851, 4t0. 2 fuse.; not
yet complete.
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of their first appearance upon earth; and though some still maintain that Vertebrata
originated somewhat later, it is universally conceded that they were already in exist.
ence toward the end of the first great epoch in the history of our globe. I think
it would not be difficult to show upon physiological grounds that their presence upon
earth dates from as early a period as any of the three other great types of the
animal kingdom, since fishes exist wherever Radiatn, Mollusks, and Articulata are
found together, and the plan of structure of these four great types constitutes a
system intimately connected in its very essence. Moreover, for the last twenty
years, every extensive investigation among the oldest fossiliferous rocks has carried
the origin of Vertebratn step by step further back, so that whatever may be the
final solution of this vexed question, so much is already established by innumerable
facts, that the idea of a gradual succession of Radiata, Mollusks, Articulata, and Ver-
tebrata, is for ever out of the question. It is proved beyond doubt, that Radiata,
Mollusca, and Articulata are everywhere found together in the oldest geological for-
mations, and that very early Vertebratn are associated with them, to continue
together through all geological ages to the present time. This shows that even in
those early days of the existence of our globe, when its surface did not yet present
those diversified features which it has exhibited in later periods, and which it exhibits
in still greater variety now, animals belonging to all the great types now represented
upon earth, were simultaneously called into existence. It shows, further, that unless
the physical elements then at work could have devised such plans, and impressed
them upon the materinl world as the pattern upon which Nature was to build for
ever afterwards, no such general relations as exist among all animals, of all geo-
logical periods, as well as among those now living, could ever have existed.

This is not all: every class among Radinta, Mollusks, and Articulata, is known
to have been represented in those earliest days, with the exception of the Acalephs’
ond Insects only. It is, therefore, not only the plan of the four great types which
must have been adopted then, the manner in which these plans were to be executed,
the systems of form under which these structures were to be clothed, even the ulti-
mate details of structure which in different genern bear definite relations to those of
other genern; the mode of differentintion of species, and the nature of their rela-
tions to the surrounding medin, must likewise have been determined, as the character
of the classes is as well defined as that of the four great branches of the animal
kingdom, or that of the fumilics, the genera, and the species.  Again, the fisst rep-
resentatives of ench class stand in definite relations to their successors in later

1 ' . . . . . . " )

Aculephs have been found in the Jurassie Lime- softness of their Lody. Insccts nro known ns carly

sfoua of Solenhofen ; their nbsence in other formu- as the Carboniferous Formation, nud may have €%
tions wmny be owing simply to the extraordinary  isted hefore.
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periods, and as their order of apparition corresponds to the various degrees of com-
plication in their structure, and forms natural series closely linked together, this
natural gradation must have been contemplated from the very beginning. There
can be the less doubt upon this point, as man, who comes last, closes in his own
cycle a series, the gradation of which points from the very beginning to him as its
last term. I think it can be shown by anatomical evidence that man is not only
the last and highest among the living beings, for the present period, but that he is
the last term of a series beyond which there is no material progress possible upon
the plan upon which the whole animal kingdom is constructed, and that the only
improvement we may look to upon earth, for the future, must consist in the develop-
ment of man’s intellectual and moral faculties!

The q{lesﬁon has been raised of late how far the oldest fossils known may truly
be the remains of the first inhabitants of our globe. No doubt extensive tracts of
fossiliferous rocks have been intensely altered by plutonic agencies, and their organic
contents so entirely destroyed, and the rocks themselves so deeply metamorphosed,
that they resemble now more closely eruptive rocks even than stratified deposits.
Such changes have taken place again and again up to comparatively recent periods,
and upon a very large scale. Yet there are entire continents, North America, for
instance, in which the pal®ozoic rocks have undergone little, if any, alteration, and
where the remains of the earliest representatives of the animal and vegetable king-
doms are as well preserved as in later formations. In such deposits the evidence is
satisfactory that o variety of animals belonging to different classes of the great
branches of the animal kingdom have existed simultaneously from the beginning; so
that the assumption of a successive introduction of these types upon earth is flatly.
contradicted by well established and well known facts? Moreover, the remains found
in the oldest deposits, are everywhere closely allied to one another. In Russia, in
Sweden, in Bohemia, and in various other parts of the world, where these oldest
formations have been altered upon a more or less extensive scale, as well as in
North America, where they have undergone little or no change, they present the
same general character, that close correspondence in their structure and in the
combination of their families, which shows them to have belonged to contempora-
neous faune. It would, therefore, seem that even where metamorphic rocks prevail,
the traces of the ecarliest inhabitants of this globe have not been entirely obliterated.

1 Acassiz, (L.,) An Introduction to the Study Number of Animnls in Geological Times, Amer.
of Nntural listory, New York, 1847, 8vo. p. 57. Journ. of Scicnce and Arts, 2d ser., vol. 17, 1854,
2 Acassiz, (L.,) The Primitive Diversity and  p. S09.
4
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SECTION VIII.

THE GRADATION OF STRUCTURE AMONG ANIMALS.

There is not only variety among animals and plants; they differ also as to their
standing, their rank, their superiority or inferiority when compared to one another.
But this rank is difficult to determine; for while, in some respects, all animals are
equally perfect, as they perform completely the part assigned to them in the general
economy of nature! in other respects there are such striking differences between
them, that their very agreement in certain features points at their superiority or
inferiority in regard to others.

This being the case, the question first arises, Do all animals form one unbroken
series from the lowest to the highest? Before the animal kingdom had been studied
80 closely as it has been of late, many able writers really believed that all animals
formed but one simple continuous series, the gradation of which Bonnet has heen
particularly industrious in trying to ascertain? At a later period, Lamarck® has
endeavored to show further, that in the complication of their structure, all the
classes of the animal kingdom represent only successive degrees, and he is =0
thoroughly convinced that in his systematic arrangement classes constitute one grad-
ual series, that he actually calls the classes “degrees of organization.” DeBlainville®
hos in the main followed in the steps of Lamarck, though he does not admit quite
8o simple a series, for he considers the Mollusks and Articulates as two diverging
branches ascending from the Radiata, to converge agnin and unite in the Vertebrata.
But since it is now known how the great branches of the animal kingdom may be
circumscribed,® notwithstanding & few doubtful points; since it is now known how

! Emexneng, (C. G.,) Das Naturreich des Men-
schen, oder dns Reich der willensfreien bescelten Na-
turkirper, in 29 Clnssen Ubersichtlich geordnet, Ber-
lin, 18335, folio, (1 sheet).

* Boxner, (Cn.) Considérations sur les corps
organisés, Amsterdum, 1762, 2 vols. 8vo.— Contem-
plations de la Nature, Amsterdam, 1764-63, 2 vols,
8vo.— Palinptuéaio philvsophique, Gentve, 1769, 2
vola. 8vo.

* Lasanck, (J. B. o)) Plilosoplie zoulogique,
Puaris, 1809, 2 vols. 8vo.

¢ BLaviLLE, (H. D. pe,) De I'Orgunisation des
Animnux, Paris, 1822, 1 vol. 8vo.

' Brustexpacu, (J. Fr.,) Hundbuch der verglei-
chenden Anntomie, Gittingen, 1824, 1 vol. 8vo:3
Engl. by W, Lawnexce, London, 1827, 1 vol. fvo.
—Cuvien, (G.) Legons d"Anntomie compnrde, rec
et publ. pur MM. Dumdril et Duvernoy, Parit,
180021805, 5 vols. Rvo.; 2de é@lit, rev. par MM
F. G. Cuvier ¢t Luurillard, Puris, 1836-39, 10 vols.
8vo,— Cuvien, (G.) Le Rigne animnl dislributf
d'apris son orgunisation, Puris, 1817, 4 vols. L dd
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most classes should be characterized, and what is their respective standing; since
every doy brings dissenting views, respecting the details of classification, nearer
together, the supposition that all animals constitute one continuous gradated series,
can be shown to be contrary to nature. Yet the greatest difficulty in this inquiry,
is to weigh rightly the respective standing of the four great branches of the whole
animal kingdom; for, however plain the inferiority of the Radiatv may seem, when
compared with the bulk of the Mollusks or Articulata, or still more evident when
contrasted with the Vertebrata, it must not be forgotten, that the structure of most
Echinoderms is far more complicated than that of any Bryozoon or Ascidian of the
type of Mollusks, or that of any Helminth, of the type of Articulata, and, perhaps,
even superior to that of the Amphioxus among Vertebratn. These facts are so well
ascertained, that an absolute superiority or inferiority of one type over the other
must be unconditionally denied. As to a relative superiority or inferiority however,
determined by the bulk of evidence, though it must be conceded that the Vertebrata
rank above the three other types, the question of the relative standing of Mollusks
and Articulata seems rather to rest upon a difference in the tendency of their whole
organization, than upon a real gradation in their structure; concentration being the
prominent trait of the structure of Mollusks, while the expression ‘outward display’
would more naturally indicate that of Articulata, and so it might seem as if Mollusks
and Articulata were standing on nearly a level with one another, and as much

2de édit. 1829-30, 5 vols. 8vo.; Se édit. illustrée

183G et suiv; Engl. Trans. by Grirrita, London, .

1824, 9 vols. 8vo.— Meckrr, (J. F.,) System der
vergleichenden Anatomie, Ifulle, 1821-31, 6 vols.
8vo.; French Transl, Paris, 1829-38, 10 vols. 8vo.
—Trevinaxes, (G. R.,) Biologie, oder Philosophic
der lebenden Natur, Gittingen, 1802-16, G vols. 8vo.
— Die Erscheinungen und Gesetze des organisclien
Lebens, Bremen, 1831-87, 5 vols. 8vo.— DeLLE
Curasg, Istituzioni d'Anatomin e Fisiologin compa-
ratn, Napoli, 1882, 8vo.— Canus, (C. G.,) Lelrbuch
der vergleichenden Anntomie, Leipzic, 1834, 2 vols,,
4to., figz. 20 edit.; Grundsiitze der vergleichenden Ann-
tomie, Dresden, 1828, 8vo.; Engl. by R. J. Gonr,
Bath, 1827, 2 voly. 8vo. Atlus.— Canvs, (C. G.,) and
Orro, (A. W.) Erliinterungstafeln zur vergleichen-
den Anmtomic, Leipzie, 1826=40, fol.—WaaNer,
(R..) Lelirbueh der vergleichenden Anutomiv, Leipzie,
1834-33, 2 vol. 8vo.; Engl. by A. Tcuk, London,
1844, 1 vol. 8vo.; 2d edit. Lelirbuch der Zouvtowie,

Leipzic, 1843—44, 1 vol. 8vo,, 2d vol. by Frex and
Levckarnt; Icones anntomicr, Leipzig, 1841, fol.
— GraNT, (R. E.) Outlines of Comparative Annt-
omy, London, 1883, 1 vol. fol. —Joxes, (Ryxer,)
A General Outline of the Animal Kingdom, London,
1838-39, 1 vol. 8vo. fig,; 2d edit, 1854.— Topp, (R.
B.,) Cyclopedin of Anatamy nnd Physiology, London,
1835-52, 4 vol. 8vo. ig—AcGAsaiz, (L.,) and Gourn,
(A. A.) Principles of Zoblogy, Boston, 1 vol. 8vo.,
2d edit. 1851.— Owey, (R.,) Lootures on the Iaver-
tebrate Animals, London, 1843, 1 vol. fig.: 2d edit.
1855. — Lectures on tho Compurative Anutomy of
the Vertebmte Animals, Fizhies, London, 1846, 1 vol.
8vo. fig.— Sievorp, (C. Ti. v.,) und Staswivs,
(Heny,) Lebrbuch der vergleichenden Anntomie,
Berling, 1845-46, 2 vol. 8vo.; 2d cdit. 1855; Engl.
Truns. by W. J. Burxerr, Boston, 1854, — Beng-
many, (C,) wnd Levekanor, (R.,) Vergleichende
Anntumie und Physiologie, Stutigardt, 1852, 1 vol.
8vo. fig.
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sbove Radiata, as. both ‘stand below Vertebrata, but constructed upon plans expressing
different tendencies. To appreciate more precisely these most generpl relations
among the :great types of the animal kingdom, will require deeper investigations into
the character: of their plan of structure than have been made thus far! Let, how-
ever, 'the .respective standing of these grent divisions be what it may; let them differ
only in tendéncy, or in plan of structure, or in the height to which they nrise,
admitting their base to be on one level or nearly so, so much is certain, that in
each type there are representatives exhibiting a highly complicated structure and
others which appear very simple. Now, the very fact that such extremes may be
traced, within the natural boundaries of each type, shows that in whatever manner
these great types are supposed to follow one nnother in n single series, the highest
representative of the preceding type must join on to the lowest representative of
the following, thus bringing necessarily together the most heterogeneous forms? It
must be further evident, that in proportion as the internal arrungement of each great
type will be more perfected, the greuter is likely to appear the difference at the two
ends of the series which are ultimately to be brought into conncction with those of
other series, in any attempt to establish a single scries for all animals.

I doubt whether there is a naturalist now living who could object to an arrange-
ment in which, to determine the respective standing of Radinta, Polyps would be
placed lowest, Acalephs mnext, and Echinoderms highest; a similar arrangement of
Mollusks would bring Acephala lowest, Gasteropoda next, and Cephalopoda highest;
Articulats would appear in the following order: Worms, Crustacen, and Insccts, and
Vertebrata, with the Fishes lowest, next Reptiles and Birds, and Mummalin highest.
I have here purposely avoided every allusion to controverted points. Now if Mol-
lusks were to follow Radiata in o simple series, Acephula should join on to the
Echinoderms; if Articulata, Worms would be the connecting link. We should then
have either Cephalopods or Insects, as the highest term of a series beginning with
Radinta, followed by Mollusks or by Articulates. In the first case, Cephnlupodﬂ
would be followed by Worms; in the second, Insects by Acephala. Again, the con-
nection with Vertebrata would be made ecither by Cephalopods, il Articulatn were
considered as lower than Mollusks, or by Inseets, if Mollusks were placed below
Articulata,. 'Who does not see, therefore, that in proportion as our knowledge of the
true affinities of animals is improving, we accumulate wmore and more convincing
evidence against the idea that the animal kingdom constitutes one simple series ?

1 . . A i

T regret to be wnable to refer hore to the con-  between  Progressive, Embryonie, amd  Prophetie
tents of 1 course of lectures which 1 delivered upon Types, Proe. Am. Assoe, for 1849, p. 412

this subjeet, in the Smithsoninn Institution, in 1852, 2 Auassiz, (L.,) Animal Morphology, P'roc. Am

Compure, meunwhile, my paper, On the Differences  Assoe. for 1849, e 415,
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The next question would then be: Does the animal kingdom constitute several,
or any number of graduated series? In attempting to ascertain the value of the less
comprehensive groups, when compared to one another, the difficulties seem to he
gradually less and less. It is already possible to mark out with tolerable precision,
the relative standing between the classes, though even here we do not yet perceive
in all the types the same relations. Among Vertebratn, there can be little if any
doubt, that the Fishes are lower than the Reptiles, these lower than Birds, and that
Mammalia stand highest; it seems equally evident, that in the main, Insects and
Crustacea are superior to Worms, Cephalopods to Gasteropods and Acephala and
Echinoderms. to Acalephs and Polypi. But there are genuine Insects, the superiority
of which over many Crustacea, would be difficult to prove; there are Worms which
in every respect appear superior to certain Crustacea; the structure of the highest
Acephala seems more perfect than that of some Gasteropods, and that of the Haleyo-
noid Polyps more perfect than that of many Hydroids. Classes do, therefore, not
seem to be so limited in the range of their characters, as to justify in every type a
complete serial arrangement among them. But when we come to the orders, it can
hardly be doubted that the gradation of these natural divisions among themselves in
each class, constitutes the very essence of this kind of groups. As a special para-
graph is devoted to the consideration of the character of orders in my next chapter,
I need not dwell longer upon this point here! It will be sufficient for me to
remark now, that the difficulties geologists have met with, in their attempts to com-
pare the rank of the different types of animals and plants with the order of their
succession in different geological periods, has chiefly arisen from the circumstance, that
they have expected to find a serial gradation, not only among the classes of the
same type, where it is only incomplete, but even among the types themselves,
between which such a gradation cannot be traced. Had they limited their compari-
sons to the orders which are really founded upon gradation, the result would have
been quite different; but to do this requires more familiarity with Comparative
Anatomy, with Embryology and with Zoilogy proper, than can naturally be expected
of those, the studies of which are chiefly devoted to the investigation of the struct-

ure of our globe.

To appreciate fully the importance of this question of the gradation of animals,
and to comprehend the whole extent of the difficulties involved in it, n superficiul
acquaintance with the perplexing question of the order of xuccession of animals in
past geological ages, is by no means sufficient; a complete familiarity with the many
attempts which have been made to establish a correspondence between the two, and
with all the cruditics which have been published upon thix subject, might dispel

1 See Chap. 11
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évery hope to arrive at eny satisfactory result upon this subject, did it not appear
now, that the inquiry must be circumscribed within different limits, to be conducted

upon its true ‘ground.

The results to which I have already arrived, since I have

perceived the mistake under which investigators have been laboring thus far, in
this respect, satisfy me that the point of view under which I have presented the
subject here is the true one, and that in the end, the characteristic gradation
exhibited- by the orders of each class, will present the most striking correspondence
with the character of the succession of the same groups in past ages, and afford
another startling proof of the admirable order and gradation which have been estab-
lished from the very beginning, and maintained through all times in the degrees of

complication of the structure of animals,

SECTION IX.

RANGE OF GEOGRAPHICAL DISTRIBUTION OF ANIMALS.

The surface of the earth being partly formed by water and partly by land, and
the organization of all living beings standing in close relation to the one or the other
of these mediums, it is in the nature of things, that no single species, either of ani-

mals or plants, should be uniformly distributed over the whole globe.

Yet there

are some types of the animal, as well as of the vegetable kingdom, which are equably
distributed over the whole surface of the land, and others which are as widely secat-
tered in the sea, while others are limited to some continent or some ocean, to some
particular province, to some lake, nay, to some very limited spot of the earth's

surfoce.!

As far gs the primary divisions of animals are concerned, and the nature of the
medium to which they are adapted does not interfere, representatives of the four

great branches of the animal kingdom are everywhere found together.

Radiata,

Mollusks, Articulata, and Vertebrata occur together in every part of the ocean, in
the Arctics, ns well as under the equator, and near the southern pole as fur as man
has penectrated; every hay, every inlet, every shoal is haunted by them. So univer

? 'The human race aftords nn example of the wide
distribution of & terrestrinl type; the Herring nnd
the Mackerel families have un equally wide distri-
bution in the sea. The Mumunlin of New ITol-
Jand show how sume familivs may be limited to one
continent; the family of Lubyrinthici of the Indinn

Ocenn, how fishes may be circumserihed in the 8¢
and that of the Goniodonts of South Amcrich 1‘11
the fresh waters. The Chacn of Luke Baiknl 18
found nowhiere else; this is equally true of the
Blindtish (Amblyopsis) of tha Mummoth Cave, and
of the Proteus of the cuverns of Carinthin.
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sal is this associntion, not only at present but in all past geological ages, that I
consider it as a sufficient reason to expect, that fishes will be found in those few
fossiliferous beds of the Silurian System, in which thus far they have not yet been
found! Upon land, we find equally everywhere Vertebrata, Articulata, and Mollusks,
but no Radinta, this whole branch being limited to the waters; but as far as terres-
trial animals extend, we find representatives of the other three branches associated,
as we find them all four in the sea. Classes have already a more limited range of
distribution. Among Radiata, the Polypi, Acalephs, and Echinoderms? are not only
all aquatic, they are all marine, with a single exception? the genus Hydra, which
inhabits fresh waters ~Among Mollusks, the Acephala are all aquatic, but partly
marine and partly fluviatile, the Gasteropoda partly marine, partly fluviatile and
portly terrestrial, while all Cephalopodn are marine. Among Articulate® the Worms
are partly marine, partly fluviatile, and partly terrestrial, while many are internal

1 See, above, Sect. 7.
~ ¥ For the geographical distribution of Ruinta,
consult: DaAna, (J. D.,) Zoophytes. United Stutes
Exploring Expedition, under the command of Ch.
Wilkes, U. S. N., Philadelphin, 1846, 1 vol. dto.
Atlos fol. —AMiLne-Epwaros et Haivg, (Joi.)
Recherches sur les Polypiers, Ann. Sc. Nat. S¢ sér.
vol. 9-18, Paris, 1848-52, 8vo.— EscunscroLTz,
(Fr.) System der Acalephen, Berlin, 1829, dto. fig.
— Lessox, (R. Pr.,) Histoire naturelle des Zoophy-
tes, Acaléphes, Paris, 1843, 1 vol. 8vo. fig. — KiLLI-
KER, (A.) Dic Schwimmpolypen und Siphonophoren
von Messina, Leipzic, 1858, 1 vol. fol. fig.— MijL-
Ler, (J,) und Troscmer, (F. H.) System der
Asteriden, Braunschweig, 1842, 8vo. fig.— Acassiz,
(L.,) Catalogue raisonné des fumilles, des genres et
des esplces de la Clusse des Echinodermes, Ann. des
Se. Nat. 8e sér. vol. 6-8, Paris, 1847, 8vo.

* I need lardly say in this connection that tho
so-called fresh-water Polyps, Alcyonells, Plumatella,
cte,, nre Bryozoa, and not true Polyps.

¢ For the geogruphical distribution of Mollueks,
consult: Lamancg, (J. B. pg,) Iistoire naturelle
des Animnux =ans vertébres, Paris, 1815-22, 7 vols.
8vo.; 2de &lit. augmentée de motes par MM,
Dusllaves and MiLye-Evpwanns, Paris, 183513,
10 vols, Bvo.— I'envssac, (1. B. L. bg,) istoire
nuturelle des Mollusques  terrestres ot fluvintiles,
Paris, 1819 ct suiv, dto. fig. fol., continuc¢e pnr Des-

Iaves.—TFeressac, (J. B. L. pr,) et Saixper-
Raxe, (A.) Ilistoive naturelle des Aplysiens, Paris,
1828, 4to. fig. fol.—Fenussac, (J. B. L. bg,) ct
p'OrniGgNy, (A.) Monographic des Céphulopodes
eryptodibranches, Paria, 183443, fol.— MarTiNg,
(F. . W.)) und Cnexxirz, (J. IL.) Neues syste-
matisches Conchylicn-Kabinet, Niirnberg, 1769-95,
11 vols. 4to. fig.; new edit. nnd continuation by
Scnooert and A. WaGNER, completed by IL C.
Kister, Niirnberg, 11 vols. 4to. fig. — Kiexer, (L.
C.,) Spéeies général et Iconographie des Coquilles
vivaotes, Paris, 1834, et suviv, 8vo. fiz.— REEVE,
(Lovell,) Conchologia Iconica; a Complete Repertory
of Species of Shells, Pictorinl and Descriptive, Lon-
don, 1843, and foll., 4to. fig.— Prerrrer, (L.,) Mon-
ographia Heliceorum viventium, Leipzig, 1847—18,
8vo.— PreirFen, (L.) Monogmphin Pneumonopo-
morum viventium, Cussel, 1852, 8vo,, and nll the
special works on Concliology.

¢ The mode of distribution of free or parasitic
Worms, in different parts of the world and in ditfer-
ent animale, may be ascertained from: Gurune, (A,
Ep.) Die Familien der Annciiden, Wicgmun's Ar-
chiv, 1850,
any other work, us it is the only complete list of An-

I mention this paper in preference to

nulata ; nnd though the localitics ave not given, the
references may supply the deficieney. — Ruenovnren,
(K. A.) Entozoorum sive Vermium intestinnlium
Ilistovin mmturalis, Amstelodami, 1808-10, 3 vols,
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parasites, living in the. cavities or in the organs of other animals; the Crustacea are
partly marine and partly fluviatile, o few are terrestrial; the Insects are mostly ter
vestrial or rather agrial, yet some are marine, others fluviatile, and a large number of
those, which. -in. their perfect state live in the air, are terrestrial or even aquatic
during thejr.earlier stages of growth. Among Vertebrata® the Fishes are all aquatic,
but partly marine and partly fluviatile; the Reptiles are either aquatic, or amphibious
or terrestrial, and some of the latter are aquatic during the early part of their life;
the Birds are all aérial, but some more terrestrial and others more aquatic; finally,
the., Mammalia, though all aérial live partly in the sea, partly in fresh water, but
mostly upon land. A more special review might show, that this localization in con-
nection with the elements in which animals live, has a direct reference to peculiari-
ties of structure of such importance, that a close consideration of the habitat of ani-
mals within the limits of the classes, might in most cases lead to a very natural

classification?

8vo. fig.— Entozoorum Synopsis, Berolini, 1819, 8vo.
fig.— Gurrr, (E. F.) Verzeichniss der Thiere, bei
welchen Entozoen gefunden worden sind, Wicgman's
Archiv, 1849, contin. by Creplin in the following No.
—Duwarpix, (Fen,) Histoire naturelle des Hel-
minthes ou Vers intestinnux, Paris, 1844, 1 vol. 8vo.
— Diesing, (C. M.,) Historin Vermium, Vindob. 1850,
2 vols. 8vo. That of Crustacea from MiLxe-Ep-
warps, Histoire naturelle des Crustacés, Paris, 1834,
3 vols. 8vo. fig.—DaNa, (J. D.,) Crustacen. Uni-
ted States Exploring Expedition, under the command
of Cb. Wilkes, U. S. N., vol. xiv., Philadelphin, 1852,
2 vols. 4to,, atlus, fol. For the geographical distri-
bution of Insccts I must refer to the general works
on Entomology, as it would require pages to cnu-
merato even tho standard works reluting to the dif-
ferent orders of this class; but they are mentioned
in: Percuenox, (Acn. R.) Bibliographie entomo-
logique, Paris, 1837, 2 vols. 8vo.— Acassiz, (L.,)
Bibliographin Zoologim et Geologie; n generul eatn-
logue of nll Looks, tracts, and memoirs on Zoblogy
and Geology, correetod, enlnrged, and cdited by H.
E.Striokraxp, London, 1848-54, 4 vols. 8vo. (Ray
Socicety).

! For the geographical distribution of Fishes,
consult: Cuvier, (G,) and VaLexcIENNES, (A.,)
Histoire naturelle des Poissons, Paris, 18258-1819, 22

But this is true only within the limits of the classes, and even here

vols. 8vo., fiz.—MuvLLEr, (J.) und IHexcr, (J.,)
Systematizche Beschreibung der Plagiostomen, Ber-
lin, 1841, fol. fig. Ior that of Reptiles: Dumerit,
(A. M. C,) et Bisrox, (G.) Erpétologie générale,
ou llistoire nuturelle complite des Reptiles, Paris,
1834-1853, 9 vols. 8vo. fig.— Tscuupr, (J. J.)
Clussification der Batrachier, Neuchiutel, 1838, 4to.
Mém. Soc. Neuch. 2d. vol.— Firzincen, (L. J.)
Systema Reptilium, Vindobone, 1843, 8vo. For that
of Birds: Gravy, (G. R.,) The Genera of Birds, illus-
trated with about 350 plates by D. W. Mitchell, Lou-
don, 18441849, 8 vols. imp. 4to.— BONAPARTE,
(C. L.,) Conspectus generum Avium, Lugduni-Batu-
vorum, 1850, and seq. 8vo. For that of Mammalia:
Waoxer, (A.) Dio geographische Verbreitung der
Situgthicre, Verbandl., der Akad. der Wissensch.
in Minchen, Vol. 1V.— Poxrrer, (ITerm.,) Die
Siiugthiere, Vigel und Awpbibien, nuch ilirer gev-
graphischen  Verbreitung  tabellwish  zusummenges
stellt, Leipzig, 1841, dto.— Sce, also, the annuul
reports in Wicgman's Archiv, now edited by Tro-
schell; the Catalogues of the British Museuny of
the Jardin des Plantes, cte.

? Acassiz, (L,) The Natural Relations between
Animuls nnd the Elements in which they live.
Amer. Jour. of Se. mnd Arty, 2d ser., vol. 9 1850,
8vo., p. 3u9.



http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/README.htm

Cmar. L GEOGRAPHICAL RANGE OF ANIMALS.

not absolutely, as in some the orders only, or the families only are thus closely
related to the elements; there are even natural groups, in which this connection is
not manifested beyond the limits of the geners, and a few cases in which it is actually
confined to the species. Yet, in every degree of these connections, we find that upon
every spot of the globe, it extends simultancously to the representatives of different
classes and even of different branches of the animal and vegetable kingdoms; a circum-
stance which shows that when called into existence, in such an association, these vari-
ous animals and plants were respectively adapted with all the peculiarities of their
kingdom, those of their class, those of their order, those of their genus, and those of
their species, to the home assigned to them, and therefore, not produced by the nature
of the place, or of the element, or any other physical condition. To maintain the
contrary, would really amount to asserting that wherever a variety of organized
beings live together, no matter how great their diversity, the physical agents prevail- -
ing there, must have in their combined action, the power of producing such a
diversity of structures as exists in animals, notwithstanding the close connection in
which these animals stand to them, or to work out an intimate relation to them-
selves in beings, the essential characteristics of which, have no reference to their
nature. In other words, in all these animals and plants, there is one side of their
organization which hes an immediate reference to the elements in which they live,
and another which has no such connection, and yet it is precisely this part of the
structure of animals and plants, which has no direct bearing upon the conditions in
which they are placed in nature, which constitutes their essential, their typical
character. This proves beyond the possibility of an objection, that the elements in
which animals and plants live (and under this expression I mean to include all that
is commonly called physical agents, physical causes, etc,) cannot in any way be con-

sidered as the cause of their existence.

If the naturalists of past centuries have failed to improve their systems of Zotlogy
by introducing considerations derived from the habitat of animals, it is chiefly because
they have taken this habitat as the foundation of their primary divisions; but
reduced to its proper limits, the study of the connection between the structure and
the natural home of animals cannot fail to lead to interesting results, among which,
the growing conviction that these relations are not produced by physical agents,
but determined in the plan ordained from the beginning, will not be the least

important.

The unequal limitation of groups of o different value, upon the surface of the
earth, produces the most diversified combinations possible, when we consider the
mode of association of different families of animals and plants in different parts of
the world. These combinations are so regulated that every natural province has a
character of its own, as far as its animals and plants are concerned, and such natural

5
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associations of organized beings extending over a wider or narrower area are called
Faune when. the animals alone are considered, and Flbre when the plants alone nre
regarded. Their natural limits are far from being yet ascertained satisfactorily
everywhere, - As the works of Schow and Schmarda may suffice to give an approxi-
mate ides .of their extent,! I would refer to them for further details, and allude here
only to the unequal extent of these different faunwm, and to the necessity of limiting
them in different ways, according to the point of view under which they are con-
sidered, or rather show that, as different groups have a wider or more limited range,
in investigating their associations, or the faun®, we must distinguish between zoilogi-
cal realms, zodlogical provinces, zoilogical counties, zotlogical fields, as it were; that
i8, between zoological areas of unequal value over the widest of which range the
most extensive types, while in their smaller and smaller divisions, we find more and
more limited types, sometimes overlapping one aunother, sometimes placed side by
gide, sometimes concentric to one another, but always and everywhere impressing o
special character upon some part of a wider area, which is thus made to differ from
that of any other part within its natural limits.

These various combinations of smaller or wider areas, equally well defined in
different types, hos given rise to the contlicting views prevailing among naturalists
respecting the natural limits of faunw; but with the progress of our knowledge
these discrepancies cannot fuil to disappear. In some respect, every island of the
Pacific upon which distinet animals are found, may be considered as exhibiting a
distinct fauna, yet several groups of these islands have a common character, which
unites them into more comprehensive faunse, the Sandwich Islands for instance, com-
pared to the Fejees or to New Zealand. What is true of disconnected islands or of
isolated lnkes is equally true of connected parts of the mainland and of the ocean.

Since it is well known that many animals are limited to a very narrow range
in their geographical distribution, it would be o highly interesting subject of inquiry
to ascertain what are the narrowest limits within which animals of different types
may be circumscribed, as this would furnish the first basis for a scientific consid-
eration of the conditions under which animals may have been created. The time
is passed when the mere indication of the continent whence an animal lLad been
obtained, could satisfy our curiosity ; and the naturalists who, having an upportlilli‘)’
of nscertaining closely the particular circumstances under which the animals they
describe are placed in their natural home, are guilty of a gross disregard of the
interest of science when they neglect to relate them. Our knowledge of the g™
graphical distribution of animals would he far more extensive and precise than 1t

' 1 would wlso refer to u sketeh I have pub- Typea of Munkind, Philadelphin, 1854, 4to, nceou
lished of the Faunm in Notr's and GLIDDON'S panied with a map and illustratiovs.
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is now, but for this neglect; every new fact relating to the geographical distribu-
tion of wellknown species is as important to science as the discovery of a new
species. Could we only know the range of a single animal as accurately as
Alphonse DeCandolle has lately determined that of many species of plants, we
might begin a new era in Zoblogy. It is greatly to be regretted that in most
works; containing the scientific results of explorations of distant countries, only new
species are described, when the mere enumeration of those already known might have
added invelusble information respecting their geographical distribution. The careless-
ness: with which some naturalists distinguish species merely because they are found
in distant regions, without even attempting to secure specimens for comparison, is a
perpetual source of erroneous conclusions in the study of the geographical distribu-
tion of organized beings, not less detrimental to the progress of science than the
readiness of others to consider as identical, animals and plants which may resemble
each other closely, without paying the lenst regard to their distinct origin, and
without even pointing out the differences they may perceive between specimens from
different parts of the world. The perfect identity of animals and plants living in
very remote parts of the globe has so often been ascertained, and it is also so
well known how closely species may be allied and yet differ in all the essential
relations which characterize species, thet such loose investigations are no longer
justifiable.

This close resemblance of animals and plants in distant parts of the world is the
most interesting subject of investigation with reference to the question of the unity
of origin of animals, and to that of the influence of physical agents upon organized
beings in general. It appears to me that as the facts point now distinctly to an
independent origin of individuals of the same species in remote regions, or of
closely allied species representing one another in distant parts of the world, one
of the strongest arguments in favor of the supposition that physical agents may have
had o controlling influence in changing the character of the organic world, is gone
for ever.

The narrowest limits within which certain Vertebrata may be circumscribed, is
exemplified, among Mammalia, by some large and remarkable species: the Orang-
Outangs upon the Sunda Islands, the Chimpanzee and the Gorilla along the west-
ern const of Africn, several distinct species of Rhinoceros about the Cape of Good
Hope, and in Java and Sumatra, the Pinchaque and the common Tapir in South
America, and the enstern Tapir in Sumatra, the East Indian and the African Ele-
plnnt, the Bactrinn Camel and the Dromedary, the Llamas, and the different kinds
of wild Bulls, wild Goats, and wild Sheep, ete.; among birds by the African Ostrich,
the two American Rhens, the Casovary (Dromicejus) of New Holland, and the Emeu
(Cosuarius galeatus) of the Indian Archipelago, and still more by the different
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species of doves confined to particular islands in the Pacific Ocean; among Reptiles,
by the Proteus of the cave of Adelsberg in Carinthin, by the Gopher (Testudo Poly-
phemus Auct.) of our Southern States; among fishes, by the Blind Fish (Amblyopsis
spelmus) of the Mammoth Cave. Examples of closely limited Articulata may mot be
so striking, yet the Blind Crawfish of the Mammoth Cave and the many parasites
found only upon or within certain species of animals, are very remarkable in this
respect. Among Mollusks, I would remark the many species of land shells, ascer-
tained by Professor Adams to occur only in Jamaica,' among the West Indin Islands,
and the species discovered by the United States Exploring Expedition upon isolated
islands of the Pacific, and described by Dr. Gould? Even among Radiate many
species might be quoted, among Echinoderms as well as among Meduse and Polypi,
which are only known from a few localities; but as long as these animals are mot
colleoted with the special view of ascertaining their geographical range, the indica-
tions of travellers must be received with great caution, and any generalization
respecting the extent of their natural area would be premature as long as the coun-
tries they inhabit have not been more extensively explored. It is nevertheless true
as established by ample evidence, that within definite limits all the animals occurring
in different natural zotlogical provinces ave specifically distinct. What remains to
be ascertained more minutely is the precise range of each specics, as well as the
most natural limits of the different faune.

SECTION X.
IDENTITY OF STRUCTURE OF WIDELY DISTRIBUTED TYPES.

It is not only when considering the diversification of the animal kingdom within
limited geographical aress, that we are called upon in our investigations to admire
the unity of plan its most diversified types may exhibit; the identity of structure of
these types is far more surprising, when we trace it over a wide range of countr);
and within entirely disconnected areas. Why the animals and plants of North
America should present such o strong resemblance to those of Europe and Northet
Asig, while those of Australia are so entirely different from those of Afvica and South
America under the same latitudes, is certainly a problem of great interest in counec

n ! A-“"“"’ (C. B.) Contributions to Conclolozy, 2 GouLp, (A. A.) Mollusks, United States i3]
New lorfr.,. 1849-50, 8vo. A series of pamphlets, ploring Expedition, under the command of f::'
full of original information, Wiekes, U. 8. N, 1 vol. 4to. Pliludelplis, 189
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tion with the study of the influence of physical agents upon the character of animals
and plants in different parts of the world. North America certainly does mot resem-
ble Europe and Northern Asin, more than parts of Australia resemble cerfain parts
of Africa or of South Americe, and even if a greater difference should be conceded
between the latter than between the former, these disparities are in no way com-
mensurate with the difference or similarity of their organized beings, nor in any way
rationally dependent one upon the other. Why should the identity of species pre-
vailing in the Arctics not extend to the temperate zone, when many species of this
zone, though different, are as difficult to distinguish, as it is difficult to prove the
identity of certain arctic species, in the different continents converging to the north,
and when besides, those of the two zones mingle to a great extent at their boun-
daries? Why are the antarctic species not identical with those of the arctic regions?
And why should a further increase of the avernge temperature introduce such com-
pletely new types, when even in the Arctics, there are in different continents such
strikingly peculiar types (the Rhytina for instance,) combined with those that are
identical over the whole arctic area?!

It may at first sight secem very natural that the arctic species should extend
over the three northern continents converging towards the north pole, as there can
be no insuperable barrier to the widest dissemination over this whole area for ani-
mals living in a glacial ocean or upon parts of three continents which are almost
bound together by ice. Yet the more we trace this identity in detail, the more
surprising does it appear, as we find in the Arctics as well as everywhere eclse, repre-
sentatives of different types living together. The arctic Mammalia belonging chiefly
to the families of Whales, Seals, Bears, Weasels, Foxes, Ruminants and Rodents,
have, as Mommalia, the same general structure as the Mammalia of any other part
of the globe, and so have the arctic Birds, the arctic Fishes, the arctic Articulata, the
arctic Mollusks, the arctic Radiata when compared to the representatives of the same
types all over our globe. This identity extends to every degree of affinity among
these animals and the plants which accompany them; their orders, their families, and
their genero as far as they have representatives elsewhere, bear everywhere the
sumne identical ordinal, family, or generic characters; the arctic foxes have the same

I T heg not to be misunderstood. I do not im-  point under consideration. Too little attention Nhas

pute to ull naturnlists the idea of nseribing all the
difftrences or wll the similurities of the organic
world to climatic influences; I wish only to remind
them that even the truest picture of the correln-
tions of climate and geographical distribution, does
not yet touch the question of origin, wlhich is the

thus fir been paid to the facts bearing upon the
peculiarities of structure of unimuls in connection
with the range of their distribution.  Such investi-
gations are only beginning to be mumfe, ns native
investigators are studying comparntively the anntomy

of unimals of different continents.
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dental fomu]n,' the same toes and claws, in fact, every generic peculiarity which
charaoterizes foxes; whether they live in the Arctics, or in the temperate or tropical
zone, in Americs, in Europe, in Africa, or in Asio. This is equally true of the seals
or the whales; the same details of structure which characterize their genera in the
Arctics reappeav in the Antarctics, and the intervening space, as far as their natural
distribution- goes. This is equally true of the birds, the fishes, etc, ete. And let it
not, be supposed that it is only a general resemblance. By no means. The strue-
tural'identity extends to the most minute details in the most intimate structure of
the teeth, of the hair, of the scales, in the furrows of the brain, in the ramification
of .the vessels, in the folds of the internal surface of the intestine, in the complica-
tion of the glands, etc, etc, to peculiarities, indeed, which nobody but a professional
naturalist, conversant with microscopic anatomy, would ever believe could present
such precise and permanent characters. So complete, indeed, is this identity, that
were any of these beings submitted to the investigation of a skilful anatomist, after
having. been mutilated to such an extent that none of its specific characters could
be recognized, yet not only its class, or its order, or its family, but even its genus,
could be identified as precisely as if it were perfectly well preserved in all its parts.
Were the genera few which have a wide range upon the earth and in the ocean,
this might be considered as an extraordinary case; but there is no class of animals
and plents which does not contain many genera, more or less cosmopolite in their
geographical distribution. The number of animals which have a wide distribution is
even so great that, as far at least as genera are concerned, it may fairly be said,
that the msjority of them have an extensive geographical range. This amounts to
the most complete evidence that, us far as any of these genera extends in its geo-
graphical distribution, animals the structure of which is identical within this range of
distribution, are entirely beyond the influence of physical agents, unless these agents
have the power, notwithstanding their extreme diversity, within these very same
geographical limits, to produce absolutely identical structures of the most diversified
types.

It must be remembered here, that there are genera of Vertebrata, of Articulats,
of Mollusks, and of Radiata, which occupy the same identical and wide geogmphic“]
distribution, and that while the structure of their respective representatives is identi
cul over the whole aren, as Vertebrata, as Articulata, as Mollusks, as Radiata, they
are at the same time built upon the most different plans. I hold this fact to be in
itself & complete demonstration of the entire independence of physical agents of the
struct}lre cff animaly, and I may add that the vegetable kingdom presents o series of
tacts identical with these, This proves that all the Ligher relations among animals
and plants are determined by other causes than mere physical influences.
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While all the representatives of the same genus are identical in structure! the
different species of one genus differ only in their size, in the proportions of their
parts, in their ornementation, in their relations to the surrounding elements, ete.
The geographical range of these species varies so greatly, that it cannot afford in
itself a criterion for the distinction of species. It appears further, that while some
species which are scattered over very extensive areas, occupy disconnected parts of
that area, other species closely allied to ome another and which are genernlly desig-
nated under the name of representative species, occupy respectively such disconnected
sections of these areas, The question then arises, how these natural boundaries
assigned to every species are established. It is now generally believed that each
species had, in the beginning, some starting point, from which it has spread over
the whole range of the aren it mow occupies, and that this starting point is still
indicated by the prevalence or concentration of such species in some particular part
of its natural area, which, on that account, is called its centre of distribution or
centre of creation, while at its external limits the representatives of such species thin

out, as it were, occurring more sparsely and sometimes in a reduced condition.

It was a great progress in our science, when the more extensive and precise
knowledge of the geographical distribution of organized beings forced upon its
cultivators the conviction, that neither animals nor plants could have originated upon
one and the same spot upon the surface of the earth, and hence have spread more
and more widely until the whole globe became inhabited. It was really an immense
progress which freed science from the fetters of an old prejudice; for now we have
the facts of the case before us, it is really difficult to conceive how, by assuming
such a gradual dissemination from one spot, the diversity which exists in every part
of the globe could ever have secemed to be explained. But even to grant distinct
centres of distribution for each species within their natural boundaries, is only to
meet the facts half way, as there are innumerable relations between the animals and
plants which we find associated everywhere, which must be considered as primitive,
and caunot be the result of successive adaptation. And if this be so, it would
follow that oll animals and plants have occupied, from the beginning, those natural
houndaries within which they stand to one another in such harmonious relations.?
Pines have originated in forests, heaths in heathers, grasses in prairies, bees in hives,
herrings in schools, buffuloes in herds, men in nations!® I see a striking proof that
this must have been the case in the circumstance, that representative species, which,

1 See hereafter, Chap. IL Seet. 5. * Acassiz, (L) The Diversity of Origin of the
* Acassiz, (L.) Geographicul Distribution of ITumun Races, Christinn Examiner, Boston, 1830,

Animals, Christinn  Exuminer, Doston, 1830, 8vo, 8vo, (Februney.)
(Murch).
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as distinct species, must have had from the beginning a different and distinet
geographical range, frequently occupy sections of areas which are simultaneously
inhabited by the representatives of other species, which are perfectly identical over
the whole area. By way of an example, I would mention the European and the
American Widgeon, (Anas ‘Mareca’ Penclope and A. americana,) or the American and the
Ewropean Red-headed Ducks, (4. fering and A. cry{/:rocqoka{u,) which inhabit respectively
the northern parts of the Old and New World in summer, and migrate further south
in these same continents during winter, while the Mallaxd (A. Boscius) and the Scaup
Duck (A. marile) are as common in North America as in Europe. What do these
facts tell: That all these birds originated together somewhere, where they no longer
occur, to establish themselves in the end within the limits they now occupy ?—or
that they originated either in Europe or America, where, it is true, they do not live
all together, but at least a part of them ?—or that they really originated within the
natural boundaries they occupy? I suppose with sensible readers I nced only argue
the conclusions flowing ‘from the last supposition. If so, the American Widgeon and
the American Red-headed Duck originated in Awmerica, and the European Widgeon
and the European Red-headed Duck in Europe. But what of the Mallard and the
Scaup, which are equally common upon the two continents; did they first appear in
Europe, or in America, or simultaneously upon the two continents? Without entering
into further details, as I have only desired to lay clearly a distinct case before my
readers, from which the character of the argument, which applies to the whole animal
kingdom, may be fully understood, I say that the facts lend, step by step, to the
inference, that such birds as the Mallard and the Scaup originated simultaneously and
separately in Europe and in America, and that all animals originated in vast num-
bers, indeed, in the average number characteristic of their species, over the whole of
their geographical area, whether its surface be continuous or disconnected by sed
lakes, or rivers, or by differences of level above the sea, etc. The detnils of t.h-e
geographical distribution of animals exhibit, indeed, too much discrimination to admit
for o moment that it could be the result of accident, that is, the result of the
accidental migrations of the animals or of the accidental dispersion of the seed-:! of
plants. The greater the uniformity of structure of these widely distributed organized
beings, the less probable does their naccidental distribution appear. I confess that
nothing has ever surprised me so much as to see the perfect identity of the most
delicate microscopic structures of animals and plants, from the remotest parts ol: the
world. It was this striking identity of structure in the same types, this total 111'd'~"
pendence of the essentinl characteristics of animals and plants, of their distribution
under the most extreme climatic differences known upon our globe, which led me hf
distrust the belief, then almost universal, that organized beings are influenced DY
physical causes to a degree which may essentially modify their character.
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SECTION XI.

COMMUNITY OF STRUCTURE AMONG ANIMALS LIVING IN TOE BAME REGIONS.

The most interesting result of the earliest investigations of the faunn of Australin
was the discovery of a type of animals, the Marsupialin, prevailing upon this conti-
nental island, which are unknown in almost every other part of the world. Every
student of Natural History knows now that there are no Quadrumana in New Holland,
neither Monkeys, nor Makis: no Jusecfivora, neither Shrews, nor Moles, nor Hedgehogs;
no true Carnivora! neither Bears, nor Weasels, nor Foxes, nor Viverras, nor Hyenas,
nor Wild Cats; no Edenluta, neither Sloths, nor Tatous, nor Ant-eaters, nor Pangolins;
no Pachyderms, neither Elephants, nor Hippopotamuses, nor Hogs, nor Rhinoceroses,
nor Tapirs, nor Wild Horses; no Ruminantia, neither Camels, nor Llamas, nor Deers,
nor Goats, nor Sheep, nor Bulls, etc, and yet the Mammalia of Australin are
almost as diversified as those of any other continent. In the words of Waterhouse,?
who has studied them with particular care, “the Marsupinlin present a remarkable
diversity of structure, containing herbivorous, carnivorous, and insectiverous species;
indeed, we find amongst the marsupial animals analogous representations of most of
the other orders of Mammalie. The Quadrumane are represented by the Phelangers,
the Carnivora by the Dasyuri, the Zusectivora by the small Phascogales, the Ruminantia
by the Kangaroos, and the Edenfulc by the Monotremes. The Cheiroptera are not
represented by any known marsupinl animals, and the Rodents are represented by a
single species only; the hiatus is filled up, however, in both cases, by placental
species, for Bats and Rodents are tolerably numerous in Australia, and, if we except
the Dog, which it is probable has been introduced by man, these are the only pla-
cental Mammalia found in that continent” Nevertheless, all these animals have in
common some most striking anatomical characters, which distinguish them from all
other Mammalia, and stamp them as one of the most natural groups of that class;
their mode of reproduction, and the connection of the young with the mother, are
different; s0,.uls0, is the structure of their brain, ete?

Nov, the suggestion that such peculiarities could be produced by physical agents
is for ever set aside by the fact that neither the birds nor the reptiles, nor, indeed,
any other animals of New Holland, depart in such a manner from the ordinary char-

! Doubts are enterinined respecting the origin of ® See Owen, (R.) Marsupinlin in Tudd's Cyclo-
the Dingo, the only beast of prey of New Ilollund. pedin of Anat. and Phiysiol,, London, 1811, 8vo., and
2 Warenuousk, (G. A,,) Natural Ilistory of the  severnl cluborate papers by  himsell’ and  others,

Munmnalia, London, 1848, 2 vols. 8vo, vol. i, p. 4.  quoted there.
6
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acter of their representatives in other parts of the world; unless it could he shown
that such agents have the power of discrimination, and may produce, under the same
conditions, beings which agree and others which do not agree with those of different
continents; not to speak again of the simultaneous occurrence in that same continent
of other heterogeneous types of Mammalia, Bats and Rodents, which occur there
os well as everywhere else in other continents. Nor is New Holland the only part
of the world which nourishes animals highly diversified among themselves, and yet
presenting common characters strikingly different from those of the other members
‘of their type, circumscribed within definite geographical arens. Almost every part
of the globe exhibits some such group either of animals or of plants, and every
class of organized beings contains some native natural group, more or less extensive,
more or less prominent, which is circumsecribed within peculiar geographical limits.
Among Mommolin we might quote further the Quadrumana, the representatives of
which, though greatly diversified in the Old as well as in the New World, differ and
agree respectively in many important points of their structure; also the Edentata of
South America.

Among birds, the Humming Birds, which constitute n very natural, beautiful,
and numerous family, all of which are nevertheless confined to America only, as the
Pheasants are to the Old World! Among Reptiles, the Crocodiles of the Old World
compared to those of America. Among fishes, the family of Labyrinthici, which is
confined to the Indian and Pacific Oceans, that of Goniodonts, which is limited to the
fresh waters of South America, as that of Cestraciontes to the Pacific. The compar
ative anatomy of Insects is not sufficiently far advanced to furnish striking examples
of this kind; among Insects, however, remarkable for their form, which are limited
to particular regions, may be quoted the genus Mormolyce of Java, the Ppeumors
of the Cape of Good Hope, the Belostoma of North America, the Fulgora of Ching,
etc. The geographical distribution of Crustacea has been treated in such a masterly
manner by Dana, in his great work upon the Crustacen of the United States Explor
ing Expedition, Vol. XIIT,, p. 1451, that I can only refer to it for numerous examples
of localized types of this class, and also as & model how to denl with such subjects
Among Worms, the Peripates of Guiana deserves to be mentioned. Among Cephe
lopods, the Nautilus in Amboyna. Among Gnsteropods, the genus Io in the wester™
waters of the United States. Among Acephaln, the Trigonia in New Holland, certai
Nuindes in the United States, the Actherin in the Nile. Among Echinoderms the
Pentacrinus in the West Indies, the Culcita in Zanzibar, the Amblypneustes it e
Pacific, the Temnopleurus in the Indian Ocean, the Dendraster on the western const

l -
What are called Pheasants in Amerien do not  ants.  The American, so-called, Pheasants 8r¢ gt
even belong to the sume I':unily ns the enstern Phens- uine Grouses.
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of North America. Among Acalephs, the Berenice of New Holland. Among Polypi,
the true Fungide in the Indian and Pacific Oceans, the Renilla in the Atlantic, ete.

Many more examples might be quoted, were our knowledge of the geographical
distribution of the lower animals more precise. But these will suffice to show that
whether high or low, aquatic or terrestrial, there are types of animals remarkable for
their peculiar structure which ave circumscribed within definite limits, and this locali-
zation of special structures is a striking confirmation of the view expressed already
in another connection, that the organization of animals, whatever it is, may be
adapted to various and identical conditions of existence, and can in no way be con-
gidered as originating from these conditions.

SECTION XII.

SERIAL CONNECTION IN THE STRUCTURE OF AMIMALS WIDELY SCATTERED UPON THE
SURFACE Or OUR GLORE.

Ever since I have become acquainted with the reptiles inhabiting different parts
of the world, I have been struck with a remarkable fact, not yet noticed by natu-
ralists, as far as I know, and of which no other class exhibits such striking examples.
This fact is that among Saurians, as well as among Betrachians, there are families, the
representatives of which, though scattered all over the globe, form the most natural
connected series, in which every link represents one particular degree of development.
The Scincoids! among Saurians, are one of these families. It contains about one
hundred species, referred by Duméril and Bibron to thirty-one genera, which, in the
development of their organs of locomotion, exhibit most remarkable combinations,
illustrated in a dingram, on the following page.

Fully to appreciate the meaning of this dingram, it ought to be remembered,
that the animals belonging to this family are considered here in two different points
of view. In the first place, their zoilogical relations to one another are expressed
by the various combinations of the structure of their legs; some having four legs,
and these are the most numerous, others only two legs, which are always the hind
legs, and others still no legs at all. Again these legs may have only one toe, or
two, three, four, or five toes, and the number of toes may vary between the fore
and hind legs. The classification adopted here is based upon these characters. In

! For the characters of the fumily, sce Dusteni. See ‘ulso Cocreau, Etudes sur les Scincoides, Paris,
et Brunrox, Erpltologio géndrale, vol. 5, p. 51l 1836, to. fig.
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the second place, the geographical distribution is noticed. But it is at once apparent
that the home of these animals stands in no relation whatsoever to their zotlogical
arrangement. On the contrary, the most remote genmera may occur in the spme
country, while the most closely related may live far apart.

GENERA WITH FOUR LEGS.

' Tropidophorus, 1 species, Cochin-China,
Sectncus, 1 sp., Syrin, North and West Africn.
Sphenops, 1 sp., Egypt.
Diploglossus, G sp., West Indics and Brazils.
Amphiglossus, 1 sp., Madugascar.
Gongylus, with 7 sub-genern:
Gongylus, 2 sp., Southern Europe, Egypt, Teneriffe, Isle de France.
Lumeces, 11 sp., Enst and Weat Indics, South Americn, Vanikoro,
New Ircland, New Guinen, Pacilic Islands.
With flve toes to the fore feet, ns Euprepes, 13 sp., West const of Africn, Cape of Good ITope, Egypt,
woll as to the hind feet: Abyssinin, Seychelles, Madagascar, New Guinen, East Indics,
Sunda Islands, Manilla,
Plestiodon, 5 sp., Egypt, Algiers, Chinn, Jnpan, United States.
Lygosoma, 19 &p., New Hollamd, Now Zenlund, Juva, New Guinca,
Timor, East Indies, Pacific Islunds, United States.
Leiolopisma, 1 sp., Mauritius and Manilla.
Tropidolopisma, 1 sp.,, New ITollund.
Cyclodus, 3 sp., New Ilolland und Java.
Trachysaurus, 1 sp.,, New Holland.
| Ablepharus, 4 sp., Southeastern Europe, New Holland, Pacific Islnnds.
With five toes to the fore feet and four toes to the hind feet: Campsodactylus, 1 sp., Bengul.
With four toes to the fore feet and ( Heteropus, 8 sp., Africn, New Holland, Isle de France.
Jive toes to the bhind feet: { Gymnophthalmus, 1 sp., W. Indics and Brazil.
With four toes to the fore feet and { Tetradactylus, 1 sp., New Holland. The genus Chalcides of tho allied

Jour toes to the hind feet: family Chalcidioids, exhibits another exumple of this combination.
aliom

With four toes to the fore fect and three toes to the hind feet: No examples known of this combin
With thres toes to the fore feet und four toes to the hind feet: Not known.
Hemiergis, 1 sp., New Iolland.
Seps, 1 sp., S. Europe and N. Africa
Nessia, 1 ap., Origin unknown.
With three toes to the fore feet and two toes to the hind feet: Not known.
With fwo toes to the fore feet und ( Heteromeles, 1 spey Algiers,

thres toes to the hind fuet: {Len’sra, 1 sp.,, New Hollund.
With fwo toes to the fore feet and fre toes to the hind feet: Chelomeles, 1 sp., New ITolland.
With fwo toes to the fore feet und one toe to the hind feet: Brachymeles, 1 sp., Philippine Islands
With one toe to the fore feet und firo toes to the hind fevt: Brachystepus, 1 sp., South Afrien.
With one toc to the fore feet nnd one toe to the hind feet: Evesia, 1 sp., Origin unknown.

With three toes to the fore feet and S
thres 10es to the Lind fect: 2
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GENERA WITO ONLY TWO LEGS.

No representatives are known with fore logs only; but this structural combination occurs in the allied
family of the Chalcidioids. The representatives with hind legs anly, present the following combinations: —

With ¢wo toes: Scelotes, 1 sp., Cape Good Hope.
With one toe: Propeditus, 1 sp., Cape Goud IHope and New Holland.
Ophiodes, 1 8p., South America.
Hysteropus, 1 sp., New Holland.
Liulis, 1 sp.,, New Hollnnd.
Dibamus, 1 sp.,, New Guinea.

GENERA WITHOUT ANY LEGS.

Anguis, 1 sp., Europe, Western Asin, Northern Africa.
Ophiomorus, 1 sp., Morea, Southern Russin, and Algiers.
Acontias, 1 sp., Southern Afrien, Cape Good ITope.
Typhlina, 1 sp., Southern Africa, Cape Good Hope.

Who can look at this dingram, and not recognize in its arrangement the combi-
nations of thought? This is so obvious, that while considering it one might almost
overlook the fact, that while it was drawn up to classify animals preserved in the
Museum of the Jardin des Plantes in Paris, it is in reality inscribed in Nature by
these animals themselves, and is only read off when they are brought together, and
compared side by side. DBut it contains an important element for our discussion:
the series is not built up of equivalent representatives in its different terms, some
combinations .being richly endowed, others numbering a few, or even a single genus,
and still others being altogether disregarded; such freedom indicates selection, and
not the working of the law of necessity.

And if from a contemplation of this remarkable series we turn our attention to
the indications relating to the geographical distribution of these so closely linked
genera, inscribed after their names, we perceive at once, that they are scattered all
over the globe, but not so that there could be any connection between the combina-
tions of their structural characters and their homes. The types without legs are
found in Europe, in Western Asia, in Northern Africn, and at the Cape of Good
Hope; the types with hind legs only, and with one single toe, at the Cape of
Good Hope, in South America, New Holland, and New Guinea; those with two toes
at the Cape of Good Hope only. Among the types with four legs the origin of those
with but one toe to cach foot is unknown, those with one toe in the fore foot and
two in the hind foot are from South Afvica, those with two toes in the fore foot and
oue in the hind foot occur in the Philippine Islands, those with two toes to all four
feet in New Holland, those with three toes to the hind feet and two to the fore feet
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in Algiers and New Holland; none are known with three toes to the fore feet ang
two to the hind feet. Those with three toes to the four feet inhabit Europe, North.
ern :Africa., and New Holland. There are none with three and four toes, either in
the fore feet or in the hind feet. Those with four toes to the four feet live in
New Holland; those with five toes to the fore feet and four to the hind feet, in
Bengal, and with four toes in the fore feet and five in the hind feet, in Africa,
the West Indies, the Brazils, and New Holland. Those with five toes to all four
feet have the widest distribution, and yet they are so scattered that no single zoblog.
ical province presents any thing like a complete series; on the contrary, the mixture
of some of the representatives with perfect feet with others which have them rudi-
mentary, in almost every fauna, excludes still more decidedly the idea of an influence
of physical agents upon this development.

Another similar scries, not less striking, may be traced among the Batrachians,
for the characters of which I may refer to the works of Holbrook, Tschudi, and
Baird,! even though they have not presented them in this connection, as the charac-
teristics of the genera will of themselves suggest their order, and further details upon
this subject would be superfluous for my purpose, the more so, as I have already
discussed the gradation of these animals elsewhere.?

. Similar series, though less conspicuous and more limited, may be traced in every
class of the animal kingdom, not only among the living types, but also among the
representatives of past geological ages, which adds to the interest of such series in
showing, that the combinations include not only the element of space, indicating
omnipresence, but also that of time, which involves prescience. The series of Crinoids,
that of Brachiopods through all geological ages, that of the Nautiloids, that of
Ammonitoids from the Trias to the Cretaceous formation inclusive, that of Trilobites
from the lowest beds up to the Carboniferous period, that of Ganoids through all
formations; then again among living animals in the class of Mammalia, the series of
Monkeys in the Old World especially, that of Carnivora from the Seals, through the
Plantigrades, to the Digitigrades; in the class of Birds, that of the Wading Birds,
and that of the Gallinaceous Birds; in the class of Fishes, that of Pleuronectide and
Gadoids, that of Skates and Sharks; in the class of Insccts, that of Lepidopters ﬁ’Of“
the Tincinn to the Papilionina; in the class of Crustacea, that of the Decapods i
purticular; in the class of Worms, that of the Nudibranchiata or that of the Dorsibra

' Howroox, (J. E,) North Amcrican Her-  Acad. Nat. Science, of Philndelphis, 20 a7
potology, Philadelylin, 1842, dto.; 5th vol.—  vol. I, 1849, dto.
Tscnuor, (3. J) Clagsificntion der Batrachicr, 3 Acassiz, (L,) Twelve Lectures o
Neucbitel, 1838, 4to.— Banp, (Sr. I.) Revision tivo Embryology, Boston, 1849, 8vo.; P 8
of tho North American Tuiled Bauachin, Journal

Compar®
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chiata especially; in the class of Cephalopode, thet of the Sepioids; in the class of
Gasteropoda, that of the Nudibranchiata in particular; in the class of Acephala, that
of the Ascidians and that of the Oysters in the widest sense; in the class of Echino-
derms, those of Holothurie and Asterioids; in the class of Acalephs, that of the
Hydroids; in the class of Polyps, that of the Hulcyonoids, of the Atrmoids, ete, ete.,
deserve particular attention, and may be studied with great advantage in reference
to the points under consideration. For everywhere do we ohserve in them, with
reference to space and to time, the thoughtful combinations of an active mind.
But it ought mot to be overlooked, that while some types represent strikingly con-
nected series, there are others in which nothing of the kind secems to exist, and the
diversity of which involves other considerations.

SECTION XIII.

RELATION BETWEEN THE SIZE OF ANIDMALS, AND THEIR STRUCTURE.

The relation between the size and structure of animals has been very little
investigated, though even the most superficial survey of the animal kingdom may
satisfy any one, that there is a decided relation between size and structure among
them. Not that I mean to assert that size and structure form parallel series, or
that all animals of one branch, or even those of the same class or the same order,
agree very closely with one another in reference to size. This element of their
organization is not defined within those limits, though the Vertebrata, as & whole,
are larger than either Articulata, Mollusks, or Radiata; though Mammalia are larger
than Birds, Crustacea larger than Insects; though Cetacea are larger than Herbivora,
these larger than Carnivora, etc. The true limit at which, in the organization of
animals, size acquires a real importance, is that of families, that is, the groups which
are cssentially distinguished by their form, as if form and size were correlative os
far as the structure of animals is concerned. The representatives of natural families
are indeed closely similar in that respect; the extreme differences are hardly any-
where tenfold within these limits, and frequently only double. A few examples,
selected among the most natural families, will show this. Omitting mankind, on
account of the objections which might be made against the idea that it embraces
any original diversity, let us consider the different families of Monkeys, of Bats, of
Insectivora, of Carnivora, of Rodents, of Pachyderms, of Ruminunts, ete, among
Birds, the Vultures, the Engles, the Falcons, the Owls, the Swallows, the Finches, the
Warblers, the Humming Birds, the Doves, the Wrens, the Ostriches, the Herons,



http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/tREADME.htm

48 ESSAY ON CLASSIFICATION. -

the Plovers, the Gulls, the Ducks, the Pelicans; among Reptiles, the Crocodiles, the
different families of Chelonians, of Lizards, of Snakes, the Frogs proper, the Toads,
etc.; among Fishes, the Sharks and Skates, the Herrings, the Codfishes, the Cyprin-
nodonts, the Cheetodonts, the Lophobranchii, the Ostracionts, ete.; among Insects, the
Sphingoids or the Tineina, the Longicorns or the Coccinelling, the Bomboid®m or the
Brachonidm®; among Crustacea, the Cancroiden or the Pinnotheroidwm, the Limuloidm
or the Cypridoidm, and the Rotifera;' among Worms, the Dorsibranchiata or the
Nnioidee; among Mollusks, the Stromboide or the Buccinoidw, the Helicinoida or the
Limngeoid®, the Chamacen or the Cycladoidm; among Radiata, the Asterioidee and
the Ophiuroidem, the Hydroids and the Discophorm, the Astrazoidas and the Actinioidee.

Having thus recalled some facts which go to show what are the limits within
which size and structure are more directly connected,? it is natural to infer, that
gince size is such an important character of species, and extends distinctly its cycle
of relationship to the families or even further, it can as little be supposed to be
determined by physical agents as the structure itself with which it is so closely
connected, both bearing similar relations to these agents.

Life is regulated by a quantitative clement in the structure of all organized
beings, which is as fixed and as precisely determined as every other feature depend-
ing more upon the quality of the organs or their parts. This shows the more
distinctly the presence of a specific, immaterial principle in each kind of animals
and plants, as all begin their existence in the condition of ovules of a microscopic
size, exhibiting in all o wonderful similarity of structure. And yet these primitive
ovules, so identical at first in their physical constitution, never produce any thing
different from the parents; all reach respectively, through a succession of unvarying
changes, the same final result, the reproduction of a new being identical with the
parents. How does it then happen, that, if physical agents have such a powerful
influence in shaping the character of organized beings, we sce no trace of it in the
innumerable instances in which these ovules ave discharged in the elements in which
they undergo their further development, at a period when the germ they contain,

' See Daxa’s Crusincen, p. 1409 nand 1411.

? These remarks ubout the wvernge size of ani-
mals in relation to (heir structure, cunnot fail to
meet with some oljections, as it is well known,
that under certain circumstances, man may modifly
the normal size of u variety of plants wd of
domesticated animuly, und that even in their natural
state  ocensionnl instanees  of extraordinary  gizes
occur.  But this neither madifies the eharneter-
istic nvernge, nor i3 it n ease which hus the

lenst bearing upon the question of origin or oved
the mnitenance of nny gpecies, but only upen
individunls, respeeting which more will be found in
Sect. 16.  Morcover, it should not be overlovked
that there nre limits to these varintions, nl that
though wnimals and plants may be pluced under
influences conducive to n more or less voluminous
growth, yet it ix chiclly under the agency of wid
that such chunges rench their extremes. (See ulso
Seet. 13.)
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has not yet assumed any of those more determined characteristics which distinguish
the fullgrown animal or the perfect plant? Do physicists know a law of the
material world which presents any such analogy to these phenomena, that it could

be considered as accounting for them ?

In this connection it should be further remembered, that these cycles of aize
characteristic of different families, are entirely different for animals of different types,

though living together under identical circumstances.

SECTION XIV.

RELATIONS BETWEEN THE SIZE OF ANIMALS, AND TIE MEDIUMS IN WILCH THEY LIVE.

It has just been remarked, that animals of different types, even when living
together, are framed in structures of different size. Yet, life is so closely combined
with the elements of nature, that each type shows decided relations, within its own
limits, to these elements as far as size is concerned! The aquatic Mammalia, as a
whole, are larger than the terrestrial ones; so are the aquatic Birds, and the aquatic
Reptiles. In families which are essentinlly terrestrial, the species which take to the
water are generally larger than those which remain permanently terrestrial, as for
instance, the Polar Bear, the Beaver, the Coypu, and the Capivara. Among the
different families of aquatic Birds, those of their representatives which are more ter-
restrial in their habits are generally smaller than those which live more permanently
in water. The same relation is observed in the different families of Insects which
number aquatic and terrestrial species. It is further remarkable, that among aquatic
animals, the fresh water types are inferior in size to the marine ones; the marine
Turtles are all larger than the largest inhabitants of our rivers and ponds, the more
nquatic Trionyx larger than the Emyds and among these the more aquatic Chelydra
larger than the true Emys, and these generally larger than the more terrestrial
Clemmys or the Cistudo. The class of Fishes has its largest representatives in the
sen; fresh water fishes are on the whole dwarfs, in comparison to their marine
relatives, and the largest of them, our Sturgeons and Salmons, go to the sea. The
same relations obtain among Crustacean; to be satisfied of the fact, we nced only
compare our Crawfishes with the Lobsters, our Apus with Limulus, etc. Among

1 Georrnoy S1. IMiLame, (Isin,) Recherches humnines, Pariy, 1831, Jdto.— Sce alto my paper
zoologiques ¢t physivlogiques sur les  varintions upon the Nuturul Relations between Animals and the

de I taille chez les Animaux et dans les races LElements, cte, quoted ubove, po 32

T
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Worms, the Earthworms and Leeches furnish a still wider range of comparisons
when contrasted with the marine types. Among Gasteropods and Acephala, this
obtains to the same extent; the most gigantic Ampullurine and Anodontae are small
in comparison to certain Fusus, Voluts, Tritonium, Cassis, Strombus, or to the
Tridecne. Among Radiata even, which are all marine, with the exception of the
single genus Hydra, this rule holds good, as the fresh water Iydroids are among the
smallest Acalephs known.

This coincidence, upon such an extensive scale, scems to he most favorable to
the view that animals are modified by the immediate influence of the elements;
yet I consider it as affording one of the most striking proofs that there is no causal
connection between them. Were it otherwise, the terrestrial and the aquatic repre-
sentatives of the same family could not be so similar as they are in all their
essential characteristics, which actually stand in no relation whatsoever to these
elements. What constitutes the Bear in the Polar Bear, is not its adaptation to an
aquatic mode of existence. What makes the Whales Mammalia, hears no relation to
the sea. What constitutes Earthworms, Leeches, and Eunice members of one class,
has no more connection with their habitat, than the peculiarities of structure which
unite Man, Monkeys, Bats, Lions, Scals, Beavers, Mice, and Whales into one class,
Moreover, animals of different types living in the same clement have no sort of
similarity, as to size. The aquatic Inscets, the aquatic Mollusks fall in with the
avernge size of their class, us well as the aquatic Reptiles and the aquatic Birds, or
the aquatic Mammalin; but there is no common average for cither terrestrinl or
aquatic animals of different clusses taken together, and in this lies the evidence that
organized beings are independent of the mediums in which they live, as fur as their
origin is concerned, though it is plain that when created they were made to suit
the element in which they were placed.

To me these fucts show, that the phenomena of life are manifested in the
plysical world, and not through or by it; that organized beings are made t0
conquer and assimilate to themselves the nmterials of the inorganic world: that
they muintain their original characteristics, notwithstanding the unceasing action of
physical agents upon them. And I confess I canmot comprehend how heings, &
entirely independent of these influences, could be produced by them.
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SECTION XV.
PERMANENCY OF SPECIFIC PECULIARITIES IN ALL ORGANIZED BEINGS.

It was a great step in the progress of science when it was ascortained that
species have fixed characters, and that they do not change in the course of time.
But this fact, for which we are indebted to Cuvier, has acquired a still greater
importance since it has also been established, that even the most extraordinary
changes in the mode of existence and in the conditions under which animals may be
placed, have no more influence upon their essential characters than the lapse of time.

The facts bearing upon these two subjects are too well known now to require
gpecial illustration. I will, therefore, allude only to o few points, to avoid even the
possibility of o misapprehension of my statements. That animals of different geo-
logical periods differ specifically, en masse, from those of preceding or following forma-
tions, is a fact satisfactorily ascertained. Between two successive geological periods,
then, changes have taken place among animals and plants. But none of those pri-
mordial forms of life, which naturalists call species, are known to have changed
during any of these periods. 1t cannot be denied, that the species of different
successive periods are supposed by some naturalists to derive their distinguishing
features from changes which have taken place in those of preceding nges; but this
is & mere supposition, supported neither by physiological nor by geological evidence,
and the assumption that animals and plants may change in a similar manner during
one and the same period, is equally gratuitous. On the contrary, it is known by
the evidence furnished by the Egyptian monuments, and by the most careful com-
parison between animals found in the tombs of Egypt with living specimens of the
same species obtained in the same country, that there is not the shadow of a differ-
ence between them, for a period of about five thousand years. These comparisons,
first instituted by Cuvier, have proved, that as far as it has been possible to carry
back the investigation, it does not afford the beginning of an evidence that species
change in the course of time, if the comparisons be limited to the same great
cosmic epoch.  Geology only shows that at different periods? there have existed

1 Cevien, (G.) Recherches sur les ossemnents
fussiles, cte,, Nouv., ddite Paris, 1821, 5 vols., Ato.,
fig,, vol. i, sur IIbis, p. exli.

21 trust no reader will be so ignorant of the
fuets here nlluded to, nt to infer from the use of
the word *period " for different eras and cpochs of

great length, each of which is characterized by dif-
ferent animaly, that the ditferences these animals ex-
hibit, is in itself’ evidence of n change in the gpecies.
The question i, whether any changes take place
during one or uny ol these perimds. It is nlmost

ineredible how lvosely somo people will argue upon
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different species; but no transition from those of a preceding into those of the
following epoch has ever been noticed anywhere; and the question alluded to here i
to be distinguished from that of the origin of the differences in the bulk of species
belonging to two different geological eras. The question we are now examining
involves only the fixity or mutability of species during one epoch, one era, one

period in the history of our globe.

this point from n want of knowledge of the facta,
even though they scem to reuson logicully. A dis-
tinguished physicist has recently taken up this sub-
joct of the immutability of specics, and called in
quostion the logic of those who uphold it. T will
put his argument into ns few words ns possible,
and show, I hope, that it does not touch the cuse.
“Changes aro observed from one geologicnl period
to another; specics which do not exist at an carlier
poriod arc observed at a later period, while the for-
mer have disappeared ; and though each species may
have possessed its peculinrities unchanged for a Inpse
of time, tho fact thut when long periods are con-
gidered, all those of an earlier period are replnced
by new ones nt u later period, proves that spucies
change in the end, provided n sufliciently long period
of time is granted.” I have nothing to object to the
statement of facts, ns far ns it goes, but I muintain
that tho conclusion is mot logical. 1t is true that
species are limited to particular geological cpochs;
it is equally true that, in all geological formations,
those of succcssive periods are different, one from
the other. DBut beeause they so differ, doce it fol-
low that they have chunged, and not been exchunged
for, or replaced Ly others? The length of time
taken for the operation has nothing to do with the
argument.  Grunting myrinds of years for cach pe-
riod, no matter how many or how few, the question
renuing simply this: When the change takes place,
dou it take place spontaneously, under the action of
physienl ngents, necording to their Inw, or is it pro-
duced by the intervention of un ageney not in that
wny nt work before or nflerwnrds?
mny expluin my view more fully.
the fins arta visit o musemn arranged systematieally,
aud in which thy works of the different sehools nre
plieed in ehironological onler; ns he passes (row one

A compurison
Let n lover of

And nothing furnishes the slightest argument in

room to another, he beholds changes na great aa those
the palewontelogist observes in passing from one sys-
But becnuse these works
bear n closer resemblance ns they belong to one or
the other schoul, or to periods following one another

tem of rocks to nnother.

closely, would the eritic be in any way justified
in nssuming that the earlier works have changed
into those of a later period, or to deny that they
are the works of artists living and nctive at the
time of their production? The question nhout the
immutubility of species is identical with this sup-
posed case. It is not beenuse species have lusted
for n longer or shorter time in past agres, that mt-
urnlists consider them ns immutable, but beeause in
the whole series of geologieal nges, taking the entire
Inpse of time which hus pussed sinee the first intro-
duction of nuinmls or plunts upon earth, not the
slightest evidence hns yet been produced that species
ure actually transformed one into the other.  We
only know that they nre different at different periods,
as are works of art of ditferent periods amd of differ-
ent schools; but ns long ns we have no other data to
reason upon thun those geology hns furnished, to this
day, it is ns unphilosophical and illogical. becnuse
such differences exist, to nssume that species do
change, and have changed, that is, nre trnstormed,
or have been transformed, as it woull be o niin-
tain that works of art change in the conrse of lim-:.
We do uot know how orgunized heings hove origi-
nuted, it is true; no natwenlist enn e l'“'l"'""l 4

" . - - T .I.‘r
necount for their nppenranee in the begineing, or |

s Hias R . aongh 9
their ditference in different periods; bt enongh

. . . & e
known to repudinte the asumption of their (e !

g i . . mt
tmtion, 12 it does not explyin the s, aml shuts ¢
.‘\.l"‘ ll"

further attempts 0t proper investipmtions.
412, o

pEN Powenn's Esays, quoted aboves |-
fe nud Essny 3d, generully.
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favor of their mutability; on the contrary, every modern investigation® has only
gone to confirm the results first obtained by Cuvier, and his views that species are
fixed. :

It is something to be able to show by monumental evidence, and by direct com-
parison, that animals and plants have undergone no change for a period of about
five thousand years® This result has had the greatest influence upon the progress
of science, especially with reference to the consequences to be drawn from the occur-
rence in the series of geological formations of organized beings as highly diversified
in each epoch as those of the present day;® it has lnid the foundation for the con-
viction, now universal among well informed naturalists, that this globe has been in
existence for innumerable ages, and that the length of time elapsed since it first
became inhabited cannot be counted in years. Even the length of the period to
which we belong is still o problem, notwithstanding the precision with which certain
systems of chronology would fix the creation of man! There are, however, many
circumstances which show that the animals now living have been for & much longer
period inhabitants of our globe than is generally supposed. It has been possible to
trace the formation and growth of our coral reefs, especinlly in Florida? with suffi-
cient precision to ascertain that it must take about eight thousand years for one of
those coral walls to rise from its foundation to the level of the surface of the ocean.
There are, around the southernmost extremity of Florida alone, four such reefs con-
centric with one another, which can be shown to have grown up, one after the
other. This gives for the beginning of the first of these reefs an age of over thirty
thousand years; and yet the corals by which they were all built up are the same
identical species in all of them. These facts, then, furnish as direct evidence as we
can obtain in any branch of physical inquiry, that some, at least, of the species of
animals now existing, have been in existence over thirty thousand years, and have
not undergone the slightest change during the whole of that period® And yet these

' Renta, Recherches sur les plantes trouvées
dans les tombeaux égyptiens, Ann. des scien. nat., vol.
viii., 1826, p. 411,

? It is not for me to discuss the degree of reli-
ability of the Egyptian chronology; but s far as it
goves, it shows that from the ollest periods ascer-
tained, animals have been what they are now.

® See my paper upon The Primitive Diversity,
cle., quoted nlwve, p. 25,

¢ Norr & Grivooy, Types of Mankind, p. 653.

& Sce my paper upon the Reefs off Florida, soon
to be published in the Reports of the United States

Const Survey, extracts of which are already printed
in the Report for 1831, p. 145.

¢ Those who feel inclined to aseribe the differ-
ences which exist between epecies of different geo-
logicnl periods to the modifying intluence of physi-
enl ngeuts, and who look 1o the changes now going
on among the living for the support of such an
opinion, nml may not be aatistied that the facts just
mentioned are sutlicient to prove the immutnbility
of' gpeviey, but may still believe that a Jomger period
of time would yet do whnt thirty thousnnd yenrs
hiave not done, I beg leave to refer, for further con-
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four concentric rcefs are only the most distinct of that region; others, less exten.
sively investigated thus far, lie to the northward; indeed, the whole peninsula of
Floride consists altogether of coral reefs annexed to one another in the course of
time, and containing only fragments of corals and shells, ete, identical with thoge
now living upon that coast. Now, if a width of five miles is a fuir average for one
coral reef growing under the circumstances under which the concentric reefs of
Florida are seen now to follow one another, and this regular succession should extend
only as far north as Lake Ogeeclhiobee, for two degrees of latitude, this would give
about two hundred thousand years for the period of time which was necessary for
that part of the peninsula of Florida which lies south of Luke Ogeechobee to rise
to its present southern extent above the level of the sea, and during which no
changes have taken place in the character of the animals of the Gull of Mexico.

It is" very prejudicial to the best interests of science to confound questions that
are entirely different, merely for the sake of supporting a theory; yet this is con-
stantly done, whenever the question of the fixity of species is alluded to. A few
more words upon this point will, therefore, not he out of place here.

I will not enter into a discussion upon the question whether any species is found
identically the same in two successive formations, as 1 have alrendy examined it at
full length elsewhere! and it may be settled finally one way or the other, without
affecting the proposition now under consideration; for it is plain, that if such identity
could be proved, it would only show more sutisfictorily Low tenacious species are in
their’ character, to continue to live through all the physical chauges which have
taken place between two successive geological periods. Agmin, such identity once
proved, would leave it still doubtful whether their representatives in two successive
epochs are descendants one of the other, as we have already strong evidence in favor
of the separate origin of the representatives of the same species in separate geo-
graphical arcas® The case of closely allied, but different species occurring in succes
sive periods, yet limited respectively in their epochs, affords, in the course of time, &
parallel to the cast of closely allied, so-called, representative species occupying differ-
ent areas in space, which no sound naturalist would suppose now to be derived ont
from the other.  There is no more reason to suppose equally allied species following
one another in time to be derived one from the other; and all that has been saitl

siderution, to the chirming gonmg off Chumisso, entitled fiz.—

. Mollusyues fossiles, Neuchitel, 1831-43, -t
Trugisho Geschichte, und beginning ns follows:

ise qvans
Acasiiz, (L) Monographies d'Echinodermes viv

D ar
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1 , g =S e
Aaassiz, (L.,) Conuilles  tertinires  réputées

:d'."“““"’ uvee les copiees vivintes, Nouv. Mém. de
[+ hﬁl‘. llel". dl‘s B, unt. Nl‘lil‘]lf‘lll'!. lul:', ‘."’. "',
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Acassiz, (L.) Recherehes sur les Poissons fossiles
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in preceding paragraphs respecting the differences observed between species occurring
in different geographical aress, applies with the same force to species succeeding
each other in the course of time.

When domesticated animals and cultivated plants are mentioned as furnishing
evidence of the mutability of species, the circumstance is constantly overlooked or
passed over in silence, that the first point to be established respecting them, in order
to justify any inference from them against the fixity of species, would be to show
that each of them has originated from one common stock, which, far from being the
case, is flatly contradicted by the positive knowledge we have that the varieties of
several of them, at least, are owing to the entire nmalgunation of different species!
The Egyptian monuments show further that many of those so-called varieties which
are supposed to be the product of time, are as old as any other animals which have
been known to man; at all events, we have no tradition, no monumental evidence
of the existence of any wild animal older than that which represents domesticated
animals, already as different among themselves as they are now? It is, therefore,
quite possible that the different races of domesticated animals were originally distinct
species, more or less mixed mnow, as the different races of men are. Morcover,
neither domesticated animals nor cultivated plants, nor the races of men, are the
proper subjects for an investigation respecting the fixity or mutability of species, as
all involve already the question at issue in the premises which are assumed in intro-
ducing them as evidence in the case. With reference to the different breeds of our
domesticated animals, which are known to be produced by the management of -man,
as well as certain varieties of our cultivated plants, they must be well distinguished
from permanent races, which, for aught we know, may be primordial; for breeds
are the result of the fostering care of man; they are the product of the limited
influence and control the human mind has over organized beings, and not the free
product of mere physical agents. They show, therefore, that even the least impor-
tant changes which may take place dwring one and the same cosmic period among
animals and plants are controlled by an intellectual power, and do not result from
the immediate action of physical causes.

So far, then, from disclosing the effects of physical agents, whatever changes are
known to tuke place in the course of time among organized beings appear as the
result of an intellectual power, and go, therefore, to substantinte the view that all
the diflercuces observed among finite beings are ordained by the action of the
Supreme Intelleet, and not determined by physieal causes.  This position is still
more strengthened when we consider that the difierences which exist hetween difter-
ent races of domesticated animals and the varieties of our cultivated plants, as well

1 Our fowly, for instance. ) 2 Norr & Grinvox, Types of Mankind, p. 386.
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as among the races of men, are permanent under the most di.versiﬁet.i climatic infly.
ences; o fact, which the extensive migrations of the civilized nations daily proves more
extensively, and which stands in direct contradiction to the supposition that such o
gimilar influences could have produced them.

When considering the subject of domestication, in particular, it ought further to
be remembered, that every race of men has its own peculiar kinds of domesticated
gnimals and of cultivated plants, which exhibit much fewer varicties among them
in proportion as those races of men have had little or no intercourse with other
races, than the domesticated animals of those nations which have been formed by the
mixture of several tribes.

It is often stated that the ancient philosophers have solved satisfactorily all the
great questions interesting to man, and that modern investigations, though they have
grasped with new vigor, and illuminated with new light, all the phenomena of the
material world, have added little or nothing in the field of intellectual progress. Is
this true? There is no question so deeply interesting to man as that of his own
origin, and the origin of all things. And yet antiquity had no knowledge concerning
it; things were formerly believed either to be from cternity, or to have heen created
at one time. Modern science, however, can show, in the most satisfactory manner,
thut all finite beings have made their appearance successively and at long intervals,
and that each kind of organized heings has existed for o definite period of time in
pust ages, and that those now living are of comparatively recent origin. At the
same time, the order of their succession and their immutability during such cosmic
periods, show no causal connection with physical agents and the known sphere of
action of these agents in nature, but argue in favor of repeated interventions on
the part of the Creator. It scems really surprising, that while such an intervention
is admitted by all, except the strict materialists, for the establishment of the luws
regulating the inorganic world, it is yet denied by so many physicists, with reference
to the introduction of organized beings at different successive periods. Does this not
rfxther B0 to show the imperfect acquaintance of these investigators with the condi-
tions under which life is munifested, and with the essentinl difference there is between
tlu-e phenonienn of the organic and those of the physical world, than to furnish any
evidence that the orgunic world is the product of physical causes?
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SECTION XVI.
RELATIONS BETWEEN ANIMALS AND PLANTS AND THE SURROUNDING WORLD.

Every animal and plant stands in certnin definite relations to the surrounding
world, some however, like the domestic animals and cultivated plants, heing capable
of adapting themselves to various conditions more readily than others; but even
this pliability is & characteristic feature. These relations are highly important in a
gystematic point of view, and descrve the most careful attention, on the part of
naturalists.  Yet, the direction zoGlogical studies have taken since comparative anat-
omy and embryology began to absorb almost entirely the attention of naturalists,
has been very unfavorable to the investigation of the habits of animals, in which
their relations to one another and to the conditions under which they live, are more
especially exhibited. We have to go back to the authors of the preceding century,
for the most interesting accounts of the habits of animals, as among modern writers
there are few who have devoted their chief attention to this subject? So little,
indeed, is its importance now appreciated, that the students of this branch of natural
history are hardly acknowledged as peers by their fellow investigators, the anat-
omists and physiologists, or the systematic zoiilogists. And yet, without a thorough
knowledge of the habits of animals, it will never be possible to ascertain with any
degree of precision the true limits of all those species which descriptive zoilogists
have of late admitted with so much confidence in their works. And after all, what
does it matter to science that thousands of species more or less, should be described
and entered in our systems, if we know nothing about them? A very common
defect of the works relating to the habits of animals has no doubt contributed to
detract from their value and to twrn the attention in other directions: their purely
anecdotic character, or the circumstance that they are too frequently made the
occasion for narrating personal adventures. Nevertheless, the importance of this

! Reavuen, (R. ANt pE) Mémoires pour
gervir it lhistoire des Inscctes, Paris, 1834—42, G vol.
dto. fig. — Risen, (A. J.) Insectenbelustigungen,
Niurobery, 1746-61, 4 vols. dto. fig. — Burrox,
(G. L. LeCrerc pr,) listoire naturelle géndrale
et particuliere, Paris, 1740, 44 vols. dw. fig,

2 Avounoy, (1. J.) Ornithologienl Biography,
or nn Account of the Ilabita of the Birds of the
United Sttes of Amerien, Edinburgh, 1831—9,

§

5 vols. 8vo.— Kirpy, (W.,) and Srexce, (W.))
An Introduction to Entomology, London, 1818-2¢,
4 vols. 8vo. fig.— Lexz, (. 0.,) Gemeinntitzige
Nnturgeschichite, Gotha, 1835, 4 vols. 8vo.— Rat-
zexsune, (J. Tu. Ci,) Die I'orst-Insckten, Ber-
lin, 183714, 3 vols. dto. fig,, and supplement, —
Hanwms, (T. W) Report on the Inscets injurious
to Vegetution, Cumbridge, 1811, 1 vol. 8vo.; the
most important work on Amcerican Inscets.
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kind of investigation can hardly be overrated; and it would be highly desirable thqat
paturalists should turn again their attention that way, now that comparative anatomy
and physiologj, as well as embryology, may suggest so many new topics of inquiry,
and the progress of physical geography has laid such a broad foundation for
researches of this kind. Then we may learn with more precision, how far the
species described from isolated specimens are founded in nature, or how far they
may be only o particular stage of growth of other species; then we shall know,
what: is yet too little noticed, how extensive the range of variations is among ani-
mals, observed in their wild state, or rather how much individuality there is in each
ond all living beings. So marked, indeed, is this individuality in many families,—and
that of Turtles affords o striking example of this kind,— that correct descriptions of
gpecies can hardly be drawn from isolated speccimens, as is constantly attempted to
be done. I have seen hundreds of specimens of some of our Cheloniany, among
which there were not two identical. And truly, the limits of this variability con-
stitutes one of the most important characters of many species; and without precise
information upon this point for every genus, it will never he possible to have o
solid basis for the distinction of species. Some of the most perplexing questions
in Zoblogy and Polmoutology might long ago have been settled, had we had more
precise information upon this point, and were it better known how unequul in this
respect different groups of the animal kingdom are, when compared with one
another. While the individuals of some species seem all different, and might be
described as different species, if seen isolated or obtained from different regions, those
of other species appear all as cast in one and the same mould. It must be, there
fore, ot once obvious, how different the results of the comparison of one fauna with
another may be, if the species of one have been studied accurately for a long
period by resident naturalists, and the other is known only from specimens collected
b;,.r chance travellers; or, if the fossil representatives of one period are compared
with living animals, without both faunm having first been revised according to the
same standard.!

Another deficiency, in most works relating to the labits of animals, consists i
the absence of general views and of compurisons. We do mnot learn from thenh
how far animals related by their structure are similar in their habits, and low fur

l .
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these habits are the expression of their structure. Every species is described as if
it stood alone in the world; its peculiarities are mostly exaggerated, as if to con-
trast more forcibly with all others. Yet, how interesting would be a comparative
study of the mode of life of closely allied species; how instructive a picture might
be drawn of the resemblance there is in this respect hetween species of the same
genus and of the same family. The more I learn upon this subject, the more am I
struck with the similarity in the very movements, the general habits, and even in
the intonation of the voices of animals belonging to the same family; that is to say,
between animals agreeing in the main in form, size, structure, and mode of develop-
ment. A minute study of these habits, of these movements, of the voice of animals
cannot fail, therefore, to throw additional light upon their natural affinities.

While I thus acknowledge the great importance of such investigations with refer-
ence to the systematic arrangement of animals, I cannot help regretting deeply, that
they are not more highly valued with reference to the information they might
secure respecting the animals themselves, independently of any system. How much
is there not left to study with respect to every species, after it is named and classi-
fied. No one can rend Nauman's Natural IHistory of the German Birds without
feeling that natural history would be much further advanced, if the habits of all
other animals had been as anccurately investigated and as minutely recorded; and yet
that work contains hardly any thing of importance with reference to the systematic
arrangement of birds. We scarcely possess the most elementury information neces-
sary to discuss upon a scientific basis the question of the instinets and in general
the faculties of animals, and to compare them together and with those of man,
not only because so few animals have been thoroughly investigated, but because so
much fewer still have been watched during their earlier periods of life, when their
faculties are first developing; and yet how attractive and instructive this growing
age is in every living being! Who could, for instance, believe for a moment longer
thut the habits of animals arc in any degree determined by the circumstunces under
which they live, after having seen a little Turtle of the genus Chelydra, still
enclosed in its egg-shell, which it hardly fills halfway, with a yolk bag as large as
itself’ hanging from its lower surface and enveloped in its amnios and in its allantois,
with the eyes shut, snapping as fiercely as if it could bite without killing itself??
Who can wateh the Sunfish (Pomotis vulgaris) hovering over its egys and protecting
them for weeks, or the Catlish (Pimclodus Catus) move about with its young, like

1 Senerrnay, (L) Yersueh einer vollstiindizen des animnux, par R. Flourens, Ann. Se. Nat., 2de
Thierseelenkunde, Stutizmrt und - Tiihingen, 1840, ke, vol. 12,
2 vols, 8vo.— Cevien, (Fuen,) Résumé wmlyt- 2 See, Part L, which is devoted to the Fwme-
ique des observations sur Pinstinet ¢t Fintelligence bryvlogy of our Turtles.
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a_hen with her brood, without remaining satisfied that the feeling which prompts
them in these aots i8 of the same kind as that which attaches the Cow to her
suckling, or the child to its mother? Who is the investigator, who having once
recognized such a eimilarity between certain facultics of Man and those of the higher
animals can feel prepared, in the present stage of our knowledge, to trace the limit
where this community of nature ceases? And yet to ascertain the character of all
these faculties there is but one road, the study of the hubits of animaly and a
comparison between them and the earlier stages of development of Mun. I confess
I could not say in what the mental faculties of a child differ from those of a
young Chimpanzee.

Now that we have physical maps of almost every part of the globe,! exhibiting
the average temperature of the whole year and of every season upon land and sea;
now that the average elevation of the continents above the sen, and that of the
most characteristic parts of their surfuce, their valleys, their plains, their table-lands,
their mountain systems, are satislactorily known; now that the distribution of moisture
in the atmosphere, the limits of the river systems, the prevailing direction of the
winds, the cowrse of the currents of the ocean, are not only investigated, but mapped
down, even in school atlases; now that the geological structure of nearly all parts
of the globe has been determined with tolerable precision, zoblogists have the widest
field and the most nccurate busis to ascertain all the relations which exist between
animals and the world in which they live.

Having thus considered the physical agents with reference to the share they may
have had in calling organized beiugs into existence, and satisfied ourselves that
they are not the cause of their origiu, it mow remains for us to examine more
particularly these relations, as an established fact, as conditions in whicl animals and
plants are placed at the time of their creation, within definite limits of action and
reaction between them; for though not produced by the influence of the ph_\'sicnl
world, organized beings live in it, they are bhorn in it, they grow up in it. they
multiply in it, they assimilate it to themselves or feed upon it, they have cven #
modifying influence upon it within the same limits, as the physical world is sub-
servient to every munifestation of their life. 1t cannot fail, therefore, to be higghly
interesting and instructive to trace these connections, even without any referentt
to the mauner in which they were established, and this is the proper sphere of
imvestigation in the stuldy of the habits of animals, The behavior of each Kind
fm:mrds its fellow- -heings, and with reference to the conditions of existence in “-lm.ll
1t is placed, constitutes n fickl of imquiry of' the deepuest interest, as extensive s it

1 . . .
Benanavs, Chysikaliselier Atlos, Goth, 138 Atlne of Nutwendl Plenomens, Fdinburgh, SRt

el veq, fol.—Jonnstoy, (ALex. Kerrn,) Physical 1 vol. fol.
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complicated. When properly investigated, especially within the sphere which con-
stitutes more particularly the essentinl characteristics of each species of animals and
plants, it i8 likely to afford the most direct evidence of the unexpected independence
of physical influences of organized beings, if I mistake not the evidence I have
myself been able to collect. ~What can there be more characteristic of different
species of animals than their motions, their plays, their affections, their sexual rela-
tions, their care of their young, the dependence of these upon their parents, their
instincts, etc., etc.; and yet there is nothing in all this which depends in the slight-
est degree upon the nature or the influence of the physical conditions in which
they live. Even their organic functions are independent of these conditions to a
degree unsuspected, though this is the sphere of their existence which exhibits the
closest connections with the world around.

Functions have so long been considered as the test of the character of organs,
that it has almost become an axiom in comparative anatomy and physiology, that
identical functions presuppose identical organs. Most of our general works upon
comparative anatomy are divided into chapters according to this view. And yet
there never was a more incorrect principle, leading to more injurious consequences,
more generally adopted. That naturalists should not long ago have repudiated it,
is the more surprising as every onc must have felt again and again how unsound
it is. The organs of respiration and circulation of fishes afford a striking example.
How long have not their gills been considered as the equivalent of the lungs of
the higher Vertebrata, merely because they arve breathing organs; and yet these gills
are formed in a very different way from the lungs; they bear very different rela-
tions to the vascular system; and it is now known that they may exist simultane-
ously with lungs, as in some full-grown Batrachians, and, in the earlier embryonic
stages of development, in all Vertebratn. There can no longer be any doubt now,
that they are essentially different organs, and that their functions afford no test of
their nature and cannot constitute an argument in favor of their organic identity.
The same may be said of the vascular system of the fishes. Cuvier? described their
leart asx representing the right auricle and the right ventricle, because it propels
the blood it contains to the gilly, in the sume manner as the right ventricle pro-
pels the bloud to the lungs of the warm blooded animals; yet embryology has
taught us that such a comparison based upon the special relations of the heart of
fishes, ix unjustifiable.  The air sacs of certain spiders have also been  considered
as lungs, heeause they perform similar vespivatory functions, and yet they are only
modified trachew,® which are constructed upon such a peculiar plan, and stand in

1 Cevien, (G.) Regne Anim, 2de dlit, vol. 2, 7 Levckarot, (R.) Ueber den Buu und e
p. 122, Bedeutung der sogenuunten Lungen Lei den Arach-
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guch :different relations to the peculiar kind of blood of the Articulata,' that no
homology can be traced between them and the lungs of Vertebrata, no more
than between ‘the so-called lungs of the air breathing Mollusks, whose aérial respirg.
tory cavity-is-only a modification of the peculiar kind of gills observed in other
Mollusks, - - Examples might easily be multiplied; I will, however, only allude further
to the -alimentary canal of Insects and Crustacea, with its glandular appendages,
formed in such a different way from that of Vertebrata, or Mollusks, or Radiata, to
their legs oud wingg, etc, ete. I might allude also to what has been called the foot
in- Mollusks, did it not appear like pretending to suppose that any one cntertains
gtill an idea that such a name implies any similarity between their locomotive
opparatus and that of Vertebrato or Articulata, and yet, the very use of such a
name misleads the student, and cven some of the coryphees of our science have
not freed themselves of such and similar extravagant comparisons, especially with
veferenco to the solid parts of the frame of the lower animals?

The identification of functions and organs was a natural comnsequence of the
prevailing ideas respecting the influence physical augents were supposed to have upon
organized beings, But as svon as it is understood, how different the organs mny
be, which in animals perform the same function, orgunization is at once brought into
such o position to physical agents as makes it utterly impossible to muintain any
genetic connection between them. A fish, a crab, n mussel, living in the sume
waters, breathing at the same source, should have the same respiratory organs, if the
elements in which these animals live hud any thing to do with shaping their organi-
zation. I suppose no ome can be so short-sighted, s to assume that the same
physical agents acting upon animals of different types, must produce, in ench, peculiar
organs, and not to perceive that such an assumption implies the very existence of
these animals, independently of the physical agents. But this mistake recurs 80
constantly in discussions upon this and similar topics, that, trivial as it is, it requires
to be rebuked® On the contrary, when acknowledging an intellectual conception.
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vuiling now, regpecting the origin und existence of
orgunized beings,  Should the time come when .m)'
present efforts may appenr  like fighting ugroin=t
windmills, 1 xlnll not regret having spent =0 el
y u right divee

lubor in urging my fellow-lnborers it
. “o\\'

tion; Lut at the sume time, T must protest
ading in =oME

[T\ LN d o | l'lm'!

l.rcmil“"""

nd for ever, gminst the bigotry spre
parters, which would press wpon svivy
not immedintely  flowing from  seientitie

und cheek its free progress,
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as the preliminary step in. the existence not only of all organized beings, but of
every thing in nature, how natural to find that while diversity is introduced in the
plan, in the complication and the details of structure of animals, their relations to
the surrounding media are equally diversified, and consequently the same functions
may be performed by the most different apparatus!

SECTION XVII.

RELATIONS OF INDIVIDUALS TO ONE ANOTHER.

The relations in which individuals of the same species of animals stand to one
another are not less determined and fixed than the relations of species to the sur-
rounding elements, which we have thus far considered. The relations which individ-
ual animals bear to one another are of such a character, that they ought long ago
to have been considered as proof sufficient that no organized being could ever have
been called into existence by another agency than the direct intervention of a
reflective mind. It is in a measure conceivable that physical agents might pro-
duce something like the body of the lowest kinds of animals or plants, and that
under identical circumstances the same thing may have been produced again and
again, by the repetition of the same process; but that upon closer analysis of the
possibilities of the case, it should not have at once appeared how incongruous the
further supposition is, that such agencies could delegate the power of reproducing
what they had just called into existence, to those very beings, with such limitations,
that they could never reproduce any thing but themselves, I am at a loss to under-
stand. It will no more do to suppose that from simpler structures such a pro-
cess may end in the production of the most perfect, as every step implies an
addition of possibilities not even included in the original case. Such a delegation of
power can only be an act of intelligence; while between the production of an
indefinite number of organized beings, as the result of a physical law, and the repro-
duction of these sume organized beings by themselves, there is no necessary connec-
tion. The successive generations of any animal or plant cannot stand, as far as
their origin is concerned, in any causal relation to physical agents, if these agents
have not the power of delegating their own action to the full extent to which they
have already been productive in the first appearance of these beings; for it is a
physical law that the resultant is equal to the forces applied. II any mew being
hos ever been produced by such agencies, how could the successive generations
enter, at the time of their birth, into the same relations to these agents, as their
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“‘ancestors, if thes¢ beings had not in them:selvea the fn.cult.y of sustaining their chnr-
 aotex; n spite of ‘these agental Why, again, should enimals un.d plants at once begu}
to ‘decomposé under the very influence of all t.hoa.;e agents x:vlutfh lfavtf lfeen subservi-
wnt to. thé maintenance of their life, as soon 08 life ceases, if life is limited or deter
mined by them? _ _ .
There: exist between individuals of the same species relations far more complicated
thnn timae alrendy alluded to, which go still further to disprove any possibility of
codsal dependence of orgenized Leings upon physical agents. The relations upon
wihish the maintenance of species is bused, throughout the animal Kingdom, in the
universal entagonizm of sex, and the infinite diversity of these connections in differ-
ent types, have really nothing to do with external conditions of existence; they
indicate only relations of individuals to individuals, heyond their connections with the
material world in which they live. How, then, could these relations be the result of
phya‘icﬂ causes, when physical agents are kumown to have a specilic sphere of action,
in no way bearing upon this sphere of phenomena ?
' For the most part, the relations of individuals to individuals are unquestionably
of an organic nature, and, as such have to be viewed in the same light as any other
‘Structural feature; but there is much, also, in these connections that partakes of a
psychological character, taking this expression in the widest seuse of the word.
 When animals fight with one another, when they associate for & common purpose,
when they warn one another in danger, when they come to the rescue of one
another, when they display pain or joy, they manifest impulses of the same kind as
are considered among the moral attributes of wan. The range of their passions is
even 08 extensive a3 thot of the human mind, and I am at a loss to perceive &
difference of kind between them, however much they may differ in degree and in
the maonner in which they are expressed. The gradations of the moral fuculties
among the higher animals and man are, moreover, so imperceptible, that to deny to
the first o certain semse of responsibility and consciousness, would certainly be an
exaggeration of the difference between animnls and man. There exists, besides, 03
much individuality, within their respective capabilitics, among animals as among el
a3 every sportsman, or every keeper of menageries, or every farmer and ahepherd
e t;;:,t:fy who has had o large esperience with wild, or tamed, or domesticated
anim

This argues strongly in favor of the existence in every animal of an immuaterial

! See J. E. RipiNoer's various works illustra-
tive of Game Animuls, which luve appenred winler
different titles, in Augsburg, from 1729 1o 1778, —
Georrnoy St HiLate, ot Cuvien, (Fr

vaturelle des Mumwiferes, Puris, 1820-335 3 vols
fol—Lexz, (11. 0.)) Gemeinntitzige Naturgeschicllts
Gutha, 1833, 4 vols, 8vo.— BinarLey, (We) Animul
») Mistoire Biogmply, London, 1803, 3 vols. 8vo.
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principle similar to that which, by its excellence and superior endowments, places

man so much above animals?!

! It might easily be shown that the exaggerated
views generally cntertained of the difference exist-
ing between man and monkeys, are traceable to the
ignoranco of tho ancients, and cspecially the Greeks,
to whom wo owe chiefly our intellectunl culture, of
the existence of the Orang-Oulang and the Chim-
panzee. The animals most closcly allied to man
known to them were the Red Bonkey, xjfoy, the
Baboon, xvroxépalog, and the Barbary Ape, miflyxog.
A modern trapslation of Aristolle, it is true, makes
him say that monkeys form the transition between
man and quadrupeds; (ArisToTELES, Nalurge-
schichte der Thicre, von Dr. F. Strack, Frankfurt-
am-Main, 1816, p. 65;) but the origind says no
guch thing. In the History of Animals, Buok 2,
Chap. V., we read only, &na 82 v foov iraugo-
zepilee Ty Qloy T T8 drlooiny xai Toiy TeTQTOGI
There is o wide difference between *partuking of
tho nature of both man und the quadrupeds,” und
forming o transition between mon and the quadra-
peds” The whole chapter gocs on enumerating the
structural similarity of the thrce monkeys named
above with man, but the idea of a close affinity is
not even expressed, and still less that of a transi-
tion Letween man and the quadrupeds. The writer,
on the contrary, dwells very fully upoa the marked
differences they exhibit, and knows as well as any
modern anatomist has ever known, that monkeys have
four hands. &m 8% xei Ppeyioras, cymep crdpwros,
<+« . Uiovg 32 Tots mddug. elgi yap ofor jRipes
peydat. Kai of Siixrvlor digmeg of 163y yerpiv, 6 péyas
puxgUTRTOs * Xal 0 Mirw Tob modis yeigh Spoiov, mAly
it o pixos 10 Tie yapds &l T foyare Teivor xaldd-
aep Mrep.  Tobro 3¢ in' dxpov oxlypdrepor, Xaxdyg
xy (pudpd pupovperar wriprypy.

It is strunge that these clear and precise dis-
tinctions should have been so entirely forgotten in
the daya of Limmeus that the great reformer in
Natural History hud to confess, in the yenr 1746,
that he knew po charneter by which to distinguish
man from the monkeys, Fauna Succien, Prvfut, p. 2,
“ Nullum clnracterem adhue cruere potui, unde

9

Yet the principle exists unquestionably, and whether

homo a simin internoscatur.”” DBut it is not upon
structurnl similurity or difference alone thut the re-
Intions bLetween man and unimals lave to be con-
sidered. ‘The psychological history of animals shows
that ns uan s related to aninals by the plan of his
structure, so are these relnted to him Ly the char-
acter of those very faculties which are so tran-
scondent in man as to point at firat to the necessity
of disclaiming for him completely any relutionship
with the onimad kingdom. Yet the natural history
of animals is by no means completed after the so-
matic side of their nature Las been thoroughly in-
vestignted ; they, too, have a psycliological individ-
uality, which, though less fully studicd, is neverthe-
less the connecting link bLetween them and man. I
cunnot, therefore, agree with those authors who would
disconnect wankind from the animal kingdom, and
estublish o distinet kivgdom for wan alone, as
Ebrenberg (Das Nuturreich des Menschen, Berlin,
1835, fol.) und Intcly I. Geoffroy St. Hilnire, (Hist.
nat. générle, Paris, 1856, Tome 1, Part 2, p. 167,)
bave done. Compare, nlso, Chinp. I, where it is
shown for every kind of groups of the animal kingdom
that the amount of their difference one from the
other never affords a sullicient ground for removing
any of them into another category. A close study
of the dog might satisfy every onc of the similarity
of his impulses with those of man, and those im-
pulses are regulated in o manner which discloses
psychical faculties in every respect of the same kind
as those of man; morcover, he expresses by his
voice his emotions and his feclings, with o precision
which may be as intelligible to mun as the articu-
luted speech of his fellow men. Iis memory is so
retentive that it frequently baflles that of man. And
though all these facultics do not make a philosopher
of him, they certainly pluce him in that respect
upon a level with a considernble proportion of poor
bumanity. Tho intelligibility of the voice of ani-
muls to one another, and all their actions conneeted
with such calls nre also n strong nrgument of their
pereeptive power, and of their ubility to act spon-
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it be called soul,” reason;, or instinct, it presents in the whole mr-lge of organized
beings a series of phenomena closely linked together; and upon it are based I.mt
only the higher manifestations of the mind, but the very permanence of the"speclﬁc
differences ‘which characterize every organism. Most of the arguments of philosophy
in favor of the immortality of man apply equally to the permanency of this principle
in other living beings. May I not add, that a future life, in which man should be
deprived of that great source of enjoyment and intellectunl and moral improvement
which result from the contemplation of the harmonies of an organic world, would
involve o lamentable loss, and may we not look to o spiritual concert of the com-
bined worlds and all their inhabitants in presence of their Creator as the highest
conception of paradise ?

SECTION XVIII.

METAMORPHOSES OF ANIMALS.

The study of embryology is of wery recent date; the naturalists of the past
century, instead of investigating the phenomena accompunying the first formation and
growth of animals, were satisfied with vague theories upon reproduction! It is true

tancously and with logical sequence in accordance
with these perceptions. There is a vast ficld open
for investigntion in the relations between the voice
and tho actions of nnimnls, and n still more inter~
esting subject of inquiry in the relationship Letween
the cycle of intonations which different species of
animals of the same fumily are eapablo of uttering,
which, as far as I have ns yet Leen able to trce
them, stand to one another in the same relations ns
the different, so-culled, fumilies of langunges (Sone-
ceL, (Fn,) Ucber dic Sprache und Weisheit der
Indier, Heidelberg, 1808, 1 vol. 8vo.— HuunoLpr,
(W. v.) Ucber die Kawi-Sprache, auf der Tnsel
Java, Berlin, 1836-39, 8 vols. 4to. Abh. Ak. d. Wis-
gensch, — Sreivtoar, (IL,) Grummatik, Logik und
TPeychologic, Berlin, 1855, 1 vol. 8ve.) in the human
family. ANl the Canina urk ; the howling of the
wolves, the Larking of (he dogs nnd foxes, nro
only dillerent modes of barking, compunble to one
onotber in the eame relution us the wonusy ubie,

the ngglutinating, and the inflecting lnangunges. Tho
Felide mew: the roaring of the lion is only uno-
ther form of the mewing of our cats and the other
species of the family. The Lguina neigh or bray:
the horse, the donkey, the zebru, the dow, do not differ
much in the sealo of their sounds, Our cattle, and tho
different kinds of wild bulls, have n aimilar alfinity
in their intonations; their lowing differs not in kind,
but only in the mode of ulterance. Among birds,
this is, perhaps, still more striking. Who does not
distinguish the note of any and every thrush, or of
the warblers, the ducks, the fowls, ete., iowever nu=
morous their specics muy be, and who can fail 10
perceive the affinity of their voices? Aml dovs
this not indiente n similurity ulso in their mental
faculties?

! BurroN, (G. L. LeCLene pr,) Discours suf
In nature des Animaux, Geneve, 1754, 12mo.; ul<0
in his Ocuvres complites, Puriy, 1774~1804, 36 vol*
dto.
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the metamorphoses -of Insects became very early the subject of most remarkable
observations,! but so little was it then known that oll animals undergo great changes
from the first to the last stages of their growth, that metamorphosis was considered
o distinguishing character of Insects. The differences between Insects, in that
respect, are however already so great, that a distinction was introduced between
those which undergo & complete metamorphosig, that is to say, which appear in
three successive different forms, as larves, pupm, and perfect insects, and those with
an incomplete metamorphosis, or whose larvee differ little from the perfect insect.
The range of these changes is yet so limited in some insects, that it is not only
not greater, but is even much smaller than in many representatives of other classes.
We may, therefore, well apply the term metamorphosis to designate all the changes
which animals undergo, in direct and immediate succession? during their growth,
whether these changes are great or small, provided they are correctly qualified for
each type.

The study of embryology, at first limited to the investigation of the changes
which the chicken undergoes in the egg, has gradually extended to every type
of the animal kingdom; and so diligent and thorough has been the study, that
the first author who ventured upon an extensive illustration of the whole field,
C. E von Baer, has already presented the subject in such a clear manner, and
drawn general conclusions so accurate and so comprehensive, that all subsequent
researches in this department of our science, may be considered only as a further
development of the facts first noticed by him and of the results he has already
deduced from them?® It was he who laid the foundation for the most extensive

! Swasnterpay, (J.,) Biblin Nature, sive His-
torin Inscctorum, ete., Lugduni-Batavorum, 1737-38,
3 vols. fol. fig.— Reausion, (R. ANT. vE,) Mémoires
pour servir & I'llistoire des Inscctes, Paris, 173442,
G vol. 4to. fig.— Roeser vox Rosexnor, (A. J.)
Inscctenbelustigungen, Nurnberg, 1746-G1, 4 vols.
dto. fig.

2 I eny purposely, “in direct and immediate suc-
cession,” ns the phenomena of alternate generation
are not included in metamorphosis, and consist chiefly
in the production of new germs, which have their
own metamorphosia;  while  metnmorphosis proper
relutes only to the successive chunges of one und
the sume germ,

' Without referring to the works of older writers,
fuch na DeGranf, Malpighi, Haller, Woll, Meckel,
Tiedemann, ete., which nre all enumerated with many

olhers in DBiscuors's article ¢ Entwickelungsges-
chichite,” in WacnEer's Handwirterbuch der Physio-
logio, vol. 1, p. 860, I shull mention hereafter, chiefiy
those published since, under the influence of Déllin-
ger, this branch of science has assumed a new char-
acter:— Baer, (C. E. v,) Ucber Entwickelungs-
geschichte der Thiere, Kinigsberg, 1828-37, 2 vols.
4to. fig. Tho most important work yet published.
The preface is o model of enndor and truthlulness,
and sets the merits of Dillinger in n true and beanti-
ful light.  As text-hooks, I would quote, Brunacn,
(C. I.,) Die Physiologiv als Erfalirangswissensehull,
Leipzig, 1820-10, G vols. 8vo.; Freneh, Puris,
183741, 9 vols. 8vo.— MiiLLer, (1) ITmudbuch der
Physiologie des Mensehen, Colleng, 18413, 2 vols. 8vo.
dth edit.; Engl, by W. Bary, London, 1837, 8va.
— Waaxen, (R,) Lelrbuch der Physivlogie, Leipe
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generalizations respecting the mode of formation of animals; for he first discovered,
in 1827, the ovarian egg of Mammalia, and thus showed for the first time, that
-there is no essentinl difference in the mode of reproduction of the so-called vivip-
arous and oviparous animals, and that man himself is developed in the same manner
as the animals. The universal presence of eggs in all animals and the unity of their
structure, which was soon afterwards fully ascertained, constitute, in my opinion, the
greatest discovery of modern times in the natural scicnces.!

It was, indeed, o gigantic step to demonstrate such an identity in the material
basis of the development of all animals, when their anatomical structure was already
known to exhibit such radically different plans in their full-grown state. From that
time a more and more extensive investigation of the mauner im which the first
germ i8 formed in these eggs, and the embryo develops itself; how its organs
grow gradually out of o homogencous mass; what changes, what complications, what
connections, what functions they exhibit at every stuge; how in the end the young
animal assumes its final form and structure, and becomes a new, independent being,
could not fail to be the most interesting subject of inquiry. To ascertain all this,
in as many animals as possible, belonging to the most different types of the animal
kingdom, became soon the principal aim of all embryological investigations; and it
can truly be said, that few sciences have advanced with such astonishing rapidity,

and led to more satisfactory results.

For the actual phases of the mode of development of the different types of the
animal kingdom, I must refer to the special works upon this subject? no general

zig, 1880-42, 2 vols. 8vo.— Varextiy, (G.,) ITand-
buch der Entwickelungegeschichte, ete., Berlin, 18335,
1 vol. 8vo.— Lelirbuch der Physiologio des Men-
sclien, Braunschweiy, 1843, 2 vols. 8vo.— LoxGET,
(F. A,) Traité de Physiologic, Paris, 1830, 2 vols.
8vo.— KoLrikER, (ALD,) Micruscopische Anutomic
des Menachen, Leipzig, 1840-54, 2 vols. 8vo. fig. —
Sce also Owen's Lectures, cte., StesorLp und STAN-
Rws's Lehrbueh, and Caros's Morphologie, q. o
p- 27, and p. 18, I might further quote ulmost every
modern text-book on physiology, but most of them
arc 8o evidently mere compilations, exhibiting no
acquaintanco with the subject, that T omit purposely
to wention any other clementary works.

! Baen, (C. E. 0) De Ovi Mummalium et
Hominls Genesi, Konigsherg, 1827, dto, fig. —
Punrizae, (J. E.) Sywbohe nd ovi avium historinm
ante incubntionew, Lipsine, 1830, Jdto. fig. — Wac-

NER, (R.,) Prodromus ITistoriw generationis ITominis
atque Aninmlium, cte, Lipsiv, 1836, 1 vol,, ful., fig.
—Icones physiologicw, Lipsite, 1839, 4to. fig.

2 The limited attention, thus far puid in this
country to the study of Embryology, hus induced
me to cnumerate more fully the works relating to
this branch of science, thun any others, in the hope
of stimuluting investigations in that dircction. Thero
exist upon this continent a number of types of’ uni-
mals, the embryological illustration of which would
udd immensely to the stock of our science; such
are the Opossum, the Ichthyoid Buatrchinns, the
Lepidostens, the Amin, cte,, not to speuk of the
opportunities which thousunds of miles off sea-const
everywhere ensily necessible, nfford for embryalogi-
ceal investigations, from the borders of the Arcties
to the Tropies.  In conucction with Embryologzy
the question of Individuality comes up nuturnlly-
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treatise embracing the most recent mvestigations having as yet been published; and
I must take it for granted, that before forming a definite opinion upon the com-
parisons instituted hereafter between the growth of animals, and the structural grada-
tion among full-grown animals, or the order of succession of the fossils characteristic
of different geological periods, the necessary information respecting these changes has
been gathered by my readers, and sufficiently maatered to enable them to deal with
it freely.

The embryology of Polypi has been very little studied thus far; what we know
of the embryonic growth of these animals relates chiefly to the fumily of Actinoids?
When the young is hatched, it has the form of a little club-shaped or pear-shaped
body, which soon assumes the appearance of the adult, from which it differs only by
having few tentacles The mode of ramification and the multiplication by buds
have, however, been carefully and minutely studied in all the families of this class?
Acnlephs present phenomena so peculiar, that they are discussed hereafter in a

special section.

See upon this subject :— LevckARrT, (Rup.,) Ucher
den Polymorphismus der Individuen oder dio
Erschicinung der Arbeitstheilung in der Nalur,
Gicssen, 1851, 4to.— Rertcitert, (G B.,) Die mono-
gene Fortpflanzung, Dorpat, 1852, — HoxLEY, (Tm.
H.)) Upon Animal Individuality, Ann. and Mag.
Nat. Hist. 2d ser., 1852, vol. 9, p. 507. — Fonnks,
(Ep,) On the supposed Analogy Letween the Life
of an Individual and the Duration of a Species, Ann.
nnd BMog. Nat. Hist, 2d ser., 1852, vol. 10, p. 59.
— Brauy, (Ar.,) Das Individuum der Pflanze, q. a.
— Betrnchtungen tiber die Erschieinung der Ver-
Jiingung in der Naotur, Freiburg, 1849, 4%. fig.

1 Sams, (ML,) Beskrivelser og Jagttagelser over
nogle maerkelige eller nye i Havet ved den Ber-
genske Kyst levende Dy, ctc., Bergen, 1833, dto.
— Fuunn littoralis Norvegiwe, Christianin, 1846, fol.
fig. — Ratuxe, (IL) in Burdach's Physiologie, vol.
24, 24 edit. p. 213, — Zur Morphologie, Reiscbemer-
kungen aus Taurien, Riga und Leipzig, 1837, 4to.,
fig. — AGassiz, (L.,,) Twelve Lectures, ete., p. 40,
¢l s,

¥ See Daxa's Zoophytes, and Micne-Evwanrps
ct [Tame, Recherehes, ele, o 0o pe 31, note 2,

? Steuorn, (C. T, BE. v.,) Beitriige zur Nutur-
geschichte der wirbellosen Thiere, Dantzig, 1839,

Their young? are either polyplike or resemble more immediately

4t0. p. 29.— Loven, (S. L.) Beitrag zur Kenntniss
der Gattungen Campanuluria und Syncoryne, Wicgm.
Arch,, 1837, p. 249 und 321; French Ann. Se. n.
2de sér,, vol. 15, p. 157.— Sans, (ML.,) Beskrivelser,
q. 8.— Fauna littornlis, q. 0. — Nonrpuany, (Ac. v.,)
Sur les chaogements que l'ige apporte duns la
manitre d'étre des Campanuluives, Comptes-Rendus,
1834, p. 709.— StrexsTrur, (J.,) Ucber den Gene-
rations«Wechsel oder die Fortpflanzung und Ent-
wickelung durch abwechselnde Generationen, Uebers,
von LorenzeN, Kopenh. 1842, 8vo., fig.; Engl
by G. Busk, (Ray Socicty,) London, 1843, 8vo.~—
VaxBexepen, (P. J.,) Mdmoire sur les Campanu-
laires do In cOte d'Ostende, cte., Mém. Ac. Brux.
1843, vol. 17, 4to. fig.— Recherches sur I'Embry-
ogdoic des Tubulaires, etc., Mém, Ace. Brux. 1844,
dto. fig.— Dusarpix, (FeL,) Observations sur un
nouvenu genre de Mdédusaires (Cladonemn,) pro-
venant de lu métnmorphose des Syncorynes, Ann, Se.
n. 2de sér. 1848, vol. 20, p. 870, — Mdmuire sur le
développement  des  Mdédusaires et des Polypes
Hydraires, Ann, Se. no 3e sér, 1845, vol. 4, p. 257,
— Wik, (J. G. Fr,) IHone tergestime, Leipzig,
1844, dto. fig.— Frey, (IL) und Leveranr, (R.)
Buitvitge zur Kenntniss wirbelloser Thiere, Braun-
schweig, 1847, dto. fig.— Davvere, (SinJd. G.,) Rure
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the type of their class. Few multiply in a direct, progressive development.
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As to

‘Echinoderms, they have for a long time almost entirely escaped the attention of
Embryologists, but lately J. Miiller has published a series of most important investi-
gations upon this class' disclosing a wonderful diversity in the mode of their develop-

and Remarkable Animals of Scotland, cte., London,
1847, 2 vols. 4to. fig.— Fonnges, (LEp.) Monograph
of the British Naked-eyed Medusw, Loudon, 1847,
1 vol. fol. fig. (Ray Society.) —On the Morphology
‘of the Reproductive System of Sertularinn Zoophytes,
.ote, Ann. and Mag. Nat. Hisl., 1844, vol. 14, p. 385.
—Aocassiz, (L,) Twelve Lectures, etey q. m—
Dersor, (Ep.,) Leltre sur In générution médusipare
des Polypes Hydraires, Ann. Sc. Nat., 3¢ aér., 1849,
vol. 12, p. 204.— Eroux, (A.,) Bemerkungen iiber
die Geschlechtsverbilltnisse der Ser{ularinen, BMiil-
ler's Arch, 1848, p. 174. — Uecber dic Brut des
Clndonemn radintum und deren Entwickelung zum
Stauridium, Muller's Arch., 1833, p. 420.— Ucber
-Podocoryne carnea Sars und die Forlpflanzungaweise
ihrer meduscnartigen Sprisslinge, Wiegm. Arch.,
1801, I,, p. 208. — Ucber cinige niedere Thicre,
Muller's Arch., 1833, p. 137, — Ueber dic friiliesten
Entwickelungsstufen der Pelagin noctiluca, Miiller's
«Arch,, 1855, p.491.— KorLiker, (A.,) Die Schwimm-
polypen, ete., q. a.— Boscir, (W.,) Beobachtungen
liber Anatomie und Entwickelungegeschichto einiger
wirbelloser Scethicre, Berlin, 1851, 4to. fig. pp. 1,
25 and 80, — Gecexpaver, Koruisen und M-
LER, Bericlt tber einige im Merbste 1852 in Messina
angestollte anatomische Untersuchungen, Zeitsch. f.
wiss, Zool,, vol. 4, p. 299.— GeGENBAUER, (C.,)
Ucber die Eutwickelung von Doliolum, der Schei-
benquullen und von Sngitta, Zeitsch. f. wiss. Zool.,
1853, p. 13.— Buitriige zur niibern Kenntniss der
Schwimmpolypen (Siphionophoren,) Zeitsch f. wiss.
Zool., 1853, vol. 5, p. 285. — Ucher Diphyes turgida,
cle, Zeitsch. f. wiss, Zuol,, 1833, vol. 5, p. 442. —
Ucber den Enl\\'icku!ungscyclus von Dolivlum, etc.,
Zeitseh, £, wiss. Zool, 18535, vol. 7, p- 283, —
Fraxtzws, (AL, v.) Ucber die Jungen der Cephen,
Zitsch. . wiss. Zool,, val. 4, p. 118, — MijLren, (J.,)
Ueber cive eigenthmlicho Meduse des Mittelmeeres
und ibiren Jugendzustand, Miller's Arch, 1851, p. 272,

— Scnuvtze, (M) Uecber die miionlichen Geschle-
chtsthicilo  der  Campanulavin  genieulatn, Bliiller's
Arch, 1850, p. 33.— Ilixcxs, (Tn.) Notes on the
Reproduction of the Campanulariade, ete., Ann. und
Mug. Nut. ITiat, 2d ser., 1852, vol. 10, p. 81. — Fur-
ther Notes on British Zoophytes, Aun, and Mag. Nat,
list,, 1853, vol. 15, p. 127.— AvLyay, (G.J.) On
Ilydroids, Rep. Brit. Ass. Adv. Se., 1852, p. 50, —
Dennes, (A.) Note sur les organes reproducleurs et
I'embryogénie du Cynuea chrysnorn, Ann. Se. Nat.,
Se sér, 1830, vol. 13, p. 377.— Voer, (C.,) Ucber
die Siphonophoren, Zvitseh, . wiss. Zool.,, 1832,
vol. 3, p. 522, —Iluxuey, (Tu. IL,) On the Anat-
omy aml Aflinitics of the Fumily of the Medusw,
Yhilos. Trans. Roy. Soc., 1849, II., p. 413.—An
Account of' Resenrches into the Anatomy of the
Iydrostatic Acaleplwe, Proe. Brit. Ass. Adv. Se.,
1851, p. 78.— Levckannt, (R,,) Zoologische Unter-
suchungen, Giessen, 1853-54, dto. fig. 1st Inse.—
Zur niihern Kenntniss der Siphonophoren von Nizzn,
Wiegm, Arch., 1834, p. 249, — Stwrson, (W)
Synopsis of the Murine Invertebrata of Grund Manan,
Swmithson. Contrib., 1833, 4to. fig. — Lrioy, (Jos.)
Contributions towards a Knowledge of the Muarine
Invertebrate  Fuunn, ete., Journ. Acad. Nat. Sew
Philnd., 2d scr. 1855, vol. 3, 4to. fig.— Sce uls0
below, Seet. 20.

! Beskrivelser, ele, p. 87.— Ucber die Ent-
wickelung der Scesterne, Wiegm. Arch, 1314, 14
p- 169, fig.— Fauna littoralis, cte., p. 47.— MULLER,
(J.) Utber dic Larven u. die Metumorphose der
Opliuren u. Sevigel, Akad. (. Wiss., Berlin, 1818. —
Ucber die Lurven u. die Metamorphose der Echino-
dermen, 2te Abh,, Ak. d. Wiss, Berlin, 1840.—
Ucher die Larven u. dic Metamorphose der Hula-
thurien u. Asterien, Ak. d. Wiss, Berling 1830, —
Ucher die Larven u. die Metamorphose der Echinos
dermen, dte Abl, Ak. A Wiss, Berling 1852.—
Ucber die Ophiurenlurven des Advintisehen Meeres,
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ment, not only in the different orders of the class, but even in different genera
of the same fomily. The larvee of many have a close resemblance to diminutive
Ctenophorm, and mey be homologized with this type of Acalephs.

As I shall hereafter refer frequently to the leading divisions of the animal king-
dom, I ought to state here, that I do not adopt some of the changes which bave
been proposed lately in the limitation of the classes, and which seem to have been
pretty generally received with favor. The undivided type of Radiatn appears to
me as one of the most natural branches of the amimal kingdom, and I consider
its subdivision into Coelenteratn and Echinodermata, as an exaggeration of the ana-
tomical differences observed between them. As far as the plan of their structure
is concerned, they do not differ at all, and that structure is throughout homologi-
cal. In this branch I recognize only three classes, Polypi, Acalepha, and Echinoder-
male. ‘The chief difference between the two first lies in the radiating partitions of
the main cavity of the Polypi, supporting the reproductive organs; moreover, the
digestive cavity in this class conmsists of an inward fold of the upper apertwre of
the common sac of the body, while in Acalephs there exist radinting tubes, at least
in the proles medusing, which extend to the margin of the body where they anas-
tomoze, and the digestive cavity is hollowed out of the gelatinous mass of the
body. This is equally true of the Hydroids, the Medusm proper, and the Cteno-
phora; but nothing of the kind is observed among Polypi.  Siphonophora, whether
their proles medusina becomes free or not, and Hydroids agree in having, in the proles
medusina, simple radiating tubes, uniting into a single circular tube around the mar-
gin of the bellshaped disk. These two groups, constitute together, one natural
order, in contradistinction from the Covered-eyed Medusme, whose radiating tubes
ramify towards the morgin and form a complicated net of anastomoses. Morpho-
logically, the proles polypoidea of the Acalephs, is as completely an Acaleph, as their

Ak, d. Wiss, Berlin, 1852. — Ucber den  allge-
meinen Plan in der Entwickelung der Echinodermen,
Ak. . Wiss,, Berlin, 1858, — Ucber die Gattungen
der Sccigellarven, 7te Abh, Ak. d. Wiss, 1855, —
Ueler den Canul in den Eiern der Ilolothurien,
Miiller's Arch,, 1854, p. G0.— Frenchi abstrncts of
these papers may he found in Ann. Se. Nat., Se
sér., 1832 amd "33, vols. 17, 19, and 20; An English
uccount is published by Iexviey, (Tu. 11.) Report
upon the Resenrches of Profl Midller into the Anut-
omy and Development of the Echinoderms, Aun. amd
Mag. Nat. 1ist., 24 ser,, val. 8, 1851, p. 1. — Konex
und Daxierssen in Nyt Magazin for Natuevid, vol. 3,
P 233, Chiristinnin, 18475 Ann. Se. Nat 1847, . 347,

— Acassiz, (L.,) Twelve Lectures, cte, po 13—
Derues, (A.) Sur la formation de I'embryon chez
Yoursin comestible, Ann. Sc. Nat.,, e sér., vol. 8,
p- 80.—Busu, (W.,) Beobnchtungen, cte., q. . —
Ucber die Larve der Comntula, Miiller's Arch. 1849,
p. 400. — Knonx, (A,) Ucber dic Entwickelung der
Scesterne und  1lolothurien, Miiller's Arveh., 1833,
pe 317.— Ueher die Entwickelung ciner lebendig
gebiilirenden Ophiure, Miiller's Areh, 1851, p. 338,
— Ucber die Larve des Echinus brevispinosus, Miil-
ler’s Arch., 1833, p. 361. — Beobmehtungen itber
Eehinodermenlarven, Miiller's Areh., 1831, p, 208, —
Scenvrrze, (M) Uvrhier die Entwickelung von Ophio-
lepis squumata, Miiller's Aveh., 1852, p. 37.
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prales  medusing? and..whether they separate or remain connected, their structural
relations are eveiywhere the same. A comparison of Hydractinin, which is the
most. common=“and the most polymorphous Hydroid, with our common Portuguese
Man-of-War '(Physalia,) may at once show the homology of their most polymorphous
individuals.’

The' embryology of Mollusks has been very ecxtensively investigated, and some
types of this branch are among the very best known in the animal kingdom. The
natural limits ef the branch itself appear, however, somewhat doubtful. I hold that
it -must: include the Bryozon? which lead gradually through the Brachiopods® and
Tunicata to the ordinary Acephale, and I would add, that I have satisfied myself
of the propriety of uniting the Vorticellidee with Bryozon. On the eother haud, the
Cephalopods can never be separated from the Mollusks proper, as a distinet hranch;
the partial segmentation of their yolk no more affords a ground for their separation,
than the total segmentation of the yollk of Mammalin would justify their separation
from the other Vertebrata. Moreover, Cephalopods are in all the details of their
structure homologous with the other Mollusks. The Tunicata are particularly inter-
esting, inasmuch as the simple Ascidians have pedunculated young, which exhibit the
most striking resemblance to Boltenia, and form, at the same time, a connecting link
with the compound Ascidians! The development of the Lamellibranchiata scems to

1 X shall show this fully in my second volume.
Meanwhile, scc my paper on the structure aud
Lomologies of Radiata, . o., p. 20.

1 Arvyax, (G. J.,) On the Present State of our
Knowledgo of the Fresh Water Polyzon, Proc. Brit.
Asso. Adv. Sc., 20th Meot., Edinburgh, 1850, p. 805.
—Proc. Irish Ac. 1850, vol. 4, p. 470. — Ibid., 1853,
val. §, p. 11.— VaxBexeoey, (P. J.,) Recberches
sur I'Anatomie, In physiologie ct le développement
des Bryozoaires qui habitent ln cGte d'Ostende, Nouv.
AMém. Ac. Brux,, 1845, vol. 18.— DuxonrTtieR,, (B. C.,)
ot VaxBexepry, (P. J.,) Histoire natuxclle des
Polypes composés d'eau douce, Mdm. Ac Brux.,
1850, volL 16, 4to. fig.— Iincks, (Tua.,) Notes on
British Zoophites, with Descriptions of some New
Specics, Ann. and Mag. Nut. Ilist., 2d ser., 1831,
vol. 8, p. 858, — Enuexnenc, (C. G.,) Die Infu-
sionsthicre als vollkommene Orgunismen, Leipzig,
1838, 2 vols. fol. fig.—BreN, (F.,) Infusionsthiere
ouf ibre Entwickelungsgeschivhte untersucht, Lvip-
zig, 1854, 1 vol. dto. lig.— Franrzivs, (AL v.,)

Analcetn nd Ophrydii versatilis historiam naturulew,
Vratislay, 1849. — Lacnsaxy, (C. F. J.,) Ucber die
Orgunization der Infusorien, Lesonders der Vorlicel-
len, Miiller's Arch., 1856, p. 340. Iluving satisficd
myself thut the Vorticellidw nre Bryozon, I would
also refer here to all the worka on Infusorin in which
these animals are considered.

¥ 1 sce from o short vemark of Leuckart, Zeitsch.
f. wiss. Zool,, vol. 7, suppl,, p. 115, that he hus nlso
pereeived the close relationship which exists between
Brachiopods and Bryozon.

¢ Savieny, (J. C.,) Mémoires sur les Anim. sans
Vertibres, cte. q. w.— Cuamsso, (Ap. a,) De
animalibus quibusdum ¢ classe Vermium Linnaana,
Fase. 1, De Sulpa, Berol, 1819, dto,, fig. — MEVEN,
(F. J.,) Beitriige zur Zoologie, cte., 1st Abth., dber
Sulpen, Nov. Act. Nat. Cur. 1832, vol. 16, —
Evwanps, (H. Miuxe,) Observations sur les Asvi-
dics composdes des eotes de In Manche, Paris, 1841,
dto,, lig.— Sans, (M.)) Bueskrivelser, q. i, — Fuunn
litt,, q. 0. — VaxBeseoes, (P J,) Recherches sur
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be very uniform, but they differ.greatly as to their breeding, many laying their
eggs before the .germ is formed, whilst others carry them in their gills until the
young are entirely formed! This is observed particularly among the Unios, some of
which, however, lay their eggs very early, while others carry them for a longer
or shorter time, in a special pouch of the outer gill, which presents the most diversi-
fied forms in different genera of this family. Nothing is as yet known of the
development of Brachiopods. The Gasteropods? exhibit. & much greater diversity

I'embryogénie, I'noatomic ot la physiologie des Asci-
dies simples, Mém. Ac. Brux., 1847, vol. 20.—
Kronw, (A,) Ueber die Entwickelung der Ascidien,
Miller's Arch., 18562, p. 312.— Korriker, (A.,)
et Liwio, De la composition ct de In structure
des envcloppes des Tunicicrs, Ann. Sc. Nat. 3e sér.,
vol. 3, p. 193.— Huxver, (Tm. H.) Obscrvations
upon the Anatomy and Physiology of Salpn and
Pyrosomsn, Philos. Trans. R. Soc., 1851, IL., p. 567.
— Esonricet, (D. F.) Anatomisk-physiologizke
Undersogelser over Salperne, Kiib, 1840, fg.—
Steexetrop, (J,) Ueber den Gonerationswechsel,
q- 8.—VoeT, (C,) Bilder ous dem Thierleben,
Frankfurt a. M., 1852, 8vo.— MiLLEr, (H.,) Ucber
Salpen, Zeitsch. f., wiss,, Zool, vol. 4, p. 320.—
Leuckart, (R.,) Zoologishe Untersuchungen, Gics-
sen, 1858-54, 4to., fig., 2d Fasc.

1 Carus, (C. G.,) Entwickelungageschichto unse-
rer Flussmuschel, Leipzig, 1832, 4to., fig.— QuaTRE-
FAGES, (Amy. DE,) Sur l'embryogénic des Tarcts,
Ann. Sc. Nat, 3e sér., 1849, vol. 2, p. 202.—Sur
In vie interbranchinle des petites Anodontes, Ann. Sc.
Nat., 2de &ér., vol. 5, p. 321.— Lovex, (S. L.,) Om
Utvecklingen of Mollusca Acephnla, Overs. Vet
Akad. Férhaodl. Stockholm, 1849.— Germ. Miiller's
Arch., 1848, p. 531, aod Wiegman's Arch,, 1849,
p- 812. —Pnevos, (J. L,,) Do la génération choz la
moule des peintres, Mém. Soc. Phys. Gendve, 18235,
vol. 8, p. 121.—Scnyot, (0,,) Ucber die Entwicke-
lung von Cyclns cnlyculnta Deap. Miller's Arch.,
1854, p. 428, — Levwiq, (F,,) Ucber Cyclas cornen,
Miiller's Arch., 1853, p. 47.

2 Cancs, (C. G.,) Yon den iiussern Lebensbe-
dingungen der weiss- und kaltbliitigen Thiere, Leip-
zig, 1824, dto., Og.— Prevost, (J. L.) De la
génération c¢hez le Lymude, Mcém. Soe. Phys,

10

Genbve, vol. §, p. 119.— Sars, (M.,) Zur Entwicke-
lungsgeschichte  der Mollusken und  Zoophyten,
Wiegm. Arch., 1837, I, p. 402; 1840, L, p. 196.—
Zusiitze zu der von mir gegebenen Dartstellung
der Entwickelung der Nudibranchien. Wicgm. Arch.
1845, L. p. 4.— QuaTrEFAGES, (AR, DE,) Mémoire
sur I'Embryogénic des Planorbes et des Lymndes,
Ann. Sc. Nat., 2de sér., vol. 2, p. 107. — VaxBexe-
peY, (P. J.) Recherches sur le développement des
Aplysics, Ann. Sc. Nat., 2de sér., vol. 15, p. 123.—
VaxBexeoen, (P. J.,) et Wixpiscouay, (Co.,)
Recliercbies sur 'Embryogénie des Limaces, Mém.
Ac. Brux., 1841, —Jacquemin, (Ex.,) Sur le
développement des Planorbes, Ann. Se. Nat., vol. 3.
p- 117; Nov. Act. Nat. Cur.,, vol. 18.— Duxon-
Tien, (B. C,) Mdémoire sur les évolutions de
l'embryon dans les DMollusques Gastéropodes, Mém.
Ac. Brux., 1836, vol. 10.—Laurext, (J. L. M.,)
Observations sur le développement de loeuf des
Limaces, Ann. Sc. Nat., vol. 4, p. 248.— Poucuer,
(F. A.) Sur le développement de l'embryon des
Lymnées, Ann. Sc. Nat., 2dc sér., vol. 10, p. 63.—
Voart, (C.,) Recherches sur I'Embryologio de I'Ac-
twon, Ann. Sc. Nat., Se sér,, 1846, vol. 6, p. 5. —
Beitmg zur Entwickclungsgeschichto eines Cepha-
lophoren, Zeitsch. f. wiss. Zool., 1855, vol. 7, p. 162.
— SonoitzE, (M.,) Ucber dic Entwickelung des
Tergipes lacinulatus, Wiegm. Arch., 1849, L., p. 268,
— Wannecg, (N. A.) Ucber die Bildung und
Entwickelung des Embryo bei Gasteropoden, Bull.
Soc. Imp., Moscou, 1850, vol. 23, L. p. 90.—
Scosivr, (0.,) Ueber dio Entwickelung von Limux
agrestis, BMiller's Arch.,, 1851, p. 278.— Leyoic,
(F.) Ucber Paludinn vivipara, cin Deitrag znr
niihern Keuntniss divsea Thicres in embryologischer,
anutomischer uud histologischer Bezichung, Zeitsch.
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in their development than thé Lamellibranchiata. Even among the terrestrial and
aquatio Pulmonats. there gre striking differences. Some of the Pectinibranchiata are
remarkable for -the curious cases in which their eggs are hatched and the young
doveloped, -to an ndvanced state of growth. The cases of Pyrula and Strombus are
among the most extraordinary of these organic mests. The embryology of Cepha-

lopods? has been masterly illustrated by Kolliker.
There is still much diversity of opinion among naturalists, respecting the limits
of Articulatn; some being inclined to separate the Arthropoda and Worms as dis

£ wiss. Zool, 1850, vol. 2, p. 125.— KOLLIKER,
‘(An) q. 0., Zeitsch. f. wiss. Zool,, vol 4, p. 333 and
869, — Migrrer, (J.,) Ueber verschicdene Formen
von. Scethicren, Miller's Arch., 1854, p. 69.— Ucber
Syoapta digitata und Uber dic Erzeugung von
Schoacken in Holothurien, Berlin, 1832, 4to. fg. —
The remarkablo caso described in this puper, ndmits
of an explanation which Miller has not considered.
It is known, that fishes penetrate into the cavity of
the body of Holothurix, through its posterior opun-
ing. (De Bosser, Notice, cte., Mém, Soc. Se. Nat.,
Nouch., 1889, vol. 2, 4t0.) The similarity of Ento-
concha mirabilis with the embryonic shell of various
specics of Littorine, guch ns Lacuna vincta, the
development of which I Lad an opportunity of study-
ing, suggests tho possibility, that some specics of this
fomily, of which there are many very smull ones,
sclect the Synapta as their breeding place and leave
it after deposiling their eggs, which may become con-
nected with the Synapts, as our Mistletoe or the
Orobanche and many other parasitic plants, with the
plants upon which they grow. — GEGENBAUER, (C.,)
Beitriige zur Entwickelungsgeschiclte der Landgas-
teropoden, Zeitsch. f. wiss. Zool., 1852, vol. 3, p. 371.—
Untersuchungen Uber Pteropoden und Heteropoden,
Leipzig, 1855, 1 vol., dto. fig.— Konen, (J.) und
Daxievssey, (D. C.,) Bitrag til Pectinibranchicraes
Udviklingghistorie, Bergen, 1851, 8vo. ; Freuch Ann.
Sc. Nut, 1852, vol. 18, p. 257, und 1853, vol. 19,
P 89; alko Germ. in Wicgm. Arcl., 1833, pe173.—
Nououans, (AL, V.) Versueh ciner Monogruphic
vou Tergipes Edwardsii, St. Petersburg, 1844, 4to, —
Levcganr, (R.,) Zoologische Untersuchungen, Gies-
sen, 185354, 410, fig, 84 Fase. — Hexeey, (T 1)
On the Morplology of tho Cephulous Mollusen, cte.,

Phils. Trans. . Soc, 1833, I, p. 29.— Iloco,
(Jangz,) On the Development and Growth of the
Waterannil, Quart. Micr. Journ., 1854, p. 91.— Reip,
(J.) On the Developmnent of the Ova of the Nudi-
branchinte Mollusea, Ann. and Mug. Nat, Hist., 1846,
vol. 17, p. 377.— Cauvcexter, (W. B.,) Ou the
Development of the Embryo of Purpura Lapillus,
Quart. Micr. Journ., 1845, p. 17.

! KoLuiker, (Auw,) Entwickelungsgeschichite
der Cepllopoden, Zurich, 1844, dto., fig.— Vax-
Benevey, (P. J.) Recherches sur I'Embryogénie
des Sépivles, N. Méw. Acad. Brux., vol. 14, 1841,
— CovrpstrEAY, (Z.,) On the Ova of Sepin, Lond.
and Ed., PLil. Mug., Oct., 1833.— DucEs, (ANT..)
Sur lo développement de I'embryon chez les Mollus-
ques Cépbalopodes, Ann. Se. Nat., vol. 8, p. 107, —
Ratuxke, (I1,) Perothis, cin ucues genus der Cepln-
lopoden, Mém. Aec. St. Petersb,, 1834, vol. 2, p.
149, (Is the young of some Loligoid Cephinlopod.)
Miuxe-Epwarps, (I1,) Qbservations sur les sper-
matophores des Mollusques Céphalopodes, ete, Ann.
Sc., ., 2de sér., vol. 3, p. 193. — KoLLiken, (A.)
Hectocotylus Argonuutms Delle Chigje und  Hecte
Tremoctopodis K., die Mimnchen vou Argonuutdt
Argo und Tremoctopus violaceus, Ber. Zool. Anst-
Wirzburg, 1849, p. 69.— MijLLen, (11.) Ueber
dus Milunchen vou Argonauta Arge uud die Hecto-
cotylen, Zeitsch. £ wiss. Zool,, vol. 4, p. 1. — VERA-
Y, (J. B.) et Voor, (C.,) Mémoire sur les e
tocotyles et les males de quelyues Céphudopodes,
Aun. Sc. n., S¢ sér., 1832, vol. 17, p. 147.— Rot-
Ly, (I% D.) De ln conmuizsunee qu'ont cue lvs
anciens du bras copulateur ¢hez certnins Céphalos
pudes, Aune Se. u, Je sée, 1852, vol. 17, p. 188.—
Leverant, (R.,) Zool. Guters. o a.
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tinct branches, while others unite them into one. I confess I cannot see the ground
for o distinction. The worm-like nature of the larvee of the majority of Arthropods
and the perfect homology of these larvm with the true Worms, seem to me to
show beyond the possibility of a doubt, that all these animals are built upon one
and the same plan, and belong, therefore, to one branch, which contains only three
classes, if the principles laid down in my second chapter are at all correct, namely,
the Worms, Crustacen, and Insects. As to the Protozon, I hnve little confidence
in the views generally entertained respecting their nature. Having satisfied myself
that Colpoda and Paramecium are the brood of Planarize, and Opalina that of Dis-
tomn, I see no reason, why the other Infusoria, included in Ehrenberg’s division
Enterodela,' should not also be the brood of the many lower Worms, the develop-
ment of which has thus far escaped our attention. Again, & comparison of the early
stages of development of the Entomostraca with Rotifera might be sufficient to show,
what Burmeister, Dana, and Leydig have proved in another way, that Rotifera are
genuine Crustacea, and not Worms. The vegetable character of most of the Anen-
tera has been satisfactorily illustrated. I have not yet been able to arrive at a
definite result respecting the Rhizopods, though they may represent, in the type of
Mollusks, the stage of yolk segmentation of Gasteropods From these remarks it
should be inferred, that I do not consider the Protozon as a distinct branch of the

animal kingdom, nor the Infusoria as a natural class?
Taking the class of Worms, in the widest sense, it would thus embrace the

1 That Vorticellidm are Bryozos, has already
been stated above.

? Souvrtze, (M.,) Beitriige zur Naturgeschichte
den Turbellarien, Greifswald, 1851, 4to., fig. — Zoo-
logische Skizzen, Zeitsch. f, wiss. Zool. 1852, vol. 4,
p. 178.— MuLLER, (J.,) Ucber cine cigenthiimliche
Wurmlarve, cte, Archiv, 1850, p. 485.— Desonr,
(E.) On the Embryology of Nemertes, with an Ap-
pendix on the Embryonic Development of Polynoe,
Boston Journ. Nat. Hist. 1850, vol. G, p. 1; Miller's
Archiv, 1848, p. 511.— Agassiz, (L) Colpoda and
Parnmecium are larvo of Planarie, Proc. Am. Ass.
Adv. Se., Cambridge, 1849, p. 439.— Girano, (Ca.,)
Ewbryoni¢ Development of Planocera elliptica, Jour.
Ac. Naut. Se. Phil,, 2d ser. 1854, vol. 2, p. 807.—
Euresverg, (C. G.) Dic Infusionsthierchen, ecte.,
q- n.— Kirzixg, (F. T.) Ucler die Verwandlung
der Infugoricn in niedere Algenfurmen, Nordhausen,
1844, 4to0. fAg.—Sievorn, (C. Tu. E. v.,) Ucber

einzellige PAanzen und Thiere, Zeitsch. f. wiss. Zool.
1849, vol. 1, p. 270.— Nakegery, (C.,) Gattungen
einzelliger Algen, Zurich, 1849, 4to. fig.— Brauv,
(A.,) Algarum unicellularium genera nova et minus
cognita, Leipzig, 1855, 4to. fig. — Conx, (F.,) Bei-
triige zur Entwickelungsgeschichte der Infusorien
Zcitsch. f. wiss. Zool. 1851, vol. 8, p. 257.— Bei-
triigo zur Kenntniss der Infusorien, Zeitsch. f. wiss.
Zool. 1834, vol. 5, p. 420.— Ucber Encyslirung von
Amphileptus fascioln, ibid. p. 434.—ScoorrzE, (M.,)
Ucber den Organismus der Polytholamien, Leipzig,
1854, 1 vol. fol. fig.— Beobachtungen iber dic Fort-
pAanzung der Polythalamicn, Miiller's Archiv, 1856,
p- 165.— Avennacn, (L.,) Ucber die Einzelligkeit
der Amocben Zeitsch. fi wiss. Zool. 1833, vol. 7,
p- 365.— Ucber Encystirung von Oxytrichn Pellio-
nelly, Zeitsel, i wisa. Zool. 1834, vol. 3, p. 430, —
Ciexgowsky, Ueber Cystenbildung bLei Infusorien,
Zeitsch. . wiss. Zool 1835, vol, G, p. 301.
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Helminths, Turbellavise; and ‘Annulats. The embryology of these animals still requires
careful study; notwithstanding the many extensive investigations to which they have
been -submitteds;  the intestinal Worms especially continue to baffle the zeal of
naturalists, ’évén now when the leading features of their development are ascertained.
The “Nemstoids .undergo a very simple development, without alternate "generations,
and-‘a8’ sbrhe~ are viviparous their changes can easily be traced! The Cestods and
Cynstici, which ‘were long considered as separate orders of Helminths, are now known
to. stand in direct genetic conuection with one another, the Cystici being only
earliew stages of development of the Cestods? The Trematods exhibit the most
complicated phenomena of alternate generations; but as no single species has thus
for’ been traced through all the successive stages of its transformations, doubts are

S,

1 Srewv, (F.,) Beitriige zur Entwickelungsges-
thichte der Eingeweidewlrmor, Zeitsch. f. wiss. Zool.,
1852, vol. 4, p. 196.—Nztson, (H.) On the Re-
production’ of: the' Ascaris Myatax, Philos. Trans.
R. Boc, 1852, IL, p. 563.— Gnrung, (E.) Ueber
cinige Anguillulen und die Entwickelung von Gor-
dius aquaticus, Wiegmann’s Archiv, 1849, I, p. 338.
—8msoc, (C. To. E. v.,) Ucber dic Wanderung
der Gordinceen, Uebers. d. Arb. und Ver. schles.
Ges: £ voterl. Kultur,, 1850, p. 88.— Meissxer,
(G.,) Beitriige zur Anatomic und Physiologic von
Mermis albicans, Zeitsch. f. wiss. Zool., 1858, vol. 5,
p. 207.— Beobachtungen Uber dos Eindringen der
Soamenelementa in den Dotter, Zeitsch. f. wiss.
Zool., 1855, vol. 6, p. 208, und 272.— Beitriige zur
Anatomio und Physiologie der Gordiaceen, Zeitsel, f.
wiss, Zool, 1855, vol. 7, p. 1.— KdLLIKER, (A.)
Beitrige zur Entwickelungsgeschichte- irbellosor
Thiere, Maller's Archiv, 1843, p. (8. — Bagccr,
(H.,) Disscrtatio inaug. de evolutione Strongyli nu-
ricularis ot Ascaridis scuminatm, Erlangen, 1841,
4to. fig.— Lewry, (Jos.,) A Flora and Fauna within
living Animals, Smithson. Contrib. 1853, 4to. fig.—
Luscnxa, (H,) Zur Naturgeschichto der Trichina
spiralis, Zeitsch. f. wiss. Zool. 1851, vol. 8, p- 69.—
Biscriory, (Tn.,) Ucber Ei- und Sumenbildung und
Befruchtung bei Ascaris Mystax, Zeitseh, f. wiss.
Zool., 1855, vol. 6, p. 877.— Widerlegung, des von
Dr. Kener boi den Nujnden und Dr. Neusox bei
den Ascariden bohaupteten Eindringens der Sper-
watozoiden in dus Ei, Giesson, 1854, 4to. fig.—

Bestiitigung des von Dr. Newport bei den Batrn-
chiern und Dr. BAnrry bei den Kuninchen behnupte-
ten Eindringens der Spermatozoiden in das Ei, Gies-
gen, 1854, Jto.

? Vax Bexepey, (P. J.,) Les Helminthes Ces-
toides, ete., Bullet. Ac. Belg,, vol. 16, et seq.; Mém.
Ac. Brux., 1850, vol. 17, et seq. — KoLriker, (A.,)
Beitriige, etc., q. a.; p. 81.— Siesorp, (C. Tu. E.
v.,) Ueber den Generationswechsel der Cestoden, ete.,
Zeitsch. wiss. Zool.,, 1850, vol. 2, p. 198.— Ucber
die Umwandlung von Blasenwilrmer in Bandwiirmer,
Ucbers. d. Arb. und Ver. d. schiles. Ges. f. vaterl
Kultur, 1852, p. 48.— Ucber die Verwandlung des
Cysticercus pisiformis in Twnin serrata, Zeitsch. fo
wiss. Zool., 1858, vol. 4, p. 400.—Ukebor die Ver-
wandlung der Echinococcus-Brut in Trenico, Ibid.
1858, p. 409. — Ueber dio Band-und Blasenwlirmer,
nobst einor Einleitung Uber die Entstchung der Ein-
geweidewiirmor, Leipzig, 1854, 8vo. fig.— HoxLEY,
(To. H,) On the Anatomy aud Development of
Echinococcus veterinorum, Ann. and Mag. Nat. Hist.
2d ser,, vol. 14, p. 879.— Kijonexueister, (Fr.)
Ucber dioc Umwandlung’ der Finnen (Cysticerci) in
Bandwlrmor (Twmnim) Prag. Viertcljulrssch, 1852,
p- 106.— Wacener, (R. G.,) Die Entwickelung der
Costoden, Bonn, 1855, 1 vol. to. fg.— MEISSNER,
(G.) Zur Entwickelungsgeschichto und Anutowio
der Bandwirmer, Zeitsch. £ wiss. Zool,, 1834, vol.
5 p 880.— Leuckan, (R,) Erzichung des Cysti<
cercus fisciolaris aus den Eiern der Twnin crussi-
collis, Zeitech. f. wiss. Zool. 1854, vol. 6, p. 139.
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still - entertained xespeoting the genetic connection of many of the forms which

appear to belong to the same organic cycle!

It is nleo still questionable, whether

Gregarin® and Psorospermia are embryonic forms or mnot, though the most recent

investigations render it probable that they are?

The development of the Annu-

lata, as. they. are now circumscribed, exhibits great variety;® some resemble more
the Nematods, in their metamorphoses, while others, the Leeches for instance,

1 NoroMANN, (Ar. v.,) Micrographische Beitriige
zur Naturgeschichte der wirbellosen Thicre, Berlin,
1892, 4to. fig.— Bosaxus, (L.) Zerkarien und ihr
Fundort, Isis 1818, vol. 4, p. 729.— Enthelmin-
tica Isis 1821, p. 162.— Carus, Beobachtungen tiber
einen merkwilrdigon Eingewcidewurm, Leucochlori-
dium paradoxum, Nov. Act. Ac. Nat. Cur., vol. 17,
p- 85.— Stesorp, (C. Ta. E. v.,) Helminthologische
Beitriige, Wiegman's Archiv, 1835, vol. 1, p. 45.—
Ucber die Conjugation des Diplozoon paradoxum,
etc,, Zeitsch. f. wiss.,, Zool, 1851, vol. 3, p. 62. —
Gyrodactylus, ein ammendes Wesen. Zeitsch. f. wiss.
Zool., 1849, vol. 1, p. 847. — Steenstnor, (J.,) Ge-
nerationswechsel, cte., q. 0. —Bmnarz, (Tm.,) Ein
Beitriig zur Helmintbographin humana, Zeitsch. f.
wiss. Zool., 1862, vol. 4, p. 59. — Acassiz, (L.,) Zod-
logical Notes, ote., Amer. Journ. Sc. nnd A. 1852, vol.
13, p. 425. — Bakr, (K. E. v.,) Beitriige zur Kennt-
niss der niedern Thiere, Act. Nov. Nat. Cur. 1827,
vol. 13.— Ausent, (H.,) Ucber das Wassergefiiss-
system, disc Geschlechtsverbiilmisse, die Eibildung
und die Entwickelung von Aspidognster conchicola,
Zeitsch. f. wiss. Zool. 1855, vol. 6, p. 849. — Leiy,
(Jos,) Description of two new Specics of Distoma,
with the partinl History of one of them, Jour. Ac.
Nat. Sc. Phil. 1850, vol. 1, p. 801, fig.

* Mucrer, (J,) Ueber cine -cigenthiimliche
krankhatle parasitische Bildung, ecte., Miiller's
Avrchiv, 1841, p. 477.—Ucber parasitische Bildun-
gen ete.,, Muller's Archiv, 1842, p. 193. —Durour,
(L.) Note sur In Grégurine, cte,, Ann. Sc. Nat.,
1828, vol. 13, p. 366, fig. —Ibid.,, 2dec sér., 1837,
vol. 7, p. 10.—%iesorn, (C. To. E. v.,) Beitriige
etey, (o ey pe 56-71.— Hauserscusior, (C. Ep.,)
Helminthologisehe  Beitriige, Isis 1838, p. 851.—
KoLLiker, (A.,) Die Lehre von der thierischen
Zelle, ete., Zeitech. wiss, Botanik. 1843, vol. i, p. 46,

and p. 97. — Beitriige zur Kenntniss niederer Thiere,
Zicitsch. f. wiss. Zool. 1848, vol. i. p. 1.— HeNLE,
(J.,) Ucber dio Gattung Gregarina, Miiller's Archiv,
1845, p. 369.— Frantzius, (AL, v,,) Observationes
queedam do Gregurinis, Berolini, 1846.—StEeWN, (F.,)
Ueber die Natur der Gregarinen, Miller’s Archiv,
1848, p. 182, fig.— Bnucm, (C.,) Einige Bemer-
kungen iiber die Gregarinen, Zeitsch. f. wiss. Zool.
1850, vol. 2, p. 110.— Levpic, (F.,) Ueber Proro-
spermicn und Gregarinen, Milller's Archiv, 1831,
p- 221.—LEiwy, (Jos..) On the Organization of the
Genus Gregaring, Trans. Amer. Phil. Soc. 1851, vol.
10, p. 233. — Some Observations on Nematoiden im-
perfecta and Descriptions of threo parasitic Infusoria,
Trans. Amer. Phil. Soc. 1851, vol. 10, p. 241.—
Lieserxiuy, (N.,) Ucber die Psorospermien, Miil-
ler's Archliv, 1854, p. 1.

® Wepen, (E. IL,) Ucber die Entwickelung von
Hirude medicinalis, Meckel's Archiv, 1828, p. 366,
fig.— Fiuierr, (FiL. pe,) Sopra I'anatomia o lo svi-
luppo delle Clepsine, Pavin, 1839, 8vo. fig.— LOVEN,
(J.,) Beobacltungen ilber die Metamorphose ciner
Annclide, X. Vet. Ac. Handl. 1840, Wicgmann's
Arcliv, 1842, vol. i,, p. 802.—OrgstED, (A. S.,)
Ucber die Entwickelung der Jungen bei einer Anne-
lide, ete.,, Wicgmann's Archiv, 18435, vol. i, p. 20.—
Sars, (M.,) Zur Entwickeluog der Anncliden, Wicg-
mann's Archiv, 1845, vol. i, p. 11.—Mexge, (A.)
Zur Roth-Wiirmer Gattung Eunxes, Wicgmnnn's
Archiv, 1845, vol. i, p. 24,— Gnuug, (A. E.) Zur
Anatomic und Entwickelung der Kiemenwiirmer,
Kinigsberg, 1838, dto.—Actinien, Echinodermen und
Wiirmer, cte., Konigsberg, 1840, Jto. ig.— Unter-
suchungen fiber die Entwickelung der Clepsine, Dor-
pnt, 1844 — Epwanns, (1L Miuse) Observations
sur le développement des Annélides, Aun. Se. Nat.
3o sér. 1845, vol. 3, p. 145. — Kocn, (IL,) Einigo
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approximate more the type of the Trematods.
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Panr 1.

The Sipunculoids appear to be more

closely relsted to the Annulata than to the Holothurioids?

The olass of Crustacea, on the contrary, may be considered as one of the best
known, as far as its zotlogical characters and embryonic growth are concerned; the
only point still questioned being the relationship of the Rotifera? In their mode
of development the Lernmans, the Entomostraca proper, and the Cirripeds agree as
closely with one another as they differ from the higher Crustacea. This con-
formity® is the more interesting, as the low position the Entomostraca hold in the

Worte zur Entwickelungsgeschichte der Eunice, mit
oinem Nachworte von Kolliker, N. Denksch. Schyw.
Gesell., 1847, vol. 8, 4to. fig. — QraTreraces, (A.
DB,) Mémoire sur 'Embryogénic des Annélides, Ann.
Sc. Nnt. 3o sér., 1848, vol. 10, p. 158, fig.— Desor,
(Ep,) On tho Embryology, clc, q. a.— LEiDY,
(Jos.,) Descriptions of some American Annelidn
abranchis, Journ. Ac. Nat. Se. Phil. 1850, vol. 2,
p- 43, Gig, (Lumbricillus contained several thousand
large Leucophrys. The case related here by Leidy
geems to mo to indicate rather the hatching of Opali-
nas from tho cggs of Lumbricillus, than the presenco
of parasitic Leucoplrys.) — Scnurtze, (M.,) Ucber
dic Fortpflanzung durch Theilung Lei Nais probosci-
dea, Wicgman's Archiv, 1849, I, p. 293; id. 1852,
I, p. 8.—Zoologische Skizzen (Arcnicola piscat.)
Zitach. f. wiss. Zool. 1852, vol. 4, p. 192.— Buscn,
(W.)) Beob. iiber Anat. und Entw. q. n (p. 55.) —
MurLer, (M.,) Obscrvationes anatomicm de Vermi-
bus quibusdam maritimis, Berolini, 1852, 4to,; Mil-
ler's Archiv, 1852, p. 328.— Ucber die weitcre
Entwickelung von Mesotrocha sexoculata, Milller's
Archiv, 1855, p. 1.—Ueber Sacconcercis helgolandica,
Miiller's Archiv, 1855, p. 18.— Knony, (A.,) Ueber
die Erclheinuogen bei der Fortpflanzung von Syllis,
Wicgman's Archiv, 1852, I, p. 66.— Ucber div
Sprdsslinge von Autolytus prolifer Gr., Muller's Ar-
chiv, 1835, p, 489.— Lruckart, (R.) Ucber die
ungeschlechtliche Vermelrung bei Nais proboscidoa,
Wicgmun's Archiv, 1851, p. 134.— Ucber dio Ju-
geodzustiinde ciniger Anncliden, Wiegman's Archiv,
1835, 1., p. 68.

! Perens, (W.) Ucber dic Fortpflanzungsorgane
des Sipunculus, Muller's Archiv, 1850, p. 382, —
Mucrer, (ML) Ucber ciue den Sipunculiden ver-

wandte Wurmlarve, Miller's Archiv, 1850, p. 439.
— Knomy, (A.,) Ucber die Larve des Sipunculus
nudus, cte, Miiller's Archiv, 1851, p. 368.—
Somxanva, (L.) Zur Naturgeschichte der Adrin
(Bonelliu viridis) Deonksch. Wien. Akad. 1852, vol
4, p. 117, fig.— Gecexsaver, (C,) Ucber die Eut-
wickelung von Dolivlum, der Scheibenquallen und
von Sagitta, Zeitsch. £ wiss. Zool. vol. 5, p. 13.

? Eunrexperg, (C. J.) Die Infusionsthicrchen,
cte., q. 0. — DaLrysreie, (J..) Description of an In-
fusory Animulcule allied to the Genus Notommata,
Philos. Trans. 1844, 1L, p. 831.—Naecer, (IL.)
Beitriige zur Entwickelungsgeschichte der Riider-
thicre, inaug. Diss., Zurich, 1852, 8vo. lig.— LEYDIG,
(Fr.,) Ucher den Bau und dio systematische Stel-
lung der Riiderthiere, Zeitseh, fi wiss. Zool. 1854,
vol. G, p. 1.—Zur Anatomic und Entwickelungsges-
chiclite der Lacinularia sociulis, Zeitsch. fi wiss, Zool.
1852, vol. 8, p. 452.— Couw, (F.,) Ueber dic Fort-
pianzung der Riiderthiere, Zeitsch. f. wiss. Zool.,
1855, vol. 7, p. 431.— Hoxtey, (To. H,,) Lacinula-
rin socialis, Trans. AL Soc., Micr. Journ. 1852, p. 12.
— WiLLtansox, (W. C.,) On tho Anatowy of Meli-
cerla ringens. Quart. Micr. Journ. 1832, p. 1.

* Jonine, (L.,) Histoire des Monocles qui s¢
trouvent aux environs de Gendve, Puris, 1806, -to.
fig.— Epwanos, (H. MiLng,) in Cuvier, Rign. An.
¢dit, illustr. q. o. Crustneés; represents young Li-
mulus.— Zaopacn, (E. G.) De Apodis canerifor-
mis Anatome et Historin cvolutionis Bonnw, 1841
4to. fig.— Noupyaxy, (Av. v.,) Microgr. Beitr. q-
n.—Leypis, (Fr.,) Ucber Argulus folinceus, ein
Beitrng zur Anatonie, Histologic und Entwickelung-
geschichte dieses Thieres, Zeitseh. £ wiss. Zool. l35'.’-
vol. 2, p. 823, — Ucbor Artemin saling und Branchi-
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closs of Crustaces, agrees strikingly with their early appearance in geological times,
while the form of the adult Cirripeds® and that of the Lernmans would hardly
lead one to suspect their near relationship, which has, indeed, been quite overlooked
until Embryology showed that their true position is among Crustacea. In the
development of the higher Crustacen® their superior rank is plainly exhibited, and
few types show more directly a resemblance, in their early stages of development,
to the lower members of their class, than the Brachyura

In the class of Imsects, I include Myriapods, Arachnoids, and the true Insects
as, according to the views expressed hereafter, these natural groups constitute only
different degrees of complication of the same combination of organic systems, and
must, therefore, be considered as natural orders of one and the same class. This
class, though very extensively studied in a zodlogical and anatomical point of view,
and as far as the habits of its representatives are concerned, still requires, however,
much patient work, as the early embryonic development of these animals has been

much less studied than their later transformations3

pus stagnalis, Zeitsch. f. wiss. Zool. 1851, vol. 3, p.
280.— VaxBexepey, (P. J.)) Recherches sur quel-
ques Crustacés inféricurs Aon. Se. Nut. 3e sér. 1851,
vol. 16, p. 71.—Mémoire sur le dévcloppement et
l'organisation des Nicothods, Ann. Sc. Nat. 3e sér.
1850, vol. 13, p. 354.— Bannanpg, (J.,) Syst. sil. q.
a.; contains the first observations upon the transfor-
mations of Trilobites.

! TaoursoN, (W. V.,) Zoological Rescarches
and Dlustrations, or Nutural History of nondescript
or imperfectly known Animnls, Cork, 1828-34, 8vo,,
fig.— Borurister, (H.,) DBeitriige zur Naturge-
schichte der Rankeoflisser, (Cirripedia,) Berlin, 1834,
1 vol. 4to. fig.—Goopsm, (H. D. S.,) On the Sexes,
Organs of Reproduction, und Development of Cirri-
peds, Ed. N. Phil. J. 1848, No. 33, p. 88, fiz.—
Mautin St. ANGE, (G. J.,) Mémoire sur l'organisa-
tion des Cirriptdes ¢t sur leurs rupports naturels
avee les animnux articulés, Auwn. Se. Nat. 1881,
pe 3066, fig. — Danwiy, (Cir.) A Monograph of the
sub-vlags Cirripedin, with Figures of ull the Species,
Lomlon, 1851, 2 vols. 8vo. (Ruy Sovicty.) — Bate,
(Srexce,) On the Development of the Cirripedia,
Ann. and Mag. Nut. Hist. 2d ger. vol. 8, p. 324,

3 Ratuke, (IL,) Untersuchungen iiber die Bil-
dung und Entwickelung des Flusskrebses, Leipzig,

The type of the Arachnoids

1829, 1 vol. fol. fig.— Beitriige zur Faunn Norve-
gica, Act. Nov. Ac. Leop. Cies. vol. 20. — Beitriige
zur vergleichenden Anntomic und Physiologie, Rei-
ecbemerkungen  aus Skandinavien, Dantzig, 1842,
4t0. — Zur Morphologic, Reiscbemerkungen aus Tau-
rien, Riga und Leipzig, 1837, dto. fig.— Ucber die
Entwickelung der Decapoden, Miiller’s Archiv, 1836,
p- 187, Wicgman's Archiv, 1840, L, p. 24l.—
Beobachtungen und Betrachtungen ilber die Entwi-
ckelung der Mysis vulgaris, Wicgman's Archiv, 1839,
p- 195, fiz.—Erpr, (M. P.) Entwickelung des
Hummereies, Miinchien, 1848, 4to. ig.— Epwanbps,
(H. MiLxe,) sur ln génération des Crustacés, Ann.
Sc. Nat. 1829. — Observations sur les changzements
de forme que divers Crustacés éprouvent dans le
jeune fge, Aun. Sc. Nat. 2de sér. vol. 3, p. 321,
— Acassiz, (L.,) Zoilogical Notes, ctc., Am. Jour.
Sc. and A, 1852, p. 426. — Recent Researches, ete.,
Am. Journ. Se. and A., 1852, vol. 16, p. 136.

® Henorn, (M.,) Entwickelungsgeschichite der
Schmetterlinge, ete., Knssel und Marburg, 1815, {to.
fig. — Disquisitiones de animnlium vertebriz caren-
tium in ove formatione, Frankfurt a. AL, 1835, fol.
fig. — Rarnke, (IL) Entwickelungsgeschichte der
Blatta  germanien, Meckel's  Archiv, 1832, — Zur
Entwickelungsgeschichte der Maulwurfsgrille (Gryl-
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.embraces- two groups; the Acari end the Arachnoids proper, corresponding . respec-
tively in this wclass-to .the Entomostraca and the higher Crustacea. The embryo
of the -Acari .resembles somewhat that of the Entomostracn, whilst that of the true
Spiders? recalls. the metamorphosis of the higher Crustacea. On the ground of the
gimilarity of their young, -some animals, formerly referred to the class of Worms?
are. now considered as Arachnoids; but the limits between the aquatic Mites and
the Pycnogonums are not yet quite defined.

Tn the branch of Vertebrata, all classes have been extensively studied, and as
far s the principal types are concerned, the leading features of their development
are sotisfactorily kmown. Much, however, remains to be done to ascertain the minor
modifications characteristic of the different fomilies. It may even be, that further
investigations will greatly modify the general classification of the whole Dbranch.
The class of Fishes® may require subdivision, since the development of the Plagios-

lotalpn vulgaris,) Muller's Archiv, 1844, p. 27.—
Korugen, (A.,) Obscrvationes de prima Insccto-
rum Genesi, Turici, 1842, 4to. fig.— Zabpacu, (G.,)
‘Die Entwickelung des Plryganiden Eics, Berlin,
1.vol. 4to. 1864.— Levckanot, (R.) Ucber dic
Micropyle und den feinern Bau der Schalenliout bei
den Insektenciern, Miller's Arch., 1855, p. 90.—
Newront, (Geo.) On the Organs of Reproduction
and the Development.of Myriapoda, Phil. Trans. R,
Soc., 1842, IL p. 99.—Stem, (Fr,) Vergeichende
Anntomie und Physiclogio der Insccten, 1ste Monogr.,
‘Die weiblichen Geschlechtsorgano der Kiifer, Berlin,
1847, fol. g.— Stenorp, (C. Ta. E. v.,) Ucber die
Fortpflanzung von Psyche, Zeitsch. f. wiss. Zool.,
1848, vol. 1, p. 93.— Leypig, (Fr.) Einigo Remer-
kungen Uber die Entwickelung der Blattltiuse, Zoitsch.
f. wiss. Zool., 1850, vol. 2, p. 62.—DMever, (II.)
Ucber dic Entwickelung des Fettkérpers, der Tra-
cheen und der keimboreitenden Gescheelitstheilo bei
den Lepidopteren, Zeitsch. £ wiss. Zool,, 1849, vol. 1.
—Burxerr, (W. J,,)) Researchies on tho Dovelop-
ment-of viviparous Apbides, Amer. Journ. Seci. and
Arte, 1854, vol. 17, p. 62 and 261.— As fur as the
metamorphoses of Insects, afller the eclosion of the
larva, are concerned, I must refer to the works of
Reaumer and Roesel alrendy quoted, and to almost
every modern book upon Eutomology. The metn-
morphoses of North American Inscels are minutely
described in Harris's Report, q. i

! Herorp, (M.,) De generatione Arancarum in
ovo, Murburgi, 1824, fol. fig. — Ratuxe, (IL,)
Ucler die Entwickelung des Scorpions; Zur Mor-
phologie, q. n.— VanBeneves, (P. J,,) Recherches
sur I'Histoire naturelle et le développement de I'Atax
ypsilophora, Mémn. Ac. Brux., 1850, vol. 24, p. 444.
— Wirricn, (W. I v,) Observationes quredam do
aranearum ex ovo ecvolutione, Diss. inaug. Ilulis
Sux., 1845. — Dic Entstchung des Arachnidencies
im Eierstock, Miller's Arch., 1849, p. 113, — Carus,
(J. V.,) Ucber die Entwickelung des Spinnencies,
Zeitsch. f. wiss, Zool,, 1850, vol. 2, p. 97.— Duaan-
piN, (F.) Mdwoire sur des Acariens sans bouches,
dont on n fait le genere Hypopus et qui sont lo
premier Age des Gamaoses, Ann. Sc. Nat., 1849
vol. 12, p. 243 et 259.

3 KAUFMANN, (Jos,) Uecber die Entwickelung
und zoologischo Stellung der Tardigraden, Zcitsch-
f. wiss. Zool. 1851, vol. 8, p. 220, — VANBENEDEN,
(P. J.,) Recherches sur I'organisation ct lo dévelop-
pement des Linguatules (Pentastomn,) Mém. Ac.
Brux. vol. 15, I, p. 188.— Scnusert, (T D.)
Ucber Entwickelung von Pentnstomum taenivides
Zoitseh. f. wiss. Zool. 1852, vol. 4, p. 117.— Wi~
sox, (E.) Researches into the Structure and De-
velopment of a newly discovered Parnsitic Animal-
cule of the Humnn Skin, Phil. Trans. R. Soc. 1844,
p- 805. )
* Forcumasuser, (G.,) Do Blennii vivipar
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toms differs greatly from that of the ordinary fishes. As it now stands in our sys-
tems, the class of Fishes is certainly the most heterogencous among Vertebrata.

formatione et evolutione observationes, Kiel, 1819,
4to. — Pnevost, (J. L.,) De la génération chez lc
Sdchot (Cottus Gobio), Mém. Soc. Phys. et Hist. Nat.,
Gendve, vol. 4, 1828, 4to.— Ratnke, (H..) Beitriige
zur Geschichte der Thierwelt, Halle, 1820-27, 4 vols.
4to. fig.— Abbandlungen zur Bildungs- und Ent-
wickelungsgeschichte des Menschen und der Thicre.
Loeipzig, 1832-83, 2 vols. 4to. fig.— Ucber das Ei
einiger Lachsarten, Meckel's Archiv, 1832, p. 392.—
Basr, (K. E. v.,) Untersuchungen ilber die Ent-
wickelungsgeschichte der Fische, Leipzig, 1885, 4to.
— Also Entw, der Thiere, q. 2, vol. 2d.—Davy,
(J,) On the Development of the Torpedo, Philos.
Trans. R. Soc., 1834.— Fivters, (Fiv. pg,) Memoria
sullo eviluppo del Gobius fluvintilis, Anna. Medic.,
Miluno, 1841, 8vo. fig.— Ruscont, (M.,) Soprn In
fecondatione artificinle nei pesci, Giorn. delle Sec.
Med.-chir., Pavia, vol. 9; tranls. in Miller's Archiv,
1840, p. 185.— Leltre sur les changements que les
ceufs de Poissons éprouvent avant qu'ils aient pris la
forme d'embryon, Ann. Sc. Nat., 2de sér. vol. 5;
transl. Mag. Zool. and Bot., I., p. 586.— Acassiz,
(L.,) Histoire naturclle des Poissons d’cau douce de
I'Europe contrale, vol. 1. Embryologie des Salmoncs,
par C. Voar, Neuchiltel, 1842, 8vo. atlas fol. These
investigations were made under my dircction and
supervision.— Myrrer, (J.,) Ueber den glatten Hai
des Aristoteles, und tiber die Verschiedenheiten unter
den Huifishen und Rochen in der Entwickelung des
Eies, Derlin, 1842, fol. fig.— Leuckart, (F. S.)
Untersuchungen dber dic iussern Kiemen der Em-
Lryonen von Rochen und Muien, Stuttgnrdt, 1836,
8vo. fig. — Leyp1G, (Fr.) DBeitriige zur microscopis-
chen  Anatomie und  Entwickelungszeschichte der
Rochen und Haie, Leipzig, 1852, 1 vol. 8vo. fig.—
Canvs, (C. G.,) Erliiuterungsinfeln, cte., No. 3, Leip-
zig, 1831, fol. fig.— Suaw, (J.) Account of some
Experiments nnd  Obzervations on the Puarr, ete.,
Edinh. New PPhil. Journ., vol. 21, p. 99.—On the
Development nnd Growth of the Fry of the Sulmon,
cte, Ibid. vol. 24, p. 165; ulso Ann. Nut. List, L
pe 75, and 1V. p. 352.— Yanneer, (W.) Growth
11

of the Salmon in Fresh Water, Ann. and Mag. Nat.
Hist,, IV. p. 834.— Dovernor, (G. L.,) Observa-
tions pour servir & In connaissance du développement
de la Pécilie de Surinnm, An. Sc. Nat., 1844, Se &ér.
L p. 313, fig.— Costr, (P.) Histoirc géuérale ct
particulibre du développement des corps organisés,
Pavis, 184753, 4to., Atl. fol., 2d Fasc., Epinoche. —
Quatreraces, (Arx. pg,) Mémoire sur les Embry-
ons des Synguathes, Ann, Sc. Nat., 2de &ér. vol. 18,
p- 193, Og. — Sur le développement embryonnire des -
Blennies, ete., Comptes-Rendus, vol. 17, p. 320, —
VALENCIENNES, (A.,) Anableps in Cuvier et VALEN-
ciexnxes, Histoire naturelle des Poissons, Paris, 1846,
vol. 18, p. 245, — Wynax, (J.,) Observations on the
Development of Anableps Gronovii, Journ. Bost. Nat.
ITist,, 1854, vol. 6, fig.— Acassiz, (L.) Extrn-
ordinary [ishes from Culifornin, constituting a new
family, Amer. Journ. Sc. und A., 1833, vol. 16, p. 380.
— Embryology of Lophius americnnus, Proc. Am. Ac.
1855.— LeresouLLeT, (A.,) Recherches sur I'Ana-
tomic des organes génitnux des avimaux Vertébrés,
N. Act. Ac. Nut. Cur,, vol. 28, p. 1.— Ann. Sc. Nat.,
4e sér. vol. 1.— Auperrt, (I1.,) Beitriige zur Ent-
wickelungsgeschichte der Fische, Zeitsch. £ wiss.
Zool., 1838, vol. 5, p. 94; 1855, vol. 7.— VALEN-
™, (G.) Zur Entwickelungsgeschichte der Fische,
Zeitsch. f. wiss. Zool., 1850, vol. 2, p. 267. — LEvCK-
Ant, (R.,) Ueber die allmiihlige Bildung der Kérper-
gestalt bei den Rochen, Zeitsch. f. wiss. Zool., 1850,
vol. 2, p. 258.— Ilarcker, (E.) Ucber die Eicr der
Scomberesoces, Miiller's Arch., 1855, p. 23.— Rer-
zivs, (A.,) Ucber den grossen Fetttropfen in den
Eiern der Fische, Milller's Arch,, 1835, p. 34, —
Brocu, (C,) Ueber die Micropyle der Fische,
Zeitach. f. wiss. Zool.,, 1855, vol. 7, p. 172, — Rei-
cuert, (K. B.,) Ucber dic Micropyle der Fischeier,
cte., Miller's Arch., 1856, p. 83.— Dowirkr, (I3..)
Discovery of a Viviparous Fish in Louixinna, Amer.
Jour. Sc. und Arts, 18355, vol. 19, p, 133, with Remarks
by L. AGcassiz, p. 136.—Scnvrrze, (M..) Note sur le
développement des  Pétromyzons, Comptes-Rendus,
1836, p. 336; Ann. and Mg, Nat. 1ist, 20 ser.
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Pant I,

The disngreement of authors s to the limits and respective value of its orders and
familics may be- partly owing to the unnatural circumscription of the class itself!
As to the Reptiles, it is already certain, that the Amphibin and Reptiles proper, so

long united as one class, comstitute two distinct classes.

In the main, the develop-

ment of the true Reptiles® agrees very closely with that of the Birds, while the

Amphibiens® resemble more the true fishes.

1866, vol. 17, p. 448.— Mijcrer, (A.,) Ucber die
Entwickelung der Neunaugen, Miiller's Arch., 1856,
p. 808, The unexpected facts mentioned here, render
it highly probable, that Amphioxus is the immature
atate of some marine Cyclostom.

1 The peculiaritica of the development of the
Plagiostoms consist not so much in the few large
epgs they produce, and the more intimate connection
which tho embryo of some of them assumes with the
parent, than in the development itself, which, not-
withstanding the absence of an amnios and an ullun-
fois, resembles closely, in its carly stages, that of the
Reptiles proper and of the Birds, cspecinlly in the
formation of the vascular system, the presence of a
sinus termioalis, etc. Again, besides the more ob-
vious anatomical differences existing between the
Plagiostoms and the bony Fishes, it should be remem-
bered that, ns in the higher Vertebrata, the ovary is
separated from the oviduets in the Sharks and Skates,
nod the eggs are taken up by n wide fallopian tube.
That the Plagiostoms can bardly Lo considered sim-
ply as an order in tho class of Fishes, could already
bo inferred from the fact, that they do mot constitute
o naturnl series with the other Fishes, I would,
therefore, propose the namo of Skracmians for a
distinet class embracing the Sharks, Skates, and
Chinwras. Recent investigations upon the Cyclos-
tows, show them also fo differ widely from tho
Fishes proper, and they too ouglit to Le scpurated ns
o distinet clasy, for which the name of MyzoxTes
muy be most appropriate.

* Vorkyanw, (G. W.) De Colubri Natricis
Ceneratione, Lipsiw, 1834, dto.— Rarne, (H.,)
Entwickelugsgeschichte der Natter, (Coluber Nu-
trix,) Kinigsberg, 1839, Ato. fig.— Werswaxn, (D.)
Ueber den Eizalin der Ringeluntter, Wilet, Nt
Hist. Julireshente, 1855, —Tiepemasy, (F.) Ucber

In no class are renewed embryological

dns Ei und den Foctus der Schildkrite, Heidelberg,
1828, dto. fig.— Baen, (K. E. v.) Beitriige zur
Entwickelungsgeschichte der Schildkréten, Miiller's
Archiv, 1834, p. 544.— Rarakr, (IL,) Ucber die
Entwickcelung der Schildkriten, Braunschweig, 1848,
4lo. fig.

¥ RUseL v. Rosexnor, (A. J.,) Ifistoria natu-
ralis Runurum nostratium, ete., Norimb., 1758, fol.
fig.— Fung, (A. F.,) De Salamandrns terrestris viln,
evolutione, formntione, ete., Berlin, 1826, fol. fig.—
Ratuke, (1L.) Diss. de Salumandrarum corporibus
adiposis corumque cvolutione, Berol, 1818, — Ucber
dio Entstchung und Entwickelung der Geschilechts-
theile bei den Urodelen, N. Schr., Dantz. Naturf. Ges,,
1820, — Steivueiy, (L.) Die Entwickelung der
Frische, ITuoburg, 1820, 8vo. fig. — Hassert, (J.
Coxn., van,) Dissert. exhibens Observationes de
metamorphosi quarumdnm partivm Rane temporarire,
Gittingre, 1820, 8vo. — Prevost, (J. L.,) et Levert,
Mémoire sur ln formation des organes de In circula-
tion ¢t du Sang dans les Batraciens, Ann. Sc. Nut,, Je
sér. I p. 198, fig.— Ruscoxt, (M.,) Développement
de In Grenouillo commune, depuis le moment de &
nnissance jusqu' & son état parfait, Milan, 1828, 4to.
fig.— Amours des Salamandres aquatiques et déve-
loppement du Tétard de ces Salamandres, ete., Milnn,
1822, 4. fig.—Baew, (K. E. v.,) Die Mctamor-
phose des Eics der Butrachier vor der Erscheinung
des Enbryo, cte, Miller's Archiv, 1834, p. 481
— Entwickelungsgeschichte, ete., vol. 2d, p. 280.—
Retcnrur, (IX B.,) Dus Entwickelungslehen im Wir-
belthierreich, Berlin, 1840, Jto. ﬂg.—\"t-rglniclwuth!
Entwickelungsgeschichte des Kopfes der mnckten
Amphibicn, cte., Konigsherg, 1838, . lig.—-U'-‘h"'
den Furchungsprovess der Batrachier-Eier, Miiller's
Archiv, 1841, p. 523. — Voar, (C.,) Untersuchungen
iber die Entwickelungsgeschichte der Geburtshelfer-
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investigations, extending over a variety of families, so much needed, as in that of
Birds, though the general development of these animals is, perhaps, better known
than that of any other type;! while the class of Mammalia? has found in Bischoff
o most successful and thorough investigator?

krite, Solothurn, 1841, 4to. fiz.— Quelques observa-
tions sur l'embryologio des Batraciens, Ann. Sc. n,,
Je sér. vol. 2, p. 45.— ReNAK, (R.,) Untersuchungen
tiber die Entwickelung der Wirbelthiere, Berlin, 1855,
fol. — Newrorrt, (G.,) On the Impregnation of the
Ovum in the Amplibia, Philos. Trans. R. Soc., 1851,
L, p. 169.— Wrrricn, (W. I. v.,) Beitriige zur mor-
phologischen und histologischen Entwickelung der
Harn- und Geschlechtswerkzeuge der nackten Amphi-
bien, Zeitsch. f. wiss. Zool.,, 1852, vol. 4, p. 125.—
WEewLaND, (D.,) Ucber den Beutelfrosch, Miiller's
Archiv, 1854, p. 449.— Wranax, (J.,) Observations
on Pipa americann, Am. Jour. Sc. and Arts, 2d scr.
1854, vol. 17, p. 869.

! Paxoer, (Cor. H.) Diss. sistens historiam
metamorphoseos quam ovum incubatum prioribus
quinque dicbus subit, Wirceb. 1817, 8vo.— Beitriigo
zur Entwickelungsgeschichte des Hiilinchens im Eie,
Wiirzb. 1817, fol. fig.— Baen, (K. E. v.,) Entwicke-
lungsgeschichte, ete.,, vol. 1.— Durtrocuer, (II.,)
Iistoire de 'muf des Oiscaux avant la ponte, Bull.
Soc. Philom., 1819, p. 38.— HunTer, (Jonx,) Obser-
vations on Animal Development, edited and his Illus-
trations of that process in tho Bird described by R.
Owex, London, 1841, fol. fig.— Prevosr, (J. L.,)
Mémoire sur le développement du poulet duns I'ecuf]
Ann. Se. Nat., 1827, vol. 12, p. 415.— Prevosr, (J.
L.) et Lepert, Mémoires sur In formation des
organes de In circulntion et du sang dans I'embryon
du Poulet, Ann, Se. Nat. 8e sér. I. p. 265 ; 1L p. 222,
fig.; 1IL p. 96, — BaubrivoxT, (A.,) et ManTin ST,
Axar, (G. J.) Recherelies unntomiques et physiolo-
giques sur le développement du fwtus, Puris, 1850,
dto.— MeckEeL v. Ileussacn, (IL,) Die Bildung der
fir particlle Furchung Lestimmten Eier der Vogel,
ote,, Zeitsch, fi wiss. Zoul, 1852, vol. 8, p. 420. —
In no cluss wre embryologieal investigations extend-
ing over a variety of fumilics more needed than
in thut of Birds, if we should ever derive any

assistance from the knowledge of their development
for their natural clnssifieation.

? For the papers relating to the footal envelopes
and the placenta and also to the different systems
of orgnus or any organ in particular and for human
embryology generally, see Biachoff’s article “ Ent-
wickelungsgeschichte,” in R. Wagner's Handwirter-
buch der Physiologie, p. 867, where every thing that
Las Leen done in this direction, up to the year 1843,
is enumerated. For more recent rescarches upon
these topics consult, also, MULLER'S Archiv, WiEc-
aAN'S Archiv, SikpoLp und EOLLIkeR's Zeitsch.
f. wiss. Zool.,, MiLxe-Epwanrps, Ann. Se. Nat., and
the Annals and Magnzine of Nat. Hist., cte.

? Biscuorr, (To. L. W.,) Entwickelungsges-
chichte des Kuninchen-Eies, Braunschweig, 1842,
dto. fig. — Entwickelungsgeschichte des Hunde-Eices,
Braunschweig, 1845, 4to. fig. — Entwickelungsges-
chichte des Mecerschweinchens, Giessen, 1852, 4to. fig.
—Entwickelungsgeschichte des Relies, Giessen, 1854,
4to. fig.— Prevost, (J. L,) ct Duraas, (J. A,)) De
In génération chez les Mummifres, ete., Ann. Sc. Nat.
1824, vol. 8, p. 113, fig. — Bosaxwvs, (L.,) Obscervatio
anatomica de fewtu canino 24 dicrum, cte, Act. Ac.
Nut. Cuv., vol. 10, p. 139, fig.— Cosrte, (P.,) Embry-
ogénic comparée, Paris, 1837, 8vo. Atlas 4to. — His-
toire purticuliere et géndrale du développement des
corps organisés, q. a. — Recherches sur le géncration
des Mammifdres et le développement de ln brebis,
Ann. Sc. Nat.,, 1835, IIL. p. 78.— Recherches sur
la géndration des Mammiftres, Paris, 1834, -hto. fig.
— Berxnarot, (C. A,) Symbole ad Ovi Mamma-
lium historiam ante pregnutionem, Vratisl, 4to., Miil-
ler's Arch,, 1833, p. 228. — Banny, (3L.,) Researches
in Embryology, Phil. Trans. R. Soc. 1838, p. 301;
1839, p. 307; 1840, p. 529; 1841, p. 195, — DaEn,
(I1. E. v.) q. no— Owex, (R,) On the Ova of
the Ornithorhynchus pardoxus, Phil. Trans. 1834,
- 535, — O the Young of the Ornithorhyuchus parn-
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Embryology has however, a wider scope than to trace the growth of individual
animals, the gradual building up of their body, the formation of their organs, and all
the changes they undergo in their structure and in their form; it ought also to
embrace g, comparison of these forms and the successive steps of these changes
between all the types of the animal kingdom, in order to furnish definite standards
of their-relative standing, of their affinities, of the correspondence of their organs in
all their parts. Embryologists have thus far considered too exclusively, the gradual
transformation of the egg into a perfect animal; there remains still a wide field of
investigation to ascertain the different degrees of similarity between the successive
forms an animal assumes until it has completed its growth, and the various forms of
‘different kinds of full-grown animals of the sume type; between the different stages
of complication of their structure in general, and the perfect structure of their
kindred; between the successive steps in the formation of all their parts and the
various degrees of perfection of the parts of other groups; between the normal
course of the whole, development of one type compaved with that of other types, as
well s between the ultimate histological differences which all exhibit within certain
limits. Though important fragments have been contributed upon these different
points, I know how much remains to be done, from the little I have as yet been
able to gather myself, by systematic research in this direction.

- I have satisfied myself long ago, that Embryology furnishes the most trustworthy
standard to determine the relative rank among animals. A careful comparison of
the successive stages of development of the higher Batrachians furnishes, perhaps, the
most striking example of the importance of such investigations. The earlier stages
of the Tadpole exemplify the structure and form of those Ichthyoids which have
either no legs, or very imperfect legs, with and without external gills; next it
assumes o shape reminding us more of the Tritons and Salamanders, and ends with
the structure of the Frog.or Toad! A comparison between the two latter families
might prove further, that the Tonds are higher than the Frogs, not only on account
of their more terrestrial habits (sce Sect. 16), but because the embryonic web, which,
to some extent, still unites the fingers in the Frogs, disappears entirely in the Toads,
and may be also, becnuse glands are developed in their skin, which do not exist in
F."Ul:.’l‘- A similar comparison of the successive changes of a new species of Comatuln
discovered by Prof. Holmes, in the harbor of Charleston, in South Carolina, hus
shown me in what relation the different types of Crinoids of past ages stand to

fl_“u" Trans. Zool. Sor., i. I 2215 Proe. Zoil. Soc., (Cn.,) Oservations on the Reproductive Organs and
i po 435 Amne Se. Nut,, 24 ser. i P J08; i on the Fuwtus of Delphinus Nesurmk, Journ. Ac
P- 20— 0On the Generation of the Mursupinl Awi-  Nat, Se. Phil, new ser. 1849, vol. 1, p. 267.
muls, ete., Phil. Truns., 1824, p. 338. — Meics, ! Acassiz, (L.,) Twelve Lectures, cte. pugca.
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these changes, and hes furnished a standard to determine their relative rank; as
it cannot be doubted, that the earlier stages of growth of an animal exhibit a
condition of relative inferiority, when contrasted with what it grows to be, after
it has completed its development, and before it enters upon those phases of its
existence which constitute old age, and certain curious retrograde metamorphoses
observed among parasites.

In the young Comatula there exists a stem, by which the little gnimal is
attached, either to sea weeds, or to the cirrhi of the parent; the stem is at first
gimple and without cirrhi, supporting a globular head, upon which the so-called arms
are next developed and gradually completed by the appearance of branches; a few
cirrhi are, at the same time, developed upon the stem, which increase in number
until they form a wreath between the arms. and the stem. At last, the crown
having assumed all the characters of a diminutive Comatula, drops off, freeing itself
from the stem, and the Comatula moves freely as an independent animal.

The classes of Crustacen and of Insects? are particularly instructive in this
respect. Rathke, however, has described the transformations of so many Crustacea,
that I cannot do better than to refer to his various papers upon this subject? for
details relating to the changes these animals undergo during their earlier stages of
growth. I would only add, that while the embryo of the highest Crustacea, the
Brachyura, resembles by its form and structure the lowest types of this class, as the
Entomostraca and Isopode, it next assumes the shape of those of a higher order,
the Macroura, before it appears with all the characteristics of the Brachyura.

Embryology furnishes, also, the best measure of the true affinities existing
between animals. I do not mean to say, that the affinities of animals can only be
ascertained by embryonic investigations; the history of Zodlogy shows, on the con-
trary, that even before the study of the formation and growth of animals had
become o distinet branch of physiology, the general relationship of most animals had
already been determined, with a remarkable degree of accuracy, by anatomical inves-
tigations. It is, nevertheless, true, that in some remarkable instances, the knowledge
of the embryonic changes of certain animals gave the first clue to their true affini-
ties, while, in other cases, it has furnished a very welcome confirmation of relation-
ships, which, before, could appear probable, but were still very problematical. Even
Cuvier considered, for instance, the Barnacles as o distinct class, which he placed

1 A condensed necount of the trunsformations of 2 Sce Acassiz's Twelve Lectures, p. 62, and
the Eurvpean Comntuln, mny be found in E. Classification of Inseets, cte, q. v It is expeeted
Fonuves's Ilistory of the DBritish Starfishes, p. 10, that Embryology umy furnish the meuns of nscer-
The embryology of our species will Le illustrated taining the relative standing of every fumily.

in one of my next volumes. ' See nbuve, puge 79, note 2,
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among Mollusks, under the name of Cirripeds. It was not until Thompson ! had
shown, what, was. soon confirmed by Burmcister and Martin St. Ange, that the
young Barnacle hos a structure and form identical with that of some of the most
common Entomostraca, that their true position in the system of animals could be
determined; when they had to be removed to the class of Crustacea, among Articu-
lata. The same was the case with the Lernxans, which Cuvier arranged with the
Intestinal Worms, and which Nordmann has shown upon embryological evidence to
be.lohg also to the class of Crustacen? Lamarck associnted the Crinoids with Polypi,
and though they were removed to the class of Echinoderms by Cuvier, before the
metamorphoses of the Comatula were known? the discovery of their pedunculated
young furnished & direct proof that this was their true position.

Embryology affords further a test for homologies in contradistinction of analogies.
It shows that true homologies are limited respectively within the natural boundaries
of the great branches of the animal kingdom.

The distinction between homologies and analogies, upon which the English natu-
rolists have first insisted,' has removed much doubt respecting the real affinities of
animals which could hardly have been so distinctly appreciated before. 1t has
taught us to distinguish between real affinity, based upon structural conformity, and
similarity, based upon mere external resemblance in form and habits. But even after
this distinction had been fairly established, it remained to determine within what
limits homologies may be traced. The works of Oken, Spix, Geoffroy, and Carus)
show to what extravagant comparisons a preconceived idea of unity may lead. It
was not until Baer had shown that the development of the four great branches of
the animal kingdom is essentinlly different® that it could even be suspected that
organs performing identical functions may be different in their essential relations to
one another, and not until Rathke? had demonstrated that the yolk is in open
communication with the main cavity of the Articulats, on the dorsal side of the
animal, and not on the ventral side, as in Vertebrata, that o solid basis was ob-
tained for the natural limitation of true homologies. It now appears more and
more distinctly, with every step of the progress Embryology is making, that the
structure of animals is only homologous within the limits of the four great branches

! Tnowrsoxn's Zool. Researchies, cle.; Bonyueis- oo, abiove, Scet. IV notes 1 and 2.
Ten's Boitriige, ete.; Mantiy St. AxgE, Mém. sur ¢ Bakw's Entwickelungsgeschichte, vol. 1, I 100
Vorgunisation, cte., quoted nhove, page 79, note 1. and 224. The extent of Baer's informntion and the

? Nonouaxy's Micrographischo Beytriige, ¢. a. compreliensiveness of lis views, nowhere appear €0

: ::‘T::::!i and Fonues, . a., puge 79, strikingly ns in this purt of his work. '

§ N'8 Geography and Classilication, cte. T Ratike's Unters. Gber Bild, cte. see, nbove: It

Sce above, Scet. V,, P 20, 79, note 2,
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of the animal kingdom, and that general homology strictly proved, proves also
typical identity, as special homology proves class identity.

The results of all embryonic investigations of modern times go to show more
and more extensively, that animals are entirely independent of external causes in
their development. The identity of the metamorphoses of oviparous and viviparous
animals belonging ‘to the same type, furnishes the most convincing evidence to that
effect’ Formerly it was supposed that the embryo could be affected directly by
external influences to such an extent, that monstrosities, for instance, were ascribed to
the influence of external causes. Dircct observation has shown, that they are
founded upon peculiarities of the mormal course of their development? The snug
berth in which the young undergo their first transformation in the womb of their
mother in all Mammalia, excludes so completely the immediate influence of any
external agent, that it is only necessary to allude to it, to show how independent
their growth must be of the circumstances in which even the mother may be placed.
This is equally true of all other viviparous animals, as certain snakes, certain sharks,
and the viviparous fishes. Again, the uniformity of temperature in the nests of birds,
and the exclusion, to a certain degree, of influences which might otherwise reach
them, in the various structures animals build for the protection of their young or of
their eggs® show distinctly, that the instinct of all animals leads them to remove
their progeny from the influence of physical agencies, or to make these agents sub-
servient to their purposes, as in the case of the ostrich. Reptiles and terrestrial
Mollusks bury their eggs to subtract them from varying influences; fishes deposit
them in Jocalities where they are exposed to the least changes. Insects sccure theirs

! This seems the most appropriate place to re-
mark, that the distinction made between viviparous
and oviparous animals is not only untcnable us far as
their first origin in the egg is concerned, but nlso un-
physiological, if it is intended, by this designation, to
convey the idea of any affinity or resemblance in their
respeetive modes of development.  Fishes show more
distinetly than any other cluss, that animals, the devel-
opment of which is identical, in all its leading feat-
ures, muy cither be viviparous or oviparous; the dif-
ference here arising only from the counnection in
which the egg is developed, and not from the devel-
opment itself.  Again, viviparous und oviparous uni-
malz of different elusses differ grently in their devel-
opment, even though they may ngree in laying caws
or bringing forth living young. The exscential feature
upon which uny important generalization mny be

based, ig, of course, the mode of devclopment of the
germ. In this respect we find that Seluchians, whe-
ther oviparous or viviparous, agree with one another ;
this is nlso the case with the bony fishes and the rep-
tiles, whether they are respuctively oviparous or Vivi-
parous; even the placentalinn and non-placentaliun
Mammalin agree with one another in what is essentind
in their development.  Too much importance has thus
far been nttached to the connections in which the germ
is developed, to the exclusion of the leading tentures
of the transformations of the germ itself.

2 Bisnorr, (Tn. L. W,)) in R. Wugner's Hand-
worterbuch der Physiologie, Article * Entwickelungs-
geschichte,” p. 885.

® Bunrnacu's Physiologie, ete., q. i vol. 2, 2d ed.
Secl. 334-38. Sve, ulso, Kinpy and Svrexce's Intro-
duction, ete., q. a.



http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/README.htm

g8 ESSAY ON CLASSIFIOATION. Panr L

in various ways. Most rarine animals living in extreme climates, lay their eggs in
winter, when the variations of external influences are reduced to & minimum,
Everywhere we find evidence that the phenomena of life, though manifested in the
midst of sll the most diversified physical influences, are rendered independent of
them to'thé -utmost degree, by o variety of contrivances prepared by the animals
themselves, in selfprotection, or for the protection of their progeny from any influ-
ence of pliysical agents not desired by them, or not subservient to their own ends.

SECTION XIX.

DURATION OF LIFE.

There is the most extraordinary inequality in the average duration of the life of
different kinds of animals and plants. While some grow and reproduce themselves
and die in a short summer, nay, in a day, others secem to defy the influence of
time!

Who has thus apportioned the life of all organized beings? To answer this
question, let us first look at the facts of the case. In the first place, there is no
conformity between the duration of life and either the size, or structure, or habitat
of animals; next, the system, in which the changes occurring during any period are
regulated, differs in olmost every species, there being only o slight degree of uni-
formity between the representatives of different classes, within certain limits.

In most Fishes and the Reptiles proper, for instance, the growth is very gradual
and uniform, and their development continues through life, so much so that their
size is continually increasing with age.

In others, the Birds, for instance, the growth is rapid during the first period of
their life, until they have acquired their full size, and then follows a period of equi-
librium, which lasts for a longer or shorter period in different species.

In others still, which also acquire within certain- limits a definite size, the Mam-
malin, for instance, the growth is slower in early life, and maturity is attained, as in
man, ot an age which forms a much longer part of the whole duration of life.

In Insects, the period of maturity is, on the contrary, generally the shortest,
while the growth of the larva may be very slow, or, at least, that stage of develop-
ment last for & much lorger time than the life of the perfect Insects. There is 1o

! ScniioLen, (Gusr.,) Beobachtungen Giber jilhr-  Thier- und Pflanzenreich, Tilhingen, 1881, 8vo.-—
liche periodisch wicderkehrends Erscheioungen im  Quetener, (A.) Phéoomines périodiques, Ac. Brus:
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more striking example of this peculiar mode of growth than the seventeen years
locust, so fully traced by Miss M. H. Morris!

While all longlived animals continue, as a matter of course, their existence
through a series of years, under the varying influence of successive seasons, there
are many others which are periodical in their appearance; this is the cnse with most
insects? but perhaps in a still more striking manner with Meduswe?

The most interesting point in this subject is yet the change of character which
takes place in the different stages of growth of one and the same animal. Neither
Vertebrata, nor Mollusks, nor even Radinta exhibit in this respect any thing so
remarkable in the continuous changes which an individual animal may undergo, as
the Insects, and among them those with so-called complete metamorphoses, in which
the young (the larva) may be an active, wormlike, voracious, even carnivorous °
being, which in middle life (the chrysalis) becomes a mummylike, almost motionless
maggot, incapable of taking food, ending life as n winged and active insect. Some
of these larvee may be aquatic and very voracious, when the perfect insect is aérial
and takes no food at all!

Is there any thing in this regulation of the duration of life in animals which
recalls the agency of physical forces? Does not, on the contrary, the fact, that
while some animals are periodical and bound to the seasons in their appearance,
and others are independent of the course of the year, show distinctly their independ-
ence of all those influences which, under & common expression, are called physical
causes? Is this not further illustrated in the most startling mauner by the extraor
dinary changes, above alluded to, which one and the same animal may undergo
during different periods of its life? Does this not prove directly the immediate
intervention of a power capable of controlling all these external influences, as well
as regulating the course of life of every being, and establishing it upon such an
immutable foundation, within its cycle of changes, that the uninterrupted action of
these agents shall not interfere with the regular order of their natural existence?

There is, however, still another conclusion to be drawn from these facts: they
point distinctly at o discriminating knowledge of time and space, at an appreciation
of the relative value of unequal amounts of time and an unequal repartition of
small, unequal periods over longer periods, which can only be the attribute of a
thinking being.

1 Ilarms's Inscets injurious to Vegetation, p. 184, 4 Bunueisten's ITundb. d. Entom. cte. — Lacon-
2 Heroun, (B.,) Teutscher Ruupeu-Kulender,  paire, Introd. & I'Entomologie, ete.— Kinusy and
Nordhausen, 1845. Srexce, Introd. to Entomol,, ete, q. ., give nccounts
* Acassiz’s Acalephs of North America, p. 228.  of the babits of Insects during their metamorphosis.

12
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SECTION XX,

ALTERNATE GENERATIONS.

While some animals go on developing gradually from the first formation of their
germ to the natural end of their life, and bring forth generation after gencration, a
progeny which runs with never varying regularity through the same course, there
are others which multiply in various ways, hy division and by budding! or by a
strange succession of geuerations, differing one from the other, and not returning, by
a direct course, to their typical cycle.

The facts which have led to the knowledge of the phenomena now generally
known under the name of «/ernale generation, were first observed by Chamisso and
Sars, and afterwards presented in a methodical connection by Steenstrup, in his
famous pamphlet on that subject? As a brief account of the facts may be found in
almost every text-book of Physiology, I need not repeat them here, hut only refer
to the original investigations, in which all the details known upon this subject may
be found® These facts show, in the first place with regard to Hydroid Medusw, that
the individuals born from eggs, may be entirely different from those which produced
the eggs, and end their life without ever undergoing themselves such changes as
would transform them into individuals similar to their parents;* they show further,

! Much information useful to the zoblogist, may
be guthered from Bracx's paper upon the Budding
of Plants, q. a., p. 18, note 3. The process of multi-
plication by Ludding or by division, and that of sexuul
reproduction, are too often confounded by zoblogists,
and this confusion has already led to serious mis-
constructions of well known fucts.

? Steesstrer, (J.,) Ucber den Generationswech-
sel, q. w, p. 69, note 3.

* Sce the works quoted nbove, page 69, note 3,
and p. 70, note 1, nlso Canvs, (V..) Zur niihern Kennt-
nisa dvs Generntionswechsels, Leipzig, 1849, $vo, —
Einige Worte ilher Metumorphose und Generntions-
weebsel, Zeiweh, f2 wiss. Zool., 1851, vol. 3, p. 33,
—Owex, (R.) On Purthenogencsiz, or the Sueees-
sive Production of Procreating Individuals from n
single Ovum, Londun, 1849, 8vo.— On Metmmor-
phosis and Metngenesis, Ann, and Mug. Nat. 1ist,,

2d ser. vol. 8, 1857, p. 59.— Proscu, (V.) Om
Parilienogenesis og Generationsvexel et Bidrag il
Generationsheren, Kigbenhavn, 1831.— LEUCRART,
(R.) Ucber Metumorphose, ungeschlechtliche Ver-
mehrung, Generationsweelisel, Zeitsel. [0 wiss. Zuol,,
vol. 8, 1851.— Daxa, (J. D.) On the Amlogy
Letween the Mode of Reproduction in Plints and the
“Alternation of Generations” observed in svme
Rudintn, Amer. Journ. A. and Se., 2d ser. vol. 10,
p. 341.— Eunesuverg, (C. G.,) Ucber die Formen:
Lestiindigkeit unid den Entwickelungskreis der orsi
nischen Formen, Monatsher. der Akad., Berlin. 1832,
Svo.

¢ Polymorphism among individunls of the sume
species is not limited to Aealephs ; it is nlso observed

i et e
among wenuine Polyps, the Madrepores, for eXumpre

und among Bryozon, Ascidinns, Worms, Crustueen

(Lupen), and even among Inseets (Bees).
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that this brood originating from eggs, may increase and multiply by producing new
individuals like themselves (Syncoryne), or of two kinds (Campanulerie), or even indi-
viduals of various kinds, differing all to a remarkable extent, one from the other,
(Hydractinia,) but in neither case resembling their common parent. None of these
new individuals have distinct reproductive organs, any more than the first indi-
viduals born from eggs, their multiplication taking place chiefly by the process of
budding; but as these buds remain generally connected with the first individual
born from an egg, they form compound communities, similar to some polypstocks.
Now some of these buds produce, at certain seasons, new buds of an entirely differ-
ent kind, which generally drop off from the parent stock, at an early period of their
development, (as in Syncoryna, Campanularia, etc,) and then undergo a succession of
changes, which end by their assuming the character of the previous egglaying
individuals, organs of reproduction of the two sexes developing meanwhile in them,
which, when mature, lead to the production of new eggs; in others (as in Hydrac-
tinia,) the buds of this kind do not drop off, but fade away upon the parent stock,
after having undergone all their transformations, and also produced in due time, a
number of eggs.!

In the case of the Medus® proper? the parent lays eggs, from which originate
polyplike individuals; but here these individuals divide by transverse constrictions
into & number of disks, every one of which undergoes a succession of changes, which
end in the production of as many individuals, each identical with the parent, and
capable in its turn, of laying eggs, (some, however, being males and others females.)
But the polyplike individuals born from eggs may also multiply by budding and
each bud undergo the same changes as the first, the base of which does not die, but
is also capable of growing up again and of repeating the same process.

In other classes other phenomena of a similar character have been observed,
which bear a similar explanation. J. Miiller® has most fully illustrated the alter-
nate generations of the Echinoderms; Chamisso, Steenstrup, Eschricht, Krohn, and
Sars, those of the Salpm;* von Siebold, Steenstrup, and others, those of certain Intes-
tinal Worms.®

This alternate generation differs essentinlly from metamorphosis, though some

I T have observed many other combinntions of a
gimilar character among the Hydroid Meduswe, which
I shall deseribe at full length in my second volume ;
and to which I do not allude here, as they could not
be uniderstoold without numerous drawings, The
case of Ilydrnetinin is not quite correetly repre-
sented in the works in which that animnl has been
described.  Respecting  Physulin and  the  other

Siphonophorn, see the works quoted above, p. 69,
note 3.

2 See SieooLp, and Sars, q. a., p. 69, note 3.

& MuLLer, (J.,) Ucber den allgemeinen Plan,
etc., q. n., p. 70, note 1.

¢ See the works, . 0., page 72, note 4.

8 See the works, q. o, page 76, noto 2, and 77,
note 1.
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writers have attemptéd to identify these two processes. In metamorphosis, ag
observed among Inseots, the individual born from an egg goes on undergoing change
'after change, in direct and immediate succession, until it has reached its final trans-
formation ; but however different it may be at different periods of its life, it is
always one and the same individual. In alternate generations, the individual born
from an egg never assumes through a succession of trunsformations the character of
its parent, but produces, either by internal or external budding or by division, a
number, sometimes even a large number of new individuals, and it is this progeny
of the individuals born from eggs, which grows to assume agnin the characters of
the egg-laying individuals.

There is really an essential difference between the sexual reproduction of most
animals, and the multiplication of individuals in other ways. In ordinary sexual
reproduction, ¢very mew individual arises from an egg, and by a regular succession
of changes assumes the character of its parents. Now, though all species of animals
reproduce their kind by eggs, and though in each there is at least a certain number
of individuals, if not all, which have sprung from eggs, this mode of reproduction is
not the only one observed among animals. We have already seen how new individ-
uals may originate from buds, which in their turn may produce sexual individuals;
we have also seen how, by division, individuals may also produce other individuals
differing from themselves quite as much as the sexual buds alluded to above, may
differ from the individuals which produce them. There are yet, still other com-
binations in the animal kingdom. In Polyps, for instance, every bud, whether it
is freed from the parent stock or mot, grows at omce up to be a mew sexual
individual; while in many animals which multiply by division, every new individual
thus produced nssumes ot once the characters of those born from eggs! There
ig, finally, one mode of reproduction which is peculiar to certain Insects, in which
several generations of fertile females follow one another, before males appear again’

What comprehensive views the physical agents must be capable of taking, and
what a power of combination they must possess, to be able to ingraft all these
complicated modes of reproduction upon structures already so complicated ! — But
if we turn away from mere fancies and consider the wonderful phenomena just
alluded to, in all their bearings, how instructive they appear with reference to this
very question of the influence of physical agents upon organized beings! For here
we have animals endowed with the power of multiplying in the most extraordinary
ways, every species producing new individuals of its own kind, differing to the utmost
from their parents Does this not seem, at first, as il we bhad before us 2 perfect

20,—DBos*

3 e 0 - -
MiLxe-Epwanos, Rech. unat. et zool. fuites pen- 7 Owey, Parthenogencesiv, etes, (. 0y e
1745,

dant un Voyuge sur los cdtes de Sicile, 3 vols. 0. fig. ~er, (Cu,) Traité d'Iuseetologie, ete., Puris,



http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/README.htm

Caar. L SUCCESSION OF ANIMALS AND PLANTS. 93

exemplification of the manner in which different species of animals may originate, one
from the other, and. increase the number of types existing at first? And yet, with all
this apparent freedom of transformation, what do the facts finally show? That all
these transformations are the successive terms of a cycle, as definitely closed within
precise limits, as in the case of animals, the progeny of which resembles for ever
the immediate parent,”in all successive generations. For here, as everywhere in
the organic kingdoms, these variations are only the successive expressions of a
well regulated cycle, ever returning to its own type.

SECTION XXI.
SUCCESSION OF ANIMALS AND PLANTS IN GEOLOGICAL TIMES.

Geologists hardly scem to appreciate fully, the whole extent of the intricate
relations exhibited by the animals and plants whose remains are found in the
different successive geological formations. I 'do not mean to say, that the investi-
gations we possess respecting the zoblogical and botanical characters of these remains
are not remarkable for the accuracy and for the ingenuity with which they have
been traced. On the contrary, having myself thus far devoted the better part of
my life to the investigation of fossil remains, I have learned early, from the difficul-
ties inherent in the subject, better to appreciate the wonderful ekill, the high
intellectual powers, the vast erudition displayed in the investigations of Cuvier
and his successors upon the faunm and florm of past ages! But I cannot refrain

! Covier, (G.) Recherches sur les Ossemens
fossiles de Quadrupides, ete, Paris, 1812, 4 vols.
410.; nouv. édit. Paris, 1821-23, 5 vols. 4to.; 4o
¢dit. 10 vols. 8vo. and 2 vols. pl. 4to. — Sowenby,
(Jases,) The Mineral Conchology of Great Britain,
London, 1812-19, 6 vols. 8vo. fig.— ScurorTne:r,
(E. F. v..) Die Petrefactenkunde, cte., Gotha, 1820,
8va. fig.— Laxanck, (J. B. pe,) Mémoires sur les
fossiles des environs de Puris, Parig, 1823, dto. fig.—
Govunruss, (G. A.) Petrcfucta Germanime, Dussel-
dort, 1826-83, fol. fig.— Sterxnenc, (Kasrar, M,
Gu. v.,) Versuch ciner geognostisch-botanischen Dar-
stellung der Florn der Vorwelt, Leipzig und Prag,
1820-88, fol. fig.— BroxaGyiant, (Ap.,) Prodromo
d'une Histoire des Végétaux fossiles, Puris, 1818,

2 vols. 8vo. — Histoire des Végétaux fossiles, Paris,
1828483, 2 vols. 4to. fig.— LiNDLEY, (J.,) and Hor-
70N, (W.,) The Fossil Florn of Great Britain, Lon-
don, 1831-87, 8 vols. 8vo.— Girrert, (H. R.)
Systema Filicum fossiliuro, Vrutisl. et Bonna:, 1836,
4to. fig. — Die Gattungen der fossilen Pflanzen, ver-
glichen mit dencn der Jetztwelt, cte., Bonn, 1841~
48, 4to. fig. — Monographic der fossilen Coniferen.
Diisscldorf, 1850, 4to. ig.— More specinl works ure
quoted herenfter, but only such works shall be men-
tioned, which have led on, in the progress of Geology
and Palrontology, or contain full reports of the pres-
ent state of our science, nnd nlso such as have
gpecinl reference to Americn.  References to the
description of species may Lo found in DBRONN,
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from expressing my wonder at the puerility of the disoussions in which some geol-
ogists allow themselves still to indulge, in the face of such a vast amount of well
digested fasts as our science now possesses. They have hardly yet learned to sce
that. there ‘exists a definite order in the succession of these innumerable extinct
bainga;u and of the relations of this gradation to the other great features exhibited
by -the. animal kingdom, of the great fact, that the development of life is the promi-
nghﬁ rait in the history of our globe! they scem ecither to know nothing, or to
loock upon it only as a vague speculation, plausible perhaps, but hardly deserving
the mnotice of sober science.

It is true, Palwontology as a science is very young; it has had to fight its
course through the unrelenting opposition of ignorance and prejudice. What amount
of lobor and patience it has cost only to establish the fact, that fossils are really
the remains of animals and plants that once actually lived upon earth? only those
know, who axe familiar with the history of science. Then it had to be proved,
that they are not the wrecks of the Mosaic deluge, which, for a time, was the
prevailing opinion, even among scientific men® After Cuvier had shown, beyond
question, that they are the remains of animals no longer to be found upon earth,
among the living, Paleontology acquired for the first time a solid basis. Yet what
an amount of Inbor it has cost to ascertain, by direct evidence, how these remains
are distributed in the solid crust of our globe, what are the differences they exhibit
in successive formations! what is their geographical distribution, only those can

(H. G.,) Index palwontologicus, Stuttgart, 184849,
8 vols. 8vo. — Sec also, Kerenstewy, (Cur.,) Ge-
schichito und Literatur der Geognosie, Hulle, 1840,
1 vol. 8vo.— Arcmiac, (Vic. p',) Histoiro des pro-
grés do la Géologie, Paris, 1847, ct suiv, 4 vols.
8vo.; and the Transactions, Journals, and Proceed-
ings of the Geological Society of London, of Paris,
of Berlin, of Viennn, ele.; also, LeoNmarp and
Bronx’s Neues Jalirbuch, cte.

! Acassiz's Geological Times, etc., q. 0., p. 25,
noto 2,—Dana's Address to the Amer. Asa. for Ady,
Sc. 8th Mecting, Leld at Providence, 1855.

* Sowa, (Ac.,) La vama speculuzione desin-
guonata dal senso.  Nupoli, 1670, 4dto. fig.

* Scuevenzer, (J. J.) ITomo Diluvii testis ct
Qedoxonos, Tiguri, 1726, 4to.— Buckraxp, (W.)
Reliquim diluvinney, or Observations on the Orgunic

Remains attesting the Action of wn Universal Deluge,
London, 1826, 4to. fig.

¢ For references reapecting the fossils of the
oldest geological formations, seo the works, quoted
above, p. 23, note 1. Also, McCoy, (F.,) Synopsis
of the Silurian Fossils of Ircland, Dublin, 184G, dto.
fig. — Gewirz, (H. D.,) Die Versteinerungen der
Grauwackenformation, Leipzig, 1850-53, 4to. fig-—
And for local information, the geological reports of
the differcnt States of the Union, a complete list of
whicl, with a summary of the Geology, may be found
in Mancou's (J.,,) Résumé explicatif d'une carto
géologique des Etats-Unis, Bull. Soc. Géul. de
Fraoce, Paris, 1853, 2de sér. vol. 12,— For tho
Devontan system: Puinrivs, (Jonx,) Figures and
Descriptions of the Pulieozoic Fossils of Cornwall,
Devon, and Westsomerset, etc., London, 1841, 8vo.-—
Anrcmac, (Vie. o)) and Venneuir, (En. ng,) Me-
muir on the Faossils of the Older Depuosits in tho
Rhienish  Provinces, Paris, 1842, dto. lig. — Sasv-
BERGER, (G. tND Fi,) Systematische Beschreibuns
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fully appreciate, who have had a hand in the work!
important questions still await an answer!

und Albildung der Versteinerungen des Rheinischen
Schiclitensystems in Nassau, Wiesbaden, 1850-54,
4to. fig.— For the Carboniferous period: PmiLrirs,
(J.,) Dlustrations of the Geology of Yorkshire, Lon-
don, 1836, 2d vol., 4to. fig. — DeKoxmck, (L.,)
Descriptions des animaoux fossiles qui se trouvent
dans le terrain houiller de la Belgique, Litge, 1842,
2 vols. 4to. fig.; suppl,, ete. — McCor, (Fx.,) Synop-
gis of the Curboniferous Fossils of Irelund, Dublin,
1844, 4to. fig.— Geruan, (E. Fr.,) Dic Versteine-
rungen des Steinkohlengebirges, Ilnlle, 1844-58,
fol. fig.— Gemarz, (H. B.,) Die Versteinerungen
der Steinkohlenformation, Leipzig, 1855, fol. fig. —
For the Permian system: QUENSTEDT, (A.) Ucber
die Identitit der Petrificate des Thiiringischen und
Englischen Zechsteins, Wiegman’s Archiv, 1833, I,
p- 75.— Gemirz, (H. B,,) und Gursier, (A.) Dio
Versteinerungen des Zechsteingebirges, ecte., Dres-
den, 1849, 4to. fig.— King, (W.) Monograph of
the Permian Fossils of Eogland, (Palront. Soc.,)
London, 1850, 4to. fig.— For the Tviasic system:
Avrserti, (Fr. v.,) Beitrag zur ciner Monographie
des bunten Sandsteins, Mushelkalks, und Kcupers,
Stuttgart und Tibingen, 1834, 8vo. — For the Jura,
Priverrs, (J.,) Hlustrations of the Geology of York-
ghire, York, 1829, vol. 1, 4to. fig. — Poscu, (G. G.,)
Polens Palreontologic, ete., Stuttgart, 1836, 4to. fig.—
Rowen, (Fr. A,) Die Versteincrungen des nord-
deutschen  Qolithen-Gebirges, Hannover, 1836, 4to.
fig. — ZieTey, (C. I. v.,) Die Versteinerungen Wiir-
tembergs, Stuttgart, 1830-34, fol. fiz.— OnrinGyy,
(Avrc. d') Paléontologie frangnise, Paris, 1840-58,
8vo. fiy. — Monrnus, (J.,) and Lycerr, (J.,) Mollusca
from the Great Ovlite, (Palvont. Soe.,) London,
1850-55, 4to. fig. — For the Crelaceous period: Mor-
tox, (S. G..) Synopsis of the Remnins of the Crein-
ccous Group of the United States, Philudelplin, 1834,
8vo. fir.— Ouniayy, (Arc. &) Paléont. fravg., q. n.
— Grxirz, (I, Br.,) Clarakteristik der Schichien
und Petrefukten des Kreidegebirges, Dresden, 1839~
42, 410, fig.— Picrer, (F. J.) et Rorox, (W.,)
Description des fossiles qui se trouvent dans les gris
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And even now, how many

veris des environs de Genive, Mém. Soc. Phys,, etc.,
Gentve, 1847-52, vol. 12 et 13, — Rouer, (F. A.)
Die Versteinerungen des norddeutschen Kreidege-
birges, Hanoover, 1841, 4to. fig.— Dic Kreide-
bildungen von Texas, Bonn, 1852, 4to. fig.— Recss,
(A. E.)) Dic Versteinerungen der bshmischen Kreide-
formation, Stuttgart, 1845-46, dto. fig.— MULLER,
(Jos.,) Monogmphic der Petrefucten der Aachener
Kreideformation, Bonn, 1851, 4to. fig.— SHARPE,
(D.,) Fossil Remuins of Mollusea found in the Chalk
of England, (Palwont. Soc.,) London, 1854, 4to. fig.—
Hacr, (Jawes,) Cretnccous Fossils of Nebraska,
Trans. Amer. Acad., 1856, vol. 5.— For the Ter-
tiaries: Broccur, (G. B.,) Conchiologia fossile sub-
appenniun, cte., Miluno, 181443, 2 vols,, dto. fig. —
DesHaves, (G. P.,) Description des coquilles fossiles
des environs de Pariz, 1824-37, 3 vols. 4to. Atl.—
Broxx, (H. G.,) Italiens Tertiiirgebilde, Heidelberg,
1831, 8vo.— Lea, (I,) Contributions to Geology,
Philadelphia, 1833, 8vo. fig. — Coxrap, (T. A.)
Fossil Shells of the Tertiary Formations of North
Awerica, Philadelphin, 1832-36, 8vo. fig. — GrATE-
rour, (Dr,) Conchyliologic fossile du bassin de
1I'Adour, etc., Bordeaux, 1837, 8vo. fig. — MATUERON,
(Pn.,) Catalogue mdthodique et descriptif des corps
organisés fossiles, etc.,, Marseilles, 1842, 8vo. —
Berenor, (G. C.,) Organische Reste im Bernstein,
Berlin, 1845-54, fol. fig.— Woop, (8. V.) A
Monograph of the Crag Mollusks, (Paleont. Soc.,)
1848-50, 4to. fiz. — Epwanps, (F. E.,) Eocene
Mollusen, (Palmont. Soc.,) London, 1849-52, 4to. fig.
— Honxess, (ML,) Die fossilen Mollusken des Ter-
tiiiv-Beckens von Wien, Wien, 1851, 4to. fig. —
Berrici, (E.,). Die Conchylien des norddeutschen
Tertiiirgebirges, Berlin, 1834-56, 8vo. fiy. —Tuo-
ser, (M.,) and Hovues, (Fn. S..) Fossils of South
Curolina, Charleston, 185556, 4to. fig.

t Been, (L. v.,) Pétrifications recucillies en
Amérique par Mr. Alex. de Humboldt et par Mr.
Ch. Degenhard, Berlin, 1888, fol. fig. — OnrpiGNY,
(Arc.p',) Voyage davs I'Awérique Méridionale, ete.,
Paris, 18343, 7 vols. 8vo. Atl. 4to. — Anrcmiac,
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One result,. however, stands now unquestioned: the existence during each great
geological era? of an assemblage of animals and plants differing essentially for ench
period. And by period I mean those minor subdivisions in the successive sets
of beds.of rocks,-which constitute the stratified crust of our globe, the number of
which is.8aily incrensing, ss our investigations become more extensive and more
Pi-e'éige’." “What remains to be done, is to ascertain with more and more precision,
the frue effinities of these remains to the animals and plants now living, the rela-
tions of those of the same period to one another, and to those of the preceding
and following epochs, the precise limits of these great eras in the development
of life, the character of the successive changes the animal kingdom has undergone,
the special order of succession of the representatives of each class’ their cowbine-

(V0. @) et Hamug, (J.,) Description des animaux
fossiles du groupe nummulitique de 1'Inde, Paris,
1858, 4lo. fig. — Levorarnt, (F. S.,) Ucber dio
Verbrditung der Ubriggebliebenon Resto ciner vor-
woltlichen Schdpfung, Freiburg, 1835, 4to.

! Geological text-books: DeLaBeone, (SirIL T.,)
Goological Manual, London, 18383, 1 vol. 8vo.; Ger-
man Trang, by Dechen; French by Brochant de Vil-
lers.—The Geological Qbserver, London, 1851, 8vo.
— LxeL1, (Sir C,,) Manual of Elementary Geology,
London, 1851, 1 vol. 8vo.— Principles of Guology,
ete., London, 1830, 2 vols. 8vo.; 8th edit., 1850,
1 vol. 8vo.— Navaann, (C. Fr.) Lelrbuch der
Geognosie, Loipzig, 1850-54, 2 vols. 8vo. Atl. 4t0,—
Yoar, (C,) Lebrbuch der Geologic und Petrefukten-
kunde, Braunschweig, 1854, 8vo. 2 vols,, 2d edit.—
Text-books on Fossils: Brony, (H. G.,) Lethra
Geognostica, Stuttgart, 1835-37, 2 vols., 8vo. Atl
fol.; 3d edit. with Fr. Rzeuer, 1846, ct seq. —
Piorer, (F. J.,) Traild dlémentaira de Paléontologie,
otc., Paris, 1844—45, 4 vols,, 8vo. fig.; 2du édit. 1853
ot seq, 8vo. Atl. 4to.—Oruvieny, (Are. d')) Cours
¢lémentaire de Palcontologie, Puris, 1852, 8 vols.,
12mo.— Gievew, (E. G.,) Fuuna der Vorwelt, Leip-
zig, 1852, 2 vols. 8vo.— Allgemcine Palwontologie,,
Leipzig, 1852, 1 vol,, 8vo.— Quesstept, (F. A.)
Handbuch der Petrefuktenkunde, Tubingen, 1852,
8vo. fig. Unfortunately, there cxiets not a singlo
English text-book of Pulaontology. A trunslation

of Pictet's and Bronn’s works would be purticulurly
desirable.

3 At first, only three great periods were distin-
puished, the primary, the sccondary, and the tertiary ;
aflerwards, six or seven, (DelaBiche); later, from
ten to twelve; now, the number is almost indefinite,
at least undetermined in the present stage of our
knowledge, when many geologists would only con-
sidor ns subdivisions of' longer periods, what some
palwontologists are inclined to consider as distinct
poriods.

® The principal Monographs relating to specinl
clusses or families, are the following; Polyps and
Tufusoria: Micnerin, (T1.,) Iconographie Zoophy-
tologique, Paris, 184145, 4to. fg. — Evwarbs, (II.
Miune,) ot Haing, (J.,) Recherches, ete., q. u., p. 31.
— Polypiers fossiles des terrains paléozoiques, Arch.
Mus., vol. 5.— Monogruph of the British Fossil
Corals, Paleont. Soc., London, 1850-55, 4to. fig.—
Loxsparg, (W.,) On the Corals from the Tertinry
Formations of North America, Journ. Geol. Soc., I
p. 495; Sill. Journ., 2d ser. IV., p. 357.— MaCor,
(Fx.,) Contributions to British Palcontology, Cum-
bridge, 1854, 1 vol. 8vo. fig. — References 1o all
minor papers may be found in Edwards and Inime's
Recherchies. — Ennessere, (C. G.) Mikrogeologics
Leipzig, 1854, fol. fig.— Echinoderms : MILLEK, (J.
C.) A Nuturul History of the Crinvidea, liri.4l:~!’-
1821, 4to. fig. — OnrmGyy, (Arc. p%) Histoire
nnturelle généralo et particulitre des Crinoides vivan
et fossiles, Paris, 1840, dto. figg. — AusTix, (Ti. and
Tu. Jr.,) Mouogenph on Recent und Foussil Crinoidety
Bristol, 4to. fig. (without date)) — Ilstl (J-)
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tions into distinct faunse during each period, not to speak of the causes, or even
the circumstances, under which these changes may have taken place.

Paleont. of New York, q. a.— Gororuss, (G. A.)
Petref. Germ., q. a.— DeKoninek, (L.,) et LeHox,
(H.,) Recherches sur les Crinoides, etc., Bruxclles,
1854, 4to. fig.— Owex, (D. D.,) and Snuxarp, (B.
F.,) Description of New Specics of Crinoidea, Journ.
Ac. Nat. Sc.,, Philad. 1850, 4to. fig. — SismoNDA,
(E.) Monographia degli Echinidi fossili del Pic-
monte, Torino, 1840, 4to. fig.— DesMovurins, (C.,)
Etude sur les Echinides, Bordcoux, 1835-37, 8vo.
fig.— Acassrz, (L.,) Monogr. Echin., q. o, p. 54. —
Catalogue ranisonné, etc., q. o, p. 81. I quote this
paper under my name alone, because that of Mr.
Desor, which is added to it, has no right there. It
was added by him, after I had left Europe, not only
without authority, but even without my learning it,
for a whole year. The genera Goniocidnris, Mespi-
lia, Boletia, Lenita, Gunlteria, Lovenin, Breynin,
which bear his name, while they should bear mine,
as I lave established and named them, while Mr.
Desor was travelling in Sweden, were appropriated
by him, without any more right, by a mere dash of the
pen, while he was carrying my manuscript through
the press. How many species ho hns taken to him-~
gelf, in tho same manner, I cannot tell. As the
printed work, and a paper presented by me to the
Academy of Sciences of Paris, in 1846, exhibit, for
every one acquainted with zodlogical nomenclature,
internal evidence of my statement, such, for instance,
as my name left standing ns autbority for the species
of Mespilin, Lenita, Gualterin, and Breynia, whiloe
the genus bears his, I nced not allude further to the
subject. ‘This is one of the most extraordinary cases
of plagiarism I know of.— Desor, (E.,) Synopsis des
Echinides fossiles, Paris, 1854-56, 8vo. fig.; partly
reprinted from my Catalogue, with ndditions and
figures. — Buen, (L. v.,) Ucber die Cystideen, Ber-
lin, 1844, 4to. fig.; Ak. & wiss.—MuLLER, (J.,)
Ucber den Bau der Echinodermen, Berlin, 1854, 4to.
fiz. — Roesmen, (F.,) Ucber Stephanocrinus, ectc.,
Wieagm. Arch,, 1850, p. 365. — Monogruphic der
fossilen Crinoidenfamilie der Blustoideen, cte,, Wiegm.
Arch., 1851, p. 828.—Fonpes, (Ep.,) Echivo-
13

dormata of the British Tertiaries, (Palmont. Soc.,)
1852, 4to. fig.—Mem. of the Geol. Surv. of the
Unit. Kingdom, London, 1849, 8vo. fig., Dec. 1at, 84,
and 4th.— Mollusks: DesHaves, (G. P.) Traité
élémentaire de Conchyliologie, cte., Paris, 1835-39,
2 vols. Bvo. fig. — Description des coquilles carac-
téristique des terrnins, Paris, 1831, 8vo. fig. — Woob-
waro, (S. P.,) A Munual of tho Mollusea, etec.,
London, 1851-54, 12mo. fig.— HagExow, (Fr. v.,)
Die Bryozoen der Maastriciter Kreideformation,
Cassel, 1851, 4to. fig.— DesMouvrins, (C.,) Essai
sur les Sphérulites, Bull. Soc. Lin., Bordeaux, 1827.
—Roquay, (0. R. pu,) Description des Coquilles
fossilles de la famille des Rudistes, cte., Carcassonne,
1841, dto. fig.—Hoexinguavs, (Fr. W.) Mono-
graphie der Gatlung Crania, Disseldorf, 1828, 4to.
fig. — Bucn, (L. v.,) Ucber Tercbrateln, cte., Berlin,
1834, 4to. fig.; Ak. d. wiss.— Ueber Productus und
Leptaena, Berlin, 1842, 4to. fig.; Ak. d. wiss,—
DavipsoN, (Tu.,) British Brachiopoda, (Palmont
Soc,,) London, 1851-53, 4to. fig. — DeKo~mek, (L.,)
Recherches sur les animaux fossiles, Litge, 1847, 4to,
fig.— Acassiz, (L.,) Etudes erit. q. a., p. 54— FAVRE,
(A.)) Observations sur les Dicerates, Gendve, 1843,
4to. fig.— Berraror, (L,) e Micnevorrr, (G.)
Saggio orittografico sulla classe dei Gasteropodi fossili,
Torino, 1840, 4to. fig. — DeHaax, (W.) Mono-
graphim Ammonitcorum et Goniatitcorum Specimen,
Lugduni-Batav., 1823, 8vo.— Bocm, (L. v.,) Ucber
Ammoniten, iiber ihre Sonderung in Familien, etc.,
Berlin, 1832, 4to. fig. Ak. d. wiss.— Uecber Gonio-
titen und Clymenien in Schlesien, Berlin, 1839, to.
fir.; Ak. d. wiss. — Miinster, (Gr. v.,) Ucber
Goniutiten und Planuliten im Ucbergangskalk, cte.,
Buireuth, 1832, 4to. fig.— Vorrz, (Pu. L.,) Obser-
vations sur les Bélemnites, Paris, 1830, dto. fig. —
Quenstent, (F. A,) Do Notis Nautilcorum pri-
mariis, etc., Berolini, 1834, 8vo. — Crustacea : DBnrox-
GNIART, (AL,) et Desmaunest, (A. G.) Ilistoire
naturelle des Trilobites, ete., Puris, 1822, dto. fig. —
DaLuay, (J. W.) Ucber die Palicaden oder dio
sogenanuten Trilobiten, a. d. Schwed.,, Nurnberg,
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In order to be:able to compare the order of succession of the animals of past
oges with some other prominent traits of the onimal kingdom, it is necessary for

1828, 4to. g, — Gneey, (J,) A Monograph of the
Trilobites of North Amorica, cte., Philndelphia, 1833,
8vo. fig. — Eaxenion, (H. F.,) Do Trilobitis, Bero-
lini, 1889, 8vo. ig.— Zur Naturgeschichte der Trilo-
biten, Meiningen, 1844, 4to. — Bunusisrer, (II.,)
Die Organisation dor Trilobiten, Berlin, 1843,
dto. fig.; (Ray Society,) — Brynicn, (E.) Ucber
cinige bbhmische Trilobiten, Berlin, 18435, 4to.; 2d
part, 184G, 4to.— Corpa, (A. J. C.,) und HAawLE,
{Ia,) Prodrom ciner Monographie der Lihmischen
Trilobiten, Prag, 1848, 8vo. fig. — Bannaxvoe, (J.,)
Syat. Sil,, q. 0., p. 28. — Savter, (J. W) In Mem.
Geol. Surv,, etc., Dec. 2d. — MiuinsTer, (Gr. G. v.,)
Beitriige zur Petrefuktenkunde, Beyreuth, 1839, 4to.
2d Fasc., fig.— Mever, (H. v,) Neue Gattungen
fossiler Krcbse, ete., Stuttgart, 1840, 4to. fig.— D&
Kownmok, (L.,) Mdémoire sur les Crustacés fossiles
de Belgique, Lidge, 1841, 4to. fig. — Conxce, (J1.,)
Description des Entomostracds fossiles, ete., Méw. Soc.
Géol. de France, 2de sér., vol. 1, part 2d, Paris,
1846, dto. fig.— Bosquer, Description des Ento-
mostracés fossiles de la Crnic de Mmwstricht, Mém.
Soc. Roy. de Litge, 1847, 8vo.—Joxes, (T. R.)
The Entomostraca of the Cretaceous Formation of
Eogland, (Palxont. Soc.,) London, 1848, 4to. fiz.—
Darwiwn, (Cam.,) Fossil Cirripedia, (Paleont. Soc.,)
London, 1851 and 1854, dto. fig.— Jusects: Brobie,
(P. B.,) History of the Fossil Insccts of the Sccond-
ary Rocks of England, London, 1845, 8vo,— Hekr,
(0.) Die Inscktenfauna dor Tertiiirgebilde von
Ocningen und von Radeboy, Loipzig, 1838, 4to.
fig.; N. Deng., helv. Gessellsch, — Heer, (0.,) et
Escuen v, prr Lixta, (A.) Zwei geologischo Vor-
trilge, cte., Zilrich, 1852, 4t0.— Fishes: Acassiz,
(L.,) Rech. 8. les poiss. foss,, q. a., p. 54.— Ecenrox,
{S= Puir,) A Systemutic and Stratigraphical Cata-
loguo of the Fossil Fishes, ofe., London, 1837, dto.
2d edit.—On some new Ganuid Fishes, Proe. Geol.
Boc. London, IV, p. 183.— On some New Species of
Climeroid Fishes, Ibid., p. 153 uud 211, and several
other papers in Trans. Geol. Sve. Lond.; Journ.
Geol. Soe.; Ann, and Mug, Nat. Hist,, aud Memoirs

of the Geol. Surv. of the United Kingdom, Dec. Gth,
— PicreT, (. J.,) Poissons fossiles du Mt. Liban,
Genbve, 1850, Hto. fig.— HEecker, (J. J,) Beitriige
zur Kenntniss der fossilen Fische Oesterreichs, Wien,
1849, 4ta. fig.— Ginurs, (R. W.,) Monogeaph of the
Fossil Squalide of the United States, Journ. Ac. Nat.
Se., Philudelphin, 1848 and 1849, dto. fig. — New
Species of Myliobates, Tbid., 1849, p. 299.— McCory,
(F.,) In Sedgwick and McCoy's DBritish Paleoz.
Rouks, q. u., p. 23.— NEwbDERRY, (J. S.,) Fislies of
the Cuarbonif. Deposits of Olio, Proc. Ac. Nat. Sc.,
Philadelphin, 1856. — Reptiles : Cuvier, (G..) Rech,
Oss. foss., (. a., p. 93.—Jataer, (G. Fun.,) Ucber
dio fossilen Reptilien welche in Wiirtemberg aufge-
funden worden sind, Stutigart, 1828, dto. fig. —
Georrroy St. IIiLamee, (ET.,) Recherchies sur les
grands Sauriens, cte., Puris, 1831, dto. fig.— Des-
Loxacuamrs, (Evp.,,) Mém. sur le Poccilopleuron
Bucklandi, Caen, 1837, dto. fig.— Broxx, (II. G.)
und Kauvp, (J. J.,) Ablandlungen iiber die Gavinl-
artigen Reptilien, Stuttgart, 1842, fol. fig.— Gorp-
Fuss, (A.,) Der Schiidelbnu des Mosasnurug, N. Act.
Ac. Nt Car., 1844, dto. fig.— Avrtox, (E. p',) und
Bunuester, (IH.) Der fossile Gavial von Boll,
Halle, 18534, fol. fig.— Burneister, (I1,) Die
Labyrinthodonten, Berlin, 1850, 4to. fig. — QUEN-
8TEDT, (A.) Dic Mustodonsuurier sind Bateachier,
Tibingen, 1830, 4to. fig. — Gioues, (R. W.) A
Memoir on Mosasaurus and three New Geners, elcy
Smithson. Contrib. 1831, 4to. fig. —MEYER, (1L Vo)
Zur Tuuna der Vorwelt, Dic Saurier des Muschel-
kulkes, cte., Frankfurt a. M., 1845-52, fol. — MEYER,
(I v.,) und Priexmcer, (Tn.,) Beitriige zur Palee-
ontologic Wiirtembergs, Stuttzart, 1844, Jto. fig—
Owexy, (R..) Report on British Fossil Reptiles. Brit.
Ass. 1839, p. 43; 1841, p. 60.— Fossil Reptilia of
the London Cluy, (Paleont. Soc..) London, 184, 4to.
fiz. (the Chelonia with T. Ber.) — Fossil Reptilin
of the Cretaceous Formation, (Palwont. Soc..) Lon-
don, 1851, dto. fig. — Fossil Reptilin of the Wenlden
Formution, (Pulwont. Sue.,) London, 1852-55, dto.
fig.~ L, (I,) On n Fossil Suurian of tho New
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me to moke a few more remarks upon this topic. I can, fortunately, be very
brief, as we possess a text-book of Palmontology; arranged in zodlogical order, in
which every one may at a glance see how, throughout all the classes of the animal
kingdom, the different representatives of each, in pnst ages, are distributed in the
successive geological formations! From such a cursory survey, it must appear, that
while certain types prevail during some periods, they are entirely foreign to others,
This limitation is conspicuous, with reference to entire classes among Vertebrata,
while, in other types, it relates more to the orders, or to the families, and extends
frequently only to the genmera or the species. DBut, whatever be the extent of
their range in time, we shall see presently, that all these types bear, as far as
the order of their succession is concerned, the closest relation to the relative rank
of living animals of the same types compared with one another, to the phases of
the embryonic growth of these types in the present day, and even to their geo-
graphical distribution upon the present surfoce of our globe. I will, however, select

Red Sandstone, ete.,, Philadelphia, 1852, 4to. fig. —
Leipy, (Jos.,) Description of Extinct Mammalia and
Chelonin from Nebraska Territory, in D. D. Owey,
Geol. Surv. of Wisconsin, Jown, Minesota, otc.,
Philadelphia, 1852, 4to. fig.— On Bathyguathus
borealis, an extinct Saurian, Journ. Aec. Nat. Sc.,
Philad., 1854, 4to. fig.— Description of a New Species
of Crocodile, otc., Ibid., 1851.— Birds: Owen, (R.)
istory of British Fossil Mammalin and Birds, Lon-
don, 1844-46, 1 vol. 8vo. fig.— Fossil Birds from the
Wealden, Journ. Geol. Soc., IT., p. 96. — Memoir on
the Dinornis, Trans. Zool. Soc., vol. 3, p. 3, London,
1844, 4to. fig. — Mammalia: Cuvier, (G.,) Oss. foss.,
q. &.— Buckraxp, (W.,) Rel. Diluv., q. n., p. 94.—
DeBrainviiie, (Ducr.,) Ostéographic ou Descrip-
tion iconographique comparée du Squelette, ete.,
Paris, 1841, vt suiv. 4to., Atas fol. — Kaur, (J. J.,)
Descriptions d'ossemens fossiles de Mammiftres incon«
nus, Darmstadt, 1832-39, dto. fig.—Owen, (R.,)
Odontography, or a Treatise on the Comparative
Anutomy of the Teeth, London, 1840-41, 3 vols. 8vo.
fiz.— Brit foss. Mum. and Birds, q. . —The Fossil
Mummalin of the Voynge of 1I. M. S. BeacLe,
London, 1838, 4to. fig.— Description of' the Skeleton
of un extinet gigantic Sloth, Mylodon robustus, Lon-
don, 1842, 4to. fig.; and many papers in Journal
of Geologicnl Society; Truns. Zool. Sucicty, cte, —

Scouereing, (P. C.,) Recherches sur les ossemens
fossiles des cavernes de Litge, Litge, 1833-36,
2 vols. 4. fig.— Croizer ct Josert, Recherches
sur les ossemens fossiles du département du Puy-de-
Déme, Paris, 1828, fol. fig.— Merver, (II. v.,) Zur
Fauna, ete., q. a. — Die fossilen Ziilhne und Knochen,
in der Gegend von Georgensgmiind, Frankfurt n. AL,
1834, 4to. fig.—JaeGer, (G. Fr.,) Dic fossilen
Siiugethicre Wilrtembergs, Stuttgardt, 1835-39, fol.
fig. — Favconer, (H.) and Caoriey, (P. T.)
Fauna antiqua sivalensis, ete., London, 1846, fol. fig.
— Genvais, (P.,) Zoologic et Paléontologic fran-
caises, Paris, 1848-52, 4to. fig. — MiLLer, (J.)
Ueber die fossilen Reste der Zeuglodonten, etc.,
Berlin, 1849, fol. fiz.— LeConTE, (J,,) On Platy-
gonus compressus, Mem. Amer. Acud. Arts nud Se,,
1848, dto. fig.— Wruax, (J.,) Notice of the Guo-
logical Position of Custoroides ohioensis, by J. ITavrt,
and an Anatomical Description of the same, Boston
Journ. Nat. Ilist.,, 1847, vol. 5, p. 383, Bvo. fig. —
Wanney, (J. C,) Deseription of a Skeleton of the
Mustodon giganteus, Boston, 1852, {to. fol. — Leipy,
(J..) The Ancient Fauna of' Nebraska, Smith. Contr.,
Washington, 1852, dto. fiz. Sce alzo Sect. 22,

1 T allude to the classical work of PiereT, Traitd
élémentnire de Paléuntolugie, q. a., 1 secoud edition
of which is now publishing.
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g few examples’ for further discussion. Among Echinoderms the Crinoids are, for
a long succession of periods, the only representatives of that class; next follow
the Starfishes, and next the Sea-Urchins, the oldest of which belong to the type
of Cidaris ond Echinus, followed by Clypeastroids and Spatangoids. No satisfactory
evidence of the existence of Holothurise has yet been found. Among Crustacea,
¢ comparison of the splendid work of Barrande! upon the Silurian System of
Bohemin, with the paper of Count Miinster upon the Crustacen of Solenhofen? and
with the work of Desmarest upon fossil Crabs?® will at once show that while
Trilobites are the only Crustacea of the oldest palmozoic rocks, there is found in
the jurassic period a carcinological fauna entirely composed of Macrura, to which
Brachyura are added in the tertiary period. The formations intermediate betiween
the older palmozoic rocks and the Jura contain the remains of other Entomostraca,
and later of some Macroura also. In both classes the succession of their repre-
sentatives, in different periods, agrees with their respective standing, as determined
by the gradation of their structure.

Among plants, we find in the Carboniferous period prominently, Ferns and
Lycopodiaces;* in the Triassic period Equisetacere® and Coniferms prevail; in the
Jurassic deposits, Cycadere,’ and Monocotyledonew; while later only Dicotyledonem
take the lead” The iconographic illustration of the vegetation of past ages bas
of late advanced beyond the attempts to represent the characteristic features of
the animal world in different geological periods®

Without attempting lere to characterize this order of succession, this much follows
already from the facts mentioned, that while the material world is ever the same
through all ages in all its combinations, as far back as divect investigations can
trace its existence, organized beings, on the contrary, transform these same mate-
risls into ever new forms and new tombinations. The carbonate of lime of all
ages is the same carbonate of lime in form as well as composition, as long as it
is under the action of physical agents only. Let life be introduced upon earth,

! Barnaxoe's Syst. Silur., q, a., p. 28.
* Gn. G. v. Munsten, Beitriige zur Petrefucten-

of Plants found in the Oolite, cte., Trans. Geol Soc
Lond. 2d ser. 11, p. 395.

kunde, q. a., p. 98,

* Desuanest, sce Brongniart nnd Desmarest's
Hist. Nat d. Tril. et Crust., q. a., p. 97.

¢ Sce, nbove, p. 93.

¢ Scumuren, (W. P.,) et Movakor, (A.,) Mono-
graphic des Pluntes Fossiles du Gris-higurré de In
::hniue des Vosges, Strush. et Puris, 1840-13, dto.

2

¢ BuckLaND, (W.,) On the Cycadeoidwe, n Fuwily

' Unger, (Fi,,) Chloris protogen, Beitriige zur
Florn der Vorwelt, Leipzig, 1841, dto. ig.— HEEn,
(0.) Flora tertinrin IHelveti, Wintherthur, 1855
fol. fiz.

' Landscapes of the different geological periods
are represented in Uncer, (Fi.) Die Vorwelt in
ilren vershiedenen Rildungsperioden, Wien, fol. (“0.
date.)  These lundsenpes nro idend rcpwseuwliuﬂs of

the vegetation of past ages.
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and & Polyp builds its coral out of it, end each family, each genus, each species
a different one, and different ones for all successive geological epochs. Phosphate
of lime in palmozoic rocks is the same phosphate, as when prepared artificially by
Man; but a Fish makes its spines out of it, and every Fish in its own way, a
Turtle its shield, & Bird its wings, & Quadruped its legs, and Man, like all other
Vertebrates, its whole skeleton, and during each successive period in the history
of our globe, these structures are different for different species. 'What similarity is
there between these facts! Do they not plainly indicate the working of different
agencies excluding one another? Truly the noble frame of Man does not owe its
origin to the same forces which combine to give a definite shape to the crystal,
And what is true of the carbonate of lime, is equally true of all inorganic sub-
stances; they present the same characters in all ages past, as those they exhibit now.
Let us look upon the subject in still another light, and we shall see that the
same is also true of the influence of all physical causes. Among these agents, the
most powerful is certainly electricity; the only one to which, though erroneously, the
formation of animals has ever been directly ascribed. The effects it may now
produce, it has always produced, and produced them in the same maonner. It has
reduced metallic ores and various earthy minerals and deposited them in crystalline
form, in veins, during all geological ages; it has transported these and other
substances from ome point to another, in times past, as we may do now in our
laboratories, under its influence. Evaporation upon the surface of the earth has
always produced clouds in the atmosphere, which after accumulating have been
condensed in rain showers in past ages as now. Rain drop marks in the carbonifer-
ous and triassic rocks have brought to us this testimony .of the identity of the
operation of physical agents in past ages, to remind us that what these agents may
do now, they already did in the same way, in the oldest geological times, and have
done at all times Who could, in presence of such facts, assume any causal con-
nection between two series of phenomena, the onme of which is ever obeying the
same laws, while the other presents at every successive period new relations, an
ever changing gradation of new combinations, leading to a final climax with the
appearance of Man? Who does not see, on the contrary, that this identity of the
products of physical agents in all ages, totally disproves any influence on their part
in the production of these ever changing beings, which constitute the organic world,
and which exhibit, as a whole, such striking evidence of connected thoughts!
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SECTION XXII.

LOCALIZATION OF TYEES IN PAST AGES.

The study of the geographical distribution of the animals mnow living upon
earth has taught us, that every species of animals and plants has o fixed bome, and
even thet peculiar types may be circumscribed within definite linits, upon the
surface of our globe. But it is only recently, since geological investigations have
been carried on in remote parts of the world, that it has been ascertained that
this' special localization of types extends to past ages. Lund for the first time
ghowed that the extinet Faunn of the Brazils! during the Iatest period of o past
age, consists of different representatives of the very same types now prevalent in
that continent; Owen has observed similar relations between the extinct Fnuna
of Australin® and the types now living upon that continent.

If there iz any noturalist left who belicves that the Fauna of one continent
may be derived from another portion of the globe, the study of these facts, in
all their bearing, may undeceive him.

It is well known how characteristic the Edentata are for the present Fauna
of- ?ha Brazils, for there is the home of the Sloths, (Bradypus,)) the Tatous,
(Dasypus,) the Anteaters, (Myrmecophagn); there also have been found those
extraordinary extinct genmera, the Megatherium, the Mylodon, the Megalonyx, the
Glyptodon, and the many other genera described by Dr. Lund and Professor
Owen, all of which belong to this same order of Edentata. Some of these
extinct genera' of Edentats had also representatives in North America, during the
same geological period? thus showing' that though limited twithin similar arens, the
Tange of this type bus been different in different epochs.

Australin, at present almost exclusively the home of Marsupials, has yielded
also a considerable number of equally remarkable species, and two extinct genert
of that type, all described by Owen in o report to the British Association, in
1844, and in Michell's Expeditions into the Interior of Australia.

2 ?b'mm, (Dr.) Bik pas Brasiliens Dyreverden  of Extinct Mammalia, Ann. and Mag. Nat. Iist., 1845,
fér sidata Jordomvmltning. K. Danske Vidensk. vol. 17, p. 197,

Selsk. Afnndl. VI, Kiobenluyn, 1841, {to. fig,, p. * Lewy, (Jos.) A Memoir on the Extint Sluth
61, ete:; Engl. Abstract, Ann. ond Mag. vol. 8, p.  Tribe of North Amerien, Smithson. Contrib, 1855, 410-

422; o fig. — Wyax, (J.,) Notice of Fassil Bones, ety A
WEN, (R,) On the Geogrupbienl Distribution  Journ. Se. aud A., 2d ser., 1850, vol. 10.
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How far similar facts are likely to occur in other classes, remains to be ascer-
tained. Our knowledge of the geographical distribution of the fossil remains is
yet too fragmentary to furnish any further date upon this point. It is, however,
worthy of remark, that though the types of the oldest geological periods had a
much wider distribution than most recent families exhibit now, some families of
fishes largely represented in the Devonian system of the Old World have not
yet been noticed among the fossils of that period in Americn, as, for instance,
the Cephalaspids, the Dipteri, and the Acanthodi. Again, of the many gigantic
Reptiles of the Trinsic and Oolitic periods, none are known to occur elsewhere
except in Europe, and it can hardly be simply owing to the less extensive dis-
tribution of these formations in other parts of the world, since other fossils of
the same formations are known from other continents. It is more likely that
some of them, at least, are peculiar to limited arcas of the surface of the globe,

s, even in Europe, their distribution is not extensive.

Without, however, entering upon debatable ground, it remains evident, that
before the establishment of the present state of things, peculiar types of animals,
which were formerly circumscribed within definite limits, have continued to occupy
the same or gimilar grounds in the present period, even though no genetic con-
nection can be assumed between them, their representatives in these different forma-
tions not even belonging to the same genera. Such facts are in the most direct
contradiction with any assumption that physical agents could have any thing to
do with their origin; for though their occurrence within similar geographical areas
might at first seem to favor such a view, it must be borne in mind that these
8o localized beings are associated with other types which have a much wider range,
and, what is still more significant, they belong to different geological periods,
between which great physical changes have undoubtedly taken place. Thus the
facts indicate precisely the reverse of what the theory assumes; they prove a
continued similarity of organized beings during successive geological periods, not-
withstanding the extensive changes, in the prevailing physical conditions, which the
country they inhabited may have undergone, at different periods, In whatever direc-
tion this theory of the origin of animals and plants, under the influence of physical
agents, is appronched, it can nowhere stand o critical examination. Only the delib-
erate intervention of an Intellect, acting consecutively, according to one plan, can

account for phenomena of this kind.
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SECTION XXIII.
LIMITATION OF SPECIES TO PARTICULAR GEOLOGICAL PERIODS.

Without entering into o discussion respecting the precise limits within which this
fact is true, there can no longer be any doubt, that not ouly species, but all other
groups of animals and plants, have a definite range of duration, os well as individ-
xols? The limits of this duration, ns far as species are concerned, gemerally coin-
cide with great changes in the physical conditions of the earth’s surface;* though,
strange to ssy, most of those investigators who would ascribe the origin of organ-
ized beings to the influence of such causes, maintain also, that species may extend
from one period to another, which implies that these are not affected by such
changes®

When considering, in general, the limitation of species to particular geological
periods, we might very properly disregard the question of the simultaneity of the
successive appearance and disappenrance of Fuunee, as in no way affecting the
result of the investigation, as long as it is universally conceded, that there is no
species, known among the fossils, which extends through au indefinite series of
geological formations. Moreover, the number of the species, still considered as
identical in several successive periods, is growing smaller and smaller, in proportion
as they are more closely compared. I have already shown, long ago, how widely
many of the tertiary species, long considered ns identical with living ones, differ
from them! and also how different the specics of the same family may be, in
successive subdivisions of the same great geological formation® Hall has come to
the same result in his investigations of the fossils of the State of New York!
Every monograph reduces their number, in every formation. Thus Barrande, who
hos devoted so many years to the most minute investigation of the Trilobites of

! Compare Sect. XIX.

Paris, 1850, 2 vols. 12mo. — Monrus, (J.,) Cataloguo
* Evie pe Beavsont, Recherches sur quelques-

of the British Fossils, London, 1854, 1 vol. 8vo.

uncs des Révolutions de ln surface du Globe, Paris, ¢ Agassiz, (L.,) Coquilles tertinires reputées
1830, 1 vol. 8vo. identiques avee les espices vivantes, Neuchitel, 1815,

* For indications respecting the occurrence of all 4o, fig.

specics of fossil organized beings now known, consult,
Broxx, (H. G.,) Index paleontologicus, Stutigardt,
184849, 8 vols. Bvo, — Onuic NY, (A. p')) Prodrome
de Puléontologio stratigraphique universelle et

® Aaassiz, (L.) Etudes critiques sur les Notjus-
ques fussiles, Neuchiitel, 181013, to. lig.

¢ ILiLt, (J.) Pulaontology of the State of New
York, q. o, p. 23, uote L
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Bohemia,! has come to the conclusion that their species do not extend from one
formation to the other; D’Orbigny? and Pictet® have come to the same conclusion
for the fossil remains of all classes. It may well be said that, as fossil remains
are studied more carefully, in a zoblogical point of view, the supposed identity of
species, in different geological formations, vanishes gradually more and more; so
that the limitation of species in time, already ascertained in o general way, by the
earlier investigations of their remains in successive geological formations, is circum-
scribed, step by step, within narrower, more definite, and also more equable periods.
Species are truly limited in time, as they are limited in space, upon the surface of
the globe. The facts do not exhibit a gradual disappearance of a limited number of
species, and an equally gradual introduction of au equally limited number of new
ones; but, on the contrary, the simultancous creation and the simultancous destruc-
tion of entire faun®, and a coincidence between these changes in the organic world
and the great physical changes our earth has undergone. Yet it would be premature
to attempt to determine the extent of the geographical range of these changes, and
still more questionable to assert their synchronism upon the whole surface of the
globe, in the ocean and upon dry land.

To form adequate ideas of the great physical changes the surface of our globe
has undergone, and the frequency of these modifications of the character of the
earth’s surface, and of their coincidence with the changes observed among the organ-
ized beings, it is necessary to study attentively the works of Elie de Beaumont.!
He, for the first time, attempted to determine the relative age of the different sys-
tems of mountains, and showed first, also, that the physical disturbances occasioned
by their upheaval coincided with the successive disappearance of entire faunwm, and
the reappearance of mew ones. In his emlier papers he recognized seven, then
twelve, afterwards fifteen such great convulsions of the globe, and now he has
traced more or less fully and conclusively the evidence that the number of these
disturbances has been at least sixty, perhaps one hundred. But while the genesis
and genealogy of our mountain systems were thus illustrated, paleeontologists, extend-
ing their comparisons hetween the fossils of different formations more carefully to
all the successive beds of each great era, have observed more and more marked
differences between them, and satisfied themsclves that faunm also have been more
frequently renovated, than was formerly supposed; so that the general results of

! Barraxoe, Systtme silurien, ele., q. a.; sce, ¢ Erie pe BeavnosT, Notice sur les systtmes de
alzo, my Monographies d'Echinodermes, q. ., P 54 Montagnes, Pariz, 1852, 3 vols. 12mo.; see, nlso,

* D'Oumeasy, Paléontologic Frangaise, q.n., p.95.  Buen, (Luor. v.,) Urber die geognotischen Systeme

' Picrer, Traité de Puléontologie, cte., q. w., p. von Deutseliland, Leonhard’s Taschenb,, 1824, I1, p.
96, note 1. 501.
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geology proper and of paleontology concur in the main to prove, that .while the
globe has been at repeated intervals, and indeed frequently, tlu-mgh after lmme?sely
long periods, gltered and altered again, until it has nssumed its present condition,
g0 have also animals and plants, living upon its surface, been again and again extin-
guished and replaced by others, until those now living were called into existence
with men at their head. The investigation is not in every case sufficiently com-
plete to show everywhere a coincidence between this renovation of animals and
plants ond the great physical revolutions which have alteved the general aspect of
the globe, but it is already extenmsive enough to exhibit o frequent synchronism and
correlation, and to warrant the expectation that it will, in the end, lead to o com-
plete demonstration of their mutual dependence, not as couse and effect, but as steps
in the same progressive development of' a plan which embraces the physical as well
os the organic world.

In order not to misapprehend the fucts, and perhaps to fall back upon the
idea, that these changes may be the cause of the differences observed between the
fosails of different periods, it must be well understood that, while organized beings
exhibit through all geological formations a regular order of succession, the character
of which will be more fully illustrated hereafter, this succession has heen from
time to time violently interrupted by physical disturbances, without any of these
altering in any way the progressive character of that succession of orgauized beings.
Truly this shows that the important, the leading fenture of this whole drama is
the development of life and that the materinl world affords only the eclements for
its realization. The simultancous disappearance of entire faunwe, and the following
simultaneous appearance of other faunw, show further that, as all these fwunm con-
pist of the greatest variety of types? in all formations, combined everywhere into
natural associations of animals and plants, between which there have been definite
relations at all times, their origin can at no time be oving to the limited influence
of monotonous physical causes, ever acting in the same way. Here, aguin, the
intervention of o Creator is displayed in the most striking manner, in every stage
of the history of the world.

! Daxa, (J. D.,) Address, q. o, p. 94, note 1. ? Acassiz, (L.) Geol. Ties, q. o, p. 25-
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SECTION XXIV.

TARALLELISM BETWEEN THE GEOLOGICAL SUCCESSION OF ANIMALS AND PLANTS AND
THEIR PRESENT RELATIVE STANDING.

The total absence of the highest representatives of the animal kingdom in the
oldest deposits forming part of the crust of our globe, has naturally led to the
very general belief, that the animals which have existed during the earliest period
of the history of our earth were inferior to those now living, nay, that there is
a natural gradation from the oldest and lowest animals to the highest now in exist-
ence! To some extent this is true; but it is certainly not true that all animals
form one simple series from the earliest times, during which only the lowest types
of animals would have been represented, to the last period, when Man appeared
at the head of the animal creation? It has already been shown (Sect. VII) that
representatives of all the great types of the animal kingdom have existed from the
beginning of the creation of organized beings. It is therefore not in the succes-
sive appearance of the grent branches of the animal kingdom, that we may expect
to trace a parallelism between their succession in geological times and their relative
standing at present. Nor can any such correspondence be observed between the
appearance of classes, at least not among Radiata, Mollusks, and Articulata, as their
respective classes seem to have been introduced simultaneously upon our earth, with
perhaps the sole exception of the Insects, which are not known to have existed
before the Carboniferous period. Among Vertebrata, however, there appears already o
certain coincidence, even within the limits of the classes, between the time of their
introduction, and the rank their representatives hold, in comparison to one another.
But upon this point more hereafter.

It is only within the limits of the different orders of each class, that the paral-
lelism between the succession of their representatives in past ages and their respec-
tive rank, in the present period, is decidedly characteristic. DBut if this is true, it
must be at the same time obvious to what extent the recognition of this corre-
spondence may be influenced by the state of our knowledge of the true affinities
and natural gradation of living animals, and that until our classifications have hecome
the correct expression of these natural relations, even the most striking coincidence
with the succession of their representatives in past ages may be entirely overlooked.
On that account it would be presumptuous on my part to pretend, that I could

! Sce the palreontological works quoted in Seet. 21, 2 Acassiz, (L.) Twelve Leet,, ete., p. 25 and 69,
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illustrate this proposition, through the whole animal kingdom, as such an attempt
would involve the assertion that I know all these relations, or that where there
exists & dizerepancy between .the classification and the succession of animals, the
classification must be incorrect, or the relationship of the fossils incorrectly appre-
ciated. I shall therefore limit mysell here to a general comparison, which may,
however, be sufficient to show, that the improvements which have been introduced
in our systems, upon purely zovlogical grounds, have nevertheless tended to render
more apparent the coincidence between the relative standing among living animals
and the order of succession of their representatives in pnst ages. I bhave lately
attempted to show, that the order of Ilaleyouoids, among Polyps, is superior to that
of Actinoids;? that, in this cluss, compound commumities constitute a higher degree of
development, when contrasted with the characters and mode of existence of single
Polyps, as exhibited by the Actinin; that top-hudding is superior to lateral budding;
ond that the type of Madrepores, with their top-animaul, or at least with o def-
nite and limited number of tentacles, is superior to all other Actinoids. If this be
80, the prevalence of Actinoids in older geological formations, to the exclusion of
Huleyonoids, the prevalence of Rugose and Zubulate in the oldest deposits? the
later prevalence of Astrwoids, and the very late introduction of Madrepores, would
already exhibit a correspondence between the rank of the living Polyps and the
representatives of that class in past ages, though we may hardly expect a very close
coincidence in this respect between animals the structure of which is so simple.

The gradation among the orders of Echinoderms is perfectly plain.  Lowest
stand the Crinoids, next the Astevioids, next the Echinoids, and highest the Holo-
thurioids. ~ Ever since this clnss has been circumscribed within jits natural limits,
this succession has been considered ns expressing their matwal relative standing, and
modern investigations respecting their anutomy and embryology, however extensive,
biave uot led to any impurtant change in their classification, as lar as the estimation
o.f their rank is concerned. This is also precisely the order in which the representa-
tives of this class have successively heen introduced upon earth in past geologival nges.
Amm'lg the oldest formations we find pedunculated Cinoids® only, and this order
remains prominent for a long series of successive periods; next cowme free Crinoids
and Asterioids; mext Echinoids! the successive appearnnce of which since the trinsic

' For classifiention of Polypi, see Daxa, ¢, n, p
81, nate 2; alsw MiLye-Evwanps and Hame, . o,
aml Acasaiz, (L.) Classification ol Polyps, Proe.

¥ Sve the works Qe e 963 also: MELLER (5

md Tuosener, (I, 1L,) System der Asteriden

. Brounsehweig, 1842, {10, figz. — MirLei, (1) Uelwer

Alll; ‘;::“.B:\:x:l:;’:‘“rl’. lﬂs’)ﬁ. 13 187. den Bau ler l‘:l‘llillutl\'|'u|l-“. Berlin, 1854, 'Illi--'.-'r“.:'

* Mitinx (.'rii‘wid“:m sl l!““""’ Gt e 30 AN, (FR.,) Auitomie der Rihren-lolothuric, ded

3 Bk & :\-—A ." ‘ “""DG““.“"'-“" o= Seeigels, cte., Lundshot, 1817, Tl lig. — VALESTI
B USTIN, o ., . 96, (Gu) Annt ddu gerne Eehinng, Nenchitel, 1842 310
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period to the present day, coincides also with the gradation of their subdivisions,
as determined by their structure; and it was not until the present period, that the
highest Echinoderms, the Holothurioids, have assumed a prominent position in their
class.

Among Acephala there is not any more uncertainty respecting the relative rank
of their living representatives, than among Echinoderms. Every zovlogist acknowl-
edges the inferiority of the Bryozon and the Brachiopods® when compared with the
Lamellibranchiata, and among these the inferiority of the Monomyaria in compari-
son with the Dimyaria would hardly be denied. Now if any fact is well established
in Paleontology, it is the earlier appearance and prevalence of Bryozoa and Bra-
chiopods in the oldest geological formations, and their extraordinary development
for a long succession of ages, until Lamellibranchiate assume the ascendency which
they maintain to the fullest extent at present. A closer comparison of the differ-
ent fomilies of these orders might further show how close this correspondence i3
through all ages.

Of Gasteropoda I have nothing special to say, ns every pnlreontologist is aware
how imperfectly their remains have been investigated in comparison with what has
been done for the fossils of other classes. Yet the Pulmonata are known to be
of more recent origin than the Branchifera, and among these the Siphonostomata
to have appeared later than the Holostomata, and this exhibits already a general
coincidence between their succession in time and their respective rank.

Our present knowledge of the amatomy of the Nautilus, for which science is
indebted to the skill of Owen,® may satisfy everybody that among Cephalopods the
Tetrabranchiata are inferior to the Dibranchiatn; and it is not too much to say,
that one of the first points a collector of fossils may ascertain for himself, is the
exclusive prevalence of the representatives of the first of these types in the oldest
formations, and the later appearance, about the middle geological ages, of represent-
utives of the other type, which at present is the most widely distributed.

Of Worms, nothing can be said of importance with reference to our inquiry;

1 Oumaxsy, (A. ') Bryozoires, Ann. Se. Nat., 3e
gér, 1IR3, vol. 16, p. 292, — Cevien, (G.,) Mémoire
sur Panimal e In Lingule, Ann. Mus. I, p. 69, fig.—
Yoar, (Cl) Auntomie der Linguln anating, N. Mdén,
Soe, elv, 1843, VIL, dto. fig. — Owey, (R.,) On the
Aumntomy of the Beachiopodn, Teans, Zool. Swe., I
dto., p. 143, figg.— On the Anatomy of the Tercbrutuly,
18453, At figr. (Palvont. Soc)—Brow, (L. v.)) Ucher
Tervbruteln, q. n., p. 97.—Davipsos, (Tie) Monogr.

ete, o sy e 97, — Port (Xav.) Testucen utriusque

Sivili, corumque Historin et Anatomin, Parnue,
1791-93, 2 vols. fol. fig., continued by Delle Chinje,

2 Owex, (R.,) Memoir on the Pearly Nuutilus,
London, 1832, dto. fig. — Varexciesyzes, (A.,) Nou-
volles Recherches nnntomigques sur le Naotile. €. R.,
Paris, 1841, Hdto.—Cuvienr, (G.) Mémoires pour
servie & Pistoire et & FAuntomic dex Mollusques,
Paris, 1817, dto. fig. — Eowaros, (I M.,) QuaTre-
FaGES, (A pr) et Brascenann, (Ex.) Voynge en
Sicile, Paris, 3 vols. dto. fig. (without date.)
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but the Crustaces exhibit, again, the most striking coincidence. Without entering
into details, it appears from the classification of Milne-Edwards that Decapods, Sto-
+ mapods, Amphipods, and Isopods constitute the higher orders, while Branchiopods,
Entomostracs, Trilobites, and the parasitic types, constitute, with Limuluy, the lower
orders. of this class! In the classification of Daua? his first type embraces Deca-
p;;.da-__an,d Stomapods, the second Amphipods and Isopods, the third Entomostraca,
including Branchiopods, the fourth Cirripedin, and the Lfth Rotatoria. Both acknowl-
edge in the main the same gradation; though they differ greatly in the combina-
tion. of the leading groups, and also the exclusion by Milne-Edwards of some types,
a3 the Rotifera, which Burmeister first, then Dann and Leydig, unite justly, as I
believe, with the Crustacen® This gradation now presents the most perfect coinci-
dence with the order of succession of Crustacen in past geological ages, even down
to their subdivisions into minor groups. Trilubites aud Entomostrace are the only
representatives of the class in pal:mozoic rocks; in the middle geological ages appear
o variety of Shrimb, among which the Macrouran Decapods are prominent, and later
only the Brachyourn, which are the most numerous in our days.

The frogmentary knowledge we possess of the fossil Insccts, does not justily
us, yet, in expecting to ascertain with any degree of precision, the character of
their succession through all geological formations, though much valuable information
has already been obtained respecting the entomological fauna of several geological
periods.$

The order of succession of Vertebrata in past ages, exhibits features in many
respects differing greatly from the Articulata, Mollusks, and Radinta. Among these
we find their respective classes appearing simultancously in the oldest periods of
the history of our earth. Not so with the Vertebrata, for though Fishes may be
08 old as any of the lower classes, Reptiles, Birds, and Mammalin are introduced
successively in the order of their relative rank in their type. Again, the earliest
representatives of these classes do not always scem to be the lowest; on the con-
trary, they are to a certain extent, and in a certain sense, the highest, in as far
0 they embody characters, which, in later peviods, appear separately in higher
clsses, (See Sect. 26,) to the exclusion of what henceforth constitutes the speciul
:;lhmcter of the l.owur cluss.  For instance, the oldest Fishes known partake of
101: ::m;-a]cters, \\-lfh,Ffmt o later time, are exclusively found in Reptiles, and -no
Fia]gma n:e o:Ethto the Fishes of the pres‘eut doy. It may be said, that the carliest

er the oldest representatives of the type of Vertebrata than of the

! Miexe-Eowanvs, st Nat. des Crusineds,
Paris, 1834-10, 3 vols, 8vo.

? Dasy, (. D.,) Crustucen, «. n., p. 32,

* Levoig, (Fr.,) Riiderthicre, cte, Zeitech. b
wiss, Zool. 1834, vol. G, p. 1.
¢ Heen, o w3 Browi, o n., p. 93
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clnss of Fishes, and that this class assumes only its proper characters after the
introduction of the class of Reptiles upon earth. Similar relations may be traced
between the Reptiles and the classes of Birds and Mammalia, which they precede.
I need only allude here to the resemblance of the Pterodactyli and the Birds, and
to that of Ichthyosauri and certain Cetacea. Yet, through all these intricate rela-
tions, there runs an evident tendency towards the production of higher and higher
types, until at last, Man crowns the whole serics.  Seen as it were at o distance,
so that the mind can take a general survey of the whole, and perceive the con-
nection of the successive steps, without being bewildered by the details, such a
series appears like the development of a great conception, expressed in such har
monious proportions, that every link appears nccessary to the full comprehension
of its meaning, and yet, so independent and perfect in itself, that it might be
mistaken for a complete whole, and again, so intimately connected with the pre-
ceding and following members of the series, that one might be viewed as flowing
out of the other. What is universally acknowledged as characteristic of the highest
conceptions of genius, is here displayed in a fulness, a richness, a magnificence,
an amplitude, a perfection of details, o complication of relations, which baffle our
skill and our most persevering efforts to appreciate all its beautiecx  Who can
look upon such series, coinciding to such an extent, and not read in them the
successive manifestations of a thought, expressed at different times, in ever new
forms, and yet tending to the same end, onwards to the coming of Man, whose
advent is already prophesied in the first appearance of the earliest Fishes!

The relative standing of plants presents a somewhat different character from that
of nnimals. Their great types are mot built upon so strictly different plans of
structure; they exhibit, therefore, a more uuniform gradation from their lowest to
their highest types, which are not personified in one highest plant, as the highest
animals are in Man.

Again, Zotlogy is more advanced respecting the limitation of the most compre-
hensive general divisions, than Botany, while Botany is in advance respecting the
limitation and characteristics of families and genera. There is, on that account, more
diversity of opinion among botanists respecting the number, and the relative rank
of the primary divisions of the vegetable kingdom, than among zoilogists respecting
the great branches of the animal kingdom. While most writers® agree in admitting
among plants, such primary groups as Acotyledones, Monocotyledones, and Dicotyle-
dones, under these or other names, others would separate the Gymmnosperms from
the Dicotyledones?

It appears to me, that this point in the classification of the living plants canuot

3 GUreeRT, ety ., po 93. 3 Av. BroxGyiaRT, ete, q. n., p. 98.
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be fully understood without a thorough acquaintance with the fossils and their
distribution in the successive geological formations, and that this case exhibity
one of the most striking examples of the influence classification may have upon
our appreciation of the gradation of organized beings in the course of time. As
long 08 Gymnosperms stand among Dicotyledones, no relation can be traced between
the rolative standing of living plants and the order of sueccssion of their repre-
sentatives in past ages. On the contrary, let the truc affinity of Gymnosperms
with Ferns, Equisetacer, and especially with Lycopodiacexs be fully appreciated, and
at once we see how the vegetable kingdom has heen successively introduced upon
earth, in an order which coincides with the relative position its primary divisions
bear to onme another, in respect to their rank, us determined by the complication
of their structure. Truly, the Gymmnosperms, with their imperfect flower, their open
carpels, supporting their polyembryonic sceds in their axis, are more nearly allied
to the anathic Acrophytes, with their innumerable spores, than to either the Mono-
cotyledones or Dicotyledones; and, il the vegetable kingdom constitutes a graduated
series beginning with Cryptoganes, followed hy Gymmosperms, and ending with
Monocotyledones and Dicotyledones, have we mnot in that series the most striking
coincidence with the order of succession of Cryptogums in the oldest geological forma-
tions, especially with the Ferns, Equisetacex, and Lycopodincese of the Carboniferous
period, followed by the Gymnosperms of the Trins and Jura and the Monocoty-
ledones of the same formation and the late development of Dicotyledones? Here,
0s everywhere, there is but one order, one plan in nature.

SECTION XXV.

PARALLELISM BETWEEN TIHE GEOLOGICAL SUCCESSION OF ANIMALS AND TIE EMBRYONIC
GROWTH OF THEIR LIVING REPRESENTATIVES.

Several authors have alrcady alluded to the resemblance which exists between
the young of some of the animals now living, and the fossil representatives of the
same families in earlier periods! But these comparisons have, thus fur, been traced
ouly in isolated cuses, and have not yet led to o conviction, that the character
of the succession of orgunized Deings in past ages, is such, in general, as to show

! Acassiz, (L,) Poiss. foss., q. 0. p. 54. — Ew- e

Lryonic Types, q. u., P- 1l.—Twelve Leet., ele., P R
— Epwanvs,

ques principes relatifs & la Classifieation nufure

des unimnux, An. Se. Nut, 3¢ sér, 181, g
(1. Miuxe,) Considérutions sur quel- . G5,
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a remarkable agreement with the embryonic growth of animals; though the state
of our knowledge in Embryology and Palmontology justifies now such a conclusion.
The facts most important to a proper appreciation of this point, have already heen
considered in the preceding paragraph, as far as they relate to the order of suc-
cession of animals, when compared with the relative rank of their living repre-
gentatives. In examining now the angreement between this succession and the phases
of the embryonic growth of living animals, we may, therefore, take for granted,
that the order of succession of their fossil representatives is sufficiently present
to the- mind of the reader, to afford a satisfactory basis of comparison. Too
few Corals have been studied embryologically, to afford extensive means of com-
parison; yet so much is known, that the young polyp, when hatched, is an inde-
pendent, simple animal, that it is afterwards incased in a cup, secreted by the foot of
the actinoid embryo, which may be compared to the external wall of the Rugosa)
and that the polyp gradually widens until it has reached its maximum dianmeter,
prior to budding or dividing, while in ancient corals this stage of enlargement scems
to last during their whole life, as, for example, in the Cyathophylloids. None of the
ancient Corals form those large communities, composed of myriads of united individ-
uals, so characteristic of our coral reefs; the more isolated and more independent
character of the individual polyps of past ages presents a striking resemblance to
the isolation of young corals, in all the living types. In no class is there, however,
8o much to learn still, as in Polypi, before the correspondence of their embryonic
growth, and their succession in time, can be fully appreciated. In this connection
I would also remark, that among the lower animals, it is rarely observed, that
any one, even the highest type, represents in its metamorphoses all the stages of
the lower types, neither in their development, nor in the order of their succession;
and that frequently the knowledge of the embryology of several types of differ-
ent standing, is required, to ascertain the connection of the whole series in both
spheres. '

No class affords, as yet, o more complete and more beautiful evidence of the
correspondence of their embryonic changes, with the successive appearance of their
representatives in past ages, than the Echinoderms, thanks to the extensive and
paticut investigations of J. Miiller upon the metamorphoses of these animals?  Prior
to the publication of his papers, the metamorphosis of the European Comatula alone
was known. (See Sect. XVIIL, p. 85.) This had already shown, that the early stages
of growth of this Echinoderm exemplify the peduncated Crinoids of past ages. I have
myself scen further, that the successive stages of the embryonic growth of Comatula
typify, as it were, the principal forms of Crinoids which charucterize the successive

! MiLne-Epwanps ct IIane, q. a., p. 31. 2 MivLrER, (J.,) Seven papers, q. a., p. 71.
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geological ;_t'qxina,ﬁona ;- first, it recalls the Cistoids of the palwmozoic roclfa, .which are
ropresented. in- its simple spheeroidal head, mext the few-plated Platycrinoids of the
Carboniferoys. period, next the Pentacrinoids of the Lins and Oolithe, with their whorls
of cirrhi,.pnd finally, when freed from its stem, it stands as the highest Crinoid,
as the prominent type of the family, in the present period. The investigations of
Miller .upon the larvm of all the families of living Asterioids and Echinoids enable
us fo extend theso comparisons to the higher Echinoderms also. The first point
which strikes the observers in the facts ascertained by Miiller, is the extraordinary
_gimilarity of so many larve, of such different ovders and different families as the
Ophiurcids and Asterioids, the Echinoids proper and the Spatangoids, and even the
Holothurioids, all of which end, of course, in reproducing their typical peculinrities.
1t is next very remarkable, that the more advanced larval state of Echinoids and
Spatangoids should continue to show such great similarity, that a young Amphidetus
hardly differs from a young Echinus! Finally, not to extend these remarks too far,
I would only add, that these young Echinoids (Spatangus, as well as Echinus proper)
have rather a genmeral resemblance to Cidaris, on account of their large spines,
than to Echinus proper. Now, these facts agree exactly with what is known
of the successive appearance of Echinoids in past ages;? their earliest represento-
tives belong to the genmera Diademn and Cidaris, next come true Echinoids, later
only Spatangoids. When the embryology of the Clypeastroids is known, it will,
no doubt, afford other links to connect a larger number of the members of this
series.

What is known of the embryology of Acephala, Gasteropoda, and Cephalopods,
affords but o few data for such comparisons. It is, nevertheless, worthy of rewurk,
that while the young Lumeliibranchiata are still in their embryonic stage of growth,
they resemble, externully at least, Brachiopods® more than their own parents, and
the young shells of all Gasteropods* known in their embryonic stage of growth,
being all holostomate, recall the oldest types of thut class. Unfortunately, nothing
i8 yet known of the embryology of the Chambered Cephalopoda, which are the ouly
ones found in the older geological formations, and the changes which the shield of
the Dibranchiste undergoes have not yet been observed, so that no comparisons catl
be established between them and the Belemnites and other representatives of this
order in the middle and more recent geological ages.

Respecting Worms, our knowledge of the fossils is too fragmentary to lead 10
any conclusion, even should our information of the embryology of these animals

¥ Compare J. Muller's 1et paper, pl ITL, with
Pl IV-VIL, and with ple. V1. and VIL, 4tb pnper.
* Adassiz, (L)) Twelve Lectures, . a,, cte. p. 25,

* See the works, q. o, p. 73, note 1. :
¢ See the works, . a., p. 73, note 2, expecially
those velnting to Nudibranchiuti.
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be sufficient as a basis for similar comparisons. The class of Crustacea, on the
contrary, is very instructive in this respect; but, to trace our comparisons through
the whole series, it is necessary that we should consider simultaneously the em-
bryonic growth of the higher Entomostraca, such as Limulus, and that of the highest
order of the class! when it will appear, that as the former recall in early life
the form and character of the Trilobites, so does the young Crab passing through
the form of the Isopods, and that of the Macrouran Decapods, before it assumes its
typical form as Brachyouran, recall the well-known succession of Crustacen through
the geological middle ages and the tertiary periods to the present day. The early
appearance of Scorpions, in the Carboniferous period, is probably also a fact to the
point, if, as I have attempted to show, Arachuidians may be considered as exemplify-
ing the chrysalis stage of development of Insects;® but, for reasons already stated
(Sect. XXIV.) it is hardly possible to take Insects into consideration in these inquiries.

In my researches upon fossil Fishes® I have pointed out at length the embryonic
character of the oldest fishes, but much remains to be done in that direction.
The only fact of importance I have learned of late, is that the young Lepidosteus,
long after it has been hatched, exhibits in the form of its tail, characters, thus
far only known among the fossil fishes of the Devonian system.! It is to be hoped,
that the embryology of the Crocodile will throw some light upon the succession
of the gigantic Reptiles of the middle geological ages, as I shall show, that the
embryology of Turtles throws light upon the fossil Chelonians. It is already plain,
that the embryonic changes of Batrachinns coincide with what is known of their
succession in past ages® The fossil Birds are too little known, and the fossil
Mammalia® do not extend through a sufficiently long series of geological formations
to afford many striking points of comparison; yet, the characteristic peculinrities
of their extinct genera exhibit everywhere indications, that their living representa-
tives in ecarly life resemble them more than they do their own parents. A minute
comparison of a young elephant, with any mastodon, will show this most fully,
not only in the peculiarities of their teeth, but even in the proportion of their
limbs, their toes, etc. '

It may, therefore, be considered as a general fact, very likely to be more fully
illustrated as investigations cover a wider ground, that the phases of development
of all living animals correspond to the order of succession of their extinct repre-
sentatives in past geological times. As far as this goes, the oldest representatives

1 Aacassiz, (L.) Twelve Lectures, ele, p. GG. & See the works, q. a, o 82, note 3,
3 Clussifl of Inseets, qo ., e 83, 8 Cuv., Oss, foss, o n.: also, Avassiz, (L.)
¥ Poias. fossiles, q. n., p. 9. Zoilogrieal Clueneter of Young Mammalia, Proe. Am.

¢ Acasaz, (L.,) Luke Superior, cte, p. 254, Az Ady, Se, Canbridge, 1849, p. 83,
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of every olass n:m"y then be considered as embryonic types of their respective orders
or families among the living. Pedunculated Crinoids are embryonic types of the
Comatuloids, the oldest Echinoids embryonic representatives of the higher living
families, Trilobites embryonic types of Entomostraca, the Oolitic Decapods embryonic
types of our Crabs, the Heterocercal Ganoids embryonic types of the Lepidosteus,
the Andrias’ Scheuchzeri an embryonic prototype of our Batrachinus, the Zeuglodonts
embryonic Sirenidm, the Mostodonts embryonic Elephants, ete.

To appreciate, however, fully and correctly all these relations, it is further neces-
gary to make n distinction between embryonic types in general, which represent
in their whole organization early stages of growth of higher representatives of the
same type, and embryonic féalures prevailing more or less extensively in the charac-
ters of allied geners, as in the case of the Mastodon and Elephant, and what I
would call kypembryonic fypes, in which embryonic features are developed to extremes
in the further periods of growth, as, for instance, the wings of the Bats, which
exhibit the embryonic character of o webbed hand, as all Mammalia have it at
first, but here grown out and developed into an organ of flight, or assuming in
other families the shape of a fin, as in the Whale, or the Sea-turtle, in which the
close connection of the fingers is carried out to another extreme.

Without entering into further details upon this subject, which will bhe fully
illustrated in this work, enough has already been said to show, that the leading
thought which runs through the succession of all organized bheings in past ages, is
monifested again in new combinations, in the phases of the development of the
living representatives of these different types. It exhibits everywhere the working

of the same creative Mind, through all times, and upon the whole swrface of the
globe.

SECTION XXVI.

PROPHETIC TYPES AMONG ANTMALS.

_ We have seen in the preceding paragraph, how the embryonic conditions of
higher representatives of certain types, called into existence at a later time, 8¥¢

typificd, o5 it were, in representatives of the same types, which have existed ab
an ?ur].ier period. These relations, now they ave sntis}‘ucbol'ily known, may also be
confndere(] a8 exemplifying, as it weve, in the diversity of amihmals of an earlier
period, the pottern wpon which the pluases of the development of other animals
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of a later period were to be established. They appear now, like a prophecy in
those earlier times, of an order of things not possible with the earlier combina-
tions then prevailing in the animal kingdom, but exhibiting in a later period, in a
striking manner, the antecedent considerations of every step in the gradation of
animals.

This is, however, by no means the only, nor even the most remarkable case,
of such prophetic connections between facts of different dates.

Recent investigations in Palmontology have led to the discovery of relations
between animals of past ages and those now living, which were not even suspected
by the founders of that science. It has, for instance, been noticed, that certain types
which are frequently prominent among the representatives of past ages, combine
in their structure, peculiarities which at later periods are only observed separately
in different, distinct types Sauriod Fishes before Reptiles, Pterodactyles before Birds,
Ichthyosauri before Dolphins, ete.

There are entire families, among the representatives of older periods, of nearly
every class of animals, which, in the state of their perfect development exemplify
such prophetic relations, and afford, within the limits of the animal kingdom, at
least, the most unexpected evidence, that the plan of the whole creation had been
maturely considered long before it was executed. Such types, I have for some
time' past, been in the habit of calling prophetic types. The Sauroid® Fishes of the
past geological ages, are an example of this kind. These Fishes, which have pre-
ceded the appearance of Reptiles, present a combination of ichthyic and reptilian
characters, not to be found in the true members of this class, which form its bulk
at present. The Pterodactyles? which have preceded the class of Birds, and the
Ichthyosauri® which have preceded the appearance of the Crustacea, are other exam-
ples of such prophetic types. These cases suffice for the present, to show that
there is o real difference between embryonic types and prophetic types. Embryonic
types are in a measure also prophetic types, but they exemplify only the pecu-
liavities of development of the higher representatives of their own types; while
prophetic types exemplify structural combinations observed at a later period, in two
or several distinct types, and are, moreover, not necessarily embryonic in their
character, as for example, the Monkeys in comparison to Man; while they may be
s0, as in the case of the Pinnate, Plantigrade, and Digitigrade Carnivora, or still
more so in the case of the pedunculated Crinoids.!

Another combination is also frequently observed among animals, when n series
exhibits such a succession as exemplifics a natural gradation, without immediate

' Acassiz, (L.,) Poiss. foss, vol. 2, part 2. # Cevien, (G.,) Oss. foss, as q. n.
* Cuvier, (G.,) Oss. foss, vol. 5, p. 2. ¢ See nbove, Seet. 23.
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or necessary referénce to either embryonic development or succession in time, as the
Chambered Cephalopods. Such types I call progressive typest
Aguin, o distinction ought to be made between prophetic types proper and
what, T would €all synthetic {ypes, though both are more or less blended in nature.
Prophoﬁb' types proper, are those which in their structural complications lean towards
other combinations fully realized in o later period, while synthetic types, are those
which combine, in & well balanced measure, features of several types occurring as
distingt,: only at o later time. Sauroid Fishes and Ichthyosauri are more distinctly
gynthetic than prophetic types, while Pterodactyles have more the character of
prophetio types; so are also Echinocrinus with reference to Echini, Pentremites with
raference to Asterioids, and Pentacrinus with reference to Comatula. Full illustra-
tions of these different coses will yet be needed to render obvious the importance
_of .such comparisons, and I shall not fail, in the course of this work, to present
ample details upon this subject. Enough, however, has already been said to show,
that the character of these relations mmong animals of past ages, compared with those
of later periods or of the present day, exhibits more strikingly than sny other
feature of the animal kingdom, the thoughtful connection which unites all living
beings, through oll ages, into one great system, intimately linked together from
beginning to end.

SECTION XXVII.

PARALLELISM BETWEEN THE STRUCTURAL GRADATION OF ANIMALS AND THEIR
EMBRYONIC GROWTH.

~ So striking is the resemblance of the young of higher animals to the full-grown
individuals of lower types, that it hos been assumed by many writers that all the
higher animals pass, during the earlier stages of their growth, through phases cor
responding to the permanent constitution of the lower classes. These suppositions,
the results of incomplete investigations, have even become the foundation of ©
system of philosophy of Nature, which represents all animals as the different degrees
of‘ development of a few primitive types? These views have been too generally
circulated of late, in an anonymous work, entitled “Vestiges of Creation,” to require

* Aocasmiz, (L,) On the Difference between
Progressive, Embryonic, and Prophetic Types, cte.,
Proc. Am. Ass. Adv. Se., Cumbridge, 1849, p. 432,

* Laxanox, q. o, p. 20.— DuMaiLeer, (Pseu-

don. TeLLIANED,) Entretiens d'un Philosophe indien
avec un missionaire franquis, Amsterdam, 1748, 3
" vols. 8vo. — Ouew, (Lor.,) Lehrbuch der Natur-Phi-
losoplie, q. w., p. 18.—The Vestiges of Creation, ¢t¢.




http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/README.htm

Cmar. L RANK AND DEVELOPMENT OF ANIMALS. 119

further mention here. It has also been shown sbove (Sect. VIIL) that animals do
not form such o simple series as would result from a successive development.
There remains, therefore, only for us to show now within what limits the natural
gradation which may be traced in the different types of the animal kingdom,' cor-
responds to the changes they undergo during their growth, having already considered
the relations which exist between these metumnorphoses and the successive appear-
ance of animals upon earth, and between the latter and the structural gradation or
relative standing of their living representatives. Our knowledge of the complication
of structure of all animals is sufficiently advanced to enable us to select, almost at
random, our examples of the correspondence between the structural gradation of
animals and their embryonic growth, in all those classes the embryologic develop-
ment of which has been sufficiently investigated. Yet, in order to show more
distinctly how closely all the leading features of the animal kingdom are combined,
whether we consider the complication of their structure, or their succession in time,
or their embryonic development, I shall refer by preference to the same types
which I have chosen before for the illustration of the other relations.

Among Echinoderms, we find in the order of Crinoids the pedunculated types
standing lowest? Comatulee highest, and it is well known that the young Comatula
is a pedunculated Crinoid, which only becomes free in later life? J. Miiller has
shown that among the Echinoids, even the highest representatives, the Spatan-
goids, differ but slightly in early youth from the Echinoids, and no zollogist
can doubt that these are inferior to the former. Among Crustacea, Dana! has
insisted particularly upon the serial gradation which may be traced between the
different types of Decapods, their order being naturally from the highest Bruchyoura,
through the Anomoura, the Macroura, the Tetradecapods, ete, to the Entomostraca;
the Macrouran character of the embryo of our Crabs has been fully illustrated
by Rathke® in his beautiful investigations upon the embryology of Crustacea. I
have further shown that the young of Macroura represents even Entomostraca
forms, some of these young having been described as representatives of that
order’ The correspondence between the gradation of Imsects and their embryonic
growth, T have illustrated fully in a special paper” Similar comparisons have been
made in the class of Fishes;® among Reptiles, we find the most striking examples

1} See the works quoted from p. 67-87, nlso MiLye- t Daxa, . u, p. 32.— BunsetsTer, Cirripeds,
Evwarws, q. o, p. 112, —Tuoxrsox, Crinvids, . n. Q. 0., p. 79 —Tuoursox, q. w, p. 79,

? Mtreen, (J.) Ucber Peutucrinus Caput-Me- 8 RATRKE, q. 0.y p. 70,
dusre, Berlin, 1833, 4to.. Ak, d. Wiss, ¢ Twelve Lectures, ete., p. 67,

' Fonrnes, (En.,) Iistory of Dritish Starfishes, 7 Clussifiention of Inscets, q. n.

London, 1851, 1 vol. 8vo., p. 10. ® Doissons fussiles, q. o,
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of {his kind among Batrachians® (see, above, Sect. XIL); among Birds® the uniformly
.webbed foot, in sll -young, exhibits another correspondence between the young
of higher ‘orders. and the permanent character of the lower ones. In the order
of - Cornivora; the Seals, the Plontigrades, and the Digitigrades exemplify the same
coincidence. ‘hetween higher and higher representatives of the same types, and the
-embryonic changes through which the highest pass successively.

Nb6 more complete evidence can be needed to show that there exists throughout
the animal kingdom the closest correspondence between the gradation of their types
and. the embryonic changes their respective representatives exhibit throughout. And
‘yet what genctic relation con there exist between the Pentacrinus of the West
Tndies and the Comatul®, found in every sen; what between the embryos of Spatan-
‘goids and those of Echinoids, and between the former and the adult Echinus;
avhat-between the larva of o Crab and our Lobsters; what between the Caterpillar
«wf a Papilio and an adult Tines, or an adult Sphinx; what between the Tadpole
of ‘& Toad and our Menobranchus; what between a young Dog and our Seals,
unless it be the plan designed by an intelligent Creator?

SECTION XXVIII.

BELATIONS BETWEEN THE STRUCTURE, EMBRYONIC GROWTI, GEOLOGICAL SUCCESSION, AND
THE GEQGRAPHICAL DISTRIBUTION OF ANIMALS,

. It requires unusual comprehensiveness of view to perceive the order prevailing
In the geographical distribution of animals, We should, therefore, not wonder thet
this branch of Zoblogy is so far behind the other divisions of that science. Nor
should we wonder at the fact that the geographical distribution of plants is so muoh
Better known than that of animals, when we consider how marked a feature the
'v:egetnble carpet which covers the surface of our globe is, when compared with the
little s.how animals make, almost everywhere. And yet it will, perhaps, some day;
s e t understand the relations existing between the geographical distribution
of unimals and the other general relations prevailing among nnimals, because the
range of structural differences is much greater among onimals than among plants.
Even now, some curious coincidences may be pointed out which go far to show
that the geographical distribution of animals stands in direct relation to their relo:

! Twolve L
oclu-real c“"’ I8 8. 2 AGMIS:Z, (L’) Ionke Supcrior. clt!-. l." 19.‘.
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tive standing in their respective classes, and to the order of their succession in
past geological ages, and more indirectly, also, to their embryonic growth.
Almost every class has its tropicel families, and these stand generally highest
in their respective classes; or, when the contrary is the case, when they stand
evidently upon a lower level, there is some promincnt relation between them and
the prevailing types of past ages. The class of Mammalin affords striking examples
of these two kinds of commection. In the first place, the Quadrumana, which, next
to Man, stand highest in their class, are all tropical animals; and it is worthy of
remark, that the two highest types of Anthropoid Monkeys, the Orangs of Asia and
the Chimpanzees of Western Africa bear, in the coloration of their skin, an addi-
tional similarity to the races of Man inhabiting the same regions, the Orangs being
yellowish red, as the Malays, and the Chimpanzee blackish, as the Negroes. The
Pachyderms, on the contrary, stand low in their class, though chiefly tropical; but
they constitute a group of animals prominent among the earliest representatives of
that class in past ages. Among Chiroptera, the larger frugivorous representatives are
essentinlly tropical; the more ommivorous, on the contrary, occur everywhere. Among
Carnivora, the largest, most powerful, and also highest types, the Digitigrade, prevail
in the tropics, while among the Plantigrades, the most powerful, the Bears, belong
to the temperate and to the arctic zone, and the lowest, the Pinnate, are marine
species of the temperate and arctic seas. Among Ruminants, we find the Giraffe
and the Camels in the warmer zones, the others everywhere. In the class of Birds
the gradation is not so obvious as in other classes, and yet the aquatic types form
by far the largest representation of this class in temperate and cold regions, and
are almost the only ones found in the arctic, while the higher land birds prevail in
the warm regions. Among Reptiles, the Crocodilians are entirely tropical; the largest
land Turtles are also only found in the tropics, and the aquatic representatives of
this order, which are evidently inferior to their land kindred, extend much further
north. The Rattlesnakes and Vipers extend further north and higher up the moun-
tains than the Bons and the common harmless snakes. The same is true of Sala-
manders and Tritons. The Sharks and Skates are most diversified in the tropics. It
is also within the tropics that the most brilliant diurnal Lepidoptera are fouud, and
this is the highest order of Imsccts. Among Crustacen the highest order, the Bra-
chyoura, are most numerous in the torrid zone; but Dana has shown, what was not
at all expected, that they nevertheless reach their highest perfection in the middle
temperate regions! The Anomoura and Macroura, on the contrary, are nearly
equally divided between the torrid and temperate zones; while the lower Tetrade-
capods are [ar more numerous in extra tropical latitudes than in the tropical. The

1 Daxa, Crustacea, p. 1501.
16
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Cephalopods are most diversified within the tropics; yet the Nautilus is n.reminis-
cence of pnst ages. Among Gusteropods, the Stromboids belong to the tropics; but
among the. lamellibranchiate Acephala, the Naiades, which seem to me to stand very
high in their closs, have their greatest development in the fresh waters of North
America. 'The highest Echinoderms, the Holothurians and Spatangoids are most diver-
sified within the tropics, while Echini, Starfishes, and Ophiurm extend to the arctics.
The presence of Pentacrinus in the West Indies has undoubtedly reference to the
prevalence of Crinoids in past ages. The Madrepores, the highest among the Acti-
noid Polypi, are entirely tropical, while the highest ITalcyonoids, the Renilla, Vere-
tillum, and Pennatula, extend to the tropics and the temperate zone.

Another interesting relation between the geographicnl distribution of animals and
their representatives in pust ages, is the absence of embryonic types in the warm
regions. We find in the torrid zone no true representatives of the oldest geo-
logicnl periods; Pentacrinus is not found before the Lins; among Cephalopuds we
find the Nautilus, but nothing like Orthoceras; Limulus, but nothing like Trilobites.

This study of the relations between the geograplical distribution of animals, and
their relative standing, is rendered more difficult, and in many respeets obscure, by
the circumstance that entire types, characterized by peculiar structures, are so
strangely limited in their range; and yet, even this shows how closely the geographi-
cal distribution of animals is connccted with their structure. Why New Holland
should have no Monkeys, no Carnivorn, no Ruminants, no Pachyderms, no Edentata,
is not to be explained; but that this is the case, every zoblogist knows, and is
furtber nware, that the Marsupinls® of that continental island represent, as it were,
the other orders of Mammelio, under their special structural modifications. New
Holland appears thus as o continent with the characters of an older geological age.
No one can fuil, thercfore, to perceive of how great an interest for Classilication
will be a more extensive knowledge of the geographical distribution of animals in
general, and of the structural peculiarities exhibited by localized types.

SECTION XXIX.

MUTUAL DEPENDENCE OF THE ANIMAL AND VEGETADLE KINGDOMS.

Ll -
Though it lad long been known, by the experiments of De Saussure, that the
breathing process of unimals and plants are very diflferent, and that while the for

1 See Seet, 11,
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mer inbale atmospheric air, and exhale enrbonic acid gas, the latter appropriate
carbon and exhale oxygen, it was not until Dumns and Bousingault' called partic-
ularly the attention of naturalists to the subject, that it was fully understood how
direct the dependence is of the animal and vegetable kingdoms one upon the other,
in that respect, or rather how the one consumes what the other produces, and tice
versd, thus tending to keep the balance which either of them would singly disturb
to a certain degree. The common agricultural practice of manuring exhibits from
another side the dependence of ome kingdom upon the other: the undigested
particles of the food of animals return to the ground, to fertilize it for fresh pro-
duction? Again, the whole animal kingdom is either directly or indirectly dependent
upon the vegetable kingdom for its sustenance, ns the herbivorous animals afford
the needful food for the carnivorous tribess. We are too far from the time when
it could be supposed that Worms originated in the decay of fruits and other vege-
table substances, to need here repetition of what is known respecting the repro-
duction of these animals. Nor can it be necessary to show how preposterous the
assumption would be that physical agents produced plants first, in order that from
these, animals might spring forth. Who could have taught the physical agents to
make the whole animal world dependent upon the vegetable kingdom?

On the contrary, such general facts as those above alluded to, show, more directly
than any amount of special disconnected fncts could do, the establishment of a well-
regulated order of things, considered in advance; for they exhibit well-balanced
conditions of existence, prepared long beforehand, such as only an intelligent being
could ordain.

SECTION XXX.

PARASITIC ANIMALS AND PLANTS.

However independent of each other some animals may appear, there are yet
many which live only in the closest conmection with their fellow-crentures, and
which are known only as parasites upon or within them. Such are the intestinal
Worms, and all the vermin of the skin® Among plants, the Mistletoe, Orobanche,

! Duyas, Legon sur ln statique chimique des 1 and 2; sce also Ruporrm, (K. A.;) Entozoorum

&tres orgnnis¢s, Amn. Se. Nat. 2de sér. vol. G, p. 33; sive Vermium, ete, q. i, p. 31.— Brenser, (J. G.,)
vol. 17, p. 122, Ucber lebende Wilrmer im lebenden  BMenschen,

7 Lakwie, Agricultural Chiemistry ; Animul Chem- Wien, 1819, dto.—Duvsaroin, (F.,) Ilist. Nat. des
istry. Helminthes, ete., q. n, p. 32.— Diesing, (C. ML)

® Sce above, p. 76, notes 1 and 2, und p. 77, notes  Historin Vermium, ete,, q. a., p. 32.
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Rafflesia, and many Orchidem mey be quoted os equally remarkable examples of
parasitism. -

There exists the greatest varicty of parasites among animals. It would take
volumes to describe them and to write their history, for their relations to the
animols and plants upon which they are dependent for their existence arc quite
as diversified as their form and their structure.

It is important, however, to remark, at the outset, that these parnsites do not
constitute for themselves one great division of the animal kingdom. They belong,
on the contrary, to all its branches; almost every class has its parasites, and in
none do they represent one natural order. This fact iy very significant, as it shows
at once that parasitism is pot based upon peculinr combinations of the leading
structural features of the animal kingdom, but upon corrclations of a more specific
character. Nor is the degree of dependence of parasites upon other organized
beings equally close. There are those which only dwell upon other animals, while
others are so closely connected with them that they canmot subsist for any length
of time out of the inost intimate relation to the species in which they grow and
multiply. Nor do these parnsites live upon one class of animals; on the countrary,
they are found in all of them.

Among Vertebrata there ave few parasites, properly speaking. None among
Mommalia. Among Birds, a few species depend upon others to sit upon their
eggs and hatch them, as the European Cuckoo, and the North American Cowbird.
Among Fishes, some small Ophidiums (Ficrasfers) penetrate into the cavity of the
body of large Holothurie in which they dwell! Echeneis attach themselves to
other fishes, but only temporarily. Among Articulata, the number of parasites is
largest. It scems to lie in the very character of this type, so remarkable for the
outward display of their whole organization, to include the greatest variety of
parasites. And it is really among them, that we observe the most extraordinary
combinations of this singular mode of existence.

Insects, in general, are more particularly dependent upon plants for their sue
tenance than herbivorous animals usually arve, innsmuch as most of them are
limited to particular plants for their whole life, such as the Plantlice, the Coccus
the Gall Insects. In others, the lurvas only are so limited to particular plauts, while
the larvoe of others still, such as the Bots, grow and undergo their development
under the skin or in the intestines, or in the nasal cavities of other animals, The
Ichncumons lay their eggs in the larvee of other insects, upon which the young
?‘““"“ prey until hatched.  Among perfect Insects, there are those which live only
I community with others, such as the AntIIill lusects, the Clavigers, the Clerus

1 See nbove, pe 7, note,
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and Bees. Different kinds ‘of Ants live together, if not as parasites one upon -another,
at least in a kind of servitude. Other Insects live upon the bodies of warm
blooded enimals, such as the Fleas and Lice, and of these the number is legion.
Some Hydrachnas are parasitic upon aquatic Mollusks.!

Among Crustacea, there are Crabs constantly living in the shell of Mollusks,
such as the Pinnotheres of the Oyster and Mussel. I have found other species upon
Sea-Urchins, (Pinnotheres Melittee, a new species, upon Melitta quinquefora). The
Poguri take the shells of Mollusks to protect themselves; while a vast number of
Amphipods live -upon Fishes, attached to their gills, upon their tongue, or upon their
gkin, or upon Starfishes? The Cyamus Ceti lives upon the Whale. Some Cirripeds
are parasites upon the Whales, others upon Corals. In the family of Lernsans,
the females are mostly parasites upon the gills or fins or upon the body of Fishes,
while the males are free.

Among Worms this mode of existence is still more frequent, and while some
dwell only among Corals, entire families of others consist only of genuine parasites;
but here again we find the most diversified relations; for, while some are con-
stantly parasitic, others depend only for a certain period of their life upon other
animals for their existence. The young Gordius is a free animal; it then creeps
into the body of Imsects, and leaves them agnin to propagate; the young Distoma
lives free in the water as Cercaria, and spends the remainder of its life in other
animals; the Teenia, on the contrary, is a parasite through life, and only its eggs
pass from one animal into the other. But what is most extraordinary in this,
as in many other intestinal Worms, is the fact, that while they undergo their first
transformations in some kind of animals, they do not reach their complete develop-
ment until they pass into the body of another higher type, being swallowed up by
this while in the body of their first host. Such is the case with many Filariw,
the Teniow and Bothrocephali. These at first inhabit lower Fishes, and these Fishes
being swallowed by Sharks or Water Birds, or Mice with their Worms being eaten
up by Cats, the parasites living in them undergo their final transformation in the
latter. Many Worms undertake extensive migrations through the bodies of other
animals, before they reach the proper place for their final development®

! Nirzsen, (Cur. L.,) Darstellung der Familien
und Gattungen der Thierinsekten, Halle, 1818, 8vo.
— Lavoey, (C. v,) Versuch civer systemnntischen
Eintheilung der Acariden, Isis, 1826, p. 608,—
Rarzesvenes, (J. 8. C.) Die Ichneumonen der
Forstinsckten, Berlin, 1844-52, 3 vols. dto. fig. —
Cranx, (Br.,) Observations on the Genus Oestrus,
Trans. Lin. Soe, 11L, p. 28Y, fig. — Kocu, (C. L.,)

Die PHanzeun-Liiuse, Aphidon, Niirnberg, 1846, 8vo.
fip. — Ducis, (AnT.,) Recherches sur lordre des
Acaricns, Ano. Sc. Nut, 2do sér., 1834, I, p. 5, 11,
p. 18, fig.

2 I buve found a new genus of this fiunily upon
Asterins Heliunthoides.

* Sce above, p. 76, note 1 ; Sienorp, Wanderung,
ete., p. 77, note 1; STEENSTRUT, clc.
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Among Mollusks, porasites are very few, if any can ?roperly be called true
parasites, as the males of some Cephalopods living upon their own femz.iles;‘ as the
Gasteropods growing buried in Corals? and the Lithodomus and a variety of Arcns
found in Corals. Among Radinta there are no parasites, properly speaking; some
of them only attaching themselves by preference to certain plants, while the young
of others remain connected with their parent, as in all Corals, and even among
Crinoids, as in the Comatule of Charleston.

In all these different cases, the chances that physical agents may have a share
in producing such onimals are still less than in the cases of independent animals,
for here we have superadded to the very existence of these beings all the com-
plicated circumstances of their peculiar mode of existence and their various con-
nections with other amimals. Now, if it can already be shown from the mere
conneoctions of independent animals, that external circumstances cannot be the cnuse
of their existence, how much less could such an origin be ascribed to parasites!
It is true, they have been supposed to originate in the body of the animals upon
which they live. What then of those who enter the body of other animals at
a somewhat advanced stage of growth, as the Gordius? Is it a freak of his?
Or, what of those which only live upon other animals, such as lice; are they the
product of the skin? Or, what of those which have to pass from the body of
& lower into that of a higher animal, to undergo their final metamorphosis and
in which this succession is mormal? Was such an arrangement devised by the first
animal, or imposed upon the first by the second, or devised by physical agents
for the two? Or, what of those in which the females only are parasites? MHad
the two sexes a different origin? Did perhaps the males and females originate
in different ways?

I am ot o loss to conceive how the origin of parasites can be ascribed to
physical causes, unless, indeed, animals themselves be considered as physical causes,
with reference to the parasites they nourish; and if so, why can they not get
rid of them, as well as produce them, for it cannot Dbe supposed, that all this
is not done consciously, when parasites bear such close structural relations to the
various types to which they belong?

The existence of parasitic animals belonging to so many different types ol tbe
nl}imal a8 well as the vegetable kingdom, is o fact of deep meaning, which Man
]_mmelf cannot too earnestly consider, and, while he may marvel at the fact, take
1t a8 & warning for himself, with reference to his boasted and yet legitimale inde-

; = ilus
 Rirrens, (Ep.) Mémoire sur le Blag!

antiquus, Trans, Soe. Strush,, 1832, I, fiz.

l et {4
See above, p. 74, note 1, Korriker, MELLER,
Verasy and Voo, ete.
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pendence, All relations in nature are regulated by a superior wisdom. May we
only learn in the end to conform, within the limits of our own sphere, to the
laws ossigned to each racel

SECTION XXXI.

COMDINATION IN TIME AND SPACE OF VARIOUS KINDS OF RELATIONS AMONG ANIMALS.

It must occur to every reflecting mind, that the mutual relation and respective
parallelism of so many structural, embryonic, geological, and geographical charac-
teristics of the animal kingdom are the most conclusive proof, that they were
ordained by a reflective mind, while they present at the same time the side of
nature most accessible to our intelligence, when seeking to penetrate the relations
between finite beings and the cause of their existence.

The phenomena of the inorganic world are all simple, when compared to those
of the organic world. There is not one of the great physical agents, electricity,
magnetism, heat, light, or chemical affinity, which exhibits, in its sphere, as com-
plicated phenomena as the simplest organized beings; and we need not look for
the highest among the latter, to find them presenting the same physical phenomena
as are manifested in the material world, besides those which are exclusively pecu-
liar to them. When, then, organized beings include every thing the material world
contains, and & great deal more that is peculiarly their own, how could they be
produced by physical causes, and how can the physicists, acquainted with the laws
of the material world, and who acknowledge that these laws must have been
established at the beginning, overlook that & forfioi the more complicated laws
which regulate the organic world, of the existence of which there is no trace for
a long period upon the surface of the enrth, must have been established, later
and successively, at the time of the creation of the successive types of animals
and plants ?

Thus far, we bave been considering chiefly the contrasts existing between the
organic and inorganic worlds! At this stage of our investigation it may not be
out of place to take n glance at some of the coincidences which may be traced
between them, especially as they afford direct evidence that the pliysical world
has been ordained in conformity with laws which obtnin also among living beings,
and disclose, in both spheres equally plainly, the workings of a reflective mind.

1 Compure Seets. 24, 25, 26, 27, 28, 29, and 30.
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It is well knowny that the.arrangement of the leaves in plants? ma..y be. expressed
by very simple .sérics of fractions, all of which are gradual approximations to, or
the natural ‘means between } or 3, which two fractions are themselves the maxi-
mum and the minimum divergence between two single successive leaves. The
normal geries of fractions which expresses the various combinations most frequently
observed among the leaves of plants, is as follows: 4, }, #) & ¥» 2’ 4% 24, ete
Now, upon comparing this arrangement of the leaves in plants with the revolu-
tions of the members of our solar system, Peirce has discovered the most perfect
identity between the fundamental laws which rogulate both, as may be at once
seen by the following diogram, in which the first column gives the names of the
splanets, the second column indicates the actual time of revolution of the successive
‘planets, expressed in days, the third column the successive times of revolution of
the, planets, which are derived from the hypothesis that each time of revolution
ghopld have a ratio to those upon each side of it, which shall be one of the

- .ratios of -the law of phyllotaxis; and the fourth column, finally, gives the normal
series of fractions expressing the law of the phyllotaxis.

Neptune, . . 60,129 « « 62000

Uroous, . . . 30,687 . . . 81000 . .
Satarn, ¥ 10,759 > 4 10,333 4
Jupitey, . . . 4338 . . . 4,19 . . 3
Astercids, . . 1,200 to 2,000 . 1,550 . 2
Mars, . . . 687 . . . 596 . . .
Earth, o 865 . . 366 . &
v i g
enus, . . . 225 . . . 227 . . B
va' . . 88 . - 87 . i*

In this series the Earth forms a bresk; but this apparent irregularity admits
of an essy explanation. The fractions 4, }, 4, §, v, oY, 1}, etc, 08 expressing the
position of successive leaves upon an axis, by the short way of ascent along the
epiral, are identical, 0s far as their meaning is concerned, with the fractions express
ing these same positions, by the long way, namely, %, 3, §, §, < 13, 34 ctc

Let us, therefore, repeat our disgram in another form, the third column giving
the theoretical time of revolution.

Neptune,

i 62,000 . . 60,129

* $ . . 62000 . . . —
Uraaus, 3 81000 . . 80,687
" ¥ . L T0BOD i . )

1 Sce the works quoted above, p. 18, note 8,
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Saturn, 3 10838 . . 10759
" 3. 17 - e—
. Jupiter, 3 4,133 . . 4,333
“ . 3 . 2480 . ., . —
Asteroids, 8 1,650 . . 1,200
“ § 4 98 . . . —
Mars, N 56 . . . 687
Earth, " 1o 86 . . . 865
Venus, 3y 2 .. . . 225

C 34" . "o« .
Mercury, R} 8 . . . 88

It appears from this table, that two intervals usunlly elapse between two suc-
cessive planets, so that the normal order of actual fractions is 3, }, 3, $, % ete,
or the fractions by the short way in phyllotaxis, from which, however, the Earth
is excluded, while it forms a member of the series by the long way. The explana-
tion of this, suggested by Peirce, is that although the tendency to set off a planet
is not sufficient at the end of a single interval, it becomes so strong near the
end of the second interval, that the planet is found exterior to the limit of this
second interval. Thus, Uranus is rather too far from the Sun relatively to Neptune,
Saturn relatively to Uranus, and Jupiter relatively to Saturn, and the planets thus
formed engross too large a proportionate share of material, and this is especially
the case with Jupiter. Hence, when we come to the Asteroids, the disposition is
g0 strong at the end of a single interval, that the outer Asteroid is but just within
this interval, and the whole material of the Asteroids is dispersed in separate masses
over a wide space, instead of being concentrated into a single planet. A conse-
quence of this dispersion of the forming ngents is, that a small proportionate
material is absorbed into the Asteroids. Hence, Mars is ready for formation so
far exterior to its true place, that when the next interval elapses the residual force
becomes strong enough to form the Earth, after which the normal law is resumed
without any further disturbance. Under this law, there can be no planet exterior

to Neptune, but there may be one interior to Mercury.

Let us now look back upon some of the leading features alluded to before,
omitting the simpler relations of organized beings to the world around, or those of
individunls to individuals, to consider only the different parallel series we have heen
comparing when showing that, in their respective great types, the phenomena of
animal life correspond to one another, whether we compare their rank as deter
mined by structural complication with the phases of their growth, or with their
succession in past geological nges; whether we compare this succession with their
embryonic growth, or all these different relations with each other and with the geo-

17
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graphical distribution of animals upon earth. The same :fcries everywhere!! These
facts are true of all the great divisions of the animal kx{lg{lom, 8O 1:ur as we have
pursued the investigation; and though, for want of materials, the train of e.vidence
is incomplete in some instances, yet we have proof enough for the establishment
of tlis law of o universal correspondence in all the leading features which binds
all organized beings, of all times, into one great system, intellectually and intelligibly
linked together, even where some links of the chain are wising. It requirves con-
sidersble fomiliarity with the subject even to keep in mind the evidence, for,
though yet imperfectly understood, it is the most brilliant result of the combined
intellectual efforts of hundreds of investigators during half a century. The connec-
tion, however, between the fucts, it is easily scen, is only intellectual; and implies,
therefore, the agency of Intellect as its first cause?

And if the power of thinking councctedly is the privilege of cultivated minds
only; if the power of combining different thoughts, and of drawing from them new
thoughts, is a still rarer privilege of a few superior minds; if the ability to trace
simultancously several trains of thought is such an extraordinary gift, that the few
cases in which evidence of this kind las been presented have become o matter
of historical record (Cesar dictating several letters at the same time), though they
exhibit only the capacity of passing rupidly, in quick succession, from one topic to
another, while keeping the connecting thread of several parallel thoughts: if all
this is only possible for the highest intcllectual powers, shall we by any fulse
argumentation allow oursclves to deny the intervention of a Supreme Intellect in
calling into existence cowbinations in nature, by the side of which, all human
conceptions are child’s play?

If I have succeeded, even very imperfectly, in showing that the vavious rela-
tions observed between animals and the physical world, as well as between them-
selves, exhibit thought, it follows, that the whole has an Intelligent Author, and it
may not he out of place to attempt to point out, as fur as possible, the difference
there may be between Divine thinking and human thought.

Tuking nature as exhibiting thought for my guide, it appears to me, that while
h-umnn thought is consecutive, Divine thought is simultancons, embracing at the same
time and for ever, in the past, the present, and the future, the most diversified
relations umong lundreds of thousands of organized beings, each of which way
jl[‘areszfnt complications again, which, to study and understand even imperfectly, ©
or mstanee, Mun himself, Mankind has alrendy spent thousands of years. And
yet, all this has heen done by oue Mind, must be the work of one Mind only, of

1
Compare ll the preceding seetions, where every

2 AGASST v 7 fons of Gl in the
iy ; Aaassiz, (1) Contemplations o
mpt‘.‘. 14 ('““'E'“lfreﬂ. !(.hlntnu‘ﬂy‘- L] ( ¢ ) I

- . . y ston.
Kusmos, Cliristing Exuminer, January, 1851, o
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Him before whom Mon can only bow in grateful acknowledgment of the pre-
rogatives he is allowed to emjoy in this world, not to speak of the promises of a

future life.

I have intentionally dismissed many points in my argument with mere questions,
in order not to extend unduly a discussion which is after all only accessory to
the plan of my work. I have felt justified in doing so because, from the point
of view under which my subject is treated, those questions find o natural solution
which must present itself to every reader. We know what the intellect of Man
may originate, we know its creative power, its power of combination, of foresight,
of analysis, of concentration; we are, therefore, prepared to recognize a similar
action emanating from a Supreme Intelligence to a boundless extent. We need,
therefore, not even attempt to show that such an Intellect may have originated all
the Universe contains; it is emough to demonstrate, that the constitution of the
physical world, and more particularly the organization of living beings in their connec-
tion with the physical world prove, in general, the existence of a Supreme Being,
as the Author of all things. The task of science is rather to investigate what has
been done, to inquire, if possible, how it has been done, than to ask what is possible
for the Deity, a8 we can know that only by what actually exists. To attack such
& position, those who would deny the intervention in nature of a creative mind,
must show, that the cause to which they refer the origin of finite beings is by
its nature a possible cause, which cannot be denied of o being endowed with the
attributes we recognize in God. Our task is therefore completed, as soon as we
have proved his existence. It would, nevertheless, be highly desirable that every
naturalist, who has arrived at similar conclusions, should go over the subject anew,
from his point of view and with particular reference to the special field of his

investigations; for so only can the whole evidence be brought out.

I foresee already that some of the most -striking illustrations may be drawn
from the morphology of the vegetable kingdom, especially from the characteristic
succession and systematicnl combination of different kinds of leaves in the forme-
tion of the folinge and the flowers of so many plants, all of which end their
development by the production of an endless variety of fruits. The inorganic world,
considered in the same light, would not fail to exhibit also unexpected evidence
of thought, in the character of the laws regulating the chemical combinations, the
action of physical forces, the universnl attraction, etc, etc. Even the history of
human culture ought to be investigated from this point of view. But I must

leave it to abler hands to discuss such topics.
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SECTION XXXII.

RECAPITULATION.

In recapitulating the preceding statements, we may present the following con-
clusions : — :

1st) The connection of all these known features of nature into one system ex-
hibits thought, the most comprehensive thought, in limits transcending the highest
wonted powers of man.

2d. The simultancous existence of the most diversified types under identical
circumstances exhibits thought, the ability to adapt a great variety of structures to
the most uniform conditions.

3d. The repetition of similar types, under the most diversified circumstances,
shows an immaterial connection between them; it exhibits thought, proving directly
how completely the Creative Mind is independent of the influence of a material
world.

4th, The unity of plan in otherwise highly diversified types of animals, exhibits
thought; it exhibits more immediately premeditation, for no plan could embrace such
a diversity of beings, called into existence at such long intervals of time, unless it
had been framed in the beginning with immediate reference to the end.

5th. The correspondence, now generally known as special homologies, in the details
of structure in animals otherwise entirely disconnected, down to the most minute
peculiarities, exhibits thought, and more ,immediately the power of expressing 8
general proposition in an indefinite number of ways, equally complete in themselves,
though differing in all their details,

6th. The various degrees and different kinds of relationship among animals whitfh
can have no genealogical connection, exhibit thought, the power of combining d_'f'
ferent categories into o permenent, harmonious whole, even though the materitl
basis of this harmony be ever changing, )

- .The simultaneous existence, in the earliest geological periods in which &1
rna.ln.s .exmted at all, of representatives of all the great types of the animal kingdf)nh
exlub.xta most especially thought, considerate thought, combining power, premedituuom
prescience, omniscience,

8th. The grodution based upon complications of structure which may be traced

1 = b
Tho numbers inseribed here correspond (o the wh

i J . k to tho evidonc®
preceding ecclions, in tho same order, HRSE QI ahange. Kefee W

so that the nevded.
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among animals built upon the same plan, exhibits thought, and especially the power

of distributing harmoniously unequal gifts,

9th. The distribution of some types over the most extensive range of the sur
face of the globe, while others are limited to particular geographical aress, and the
various combinations of these types into zoilogical provinces of unequal extent,
exhibit thought, a close control in the distribution of the ecartl’s surface among

its inhabitants.

10th. The identity of structure of these types, notwithstanding their wide geo-
graphical distribution, exhibits thought, that deep thought which, the more it is
scrutinized, seems the less capable of being exhausted, though its meaning at the

surface appears at once plain and intelligible to every one.

11th. The community of structure in certain respects of animals otherwise en-
tirely different, but living within the same geographical area, exhibits thought, and
more particularly the power of adapting most diversified types with peculiar struc-

tures to either identical or to different conditions of existence.

12th. The copnection, by series, of special structures observed in animals widely
scattered over the surface of the globe, exhibits thought, unlimited comprehension,
and more directly omnipresence of mind, and also prescience, as far as such series

extend through a succession of geological ages.

13th. The relation there is between the size of animals and their structure and
form, exhibits thought; it shows that in nature the quantitative differences are as

fixedly determined as the qualitative ones.

14th. The independence, in the size of animals, of the mediums in which they
live, exhibits thought, in establishing such close connection between elements so influ-
ential in themselves and organized beings so little affected by the nature of these

elements,

15th. The permanence of specific peculiarities under every variety of external
influences, during each geological period, and under the present state of things upon
earth, exhibits thought: it shows, also, that limitation in time is an essential element

of all finite beings, while eternity is an attribute of the Deity only.

16th. The definite relations in which animals stand to the surrounding world,
exhibit thought; for all animals living together stand respectively, on account of
their very differences, in different relations to identical conditions of existence, in o
manner which implies a considerate adaptation of their varied organization to these

uniform conditions.

17th. The relations in which individuals of the same species stand to one an-
other, exhibit thought, and go far to prove the existence in ull living beings of an
immuaterial, imperishable principle, similar to that which is generally conceded to man

only.



http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/README.htm

134 ESSAY ON CLASSIFICATION. Pant I,

18th. The limitation of the range of changes which animals undergo during their
growth, exhibits thought; it shows most strikingly the independence of these changes
‘of externsl influences, and the neccessity that they should be determined by o
power superior to these influences.

19th. The unequal limitation in the average duration of the life of individuals

. in different species of animals, exhibits thought; for, however uniform or however

diversified the conditions of existence may be under which animals live together,
the average duration of life, in different species, is unequaily limited. It points, there-
fore, at a knowledge of time and space, and of the value of time, since the pluses
of life of different animals are apportioned according to the part they have to per-
form upon the stage of the world.

20th. The return to a definite norm of animals which multiply in various ways,
exhibits thought. It shows how wide a cycle of modulations may be included in
‘the same conception, without yet departing from o norm expressed more directly in
other combinations,

21st. The order of succession of the different types of animals and plants charac-
teristic of the different geological epochs, exhibits thought. It shows, that while
the material world is identical in itscll in all ages, ever different types of organized
beings are called into existence in successive periods.

22d. The localization of some types of nnimals upon the same points of the sur
face of the globe, during several successive geological periods, exhibits thought,
consecutive thought; the operations of n mind acting in conformity with a plan
laid out beforehand aud sustained for a long period.

23d. The limitation of closely allied species to different geological periods, exhibits
thought; it exhibits the power of sustaining nice distinctions, notwithstanding the
interposition of grent disturbances by physical revolutions.

24th. The porallelism between the order of succession of animals and plants
in geological times, and the gradation nmong their living representatives, exhibit
thought; consecutive thought, superintending the whole development of nature from
beginning to end, and disclosing throughout a gradunl progress, ending with the
introduction of man at the head of the animal creation. .

26th. The parallelism between the order of succession of animals in gcolugfﬂ"‘}‘
times and the changes their living representatives undergo during their embryologic?
growth, exhibits thought; the repetition of the same train of thoughts in the pl'?f:cs
of growth of living animals ond the successive appearance of their representatives
in past ages,

26th. The combination, in many extinct types, of charncters which, in later ng; ::
oppear disconnected in different types, exhibits thought, prophetic thought, foresigt™?
combinations of thought preceding their manifestation in living forms.
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27th. The parallelism between the grodation among animals and the changes
thoy undergo during their growth, exhibits thought, as it discloses everywhere the
most intimate connection between essentinl features of animals which have no
necessary physical relation, and can, therefore, not be understood otherwise than
as established by a thinking being.

28th. The relations existing between these different series and the geographical
distribution of animals, exhibit thought; they show the ommipresence of the Creator.

29th. The mutual dependence of the animal and vegetable kingdoms for their
maintenance, exhibits thought; it displays the care with which all conditions of
existence, necessary to the maintenance of orgamized beings, have been balanced.

30th. The dependence of some animals upon others or upon plants for their
existence, exhibits thought; it shows to what degree the most complicated com-
binations of structure and adaptation can be rendered independent of the physical
conditions which surround them.

We may sum up the results of this discussion, up to this point, in still fewer

words: —
- - All organized beings exhibit in themselves all those categories of structure and
of existence upon which a natural system may be founded, in such a manner
that, in tracing it, the human mind is only translating into human language the
Divine thoughts expressed in nature in living realities.

All these beings do mnot exist in consequence of the continued agency of physical
causes, but have made their successive appearance upon earth by the immediate
intervention of the Creator. As proof, I may sum up my argument in the fol-
lowing manner:

The products of what are commonly called physical agents are everywhere the
same, (that is, upon the whole surface of the globe,) and have always been the
same (that is, during all geological periods); while organized beings are everywhere
different and have differed in all ages. Between two such series of phenomena
there can be no causal or genetic conuection.

31st. The combination in time and space of all these thoughtful conceptions
exhibits not only thought, it shows also premeditation, power, wisdom, great-
ness, prescience, omniscience, providence. In one word, all these facts in their
natural connection proclaim aloud the One God, whom man may know, adure,
and love; and Natural Ilistory must, in good time, become the analysis of the
thoughts of the Creator of the Universe, as manifested in the animal and vegetable
kingdoms.

It may appear strange that T should have included the preceding disquisition
in that part of my work which is headed Classification. Yet, it has been done
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deliberately. In the beginning of this chapter, I have already stated that Classi-
fication seems to me to rest upon too narrow a foundation when it is chiefly based
upon - structure. Animals are linked together as closely by their mode of develop-
ment, by’ their relative standing in their respective classes, by the order in which
they have made their appearance upon earth, by their geographical distribution, and
generally by their connection with the world in which they live, as by their
anntomy. All these relations should, therefore, be fully expressed in a natural
classification; and though structure furnishes the most direct indication of some of
these relations, always appreciable under every circumstance, other considerations
should not be neglected, which may complete our insight into the general plan
of creation.

In characterizing the great branches of the animal kingdom, it is not enough
to indicate the plan of their structure, in all its peculiarities; there are possibilities
of execution which are at once suggested to the exclusion of others, and which
should also be comsidered, and so fully amalyzed, that the various modes in which
such o plan may be carried out shall at once be made apparent. The range and
character of the general homologies of each type should also be illustrated, as
well as the general conditions of existence of its representatives, In characterizing
classes, it ought to be shown why such groups constitute a class and not merely
an order, or o family; and to do this satisfactorily, it is indispensable to trace the
special homologies of all the systems of organs which are developed in them. It
is not less important to ascertain the foundation of all the subordinate divisions
of each class; to know how they differ, what constitutes orders, what families, what
genera, and upon what characteristics species are based in every natural division.
This we shall examine in the next chapter.
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CHAPTER SECOND.

LEADING GROUPS OF THE EXISTING SYSTEMS OF ANIMALS.

SECTION 1.
GREAT TYPES OR BRANCHES OF THE ANDMAL KINGDOM.

Toe use of the terms types, classes, orders, families, genera, and species, in the
systems of Zotlogy and Botany, is so universal, that it would be natural to suppose
that their meaning and extent are well determined and generally understood; but
this is so far from being the case that it may on the contrary be said, that there is
no subject in Natural History respecting which there exists more uncertainty or
a greater want of precision. Indeed, I have failed to find anywhere a definition
of the character of most of the more comprehensive of these divisions, while the
current views respecting genera and species are very conflicting. Under these cir-
cumstances, it has appeared to me particularly desirable to inquire into the founda-
tion of these distinctions, and to ascertain, if possible, how far they have a real
existence. And, while I hope the results of this inquiry may be welcome and
satisfactory, I am free to confess that it has cost me years of labor to arrive at
a clear conception of their true character.

It is such o universal fact in every sphere of intellectual activity, that prac-
tice anticipates theory, that no philosopher should be surprised to find that zologists
have adopted instinetively naturnl groups, in the animal and vegetable kingdoms,
even before the question of the character and of the very existence ol such
groups in nature was raised. Did not nations speak, understand, and write Greek,
Latin, German, and Sunserit, before it wns ceven suspected that these languages,
and so many others, were kindred? Did not painters produce wonders with
colors before the nature of light was understood? ITad not men been thinking
about themselves and the world before logic and metaphysics were taught in schools ?

18
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Why, then, sliould not observers of nature have npprecinted rightly t.l.ne relationship
‘between animals or plants before getting o scientific clue to the clussifications they
were led ‘to- adopt as practical ?

Such considerations, above all others, have guided and encournged me while I
was seeking for the meaning of all these systems, so different one from the other in
their details, and yet so similar in some of their general features. The history
‘of our science shows how early some of the principles, which obtain to this day,
have been acknowledged by all reflecting naturalists. Avistotle, for instance, alrendy
kmew the principal differences which distinguish Vertebrate from all other animals, .
and his distinction of Fnaima aund Anaima® corresponds exactly to that of Ferlebrata
and Javerfebrata of Lamarck? or to that of Flesk- and Gui-Amimals of Oken)® or to that
of Mycloneura and Ganglionenra of Ehrenberg;! and one who is at all familiar
with the progress of science at different periods can but smile at the claims to
novelty or originality so frequently brought forward for views long before current
among men. Here, for instance, is one and the same fact presented in different
aspects; first, by Aristotle with reference to the character of the [ormative fluid,
next by Lamarck with reference to the general frame,—for I will do Lamarck
the justice to believe, that he did not unite the Invertebrata simply because they
have no skeleton, but because of that something, which even Prolessor Owen fails
to express’ and which yet exists, the one cavity of the body in Invertebrata con-
taining all organs, whilst Vertebrate have one distinet cavity for the centres of the
nervous system, and another for the organs of the vegetative life. This acknowledy-
ment is due to Lamarck as truly as it would be due to Aristotle not to accuse
him of having denied the Invertebrata any fuid answering the office of the bloodl.
though he calls them Anaima; for he knew nearly as well as we now know,
that there moves a nutritive fluid in their body, though that information 18
generally denied him because he had no correct knowledge of the circulation of
the blood.

Again, when Oken speaks of Flesh-Animals he does not mean that Vertebrates
consist of nothing but flesh, or that the Invertebrates have no muscular fibres;
but he brings prominently before us the presence, in the former, of those masscs
forming mainly the bulk of the body, which consist of flesh and bones as well
28 blood and nerves, and constitute another of the lending features distinguishivg
Vertebrata and Invertehrata. Ehrenberg presents the same relations between the
same beings as expressed by their nervous system. If we now take the expressions

* Histor. Anim., Lib. I., Cli. 5 and 6. * Dus Natorreich des Mensehion s u dingrmon WP

: Aniw. Vert,, 24 ddit, vol. 1, p. 313. a lnrge sheet, folio,
Naturphilosophie, 8d edit., p. 400. & Compurat. Auat. of Inv., 2d edit., |- ik
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of Aristotle, Lamarck, Oken, and Ehrenberg together, have we not, as characteristic
of their systems, the very words by which every one distinguishes the most promi-
nent features of the body of the higher animals, when speaking of blood relations,
of blood and bones, or of having flesh and nerve?

Neither of these observers has probably been conscious of the identity of his
classification with that of his predecessors; nor, indeed, should we consider either
of them as superfluous, inasmuch as it makes prominent, features more or less differ-
ent from those insisted upon by the others; mnor ought any one to suppose that
with all of them the field is exhausted, and that there is no more room for new
gystems upon that very first distinction amoug animals! As long as men inquire
they will have opportunities to know more upon these topics than those who have
gone before them, so inexhaustibly rich is nature in the innermost diversity of her
trensures of beauty, order, and intelligence.

So, instead of discarding all the systems which have thus far had little or no
influence upon the progress of science, either because they are based upon prin-
ciples not generally acknowledged or comsidered worthy of confidence,-I have care-
fully studied them with the view of ascertaining whatever there may be true in
them, from the stand-point from which their authors have considered the animal
kingdom; and I own that I have often derived more information from such a careful
consideration than I had at first expected.

It was not indeed by a lucky hit, nor by one of those unexpected apparitions
which, like a revelation, suddenly break upon us and render at once clear and
‘comprehensible what had been dark and almost inaccessible before, that I came to
understand the meaning of those divisions called types, clusses, orders, families, gen-
era, and species, 80 long admitted in Natural History as the basis of every system,
and yet so generally considered as mere artificial devices to facilitate our studies.
For years I had been laboring under the impression that they are founded in
nature, before I succeeded in finding out upon what principle they were really based.
I soon perceived, however, that the grentest obstacle in the way of ascertaining
their true significance lay in the discrepancies among different authors in their use
and application of these terms. Different naturalists do not call by the same name
groups of the same kind and the same extent: some call genera what others call
subgenera; others call tribes, or even families, what are called genern by others;

! By way of an example, I would mention the  different from what is observed in any of the Inver-
mode of reproduction.  The formation of the egg in tebrata, that the animal kingdom, classified necording
Vertebrata; itz origin, in all of them, in a more or to these facts, would ngnin he divilded into two great
less complivated Geanflun  vesicle, in which it is gronps, corresponding to tho Fertebrata and Juverte-
pursed ; the formation awd development of the embryo brata of Lamnrck, or the Flesh- and Gui-Animals of
up to a curlnin period, cte., ete, are so completely Oken, or the Eneima und Aneima of Aristotle, ote.
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even the mames.of tribe and family have been npplied by some to what others
call sub-genera; some have called families what others have called orders; some
consider as orders what others have considered as classes; and there are even genera
of some authors which are considered as classes by others. Finally, in the number
and limitation of these clnsses, as well as in the manner in which they are grouped
together, under general hends, there is found the same divemity of opinion. It iy,
nevertheless, possible, that under these manifold names, so diflerently applied, groups
may be designated which may be natural, even if their true relation to one another
have thus far escaped our attention.

It is already certain that most, if not all investigators agree in the limitation,
of some groups at least, under whatever name they may call them, and however
much they would blame one another for calling them so, or otherwise. I can there-
fore no longer doubt that the controversy would be limited to definite ques-
-tions, if naturalists could only be led to an agreement respecting the real nature
of each kind of groups. I am satisfied, indeed, that the most insuperable obstacle
to any exact appreciation of this subject lies in the fuct, that all naturalists, with-
out exception, consider these divisions, under whatever name they may designate
them, as strictly subordinate one to the other, in such a manner, that their difier-
ence is only dependent upon their extent; the class being considered as the more
comprehensive division, the order as the next extensive, the family as more limited,
the genus as still more limited, and the species as the ultimate limitation in a
natural arrongement of living beings, so that all these groups would differ only by
the quontity of their charscters, and not by the quality, as if the clements of
structure in animals were all of the same kind; as if the form, for instance, was
an organic clement of the same kind as the complication of structure, and as if
the degree of complication implied necessarily one plan of structure to the exclu-
sion of another. I trust I shall presently be nble to show that it is to o neglect
of these considerations that we must ascribe the slow progress which has been
made in the philosophy of classification.

Were it possible to show that all these groups do not differ in quantity, and
are not merely divisione of a wider or more limited range, but ave based upon
different categories of charncters, genera would be called genera by all, whether
they differ much or little one from the other, and so would fumilies be called fav-
ilies, orders be called orders, ete. Could, for instance, species be bused upon absolute
size, genern upon the structure of some external purts of the body, families upon
the form of the body, orders upon the similurity of the internal structure, of tl.xe
like, it is plain that there could not be two opinions respecting these groups *
any class of the animal kingdom. But as the problem is not so simple in naturt;
it was not until after the most extensive investipations, that 1 seized the clue 10
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guide me through this labyrinth. I knew, for instance, that though naturalists have
been disputing, and are still disputing, about species and genera, they all distin-
guished the things themselves in pretty much the same manner. What A would
call o species, B called only a variety or a race; but then B might call a sub-
genus the very same aggregate of individuals which A called a species; or what
A called & genus was considered by B as a family or an order. Now it was this
something called no matter how, for which I tried to find out characters which would
lead all to call it by the same name; thus limiting the practical difficulty in the
application of the name to n question of accuracy in the observations, and no longer
allowing it to be an eternal contest about mere nomenclature.

At this stage of my investigation it struck me, that the character of the writ-
ings of eminent naturalists might throw some light upon the subject itself. There
are authors, and among them some of the most celebrated contributors to our
knowledge in Naturnl History, who necver busied themselves with classification, or
paid only a passing notice to this subject, whilst they are, by universal consent,
considered as the most successful biographers of rpecies; such are Buffon, Reau-
mur, Roesel, Trembley, Smeathman, the two Hubers, Bewick, Wilson, Audubon,
Naumann, etc. Others have applied themselves almost exclusively to the study of
genera. Latreille is the most prominent zovlogist of this stamp; whilst Linngeus
and Jussieu stand highest among botanists for their characteristics of genera, or at
least for their early successful attempts at tracing the natural limits of genera. Bota-
nists have thus far been more successful than zoilogists in characterizing natural
families, though Cuvier and Latreille have done n great deal in that same direction
in Zoilogy, whilst Linncus was the first to introduce orders in the classification of
animals. As to the higher groups, such as classes and types, and even the orders,
we find again Cuvier leading the procession, in which have followed all the natu-
ralists of this century.

Now let us inquire what these men have done in particular to distinguish them-
selves especinlly, either as biographers of species, or as characterizers of genera, of
families, of orders, of classes, and of types. And should it appear that in each case
they have been considering their subject from some particular point of view, it strikes
me that what has been ackuowledged unconsciously as constituting the particulur emi-
nence or distinction of these men, might very properly be proclaimed, with grate-
ful consciousness of their services, as the charactevistic of that kind of groups which
cach of them has most successfully illustrated; and I hope every unprejudiced natu-
ralist will agree with me in this respect.

As to the highest divisions of the animal kingdom, first introduced by Cuvier
under the name ol embranchements, (and which we may well render by the good old
English word &ranch) he tells us himsell that they are founded upon distinet plans
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of structire, cust; 18 it Were, into distinct moulds or forms® Now there can certainly
bé no reason. why we should not all agree to designate as types or branches
all such. great divisions of the animal kingdom as are constituted upon o special
plen® if .we should find practically that such groups may be traced in nature.
Those.who' ‘may not see them may deny their existence; those who recognize
themmay vary in their estimation of their natural limits; but all can, for the
greatest benefit of science, agree to call any group which secms to them to be
founded upon & special plan of structure, a type or branch of the animal kingdom;
and if there are still differences of opinion among naturalists respecting their limits,
let the discussion upon this point be cmried on with the understanding that types

" are to be characterized by different plans of structure, and not by special anatomical
peouliarities. Let us avoid confounding the idea of plan with that of complication
of . structure, even though Cuvier himself has made this mistake here and there in
his . classification.

The best evidence I can produce that the idea of distinet plans of structure
is the true pivot upon which the natural limitation of the branches of the animal
kingdom is ultimately to turn, lies in the fact that every great improvement,
acknowledged by all as such, which these primary divisions have undergone, has
consisted in the removal from among each, of such groups as had been placed
with them from other considerations than those of a peculinr plan, or in conse-
quence of a want of information respecting their true plan of structure. Let us
examine this point within limits no longer controvertible. .Neither Infusoria nor
Intestinal Worms are any longer arranged by competent naturalists among Rudiata.
Why they have been removed, may be considered clsewhere; but it was certainly
not because they were supposed to agree in the plan of their structure with the

1 1t would lead me too far were I to consider old expressions, in a somewhat modified sense, is found
‘here the characteristics of the difierent kingdoms of  preferalle to framing new ones. I trust the vulue of
‘Noture. I may, however, refer to the work of I. the following discussion will bo npprecinted by its
Georrrox St. HyLaire, Histoire naturelle générale intrinsic merit, tested with o willingness to understand
des rignes organiques, Paris, 1856, 8vo., who ls dis. whiat hns Leen my wim, and not altogetlier by the rela-
cussed this subject recently, though I must object to  tive degree of precision and clearness with which T
‘tho admission of n distinet kingdom for Man alone. may have expressed mysclf, ns it is almost impossibls

* It is almost superfluous fur me to mention here  in o frst attompt of this kind, to scize ut once ”lt"“
that tho terms plun, ways and means, or manner in the form best odapted to carry conviction. 1 wish

which a plun is carried out, complication of structure,  also to be understood us cxpressing my views word
form, details of structure, ultimate structure, relations immedintely with reference to the animnl kinb"l".“"
of individunle, frequently used in the following pnges,  ns I do not feel quite competent to extend the inguiry
aro taken inn somewhut different sense from their  and the discussion to the vegetable kingdonh tlmn:gll
usuul meaning, us is always necessary when uew I have occnsionnily wiuded to ity ns fur a3 my

views ars introduced in n scionce, und the ndoplivu of formation would permit.
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true Rodiate, that Cuvier placed them in that division, but simply because he
allowed himself to depart from his own principle, and to add another consideration,
besides the plan of structure, as characteristic of Radiatn,— the supposed absence of
n nervous system, and the great simplicity of structure of these animals ;—as if
simplicity of execution had any necessary conmeection with the plan of structure.
Another remarkable instance of the generally approved removal of a class from
one of the types of Cuvier to amother, was the transfer of the Cirripeds from
among the Mollusks to the branch of Articulata. Tmperfect knowledge of the plan
of structure of these animals was here the cause of {he mistake, which was cor-
rected without any opposition, as soon as they became better known.

From a comparison of what is stated here respecting the different plans of
structure, characteristic of the primary divisions of the animal kingdom, with what
I have to say below about classes and orders, it will appear more fully, that it
is important to make a distinction between the plan of a structure and the man-
ner in which that plan is carried out, or the degrees of its complication and its
relative perfection or simplicity. But even alter it is understood that the plan of
structure should be the leading characteristic ol these primary groups, it does not
yet follow, without further examination, that the four great branches of the animal
kingdom, first distinguished Ly Cuvier, are to be considered as the primary divisions
which Nature points out as [undamental. It will still be nccessary, by n careful
and thorough investigation of the subject, to ascertnin what these primary groups
are; but we shall have gained one point with reference to our systems,— that what-
ever these primary groups, founded upon diflerent plans, which exist in nature, mny
be, when they are once defined, or whilst they are admitted as the temporary ex-
pression of our present knowledge, they should be called the branches of the animal
Kingdom, whether they be the Vertehbrata, Articulata, Molluscn, and Radiata of Cuvier,
or the Artiozoarin, Actinozoaria, and Amorphozonrin of Blainville, or the Vertebrata
and Invertebrata of Lamarck. The special inquiry into this point must be left for
n specinl paper. I will only add that I am daily more satisfied, that, in their
general outlines, the primary divisions of Cuvier are true to nature, and that never
did a naturalist exhibit a clearer and deeper insight into the most general relations
of animals than Cuvier, when he perceived, not only that these primary groups are
founded upon differences in the plan of their structure, but also how they are
essentinily related to one another.

Though the term type is generally employed to designate the great fundamental
divisions of the animal kingdom, I shall not use it in future, but prefer for it the
term branch of the animal kingdom, because the term type is employed in too
many different acceptations, and quite ax commonly to designate any group of any
kind, or any peculiar modification of structure stamped with a distinet and marked
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charaoter, as to designate the primary di\{isiona of the. animal kin.g(.'lotlil. We
speak, for instance, of specific types, generic types, family types, 1°1dum .typ'jfs
classic types, and also of a typical structure. The use of th.c wort t;rpe ,mi. this
gense ik 80 frequent on almost every pnge of our systematic wor.ku, in .Auulthy
and: in treatises of Comparative Anatomy, that it scems to me desfmblc. in order
to avoid every possible equivocation in the designation of the most uflportmtt great
primary divisions among animals, to call them branches of the animal kingdom,
rather than types.

'Thu.t, however, our systems are more true to nature than tlhey ave often sup-
posed to be, scems to me to be proved by the gradual approximation ol scientific
men to each other, in their results, and in the forms by which they express those
results. The idea which lies at the foundation of the great primary divisions
of the animal kingdom is the most general conception possible in connection with
the plan of a definite creation; these divisions are, therefore, the most compreliensive
of all, and properly tuke the lend in o natural classification, as vepresenting the
first and brondest relations of the diflerent natural groups of the animal kingdom,
the general formula which they each obey. What we call hranches expresses, in
fact, a purely ideal commection between mmimals, the intellectual conception which
unites them in the creative thought. It scems to me that the more we examine

the true significance of this kind of groups, the more we shall be convinced that

they are not founded upon material relations. The lesser divisions which succeed

next are founded upon special qualifications of the plan, and diffler one lrow the
other by the character of these qualifications. Should it be found that the fentures
in the animal kingdom which, next to the plan of structure, extend over the largest
divigions, are those which determine their rank or respective standing, it would
appear natural to cousider the orders as the second most importunt category in the
organization of onimals. Experience, however, shows that this is not the case;
that the manner in which the plan of structure is executed leads to the distinction
of more extensive divisions (the clagses) than those which are based upon the com-
.?licntion of structure (the orders). As o classification can be natural only us lur a%
1t expresses real velations observed in nature, it follows, therefore, that clusses tuke
the second position in o system, immediately under the Lranches, We shall see

below that orders follow next, as they constitute naturally groups that are more
c?mprehenswe than families, and that we are not at liberty to invert their respec:
live position, nor to transfer the name of onc of these divisions (v the other, at

our own pleasure, s so many naturalists are constantly doing,
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SECTION 1I.

CLASSES OF ANIMALS.

Before Cuvier had shown that the whole animal kingdom is constructed upon
four different plans of structure, classes were the highest groups acknowledged in
the systems of Zoovlogy, and naturalists very early understood upon what this kind
of division should be founded, in order to be natural, even though in practice
they did not always perceive the true value of the characters upon which they
established their standard of relationship. Linnmus, the first expounder of the
gystem of animals, already distinguishes, by anatomical characters, the classes he
has adopted, though very imperfectly; and ever since, systematic writers have aimed
at drawing a more and more complete picture of the classes of animals, based
upon a more or less extensive investigation of their structure.

Structure, then, is the watchword for the recognition of classes, and an accurate
knowledge of their anatomy the surest way to discover their natural limits. And
yet, with this standard before them, naturalists have differed, and differ still greatly,
in the limits they assign to classes, and in the number of them they adopt. It
is really strange, that, applying apparently the same standard to the same objects,
the results of their estimation should so greatly vary; and it was this fact which
led me to look more closely into the matter, and to inquire whether, after all,
the seeming unity of standard was not more a fancied than a real ome. Structure
may be considered from many points of view: first, with reference to the plan
adopted in framing it; secondly, with reference to the work to be donme by it, and
to the ways and means employed in building it up; thirdly, with reference to the
degrees of perfection or complication it exhibits, which may differ greatly, even
though the plan be the same, and the ways and means employed in carrying out
such a plan should not differ in the least; fourthly, with reference to the form
of the whole structure and its parts, which bears no necessary relation, at all events
no very close relation, to the degree of perfection of the structure, nor to the
manner in which its plan is executed, nor to the plan itself, as a comparison
between Bats and Birds, between Whales and Fishes, or between Holothurians and
Worms, may ecasily show; filthly and lastly, with reference to its last finish, to
the execution of the details in the individual parts.

It would not be dificult to show, that the differences which exist among
naturalists in their limitation of classes have arisen from an indiscriminate con-
sideration of the structure of animals, in all these different points of view, and an

19
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equally indiscriminate application of the results obtained, to characterizing classes.
Those who have not made & proper distinction between the plan of a structure
and the manner in which that plan is actually executed, have either overlooked
the - importance of the great fundamental divisions of the animal kingdom, or they
have unduly multiplied the number of these primary divisions, basing their dis-
tinctions upon purely anatomical considerations, that is to say, not upon differences
in the’ character of the general plan of structure, but upon the material develop-
ment of that plan. Those, again, who have confounded the complication of the
structure with the ways and means by which life is maintained through any given
combination of systems of organs, have failed in establishing a proper difference
between class and ordinal characters, and have again and again raised orders to
the rank of closses. For we shall see presently, that natural orders must be based
upon the different degrees of complication of structure, exhibited within the limits
of the classes, while the classes themselves are characterized by the manner in
which the plan of the type is carried out, that is to say, by the various com-
binations of the systems of organs conmstituting the body of the representatives of
any of the great types of the animal kingdom; or perhaps, still more distinctly,
the classes are characterized by the different ways in which life is maintained, and
the different means employed in establishing these waya An example will suffice
to show that this distinction implies a marked difference between class and ordinal
characters,

Let us compare the Polyps and Acalephs as two classes, without allowing our-
selves to be troubled by the different limits assigned to them by different authors.
Both are constructed upon the same plan, and belong, on that account, to the type
of Radiata. In establishing this fact, we do not consider the actual structure of
these animals, whether they have a nervous system or mnot, whether they have
organs of senses or not, whether their muscles are striated or smooth, whether
they have a solid frame or an entirely soft body, whether their alimentary cavity
has only one opening or two opposite openings, whether it has glandular annexes
or not, whether the digested food is distributed in the body one way or amother,
whether the undigested materials are rejected through the mouth or not, whether
the sexes are distinet or not, whether they reproduce themselves only by eggs, of
by budding also, whether they are simple or not: all we need know, in order to
refer them to the branch of Radiata, is whether the plan of their structure exhibits
8 general radiated arrangement or not. But, when we would distinguish Polypi,
Acalephs, and Echinoderms as classes, or rather, when we would ascertain what
are the classes nmong Radiata, and how many there are, we must inquire into the
manner in which this idea of radiation, which lies at the foundation of their plan
of structure, is actually expressed in all the animals exhibiting such a plan, and,
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we find ensily, that while in some (the Polypi) the body exhibits & large cavity,
divided by radiating partitions into a number of chambers, into which hangs a sac,
(the digestive cavity,) open below, so as to pour freely the digested food into
the main cavity, whence it is circulated to and fro in all the chambers, by the
agency of vibrating cilia; in others, (the Acalephs) the body is plain and full
not to be compared to a hollow sac, traversed only in its thickness by radiating
tubes, which arise from a central cavity, (the digestive cavity,) without a free com-
munication with one another for their whole length, etc, etc, whilé in others still,
(the Echinoderms,) there is a tough or rigid envelope to the body, inclosing o large
cavity in which are contained & variety of distinct systems of organs, etc.

Without giving here a full description of these classes, I only wish to show,
that what truly characterizes them, is not the complication of their structure, (for
Hydroid Medus® are bardly more complicated in their structure than Polyps,) but
the manner in which the plan of Radiata is carried out, the ways in which life
is mointained in these animals, the means applied to this end; in one word, the
combinations of their structural elements. But the moment we would discern
what are the orders of these classes, these considerations no longer suffice; their
structure has to be viewed in a different light; it is mow the complication of
these apparatus which may guide us. Actinarians and Hulcyonarians among Polypi,
as orders, differ, the first by having a larger and usually indefinite number of
simple tentacles, an equally large number of internal partitions, etc, while in
Halcyonarians the eight tentacles are lobed and complicated, and all the parts are
combined in pairs, in definite numbers, etc, differences which establish a dis-
tinct standing between them in their closs, assigning the latter o higher rank than
the former.

It follows, then, from the preceding remarks, that classes are to be distinguished
by the monnmer in which the plan of their type is executed, by the ways and
means by which this is dome, or, in other words, by the combinations of their
structural elements, that is to soy, by the combinations of the different systems of
organs building up the body of their representatives. We need not consider here
the various forms under which the structure is embodied, nor the ultimate details,
nor the last finish which this structure may exhibit, as a moment's reflection will
convince any one that neither form nor structural details can ever be characteristic
of clusses.

There is another point to which T would call attention, respecting the charac-
teristics of classes. These great divisions, so important in the study of the animal
kingdom, that o knowledge of their essentinl fentures is rightly considered as the
primary object of all investigations in comparative anatomy, are generally repre-
sented as exhibiting each some essential modification of the type to which they
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belong. This .view, again, I consider to be a mistaken appreciation of the fuots,
to which CQuvier has already called attention, though his warning has remained
unnoticed There i8 in reelity no difference in the plan of animals belonging to
different classes of the same branch. The plan of structure of Polypi is no more
o modification of that of Acalephm, than that of Acalephm or Echinoderms is a
modification of the plan of Polyps; the plan is exactly the same in all three;
it may be represented by one simple dingram, and may be expressed in one single
word, radiation; it is the manifestation of one distinct, characteristic idea. But
this idea is exhibited in nature under the most different forms, and expressed in
different ways, by the most diversified combinutions of structural modifications and
in the most varied relations. In the innumerable representatives of each branch
of the animal kingdom, it is not the plan that differs, but the manner in which
this plan is executed. In the same mavner as the variations played by a skilful
artist upon the simplest tune are not modifications of the tune itself, but only
different expressions of the same fundamental harmony, just so are neither the classes,
nor the orders, nor the families, nor the genera, nor the species of any great type,
modifications of its plan, but only its different expressions, the different ways in
which the fundamental thought embodied in it is manifested in o variety of living
beings.

In studying the characteristics of clusses we have to deal with structural features,
while in investigating their relations to the branches of the animal kingdom to
which they belong, we have only to comsider the general plan, the frawmework,
as it were, of that structure, not the structure itself, This distinction leads to
oo important practical result. Since, in the beginning of this century, naturalists
have begun, under the lead of the German physiophilosophers, to compare more
closely the structure of the different classes of the animal kingdom, points of
rfwemblunce have been noticed between them which had entirely escaped the atten-
tion of earlier investigators, structural modifications have been identified, which, ot
first, seemed to exhibit no similarity, so much 80, that step by step these com-
parisons have been extended over the whole animal kingdom, and it has been
aaserted, that, whatever may be the apparent differences in the organization of ani-
mals, they should be considered as constructed of parts essentially identical. This
ns:'sumed identity of structure has been called homology? But the progress of
science is gradually restricting these compurisons within narrower limits, and it
appears now, that the structure of animals is Lomologous only as far as they belong
to the same branch, g0 much so, that the study of Lomologies is likely to afford
one of the most trustworthy weans of testing the natural limits of any of the

1 .
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grent types of the animal kingdom. While, however, homologies show the close
similarity of apparently different structures and the perfect identity of their plan,
within the same branches of the animal kingdom, yet, they daily exhibit more
and more striking differences, both in plan and structure, between the branches
themselves, leading to the suspicion that systems of organs which are generully
considered as identical in different types, will, in the end, prove essentially different,
as, for instance, the so-called gills in Fishes, Crustacen, and Mollusks. A

It requires no great penetration to sce already that the gills of Crustacea are
homologous with the trachem of Insects and the so-culled lungs of certain spiders, in
the same manner as the gills of aquatic Mollusks are homologous with the so-called
lungs of our air-breathing snails and slugs. Now, until it can be shown that all
these different respiratory organs are truly homologous, I hold it to be more natural
to consider the system of respiratory organs in Mollusks, in Articulates, and in Verte-
brates, as essentially different among themselves, though homologous within the limits
of each type; and this remark I would extend to all their systems of organs, to their
golid frame, to their nervous system, to their muscular system, to their digestive
apparatus, to their circulation, and to their reproductive organs, etc. It would not
be difficult to show now that the alimentary canal with its glandular appendages,
in Vertebrata, is formed in an entirely different way from that of Articulates or
Mollusks, and that it cannot be considered as homologous in all these types. And
if this be true, we must expect soon an entire reform of our methods of illustrating
comparative anatomy.

Finally, it ought to be remembered, in councction with the study of classes as
well as that of other groups, that the amount of difference existing between any
two divisions is nowhere the same. Some features in nature scem to be insisted
upon with more tenacity than others, to be repeated more frequently and more
widely, and to be impressed upon a larger number of representatives.  This
unequal weight of different groups, so evident everywhere in the animal kingdom,
ought to make us more cautious in estimating their natural limits, and prevent us
from assigning an undue value to the differences observed between living beings,
never overrating apparently great discrepancies, nor underrating scemingly trifling
varintions. The right path, however, can only be ascertained by extensive inves-
tigations, made with special reference to this point.

Everybody must know that the males and females of some species differ much
more oune from the other than mauy species do, and yet the amount of difference
observed between species is constantly urged, even without a preliminary investi-
gation, as an argument for distinguishing them. These differences, morcover, are
not only quantitative, they are to a still greater extent alsv qualitative. In the
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game manner do genera differ more or legs one &om.the othe.r, even in the same
fawily;-and sach inequality, and not an equable npportxonmex.lt, is the norm through-
out ‘nature. : In classes, it is not only exhibited in the vu.x:iety of t}xeu‘ forms, but
also, to an ‘extraordinary extent, in their numbers, as, fon: matantze,‘ in the class o-f
Tnsects compared to that of Worms or Crustacea. The primary dufmons of the ani-
mal kingdom differ in the same manner one from the other. Articulata are by .fnr
the most numerous branch of the whole snimal kingdom; their number e.\'ceed.mg
.g:ea.tly that of all other animals put together. Such facts are in themselves sufficient
to show how artificial classifications must be which admit only the same number
m-:(&' the same kind of divisions for all the types of the animal kingdom.

SECTION III.
ORDERS AMONG ANIMALS.

Great as is the discrepancy between naturalists respecting the number and limits
of classes in the animal kingdom, their disagreement in regard to orders and families
is yet far greater. These conflicting views, however, do not in the least shake
my confidence in the existence of fixed relations between animals, determined by
thoughtful considerations. I would gs soon cense to believe in the existence of
one God, because men worship Him in so many different ways, or because they
even worship gods of their own making, as distrust the evidence of my own senses
respecting the existence of a preéstablished and duly considered system in nature,
the arrangement of which preceded the creation of all things that exist.

From the manner in which orders are generally characterized and introduced
into our systems, it would scem as if this kind of groups were interchangeable
with families. Most botanists make no difference even between orders and families,
and take almost universally the terms as mere synonyms. Zotlogists have more
extensively admitted o difference between them, but while some consider the orders
08 superior, others place families higher; others admit orders without at the same
time distinguishing families, and vice versd introduce families into their classification
without admitting orders; others still admit tribes as intermediate groups between
orders and families A glance at any general work on Zoilogy or Botany 1wy
satisfly the student how utterly arbitrary the systems are in this respect The
Reégne animal of Cuvier exhibits even the unaccountable feature, that while orders
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and families are introduced in some classes! only orders are noticed in others?
and even some exhibit only a succession of genera under the head of their class,
without any further grouping among them into orders or families® Other olassi-
fications exhibit the most pedantic uniformity of a regular succession in each class,
of sub-classes, orders, sub-orders, families, sub-families, tribes, sub-tribes, genera, sub-
genera, divisions, sections, and sub-divisions, sub-sections, etc, but bear upon their
face, that they are made to suit preconceived ideas of regularity and symmetry in
the system, and that they are by no means studied from nature.

To find out the natural characters of orders from that which really exists in
nature, I have considered attentively the different systems of Zoslogy in which
orders are admitted and apparently considered with more care than elsewhere, and
in porticular the Systema Nalwre of Linnwmus, who first introduced in Zotlogy that
kind of groups, and the works of Cuvier, in which orders are frequently charac-
terized with unusual precision, and it has appenred to me that the leading idea
prevailing everywhere respecting orders, where these groups are not admitted at
random, is that of a definite rank among them, the desire to determine the rela-
tive standing of these divisions, to ascertain their relative superiority or inferiority,
as the name order, adopted to designate them, already implies. The first order
in the first class of the animal kingdom, according to the classification of Linnosus,
is called by him Primales, expressing, no doubt, his conviction that these beings,
among which Man is included, rank uppermost in their class. Blainville uses here
ond there the expression of “degrees of organmization,” to designate orders. It is
true Lamarck uses the same expression to designate classes. ~We find, therefore,
here as everywhere, the same vagueness in the definition of the different kinds of
groups adopted in our systems. But if we would give up any arbitrary use of
these terms, and assign to them a definite scientific meaning, it seems to me most
natural, and in accordance with the practice of the most successful investigators
of the animal kingdom, to call orders such divisions as are charncterized by differ-
ent degrees of complication of their structure, within the limits of the classes.
As such I would consider, for instance, the Actinoids and Halcyonoids in the class
of Polypi, as circumscribed by Dana; the Hydroids, the Discophor®, and the Cte-

! In the clnsses Mammalia, Birds, Reptiles, and
Fishes, Cuvier distinguishes mostly fumilies as well
as orders. In the cluss of Mummnalin, some orders
number no familics, whilst others are divided into
tribes instend of fumilics.  In the cluss of Gasteropods,
Annelils, Intestinnl Worms, und Polyps, some of the
orders only are divided into familics, while the larger

number ire nol.

? The classes Echinoderms, Acalephs, and Infu-
sorin, are divided into orders, but without fumilics.

* Such are his classes of Cephalopods, Pteropods,
Bruchiopods, und Cirripeds (Cirrhopods.)  OF the Ce-
phulopods, he says, however, they constitute but one
order (Rign. An. vol 3, p. 11), and, p. 22, he calls
them a fumily, and yet he distinguishes them as o
¢luss, p. 8.
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‘noids -among~Acalephs; the Crinoids, Asterioids, Echinoids, and Holothuri®e among
.Echinodermsy the Bryozos, Brachiopods, Tunicate, Lamellibranchiata among Acephala;
the’ Branchifera. and Pulmonata among Gasteropods; the Ophidians, the Saurians,
and the: Chelonians among Reptiles; the Ichthyoids and the Anoura among Amphi-
biansy, ‘ete.

* ~‘Having shown in the preceding paragraph that classes rank next to branches,
it would be proper 1 should show here that orders are natural groups which stand
gbove families in their respective classes; but for obvious reasons I have deferred
rthis diseussion to the following paragraph, which relates to families, as it will be
teasier for me to show what is the respective relation of these two kinds of groups
‘after their special character has been duly considered.

" " From the preceding remarks respecting orders it might be inferred that I deny
-all gradation among all other groups, or that I assume that orders constitute neces-
sarily one simple series in each class. Far from asserting any such thing, I hold
on the contrary, that neither is necessarily the cnse. DBut to explain fully my
‘views' upon this point, I must introduce here some other considerations. It will
‘be’ obvious, from what has alrendy been said, (and the further illustration of this
subject will only go to show to what extent this is true,) that there exists an
unquestionable hierarchy between the different kinds of groups admitted in our
systems, based upon the different kinds of relationship observed among animals,
that branches are the most comprehensive divisions, including each several classes,
that orders are subdivisions of the classes, families subdivisions of orders, genera
subdivisions of families, and species subdivisions of the genera; but not in the
sense that each type should necessarily include the same uumber of classes, mor
‘even necessarily several classes, os this must depend upon the manner in which
the type is carried out. A class, again, might contain no orders! if its represent-
atives presented no different degrees characterized by the greater or less compli-
cation of their structure; or it may contain many, or few, as these gradations are
more or less numerous and well marked; but as the representatives of any and
every class huve of necessity a definite form, each class must contain at least one
family, or many families, indeed, as many as there are systems of forms under
which its representatives may be combined, if form can be shown to be charac
teristic of families. The same is the case with genera and species; and nothing
is more remote from the truth than the idea that a genus is better defined in
proportion as it contains a greater number of species, or that it may be necessary
to know several species of o genus before its existence can be fully ascertained-
A genus may be more satisfuctorily characterized, its peculiarvity more fully ascer

! Sce Chap. 1. Sect. 1.
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tained, its limits better defined, when we know all its representatives; but I am
satisied that any natural genus may be at lenst pointed out, however numerous
its species may be, from the examination of any single one of them. Moreover,
the number of geners, both in the animal and vegetable kingdom, which contain
but o single species, is so great that it is a matter of necessity in all these cases
to ascertain their generic characteristics from that one species. Again, such species
require to be characterized with 2s much precision, and their specific characters to
be described with as much minuteness, as if o host of them, but not yet known,
existed besides. It is a very objectionable practice among zoblogists and botanists,
to remain satisfied in such cases with characterizing the genus, and perhaps to
believe, what some writers have actually stated distinctly, that in such cases generic
and specific characters are identical.
Such being the natural relations and the subordination of types, classes, orders,
families, genera, and species, I believe, nevertheless, that neither types, nor classes,
~(orders of course not at all,) nor families, nor genera, nor species have the same
standing when compared among themselves. But this does not in the least inter-
fere with the prominent features of orders, for the relative standing of types, or
classes, or families, or geners, or species does not depend upon the degrees of
complication of their structures as that of orders does, but upon other features,
28 I will now show. The four great types or branches of the animal kingdom,
characterized as they are by four different plans of structure, will each stand higher
or lower, as the plan itself bears a higher or lower character, and that this may
be the case we need only compare Vertebrata and Radiata! The different classes
of one type will stand higher or lower, as the ways in which and the means with
which, the plan of the type to which they belong is carried out, nre of a higher
or lower nature. Orders in any or all classes are of course higher or lower
according to the degree of perfection of their representatives, or according to the
complication or simplicity of their structure. Families may stand higher or lower
as the peculiarities of their form are determined by modifications of more or less
important systems of organs. Genera may stand higher or lower as the structural
peculiarities of the parts constituting the generic characteristics exhibit a higher
or lower grade of development. Species, lastly, may stand one above the other,
in the same genus, according to the character of their relations to the surrounding
world, or that of their representatives to one another. These remarks must
make it plain that the respective rank of groups of the same kind among them-
selves must be determined by the superior or inferior grade of those features upon

1 T must leave out the details of such comparisons, moreover, any text-book of comparative anatomy
as a mere mention of the point suffices to suggest them; may furnish the complete evidence to that cffect.

20
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which they .are: themselves founded; while orders alone are strictly defined by the
natural. degrees., of structural complications exhibited within the limits of the
classes. -

As .{o:.the question, whether orders constitute necessarily one simple series in
thein respective classes, I would say, that this must depend upon the character
of. the class itself, or the manner in which the plan of the type is carried out
within the limits of the class If the class is homogeneous, that is, if it is not
primerily subdivided into sub-classes, the orders will, of course, form a single series;
but if some of its organic systems are developed in a different way from the others,
there may be one or several parallel series, each subdivided into gradated orders.
This can, of course, only be determined by & much more minute study of the
characteristics of classes than has been made thus far, and mere guesses at such
an internal arrangement of the classes into series, as those proposed by Kaup or
Fitzinger, can only be considered as the first attempts towards an estimation of
the relative value of the intermediate divisions which may exist between the classes
and their orders.

Oken and the physiophilosophers generally have taken a different view of orders.
Their idea is, that orders represent, in their respective classes, the characteristic
features of the other types of the animal kingdom. As Oken's Intestinal or Gelatin-
ous animals are characterized by a single system of organs, the intestine, they
contain no distinet orders, but each class has three tribes, corresponding to the
three classes of this type, which are Infusoria, Polypi, and Acalephs. The tribes of
the class of Infusorin, are Infusorin proper, Polypoid Infusorin, and Acalephoid Infu-
sorin; the tribes of the class of Polypi, are Infusorial Polypi, Polypi proper, and
Acalephoid Polypi; the tribes of the class Acalephs, are Infusorial Acalephs, Polypoid
Acalephs, and Acalephs proper. But the classes of Mollusks which are said to be
cheracterized by two systems of organs, the intestine and the vascular system,
contain each two orders, one corresponding to the Intestinal animals, the other to
the type of Mollusks, and so Acephala are divided into the order of Gelatinous
Acephale and that of Molluscoid Acephala, and the Gasteropods and Cephalopods
in the same manner into two orders each. The Articulate are considered as repre-
senting three systems of organs, the intestinal, the vascular, and the respiratory
systems; honce their classes are divided each into three orders. For instance, the
Worms contain an order of Gelatinous Worms, one of Molluscoid Worms, one of
Annulate Worms, and the same orders are adopted for Crustacen and Tusects Verte
brata are said to represent five systems, the three lower ones being the intestine, the
vessels, and the respiratory organs, the two higher the flesh (that is, boues, muscles,
and nerves) and the organs of senses; lence, five orders in cach class of this
type, as, for exnmple, Gelatinous Fishes, Molluscoid Fishes, Entomoid Fishes, Carnal
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Fishes; and Sensual MBB: -and 80 alio in: the- olasses of Reptﬂea, Birds, and
Mammalia.!

I have entered into s0 many detmls upon theee vagaries of the distinguished
German - philosopher, because these views, however orude, have undoubtedly been
suggested by- o feature of the animal kingdom, which has thos far been ‘too littlé
studied:* I mean the analogies which exist among animals, besides their true affinities,
and which cross and blend, under modifications of striotly homological structures,
other characters which are only analogical. But it seems to me that the subject
of analogies is too little known, the facts bearing upon this kind of relationship
being still too obscure, to be taken as the basis of such important groups in- the
animel kingdom s the orders are, and I would insist upon considering the complica-
tion or- gradation of structure as the feature which should regulate their limitation,
if under order we are to understand natural groups expressing the rank, the relative
standing, the superiority or inferiority of animals in their respective classes. Of
course, groups thus characterized cannot be considered as mere modifications of the
classes, being founded upon & specinl category of features.

SECTION 1IV.

FAMILIES.

Nothing is more indefinite then the idea of form, as applied by systematic
writers, in characterizing animals. Here, it means a system of the most different
figures having & common character, as, for instance, when it is said of Zoophytes
that they have a radiated form; there, it indicates any outline which circumscribes
the body of animsals, when, for instance, animal forms are alluded to in general,
instead of 'designating them simply s animals; here, again, it means the special
figure of some individual species. There is in fact no group of the animal king-
dom, however extensive or however limited, from the branches down to the species,
in which the form is not occasionally alluded to as characteristic. Speaking of Articu-
lates, C. E. v. Baer characterizes them as the type with elongated forms; Mollusks
are to him the type with massive forms; Radiates that with peripheric symmaetry ;
Vertebrates that with double symmetry, evidently taking their form in its widest
sense as expressing the most general relations of the different dimensions of the

3 See further developments upon this subject in  Naturgeschichte, vol. 4, p. 382. Comparc also the
Oxex's Naturplilosopbie, and in his Allgemeine  following chapter.
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body to one another. Cuvier speaks of form in general with reference to these
four great types as & sort of mould, ns it were, in which the different types
would seem:.to have been cast. Again, form is alluded to in characterizing orders;
for instance, in the distinction between the Brachyourans and the Macrourans among
Crustaces, or between the Saurions, the Ophidians, and the Chelonians. It is men-
tioned as a distinguishing feature in many families, ex. gr. the Cetacea, the Bats,
eto. Some genera are sopnrated from others in the snme family on the ground
of differences of form; and in almost every description of species, especially when
they are considered isolatedly, the form is described at full length. Is there not,
in this indiscriminate use of the term of form, & confusion of ideas, a want of
precision in the estimation of what ought to be called form and what might be
desipnated by another nnme? It seems to me to be the case. In the first place,
when form is considered a8 choracteristic of Radiata or Articulata, or any other
of the great types of the animal kingdom, it is evident that it is not a definite
outline and well-determined figure which is meant, but that here the word form
is used a8 synonym for plan. Who, for instance, would describe the tubular body of
an Holothuria as characterized by a form similar to that of the Euryale, or that of
an Echinus as identical with that of an Asterias? And who does not see that, as
for as the form is concerned, Holothurim resemble Worms much more than they
resemble any other Echinoderm, though, as far as the plan of their structure is
concerned, they are genuine Radiates, and have nothing to do with the Articu-
lates ?

Again, o superficinl glance at any and all the classes of the animal kingdom
is sufficient to show that each contwins animals of the most diversified lorms.
What can be more different than Bats and Whales, Herons and Parrots, Frogs and
Sirens, Eels and Turbots, Butterflies and Bugs, Lobsters and Barnacles, Nuutilus
and Cuttlefishes, Slugs and Conchs, Clams and compound Asidians, Pentacrinus and

. Spatangus, Beroe and Physalia, Actinia and Gorgonia? And yet they belong respec-

tively to the same class, as they are coupled here: Bats and Whales together
etc. It must be obvious, then, that form cannot be a characteristic element of
closses, if we would understand any thing definite under that name.

But form hns o definite meaning understood everywhere, when applied to well-
known animals. We speak, for instance, of the human form; an allusion to the
form of o horse or that of a bull conveys at once a distinct idea; everybody would
ucknowledga the similarity of form of the horse and ass, and knows how to Jistin-
guish them by their form from dogs or cats, or from seals and porpoises. In this
definite meaning, form corresponds also to what we call figure when speaking of
men and women, and it is when taken in this sense, that I would now consider
the value of forms as characteristic of different animals. We have seen that form
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cannot be considered as a character ‘of branches, nor of classes; let us now
examine, further, whether it is o character of species. A rapid review of some of
the best known types of the animal kingdom, embracing well-defined genera with
many species, will at once show that this cannot be the case, for such species do
not generally show the least difference in their forms. Neither the many species
of Squirrels, nor the true Mice, nor the Weasels, nor the Bears, nor the Eagles,
nor the Falcons, nor the Sparrows, nor the Warblers, nor the genuine Woodpeckers,
nor the true Lizards, nor the Frogs, nor the Tonds, nor the Skates, nor the Sharks
proper, nor the Turbots, nor the Soles, nor the Eels, nor the Mackerels, nor the
Sculpins, nor the genuine Shrimps, nor the Crawfishes, nor the Hawkmoths, nor
the Geometers, nor the Dorbugs, nor the Spring-Beetles, nor the Tapeworms,
nor the Cuttlefishes, nor the Slugs, nor the true Asterins, nor the Sea-Anemones,
could be distinguished among themselves, one from the other, by their form only.
There may be differences in the proportions of some of their parts, but the pattern
of every species belonging to well-defined natural genera is so completely identi-
cal that it will never afford specific characters. There are genera in our system
which, as they now stand, might be alluded to as examples contrary to this state-
ment; but such genera are still based upon very questionable features, and are
likely to be found in the end to consist of unnatural associations of heterogeneous
species: at all events, all recent improvements in Zoilogy have gone to limit
genera. gradually more and more in such & manner, that the species belonging to
each have shown successively less and less difference in form, until they have
assumed, in that respect, the most homogeneous appearance. Are natural genera
any more to be distinguished by their form one from the other? Is there any
appreciable difference in the general form,—1I say purposely general form, because
o more or less prominent nose, larger or smaller ecars, longer or shorter claws,
etc, do not essentially modify the form,—is there any real difference in the general
form between the genera of the most natural families? Do, for instance, the
genera of Ursing, the Bears, the Badger, the Wolverines, the Raccoons, differ in form ?
Do the Phocoidm, the Delphinoide, the Falconinm, the Turdinm, the Fringillince,
the Picine, the Scolopacinm, the Chelonioidm, the Geckonina, the Colubrina, the
Sparoide, the Elateridwm, the Pyralidoidm, the Echinoidm, ete., differ any more among
themselves? Certainly not; though to some extent, there are differences in the
form of the representatives of one genus when compared to those of another genus;
but when rightly considered, these differences appear only as modifications of the
sune type of forms. Just as there are more or less clongated ellipses, so do we
find the figure of the Buadgers somewhat more contracted than that of either the
Bears, or the Raccoons, or the Wolverines, that of the Wolverines somewhat more
elongated than that of the Raccoons; but the form is here as completely typical
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os it is among the Viverrina, or among the Canina, or among the Bradypodid,
or among the Dolphinoidm, etc, etc. We must, therefore, exclude form from the
charaoteristics -of natural genera, or at least introduce it only as a modification of
the typical form of natural families.

Of all the natural groups in the animal kingdom there remain then only families
and orders, for the distinction of which form can apply as an essentinl criterion.
But these two kinds of groups are just those upon which zoblogists ure least
agreed, so that it may not be easy to find a division which all naturalists
would agree to take as an example of o natural order. Let us, however, do our
best to settle the difficulty and suppose, for a moment, that what has been said
above respecting the orders is well founded, that orders are natural groups charac-
terized by the degree of complication of their structure, and expressing the respec
tive rank of these groups in their class, then we shall find less difficulty in
pointing out some few groups which could be generally considered as orders. I
suppose most naturalists would agree, for instance, that among Reptiles the Chelo-
nians constitute a natural order; that among Fishes, Sharks and Skates constitute
an order also; and if any one would urge the necessity of associating also the
Cyclostomes with them, it would only the better serve my purposes. Ganoids, even
circumseribed within narrower limits than those I had assigned to them, and
perbaps reduced to the extreme limits proposed for them by J. Miiller, I am
equally prepared to take as an esample, though I have in reality still some objec-
tions to this limitation, which, however, do not interfere with my present object.
Decapods, among Crustacen, I suppose everybody would also admit as an order
and I do not care here what other families are claimed besides Decapods to com-
plete the highest order of Crustacen. Among Acephala, I trust Bryozoa, Tunicata,
Brochiopods, and Lamellibranchista would be also very generolly considered to be
naturel orders. Among Echinoderms, I suppose Crinoids, Asterioids, Echinoids, and
Holothurioids would be conceded also as such natural orders; among Acalepbs the
Beroids, and perhaps also Discophorm and Hydroids; while among the Polypi, the
Haleyonoids constitute a very natural order when compared with the Actinoids.

Let us now consider these orders with reference to the characteristic forms they
include. The forms of the genuine Testudo, of Trionyx, and of Chelonia are very
different, one from the other, and yet few orders are so well circumscribed ae thut
of Chelonians. The whole class of Fishes scarcely exhibits greater differences than
those observed in the forms of the common Sharks, the Sawfishes, the commoD
Skates, and the Torpedo, not to speak of the Cyclostomes and Myxinoids, if these
families were also considered as members of the order of Placoids. Ganoids canuot
be circumscribed within narrower limits then those assigned to them by J. Miiller,
and yet this order, thus limited, contains forms as heterogencous as the Sturgeon®
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the Lepidosteus, the Polypterus, the Amia, and o host of extinct genern and families,
not to speak of those families I had associated with them and which Prof Miiller
would have removed, which, if included among Ganoids, would add still more
heteromorphous elements to this order. Among Decapods, we need only remember
the Lobsters and Crabs to be convinced that it is not similarity of form which
holds them so closely together as a natural order. How heterogeneous Bryozon,
Brachiopods, and Tunicata are among themselves, as far as their form is concerned,
everybody knows who has paid the least attention to these animals.

Unless, then, form be too vague an element to characterize any kind of natural
groups in the animal kingdom, it must constitute a prominent feature of families.
I have already remarked, that orders and families are the groups upon which
zoblogists are least agreed, and to the study and characterizing of which they have
paid least attention. Does this not arise simply from the fact, that, on the one
hand, the difference between ordinal and class characters has not been understood,
and only assumed to be a difference of degree; and, on the other hand, that the
importance of the form, as the prominent character of families, has been entirely
overlooked ? For, though so few natural families of animals are well characterized,
or characterized at all, we cannot open a modern treatise upon any class of
animals without finding the genern more or less naturally grouped together, under
the heading of a generic name with a termination in ide or e indicating family
and sub-fomily distinctions; and most of these groups, however unequal in absolute
value, are renlly natural groups, though far from designating always natural families,
being as often orders or sub-orders, as families or sub-families. Yet they indicate
the facility there is, almost without study, to point out the intermediate natural
groups between the classes and the genera. This arises, in my opinion, from the
fact, that family resemblance in the animal kingdom is most strikingly expressed
in the general form, and that form is an element which falls most casily under
our perception, even when the :observation is made superficinlly. But, at the same
time, form is most difficult to describe accurately, and hence the imperfection of
most of our family characteristics, and the constant substitution for such charncters
of features which are not essential to the family. To prove the correctness of
this view, I would only appeal to the experience of cvery naturalist. When we
sce new animals, does not the first glance, that is, the first impression made upon
us hy their form, give us at once a very correct idea of their nearest relation-
ship? We perceive, before examining any structural character, whether a DBeetle
is a Carabicine, a Longicorn, an Elaterid, a Curculionid, n Chrysomeline; whether
a Moth is a Noctuelite, a Geometrid, a Pyralid, etc.; whether a bird is a Dove,
a Swallow, a IHumming-bird, 2 Woodpecker, o Snipe, a Heron, ete, ete.  But belore
we can ascertain its genus, we have to study the structure of some characteristic



http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/README.htm

160 ESSAY ON CLASSIFICATION. Parr L

ports; before: we can combine families into natural groups, ‘we .htwe to meke a
thorough investigation of their whole structure, and compare it with that of other
families. So form is characteristic of families; and I can add, from a careful investi-
gation of:the subject for several years past, during which I have reviewed the whole
gnimal kingdom with reference to this and other topics connected with classifica-
tion, that form is the essentinl characteristic of families’ I do not mean the mere
oufline, but form es determined by structure; that is to say, that families cannot
be well defined, nor circumsecribed within their natural limits, without a thorough
investigation of all those features of the internal structure which combine to deter-
mine the form.

" The characteristic of the North American Chelonians which follows, may scrve
a8’ an example how this subject is to be treated. I will only add here, that how-
ever easy it is ot first, from the general impression made upon us by the form
of animals, to obtain a glimpse of what may fairly be called families, few inves-
tigations require more patient comparisons than those by which we ascertain
the natural range of modifications of any typieal form, and the structural features
upon which it is based. Comparative anatomy has so completely discarded every
thing that relates to Morphology; the investigations of anatomists lean so uniformly
towards a general appreciation of the connections and homologies of the organic
systems which go to build up the body of animals, that for the purpose of under-
standing the value of forms and their true foundation, they hardly ever afford any
itlili‘ormn.tion, unless it be here and there o consideration respecting teleological rele-

ons.

Taking for granted, that orders are natural groups characterized by the com-
plication of their structure, and that the different orders of a class express the
different degrees of that complication; taking now further for granted, that families
are natural groups characterized by their form ss determined by structural pect-
liarities, it follows that orders are the superior kind of division, as we have seen
that the several natural divisions which are generally considered as orders, contain
each several natural groups, characterized by different forms, that is to say, com-
stituting as many distinct families.

.After this discussion it is hardly necessary to add, that families cannot by any
means be considered as modifications of the orders to which they belong, il orders
are to be characterized by the degrees of complication of their structure, and fawilies

! Theso investigations, which have led to most
Intoresting results, have delayed thus far the publi-
cation of the systomatic part of the Principles of
Zoblogy, undertuken in common with my fricud,

Dr. A. A. Gould, and which I would not allow (0
appear beforo I could revise the whole animal king®
dom in this new light, in order to introduce a3 much
precision ns possible in its clussification.
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by their forms. I would also further remark, that there is one question relating
to the form of animals, which I have not touched here, and which it is still more
important to consider in the study of plants, namely, the mode of association of
individuals into larger or smaller communities, ns we observe them, particularly
among Polyps and Acalephs. These aggregations have not, as far as their form
is concerned, the same importance as the form of the individual animals of which
they are composed, and therefore seldom afford trustworthy family characters. But
this point moy be more appropriately cousidered in conmection with the special
illustration of our Hydroids, to which my next volume is to be devoted.

I have stated above, that botanists have defined the natural families of plants
with greater precision than zoilogists those of animals; I have further remarked
also, that most of them make no distinction between orders and families. This
may be the result of the peculiar character of the vegetable kingdom, which is
not built upon such entirely different plans of structure as are animals of different
branches. On the contrary, it is possible to trace among plants o certain gradation
between their higher and lower types more distinctly than among animals, even
though they do not, any more than animals, constitute a simple series. It seems
to me, nevertheless, that if Cryptogams, Gymnosperms, Monocotyledons, and Dico-
tyledons can be considered as branches of the vegetable kingdom, analogous to
Radiate, Mollusks, Articulata, and Vertebrata among animals, such divisions as Fungi,
Algm, Lichens, Mosses, Hepaticee, and Ferns in the widest sense, may be taken as
classes. Diatomacea, Confervee, and Fuci may then be considered as orders; Mosses
and Hepaticze as orders; Equisetacere, Ferns proper, Hydropterids, and Lycopodiacere
as orders also; as they exhibit different degrees of complication of structure, while
their natural subdivisions, which are more closely allied in form or habitus, may
be considered as families; natural families among plants having generally as distinct
o port, a8 families among animals have a distinct form. We need only remember
the Palms, the Conifer®, the Umbelliferre, the Composite, the Leguminosw, the Lab-
intce, etc, as satisfactory examples of this kind.

SECTION V.
GENERA.

Linneus already knew very well that genmern exist in nature, though what he
calls genern constitute frequently groups to which we give at present other names,
as we consider many of them as families; but it stands proved by his writings

21
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that he had fully satisfied himself of the real existence of such groups, for he
says distinotly in his Plilosophia DBotanica, sect. 169, “Scius characterem non con-
stituere genus, sed genus charncterem. Characterem fluere e genere, non genus
o charnotere. Charnoterem non esse, ut genus fint, sed ut genus noscatur.”

It is surprising that notwithstanding such clenr stutements, which might have
kopt naturalists awake respecting the natural foundation of genera, such loose ideas
have become prevalent upon this subject, thut at present the number of inves
tigators who exhibit much confidence in the real existence of their own generic
distinctions is very limited. And as to what genera really are, the want ol pre-
cision of ideas appears still greater. Those who have considered the subject at
ill seem to have come to the counclusion that gencra are nothing but groups
including a certain number of species agrecing in some more general features
than those which distinguish species; thus recognizing no difference between generie
and specific chavncters ns such, ns o single species may constitute a genus, when-
ever its characters do mot agree with the characters of other species, and many
species may constitute o genus, because their specific characters agree to a certain
extent among themselves! Far from admitting such doctrines, I bope to he able
to show that, however much or however little species may differ among themselves
08 species, yet they may constitute a natural genus, provided their respective generic
characters are identical.

I have stated before, that in order to ascertain upon what the different groups
adopted in our systems are founded, I consulted the works of such writers as are
celebrated in the annals of science for having characterized with particular felicity
any one kind of these groups, and I have mentioned Latreille as prominent among
20logists for the precision with which he has defined the genera. of Crustacen
oud Insects, upon which he has written the most extensive work extant® An
anecdota which I have often heard vepeated by entomologists who knew Latreille
well, is very characteristic as to the meaning he connected with the idea of geuern.
At the tune he was preparing the work just mentioned, he lost mo opportunity
of obtaining specimens, the better to nscertain from noture the generic peculinvitics
of thefae animals, and he used to apply to the entomologists for contributions to his
collection, It was not show specimens he cared to obtain, any would do, for he

uaed. to say he wanted them only “to exaumine their parts” Iave we not here
& hint, from g master, to teach us what

: genera ure and how they should Dbe
charncterized ¢

Iy it not the specinl structure of sowme purt or other, which charnc:

l -
Svawa, Ueber die naturhistorischen Be
von Gatiung,

8va.

Art grifte 2 Larnenie, Genern Crustnccurum und Inseels
und Abart, Leipzig, 1638, 1 vol, orum, I'uris ¢t Argent. 1806-1809, 4 vols. 8vo.
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terizes gemera? Is it not the finish of the organization of the body, as: worked
out in the ultimate details of structure, which distinguishes one genus from another?
.Latrei]le, in expressing the want he felt with raeferenca to the study of geners,
has given us the key-note of their harmonious relations to one another. Genera
are most closely allied groups of animals, differing neither in form, nor in com-
plication of structure, but simply in the ultimate structural peculiarities of some
of their parts; and this is, I believe, the best definition which can be given of
genera. They are not characterized by modifications of the features of the fami-
lies, for we have seen that the prominent trait of family difference is to be found
in a typical form; and genera of the same family may not differ at all in form. Nor
er¢ genera merely a more comprehensive mould than the species, embracing o wide
range of characteristics; for species in o natural genus should not present any
structural differences, but only such as express the most special relations of their
representatives to the surrounding world and to each other. Genera, in one word,
are natural groups of a peculiar kind, and their special distinction rests upon the
ultimate details of their structure.

SECTION VI.
SPECIES.

It is generally believed that nothing is easier than to determine species, and
that of all the degrees of relationship which animals exhibit, that which consti-
tutes specifio identity is the most clearly defined. An unfailing criterion of specific
identity is even supposed to exist in the sexual connection which so naturally
brings together the individuals of the same species in the function of reproduc-
tion. But I hold that this is o complete fallacy, or at least a pelilio principii, not
admissible in o philosophical discussion of what truly constitutes the characteristics
of species. I am even sntisfied that some of the most perplexing problems involved
in the consideration of the natural limits of species would have been solved long
ago, had it not been so generally wrged that the ability and natural disposition
of individunls to connect themselves in fertile sexual intercourse was of itself
sufficient evidence of their specific identity. Without alluding to the fact that every
new case of Lybridity! is an everreturning protest against such an assertion, and

P Wikemax, Gekronte Preissehrift Gber die Bas-  tow, (S. G.) Esay on Ilybridity, Amer. Jour,
trderzewgung im Plunzenreich, Braunsehweiyg, 1828, 1847, — Additionnl  OQbservations on  Hybridity in
8vo.— Buavn, (A.,) Uclier die Erseheinung der Ver- Animals aml on some colluterul subjects, Charleston
JUnguug in der Nutur, Freiburg, 1849, 4to. — Mon- Med, Journ., 1850.
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without entering here into & discussion respecting the possibility or practicability
of setting aside this diffioulty by introducing the consideration of the limited fer-
tility of the progeny of individuals of different species, I will only remark,
that as long as it is not proved that all the varieties of dogs, and of any others
of our domesticated animols, and of our cultivated plants, are respectively derived
from one unmixed species, and as long as doubts can be entertained respecting
the common origin of all races of men from one common stock, it is not logical
to admit that sexual connection resulting even in fertile oflspring is a trustworthy
evidence of specific identity.
To justify this assertion, I would only ask, where is the unprejudiced naturalist
who in our days would dare to muaintain: 1st, that it is proved that all the
domesticated varieties of sheep, of goats, of bulls, of llamas, of horses, of dogs,
of fowls, etc, are respectively derived from one common stock; 2d, that the
supposition that these varieties have originated from the complete amalgamation of
several primitively distinct species is out of the question; and 3d, that varieties
imported from distant countries and not before brought together, such as the
Shanghne fowl, for instance, do not completely mingle? Where is the physiologist
who can conscientiously afirm that the limits of the [fertility between distinct
species are ascertained with sufficient nccurncy to make it o test of specific identity?
And who can say that the distinctive charncters of fertile hybrids and of unmixed
breeds are sufficiently obvious to enable anybody to point out the primitive feat-
ures of all our domesticated animals, or of all our cultivated plants? As long
as this cannot be done, as long as the common origin of all races of men, and
of the different animals and plants mentioned above, is not proved, while their
fertility with one another is a fact which Las been doily demonstrated for thou-
sands of years, a3 long s large numbers of animals are hermaphrodites, never
requiring o connection with other individuals to multiply their species, as long as
there are others which multiply in various ways without sexual intercourse, it is
not justifiable to assume that those animals and plants are unmixed specics, and
that sexual fecundity is the criterion of specific identity. Moreover, this test can
hardly ever have ony practical value in most cases of the highest scientific inter-
est. It is never resorted to, and, as far as I know, has never been applied with
satisfactory results to settle any doubtful case. It has never assisted any anxious
and conscientious mnaturalist in investigating the degree of relationship hetween
closely allied animals or plants living in distant regions or in disconnccted B0
grophical areas, It will never contribute to the solution of any of those difticult
cnses of seeming difference or identity between extinct animals and plants found
in different geological formations. In all critical cases, requiving the most minute
accuracy and precision, it is discarded as unsafe, and of necessity questionable:
Accurate science must do without it, aud the sooner it is altogether discarded the
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better. But, like many relics of past time, it is drogged in ns a sort of theo-
retical bugbear, and exhibited only now and then to make a false show in discus-
sions upon the question of the unity of origin of mankind.

There is another fallacy connected with the prevailing ideas about species to
which I would also allude: the fancy that species do not exist in the same way
in nature as genera, families, orders, classes, and types. It is actually maintained
by some that species are founded in nature in a manner different from these groups;
that their existence is, as it were, more real, whilst that of the other groups is
considered as ideal, even when it is admitted that these groups have themselves a
natural foundation.

Let us consider this point more closely, as it involves the whole question of
individuality. I wish, however, not to be understood as undervaluing the impor-
tance of sexual relations as indicative of the close ties which unite, or may unite,
the individuals of the same species. I know as well as any one to what extent
they manifest themselves in nature, but I mean to insist upon the undeniable fact
that these relations are not so exclusive as those naturalists would represent them,
who urge them as an unfailing criterion of specific identity. I would remind those
who constantly forget it, that there are animals which, though specifically distinct
do unite sexually, which do produce offspring, mostly sterile, it is -true, in some
species, but fertile to a limited extent in others, and in others even fertile to an
extent which it has not yet been possible to determine. Sexual connection is the
result, or rather one of the most striking expressions of the close relationship
established in the beginning between individuals of the same species, and by no
means the cause of their identity in successive generations. When first created,
animals of the same species paired becnuse they were made one for the other;
they did not take one another in order to build up their species, which had full
existence before the first individual produced by sexual connection was born.

This view of the subject acquires greater importance in proportion as it becomes
more apparent that species did not originate in single pairs, but were created in
large numbers, in those numeric proportions which constitute the natural harmonies
between organized beings. It alone explains the possibility of the procreation
of Hybrids, ns founded upon the natural relationship of individuals of closely
allied species, which may hecome fertile with one another, the more readily as they
differ less, structurally.

To assume that sexual relations determine the species it should further be shown
that absolute promiscuousness of sexes mmnong individuals of the same species is the °
prevailing characteristic of the animal kingdom, while the fact is, that a large num-
ber even of animals, not to speak of Man, select their mate for life and rarely
have nuy intercourse with others. It is a fact known to every furmer, that differ-
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ent breeds of the same species are less inclined to mingle than individuals of the
game breed. For my own part, I cannot conceive how moral philosophers, who
urge the unity of origin of Man as one of the fundamental principles of their
religion, can at the same time justify the neceity which it involves of a sexual
intercourse between the nearest blood relations of that assumed first and unique
humon fomily, when such a connection is revolting even to the savage. Then aguin,
there are innumerable species in which vast numbers of individuals are never
developed sexually, others in which sexual individuuls appear ounly now aud then
at remote intervals, while muny intermedinte generations are produced without any
gexual connection, and others still which multiply more extensively by budding
than by sexual generation. I need not agnin allude here to the phenomena of
alternate generation, now so well known among Acalephs and Worms, nor to
the polymorphism of many other types. Not to acknowledge the significance of
puch facts, would amount to the absurd pretension, that distinctions and definitions,
introduced in our science during ity inlwncy, are to be taken as standurds for
our appreciation of the phenomens in nature, instead of framing and remodelling
our standards, according to the laws of nature, as our knowledge extends. It is
for instance, o specific character of the Horse und the Ass to be able to con-
nect sexually with each other, and thus to produce an offipring different from that
.which they bring forth among themselves. It is characteristic of the Mare, as
the representative of its species, to bring forth a Mule with the Jackass, and of
the Stallion to procreate Hinnies with the Sheass. It is equally characteristic of
them to produce still other kinds of hallbreeds with the Zebra, the Daw, ete. And
yet in face of all these facts, which render sexunl reproduction, or at least pro-
miscuous intercourse among the representalives of the same species, so questionable
a criterion of specific identity, there are still naturalists who would represent it as
on unfuiling test, only thut they may sustain one single position, that all men ase
derived from one single pair.

These facts, with other facts which go to show more extensively every day the
great probability of the independent origin of individuals of the same species in
disconnected geographical areas, force us to remove from the philosophic definition
of species the iden of o community of origin, and consequently, also, the idea of
8 necessary genenlogical connection. The evidence that all animals have origiunte(l
in large numbers is growing so strong, that the idew that every species existed in
the Leginning in single pais, may be said to be given up almost entively bY
naturalists,. Now if this is the cuse, sexual derivation does mot constitute n neces
sary specific character, even though sexual conncction be the natural process of
their reproduction and multiplication. 1 we are led to admit as the beginning of
each species, the simultancous origin of o lurge number of individunls, il the same
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apecies may originate ot the same time in different localities, these first repre-
gentatives of each species, at least, were not connected by sexual derivation; and as
this applies equally to any first pair, this fancied test criterion of specific identity
must at all events be given up, and with it goes also the pretended real exist-
ence of the species, in contradistinction from the mode of existence of genera,
families, orders, classes, and types; for what really exists are individuals, not species.
We may at the utmost consider individuals as representatives of species, but no one
individual nor any number of individuals represent its species only, without repre-
senting aleo at the same time, as we have seen above (Sect. I to V.), its genus, its
family, its order, its class, its type.

Before attempting to prove the whole of this proposition, I will first con-
sider the characters of the indivilual animals. Their existence is scarcely limited
as to time and space within definite and appreciable limits. No one nor all of
them represent fully, at any particular time, their species; they are always only the
temporary represeutatives of the species, inasmuch ns each species exists longer in
nature than any of its individuals. All the individuals of any or of all species
now existing are only the successors of other individuals which have gone before,
and the predecessors of the next generations; they do not constitute the species,
they represent it.  The species is an ideal entity, ns much as the genus, the family,
the order, the class, or the type; it continues to exist, while its representatives
die, generation after generation. DBut these representatives do mnot simply repre-
sent what is specific in the individual, they exhibit and reproduce in the same
manmner, generation after generation, all that is generic in them, all that charac-
terizes the family, the order, the class, the branch, with the same fulness, the
same constancy, the same precision. Species then exist in nature in the same
manner as any other groups, they are quite as ideal in their mode of existence
a8 genern, families, ete, or quite as real. But individuals truly exist in a differ-
ent way; no one of them exhibits at one time all the characteristics of the species,
even though it be hermaphrodite, neither do any two represent it, even though
the species be not polymorphous, for individuals have a growth, a youth, a mature
nge. an old age, and are bound to some limited home during their lifetime.
It is true species are also limited in their existence; but for our purpose, we can
consider these limits ns boundless, innsmuch as we have no means of fixing their
duration, either for the past geologicnl ages, or for the present period, whilst
the short cycles of the life of individuals are casily measurable quantities,  Now
as truly as individuals, while they exist, represent their species for the time being,
and do not constitule them, so truly do these same individuals represent at the
game time theiv genus, their family, their order, their clasy, and their type, the
characters of which they bear as indelibly as those of' the species.
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As representatives of Specios, individual animals bear the closest relations to one
another; they exhibit definite relations also to the surrounding elements, and their
existence is limited within a definite period.

As representatives of Genera, these same individuals have a definite and specific
ultimate structure, identicnl with that of the representatives of other species.

As. ropresentatives of Families, these same individuals have a definite figure exhibit-
ing, with similar forms of other genmera, or for themselves, if the family contains
but one genus, a distinct specific pattern.

As vepresentalives of Orders, these same individuals stand in o definite rank when
compared to the representatives of other families.

As represenfatives of Classes, these same individunls exhibit the plan of structure
of their respective type in a special manner, carried out with special means and
in special ways.

As representatives of Branches, these same individuals are all organized upon o dis-
tinct plan, differing from the plan of other types.

Individuals then are the bearers, for the time being, not only of specific char-
acteristics, but of nll the natural features in which animal life is displayed in all
its diversity.

Viewing individuals in this light, they resume all their dignity; they are no
longer absorbed in the species to be for ever its representatives, without ever heing
any thing for themselves. On the contrary, it becomes plain, from this point of view,
that the individual is the worthy bearer, for the time being, of all the riches of
nature’s wealth of life. This view further teaches us how we may investigate, not
only the species in the individual, but the genus also, the family, the order, the
class, the type, as indeed naturalists have at all times proved in practice, whilst
denying the possibility of it in theory.

Having thus cleared the field of what does not belong therein, it now remains
for me to show what in reality constitutes species, and how they may be dis
tinguished with precision within their natural limits,

If we would not exclude from the characteristics of species any feature which is
essential to it, nor force into it any one which is not so, we must first acknowledge
that it is one of the characters of species to belong to a given period in the
history of our globe, and to hold definite relations to the physical conditions then
prevailing, and to animals and plants then existing. These relations are manifold,
and are exhibited: lst, in the geographical range natural to any species, a3 well
28 in its capability of being acclimated in countries where it is mot primitively
found; 2d, in the connection in which they stand to the clements around them,
when they inbabit either the water, or the land, decp seas, brooks, rivers and
lakes, shoals, flat, sandy, muddy, or rocky coasts, limestone banks, coral reefs, swamps
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mendows, fields, dry lands, salt deserts, sandy deserts, moist land, forests, shady groves,
sunny hills, low regions, plains, prairies, high tablelands, mountain peaks, or the
frozen barrens of the Arctics, etc.; 3d, in their dependence upon this or that kind
of food for their sustenance; 4th, in the duration of their life; 5th, in the mode
of their association with one another, whether living in flocks, small companies, or
isolated; 6th, in the period of their reproduction; '7th, in the changes they undergo
during their growth, and the periodicity of these changes in their metamorphosis;
8th, in their association with other beings, which is more or less close, as it
may only lead to a constant associntion in some, whilst in others it amounts
to parasitism; 9th, specific characteristics are further exhibited in the size animals
attain, in the proportions of their parts to one another, in their ornamentation,
etc, and all the variations to which they are liable.

As soon as all the facts bearing upon these different points have been fully
ascertained, there can remain no doubt respecting the natural limitation of species;
and it is only the insatiable desire of describing new species from insufficient data
which has led to the introduction in our systems of so many doubtful species,
which add nothing to our real knowledge, and only go to swell the nomenclature
of animals and plants already so intricate.

Assuming then, that species cannot always be identified at first sight, that it
may require o long time and patient investigntions to nscertain their natural limits;
assuming further, that the features alluded to above are among the most promi-
nent characteristics of species, we may say, that species are based upon well
determined relations of individuals to the world around them, to their kindred, and
upon the proportions and relations of their parts to one another, as well as upon their
ornamentation. Well digested descriptions of species ought, therefore, to be com-
parative; they ought to assume the character of biographies, and attempt to trace
the origin and follow the development of o species during its whole existence.
Moreover, all the changes which species may undergo in course of time, especially
under the fostering care of man, in the state of domesticity and cultivation, belong
to the history of the species; even the anomalies and diseases to which they are
subject, belong to their cycle, as well as their mnatural varintions. Among some
Bpecies, varintion of color is frequent, others never change, some change periodi-
cally, others accidentally; some throw off certain ornamental appendages at regular
times, the Deers their horns, some Birds the ornamental plumage they wear in
the breeding senson, etc. All this should be ascertained for each, and no species
can be considered as well defined and satisfactorily characterized, the whole history
of which is not completed to the extent alluded to above. The practice prevailing
since Linnwmus of limiting the characteristics of species to mere dingnoses, has led

to the present confusion of our nomenclature, and made it olten impossible to
22
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ascortain what were the species the authors of such condensed descriptions had
before them. But for the tradition which has transmitted, generation after gener-
ation, the knowledge of these species among the cultivators of science in Europe,
this confusion would be still greater; but for the preservation of most original
collections it would be inextricable. In countries, which, like America, do not enjoy
these advantages, it is often hopeless to attempt critical investigations upon doubtful
cases of this kind. One of our ablest and most critical investigators, the lamented
Dr. Harris, has very forcibly set forth the difficulties under which American
naturalists labor in this respect, in the Preface to his Report upon the Insects
Injurious to Vegetation.

SECTION VII.

OTHER NATURAL DIVISIONS AMONG ANIMALS.

Thus far I have considered only those kinds of divisions which are introduced
in almost all our modern classifications, and attempted to show that these groups
are founded in nature and ought mot to be considered as artificinl devices, invented
by man to facilitate his studies. Upon the closest scrutiny of the subject, I find
that these divisions cover all the categories of relationship which exist among
animals, ps far as their structure is concerned.

Branches or fypes are characterized by the plan of their structure,

Classes, by the monner in which that plan is executed, as for as ways and means
are concerned,

Orders, by the degrees of complication of that structure,

Fawmilics, by their form, as for us determined by structure,

Genera, by the details of the execution in special parts, and

Species, by the relations of individuals to one another and to the world in
which they live, o8 well as by the proportions of their parts, their ornamenta~
tion, etec.

And yet there are other natural divisions which must be acknowledged in ®
natural zovlogical system; but these are not to be traced so uniformly in all
classes s the former,— they are in reality only limitations of the other kinds of
divisions,

A class in which one system of organs may present a peculiar development
while all the other systems coincide, may be subdivided into sub-classes; for instance
the Marsupinlia when contrasted with the Placental Mummalin. The character
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upon which such a subdivision is founded, are of the kind upon which the class
itself is based, but do not extend to the whole class. An order may embrace
natural groups, of a higher value than families, founded upon ordinal characters,
which may yet not determine absolute superiority or inferiority, and therefore not
constitute for themselves distinct orders; as the characters upon which they are
founded, though of the kind which determines orders, may be so blended as to
determine superiority in one respect, while with reference to some other features
they may indicate inferiority. Such groups are called sub-orders. The order of
Testudinata, which I shall consider more in detail in the second part of this volume,
may best illustrate this point, as it contains two natural sub-orders. A natural
family may exhibit such modifications of its chavacteristic form, that upon these
modifications subdivisions may be distinguished, which have been called sub-families
by some authors, tribes or legions by others. In a natural genus, & number of
gpecies may agree more closely than others in the particulars which constitute
the genus and lead to the distinction of sub-genera. The individuals of a species,
occupying distinct fields of its natural geographical area, may differ somewhat from
one another, and constitute varieties, etec.

These distinctions have long ago been introduced into our systems, and every
practical naturalist, who has made a special study of any class of the animal king-
dom, must have been impressed with the propriety of acknowledging a large number
of subdivisions, to express all the various degrees of affinity of the different members
of any higher natural group. Now, while I maintain that the branches, the classes,
the orders, the families, the genera, and the species are groups established in nature
respectively upon different categories, and while I feel prepared to trace the natural
limits of these groups by the characteristic features upon which they are founded,
I must confess at the same time that I have not yet been able to discover the
principle which obtains in the limitation of their respective subdivisions. All I
can say is, that all the different categories considered above, upon which branches,
classes, orders, families, genera, and species are founded, have their degrees, and upon
these degrees sub-classes, sub-orders, sub-families, and sub-genera have been established.
For the present, these subdivisions must be left to arbitrary estimations, and we
shall Lhave to deal with them as well as we can, as long as the principles which
regulute these degrees in the different kinds of groups are mot ascertained. 1
hope, nevertheless, that such arbitrary estimations are for ever removed from our
science, as far as the categories themselves are concerned.

Thus far, inequality of weight scems to be the standard of the internal valua-
tion of each kind of group; and this inequality extends to all groups, for even
within the branches there are classes more closely related among themselves
than others: Polypi and Acalephs, for instance, stand nearer to one another than
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to Echifoderms; “Crustacea and Insects are more closely allied to one another .thffn
to Worms, ete. Upon such degrees of relationship between the classes, m.thm
their -respective branches, the so-called sub-types have been founded, and thesc.a differ-
ences hive dccasionally been exaggerated so far as to give rise to the estnbl'lshment
of - distinst branches. Upon similar relations between the branches, auh-lungd?ms
have'also been distinguished, but I hardly think that such far-fetched combilfutlons
can be considered ss mnatural groups; they scem to me rather the expression of
& relation avising from the weight of their whole organization, as compared with
that of other groups, than the expression of n definite relationship.

SECTION VIII.

SUCCESSIVE DEVELOPMENT OF CILARACTERS.

It has been repeated, again and agnin, that the characters distinguishing the
different types of the cnimal kingdom were developed in the embryo in the suc-
cessive order of their importance: first the structural fentures of their respective
branches, next the characters of the class, mext those of the order, next those
of the family, nest those of the genus, and finally those of the species. This
assertion has met with no direct opposition; on the contrary, it seems to have been
approved almost without discussion, and to be generally taken for granted now.
The importance of the subject requires, however, a closer scrutiny; for if Embry-
ology is to lead to great improvements in Zotlogy, it is necessary, at the outset,
to determine well what kind of information we may espect it to furnish to its
gister science. Now I would ask if, ot this day, zoblogists know with sufficient
precision what are typical, class, ordinal, family, generic, and specific characters, to
be justiied in maintaining that, in the progress of embryonic growth, the features
which become successively prominent correspond to these charncters and in lh."
order of their subordination? I doubt it. I will say more: I am sure there 18
no such understanding about it among them, for if there was, they would already
have perceived that this assumed coincidence, between the subordination of nutun.\l
groups among full-grown animals and the successive stages of growth during !-he-.tr
embryonic period of life, does not exist in nature. It is true, there are certain
features in the embryonic development which may suggest the iden of o progres
from a more general typical organization to its ultimate speciolization, but it nowhere

proceeds in that stercotyped order of succession, nor indeed even in a general WoJ
in the manner thus assumed.
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* " Let'us see whether it is not possible to introduce more precision in this matter.
Toking for granted that what I have sdid about the characteristics of the natural
groups in the enimal kingdom is correct, that we have, 1st, four great typical
branches of the animal kingdom, characterized by different plans of structure;
2d, classes, charncterized by the ways in which and the means with which these
plans of structure are ‘exccuted; 3d, orders, characterized by the degrees of simplicity
or complication of that structure; 4th, families, characterized by differences of form,
or by the structural peculiarities determining form; 5th, genern, characterized by
ultimate peculiarities of structure in the parts of the body; 6th, species, charac-
terized by relations and proportions of parts among themselves, and of the indi-
viduals to one another and to the surrounding mediums; we reach, finally, the
individuals, which, for the time being, represent not only the species with all
their varieties, and variations of age, sex, size, etc,, but also the characteristic features
of all the higher groups. We have thus, at one end of the series, the most com-
prehensive categories of the structure of animals, while at the other end we meet
individual beings. Individuality on one side, the most extensive divisions of the
animal kingdom on the other. Now, to begin our critical examination of the
progress of life in its successive manifestations with the extremes, is it not plain,
from all we know of Embryology, that individualization is the first requirement
of all reproduction and multiplication, and that an individual germ, (or a number
of them,) an ovarian egg, or a bud, is first formed and becomes distinct as an
individual from the body of the parent, before it assumes either the churacters
of its great type or those of its class, order, etc.? This fact is of great significance,
as showing the importance of individuality in nature. Next, it is true, we perceive
generally the outlines of the plan of structure, before it becomes apparent in
what manner that plan is to be carried out; the character of the type is marked
out, in its most general features, before that of the class can be recognized with
any degree of precision. Upon this fact, we may base one of the most important
generalizations in Embryology.

It hns been maintained, in the most general terms, that the higher animals
puss during their development through all the phnses characteristic of the inferior
classes. Put in this form, no statement can be further from the truth, and yet
there are decided relations within certain limits, between the embryonic stages of
growth of higher animals and the permanent chmacters of others of an inferior
grade. Now the fact mentioned above, enables us to mark with precision the limits
within which these relations may be traced. As eggs, in their primitive condi-
tion, animals do not differ one from the other; but as soon as the embryo has
begun to show any characteristic features, it presents such peculinrities as dis-
tinguish its type. It canuot, therefore, be said that any animal passes through
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phases of development, which are mnot included within the limits of its own type;
no Vertebrate is, or resembles, ot any tinfe an Articulate, no Articulate a Mollusk,
no Mollusk & Radinte, and vice versd. Whatever correlations between the young of
higher animals and the perfect condition of inferior ones may be traced, they are
always limited to representatives of the same great types; for instance, Mammalia
and Birds, in their earlier development, exhibit certain features of the lower classes
of Vertebrates, such as the Reptiles or Fishes; Insects recall the Worms in some
of their earlier stages of growth, ete, but even this requires qualifications to
which we shall have to refer hereafter. However, thus much is slready evident,
that no higher animal passes through phases of development recalling all the lower
types of the animal kingdom, but omly such as belong to its own branch. What
hos been said of the infusorial character of young embryos of Worms, Mollusks,
and Radiates, can no longer stand before o serious criticism, because, in the first
place, the animals generally called Infusorie cannot themselves be comsidered as a
natural class; and in the second place, those to which a reference is made in this
connection, are themselves free-moving embryos.

With the progress of growth and in proportion as the type of an animal
becomes more distinctly marked, in its embryonic state, the plan of structure appears
also more distinctly in the peculiavities of that structure, that is to say, in the
ways in which and the means by which the plan, ouly frintly indicated at first,
is to be carried out and become prominent, and by this the class character is
pointed out. For instance, a wormlike insect larva will already show, by its trachewm,
that it is to be an Insect and not to remain a Worm, as it at first appears to
be; but the complications of that special structure, upon which the orders of
the class of Insects are based, do not yet appear; this is perfected only at a late
period in the embryonic life. At this stage, we frequently notice already o rvemark-
able advance of the features characteristic of the families over those characteristic of
the order; for instance, young Hemiptera, young Orthoptera may safcly be referred
to their respective families, from the characteristics they exhibit before they show
those peculiarities which characterize them as Hemiptera or as Orthoptera; young
Fishes may be known 03 members of their respective families before the charac:
ters of their orders are apparent, etc.

It is very obvious why this should be so. With the progress of the develop-
ment of the structure, the general form is gradually sketched out, and it has
already reached many of its most distinctive features, before all the complications
of the structure which characterize the orders have become apparent; and as form
characterizes essentially the familics, we see here the reason.why the family Lype

! Sce above, Chop. I., Scct. 18, p. 735.
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may be fully stamped upon an animal before its ordinal characters are developed.
Even specific characters, as far as they depend upon the proportions of parts and
have on that ground an influence in modifying the form, may be recognized long
before the ordinal characters are fully developed. The Snapping-Turtle, for instance,
exhibits its small crosslike sternum, its long tail, its ferocious habits even before it
leaves the egg, before it brenthes through lungs, before its derm is ossified to form
a bony shield, etc.; nay, it snaps with its gaping jaws at any thing brought
near, though it be still surrounded by its amnios and alluntois, and its yolk still
exceeds in bulk its whole body.!) The cnlf assumes the form of the bull before
it bears the characteristics of the hollow-horned Ruminants; the fawn exhibits all
the peculinrities of its species before those of its family are unfolded.

With reference to generic characters, it may be snid that they are scarcely
ever developed in any type of the animal kingdom, before the specific features
are for the most part fully sketched out, if not completely developed. Can there
be any doubt that the human embryo belongs to the genus Homo, even before it
has cut o tooth? 1Is mot a kitten, or a puppy distinguishable as a cat or a dog,
before the claws and teeth tell their genus? Is this not true also of the Lamb,
the Kid, the Colt, the Rabbits, and the Mice, of most Birds, most Reptiles, most
Fishes, most Insects, Mollusks and Radiates? And why should this be? Simply,
because the proportions of parts, which constitute specific characters, are recog-
nizable before their ultimate structural development, which characterizes genera, is
completed.

It seems to me that these facts are likely to influence the future progress
of Zoblogy, in enabling us gradually to unravel more and more distinetly, the
features which characterize the different subordinate groups of the animal king-
dom. The views I have expressed above of the respective value and the promi-
nent characteristics of these different groups, have stood so completely the test in
this analysis of their successive appearance, that I consider this circumstance as
adding to the probability of their correctness.

But this has another very important bearing, to which I have already alluded
in the beginning of these remarks. Before Embryology can furnish the means of
settling some of the most perplexing problems in Zoblogy, it is indispensable to
ascertain first what are typical, classic, ordinal, family, generic, and specific charac-
ters; and as long as it could be supposed that these characters appear necessarily

! Pr. M. v. Neu-Wikp quoles ns o remarkable it was still o pule, nlmost colorless embryo, wrapped
fact, that the Chielonara serpenting bites ns #oon ns it up in its fwtnl envelopes, with o yolk lnrger than
is hatehed. I have seen it snupping in the smne itself” hanging from its sternum, three months betore

fieree munner ns it does when full-grown, at a time hatehing.
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during the embryonic growth, in the order of their aubordi:nntion, .there was 'n.o
possibility of deriving from embryological monographs, that information upon !:hls
point, 80 much needed in Zotlogy, and so seldom alluded to by embryologists.
Aguin, without knowing what constitutes truly the characters of the groups named
above, there is mo possibility of finding out the true characters of n genus of
whicli. only one species is known, of a family which contains only one genus, ete,
and for the same reason no possibility of arriving at congruent results with refer-
ence to the natural limitations of genern, fawiliey, orders, ete., without which we
cannot even begin to build up a permanent classification of the animal kingdow;
and stil less, hope to cstablish o solid basis for a general comparison between
the animals now living and those which have peopled the surface of our globe
in past geological ages.

It is not accidentally I have been led to these investigations, but by necessity:.
As often as I tried to compare higher or more limited groups of animals of the
present period with those of former ages, or carly stages of growth of higher living
gnimals with full-.grown ones of lower types, I was constantly stopped in my
progress by doubts as to the equality of the standards I was applying, until 1
made the standards themselves the object of direct and very extensive investiga-
tions, covering indeed o much wider ground than would appear from these remarks,
for, upon these principles, I have already remodelled, for my own convenience, nearly
the whole animal kingdom, and introduced in almost every class very unexpected
changes in the classification.

I have already expressed above! my conviction that the only true system i
that which exists in nature, and as, therefore, no one should have thie ambition
of erecting o system of his own, I will not even attempt now to present these
results in the shape of a diagram, but remain satisfed to express my belief, that
all we can really do is, at best, to offer imperfect translations in human language
of the profound thoughts, the innumerable relations, the unfathomable meaning of
the plan actually manifested in the natural objects themselves; and I should cou-

sider it s my highest reward should I find, after & number of years, that I lad
helped others on in the right path.

! See Clop. I, Sect. 1, p. 7-9.
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SECTION IX.

CONCLUSIONS.

The importance of such an investigation as the preceding, must be obvious to
every philosophical investigator. As soon as it is understood that all the different
groups introduced into o natural system may have a definite meaning; as soon
88 it can be shown that each exhibits a definite relation among living beings,
founded in nature, and no more subject to arbitrary modifications than any other
law expressing natural phenomena; as soon as it is made plain that the natural
limits of all these groups may be ascertained by careful investigations, the interest
in the study of classification or the systematic relationship existing among all
organized beings, which has almost censed to engage the attention of the more
careful original investigators, will be revived, and the manifold ties which link
together all animals and plants, as the living expression of a gigantic conception,
carried out in the course of time, like a soul-breathing epos, will be scrutinized
anew, determined with greater precision, and expressed with increasing clearness
and propriety. Fanciful and artificial classifications will gradually lose their hold
upon & better informed community; scientific men themselves will be restrained
from bringing forward immature and premature investigations; no characteristics of
new species will have a claim upon the notice of the learned, which has not been
fully investigated and compared with those most closely allied to it; no genus
will be admitted, the structural peculiarities of which are not clearly and distinctly
illustrated; no family will be considered as well founded, which shall not exhibit
o distinct system of forms intimately combined and determined by structural rela-
tions; no order will appear admissible, which shall not represent a well-marked
degree of structural complication; no class will deserve that name, which shall
not appear as a distinct and independent expression of some general plan of struc-
ture, carried out in o peculiar way and with peculier means;’ no type will be
recognized as one of the fundamental groups of the animal kingdom, which shall
not exhibit a plan of its own, not conmvertible into another. No naturalist will
be justified in introducing any one of these groups into our systems without show-
ing: Ist, that it is a natural group; 2d, that it is a group of this or that kind,
to avoid, henceforth, calling families groups that may be genera, families groups that
may be orders, classes or types groups that may be orders or classes; 3d, that the
characters by which these groups may be recognized are in fact respectively specific,

23
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generic, family, ordinal, classic, or typical ‘ characters, so that our works shall no
Jonger exhibit the annoying confusion, which is to be nfet almost t.averywhere, of
generic characters in the diognoses of species, or of family and ordinal characters
in the charaoteristics of classes aund types’

It may perhaps be gaid, that all this will not render the study of Zotlogy
more easy. 1 do not expect that it will; but if an attentive consideration of what
I have stated in the preceding pages respecting classification, should lead to a
more accurate investigation of all the different relations existing among animals,
and between them and the world in which they live, I shall consider myself
g8 having fully succeeded in the object I have had in view from the beginning,
in this inquiry. Moreover, it is high time that certain zotlogists, who would call
themselves investigators, should remember, that natural objects, to be fully under-
stood, require more then o passing glance; they should imitate the example of
astronomers, who have not become tired of looking into the relations of the few
members of our solar system to determine, with increased precision, their motions,
their size, their physical constitution, and keep in mind that every organized
being, however simple in its structure, presents to our appreciation far more com-
plicated phenomens, within our reach, than all the celestial bodies put together;
they should remember, that as the great literary productions of past ages attract
ever gnew the attention of scholars, who can never feel that they have exhausted
the inquiry into their depth and beauty, so the living works of God, which it is
the proper sphere of Zotlogy to study, would never cease to present new attractions
to them, should they proceed to the investigation with the right spirit. Their
studies ought, indeed, inspire every one with due reverence and admiration for such
wonderful productions.

The subject of classification in particular, which seems to embrace apparently
80 limited a field in the science of animals, cannot be rightly ond fully under-

stood without o comprehensive knowledge of all the topics alluded to in the
preceding pages.

! AsTdo not wish to be personnl, I will refrain
from quoting examples to justify this asscrtion. I
would only request those who care to be nceurate, to
exumine critically nlmost any deseription of spucics,

any characterization of genern, of familics, of orders
of classes, and of types, to sotisfy themselves that
characters of the same kind are introduced almost
indizcriminately to distinguish all these groups.
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COHAPTER THIRD.

NOTICE OF THE PRINCIPAL SYSTEMS OF ZOOLOGY.

SECTION 1.
GENERAL REMARKS UPON MODERN SYSTEMS.

Wirsour attempting to give an historical account of the leading features of all
zoblogical systems, it is proper that I should here compare critically the practice
of modern naturalists with the principles discussed above. With this view, it
would hardly be necessary to go back beyond the publication of the “Animal
Kingdom,” by Cuvier, were it not that Cuvier is still represented, by many naturalists,
and especially by Ehrenberg! and some other German zodlogists, as favoring the
division of the whole animal kingdom into two great groups, one containing the
Vertebrates, and the other all the remaining classes, under the name of Inverte-
brates, while in reality it was he, who first, dismissing his own earlier views,
introduced into the classification of the animal kingdom that fourfold division which
has been the basis of all improvements in modern Zoilogy. He first showed that
animals differ, not only by modifications of one and the same organic structure,
but are constructed upon four different plans of structure, forming natural, distinct
groups, which he called Radiata, Articulata, Mollusca, and Vertebrata.

It is true, that the further subdivisions of these leading groups have under
gone many changes since the publication of the “Rigne Animal” Many smaller
groups, even entire classes, have been removed from one of his “embranchments”
to another; but it is equally true, that the characteristic idea which lies at the
bottom of these great divisions was first recognized by him, the greatest zoblogist
of all times.

! Enrexseno, (C. G.,) Dic Corallenthicre des rothen Meeres, Berlin, 1834, 4to,, p. 30.
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. The question which I would examine here in particular, i8 not whether the
circumseription of .these great groups was accurntely defined by Cuvier, whether
the minor groups referred to them truly belong there or elsewhere, nor how far
these divisions may be improved within their respective limits, but whether there
are feqr.=;-gr§a.t fundamental groups in the animal kingdom, based upon four differ-
ent pling. of structure, and neither more nor less than four. This question is
very seasongble, since modern zoilogists, and especially Siebold, Leuckart, and Vogt,
have proposed combinations of the clnsses of the animal kingdom into higher groups,
differing essentially from those of Cuvier. It is but justice to Leuckart to say
that he has exhibited, in the discussion of this subject, an acquaintance with the
whole range of Invertebrats,! which demands a careful consideration of the changes
he proposes, as they are based upon a critical discrimination of differences of great
value, though I think he overrates their importance. The modifications intro-
duced by Vogt, on the contrary, appear to me to be based upon entirely unphysio-
logioal principles, though seemingly borrowed from that all important guide, Em-
bryology.

- The divisions adopted by Leuckart are: Protozom, (though he does not cnter
upon au elsborate consideration of that group,) Coeclenterata, Echinodermata, Vernes,
Arthropoda, Mollusca, and Vertebrata. The classification adopted, many years before,
by Siebold, in his textbook of comparative anatomy, is nearly the same, except
that Mollusks follow the Worms, that Coelenterata and Echinoderms are united
into. one group, and that the Bryozoa are left among the Polyps.

Here we have a real improvement upon the classification of Cuvier, inasmuch
28 the Worms are removed from among the Radiates, and brought nearer the
Arthropods; an improvement however, which, so far as it is corvect, has already
been anticipated by many naturalists, since Blainville and other zoblogists long
ago felt the impropriety of allowing them to remain among Radiates, and have
been induced to associate them more or less closely with Articulates. But I
believe the union of Bryozon and Rotifera with the Worms, proposed by Leuckart,
to be a great mistake; as to the separation of Coelenterata from Echinoderms, I
consider it a8 an exaggeration of the difference which exists between Polyps and
Acolephs on the one hand, and Echinoderms on the other.

The fundemental groups adopted by Vogt? are: Protozon, Radiata, Vermes, Mol-
lusca, Cephalopoda, Articulata, and Vertebrata, an arrangement which is based solely

upon the relations of the embryo to the yolk, or the absence of eggs. DBut, 08

* Levckanr, (R.,) Ucber die Morphologie und dic ' Yoer, (CARL,) Zoologische Bricfe. Nuturge
Verwandtshaftsvorlilltnisse der wirbellosen Thicre,

schichite der lobenden und unlergegangenon Thivps:
Braunschweig, 1848, 1 vol., 8vo,

Frank(art u. M., 1861; vol. 1, p. 70.
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I have already stated, this is an entirely unphysiological principle, inasmuch as it
gssumes & controst between the yolk and the embryo, within limits which do mot
exist in nature. The Mammalia, for instance, which are placed, like all other Verte-
brats, in the category of the animals in which there is an opposition between the
embryo and the yolk, are as much formed of the whole yolk as the Echinoderms
or Mollusks. The yolk undergoes a complete segmentation in Mammalia, as well as
in Radiates or Worms, and most Mollusks; and the embryo when it makes its
appearance no more stands out from the yolk, than the little Starfish stands
out from its yolk. These simple facts, known since Surs and Bischoff published
their first observations, twenty years ago, is in itself sufficient to show that the
whole principle of classification of Vogt is radically wrong.

Respecting the assertion, that neither Infusoria nor Rhizopoda produce any eggs,
I shall have more to say presently. As to the arrangement of the leading groups,
Vertebrata, Articulata, Cephalopoda, Mollusca, Vermes, Radiata, and Protozoa in
Vogt's system, it must be apparent to every zoilogist conversant with the natural
affinities of animals, that a classification which interposes the whole series of Mollusks
between the types of Articulate and Worms, cannot be correct. A classification
based, like this, solely upon the changes which the yolk undergoes, is not likely
to be the natural expression of the manifold relations existing between all animals.
Indeed, no system can be true to nature, which is based upon the consideration
of a single part, or a single organ.

After these general remarks, I have only to show more in detail, why I believe
that there are only four great fundamental groups in the animal kingdom, neither
more nor less.

With reference to Protozoa, first, it must be acknowledged that, notwithstanding
the extensive investigation of modern writers upon Infusorin and Rhizopoda, the
true nature of these beings is still very little known. The Rhizopoda have been
wandering from one end of the series of Invertebrata to the other, without finding
o place generally acknowledged as expressing their true affinities. The attempt
to separate them from all the classes with which they have been so long associated,
and to place them with the Infusoria in one distinct branch, appears to me as
mistaken as any of the former arrangements, for I do not even consider that their
animal nature is yet proved beyond o doubt, though I have myself once sug-
gested the possibility of o definite relation between them and the lowest Gaste-
ropods. Since it bas been satisfactorily ascertained that the Corallines are genuine
Algo, which contain more or less lime in their structure, and since there is hardly
any group among the lower animuls and lower plants, which does not contain
simple locomotive individuals, as well as compound communities, either free or adher-
ing to the soil, I do not see that the facts known at present preclude the possibility
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of an association of the Rhizopods with the Algm! This would almost seem natural,
when we consider--that the vesicles of many Fuci contain o viscid, filamentous
substance, g0 gimilar to that protruded from the body of the Rhizopods, that the
most careful microscopic examination does not disclose the slightest difference in its
structure from that which mainly forms the body of Rhizopods. The discovery
by Schultze® of what he considers as the germinal granules of these beings, by no
means settles this question, though we have similar ovoid mo.ses in Algw, and
though, among the latter, locomotive forms are also very numerous.
* With reference to the Infusoria, I have long since expressed my conviction that
they are an unnatural combination of the most heterogeneous beings. A large
number of them, the Desmidiem and Volvocinm, are locomotive Algm. Indeed,
recent investigetions seem to have established beyond all” question, the fact, that
all the Infusorin Anentera of Ehrenberg are Algee. The Enterodela, however, are
true animals, but belong to two very distinct types, for the Vorticellide differ
entirely from all others. Indeed, they are, in my opinion, the only independent
animals of that group, and so far from having any natural affinity with the other
Enterodels, I do not doubt that their true place is by the side of Bryozoa,
among Mollusks, as I shall attempt to show presently. Isolated observations which
I have been able to make upon Paramecium, Opaling, and the like, seem to me
sufficient to justify the assumption that they disclose the true nature of the
bulk of this group. I have seen, for instance, a Planaria lay eggs out of which
Paramecium were born, which underwent all the changes these animals are known to
undergo up to the time of their contraction into a chrysalis state; while the Opalina
is hatched from Distoma eggs. I ghall publish the details of these observutions
on another occasion. But if it can be shown that two such types as Paramecium
and Opaling ere the progeny of Worms, it secms to me to follow, that all the
Enterodela, with the exception of the Vorticellido, must be considered as the
embryonic condition of thet host of Worms, both parasitic and free, the meta-
morphosis of which is still unstudied. In this connection, I might further remark,
that the time is not long past when Cercaria was also considered as belonging
to the class of Infusoria, though at present no one doubts that it belongs to
the cycle of Distome; and the only link in the metamorphosis of that genus which
wos not known is now supplied, since, as 1 have stated above, the embryo whicl
i8 hatched from the egg laid by the perfect Distoma is found to be Opalin-
All this leads to the conclusion, that a division of the animal kingdom to be
called Protozon, differing from all other animals in producing no eggs, does not
exist in nature, and that the beings which have been referred to it have nOW

! Comp. Clap. I, Scet. 18, p. 75, * Sonurrze, (M. S.,) Polythalnmien, q. 8.5 P 2.
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to be divided, and stattered, partly among plants, in the class of Algm, and partly
gmong cnimals, in the classes of Acephala, (Vorticell®,) of Worms, (Paramecium and
Opaling,) and of Crustacea (Rotifera); Vorticell® being genuine Bryozoa and there-
fore Acephalous Mollusks, while the benutiful investigations of Dana and Leydig
have proved the Rotifera to be genuine Crustacea, and not Worms.

The great type of Radiata, taking its leading features only, was first recognized
by Cuvier, though he associated with it many animals which do not properly
belong to it. This arose partly from the imperfect knowledge of those animals
at the time, but partly also from the fact that he allowed himself, in this instance,
to deviate from his own principle of classification, according to which types are
founded upon special plans of structure. With reference to Radiata, he departed,
indeed, from this view, so far as to admit, besides the consideration of their peculiar
plan, the element of simplicity of their structure as an essential feature in the
typical character of these animals, in consequence of which he introduced five classes
among Radiata: the Echinoderms, Intestinal Worms, Acalephs, Polypi, and Infusoria.
In opposition to this unnatural association, I need not repeat here, what I have
alrendy stated of the Infusorin, when considering the case of Protozoa; neither is it
necessary to urge again the propriety of removing the Worms from among Radiata,
and connecting them with Articulatn. There would thus remain only three classes
among Radiates,— Polypi, Acalephs, and Echinoderms,— which, in my opinion, con-
stitute really three natural classes in this great division, inasmuch as they exhibit
the three different ways in which the characteristic plan of the type, radiation,
is carried out, in distinet structures.

Since it can be shown that Echinoderms are, in a general way, homologous
in their structure with Acalephs and Polypi, it must be admitted that these classes
belong to one and the same great type, and that they are the only representa-
tives of the branch of Radiata, assuming of course that Bryozoa, Corallin, Sponges,
and all other foreign admixtures have been removed from among Polyps. Now,
it is this Cuvierian type of Radiata, thus freed of all its heterogeneous elements,
which Leuckart undertakes to divide into two branches, each of which he considers
coequal with Worms, Articulates, Mollusks, and Vertebrates. He was undoubtedly
led to this exaggeration of the difference existing between Echinoderms on one
side and Acnlephs and Polypi on the other, by the apparently greater resemblance
of Medusm and Polypi! and perhaps still more by the fact, that so many genuine
Acalephs, such as the Hydroids, including Tubularia, Sertularie, Campanularia, etc,
are still comprised by most zoslogists in the class of Polypi.

! We see here clenrly how the consideration of  overridden the primary feature of branches, their
anatomical differences which characterize clusses has plan, to exalt n class to the rank of a branch.
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But since the admirable investigations of J. Miiller have made us familiar with
the extraopdinary metamorphosis of Echinoderms, and since the Ctenophore and
the S_iphonophom have also been more carefully studied by Grube, Leuckart,
Kolliker, Vogt, Gegenbaur, and myself, the distance which scemed to separate Echino-
derms from Acalephs disappears entirely, for it is no exaggeration to say, that
were: the Pluteuslike forms of Echinoderms not known to be an early stage in
the transformation of Echinoderms, they would find as natural a place among
Ctenophor®, os the larve of Insects among Worms. I therefore maintain, that
Polypi, Acalephs, and Echinoderms constitute one indivisible primary group of the
animal kingdom. The Polypoid character of young Medus® proves this as plainly
g8 the Medusoid character of young Echinoderms.

Further, nothing can be more unnatural than the transfer of Ctenophore to
the type of Mollusks which Vogt has proposed, for Ctenophor® exhibit the closest
homology with the other Medusm, as I have shown in my paper on the Beroid
Medus® of Massachusetts. The Ctenophoroid character of young Echinoderms
establishes a second connection between Ctenophor: and the other Radiata, of as
great importance as the firstt We have thus an anatomical link to connect the
Ctenophorm with the genuine Medus®, and an embryological link to connect them
with the Echinoderms.

The classification of Radiata may, therefore, stand thus: —

lst Class: Polypi; including two orders, the Actinoids and the Halcyc-
noids, as limited by Dana.

2d Class: Acalephae; with the following orders: Hydroids, (including Sipho-
nophoree,) Discophoree, and Ctenophorm.

3d Class: Echinoderms; with Crinoids, Asteroids, Echinoids, and Holothu-
rioids, ns orders,

The natural limits of the branch of Mollusks are easily determined. Since the
Cirripeds have been removed to the branch of Articulata, naturalists have generally
ogreed to consider, with Cuvier, the Cephalopods, Pteropods, Gasteropods, and
Acephola 08 forming the bulk of this type, and the discrepancies between modern
investigators have mainly resulted from the views they have taken respecting the
Bryozoa, which some consider still as Polyps, while others would unite them with
the Worms, though their affinity with the Mollusks seems to me to have been
clearly demonstrated by the investigations of Milne-Edwards. Vogt is the only
naturalist who considers the Cephalopoda “as built upon a plan entirely pcculi:u'i'
though he does not show in what this peculiarity of plan consists, but only mentions
the well-known anatomical differences which distinguish them from the other clusses

! Yogr, (C.,) Zoologische Briefe, ¢. n.; volL 1, p. 361.
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of the branch ofMollusks. These differences, -however, constitute only ‘class charac-
ters and exhibit in no way a different plan. It is, indeed, by no means difficult
to homologize ell the systems of organs of the Cephalopods with those of the
other Mollusks; and with this evidence, the proof is also furnished that the Cepha-
lopods constitute only a class among the Mollusks.

As to the differences in the development of the Cephalopods and the other
Mollusks, the type of Vertebrata teaches us that partial and total segmentation
of the yolk are not inconsistent with unity of type, as the eggs of Mammalin and
Cyclostomata undergo a total segmentation, while the process of segmentation is
more or less limited in the other classes. In Birds, Reptiles, and Selachians, the
segmentation is only superficial; in Batrachians, and most Fishes, it is much deeper;
and yet no one would venture to separate the Vertebrata into several distinct
branches on that account. With reference to Bryozoa, there can be no doubt,
that their association with Polypi or with Worms is contrary to their natural
affinities.  The plan of their structure is in no way radiate; it is, on the con-
trary, distinctly and essentially bilateral; and as soon as their close affinities with
the Brachiopods, alluded to above! are fully understood, no doubt will remain of
their true relation to Mollusks. As it is not within the limits of my plan to
illustrate here the characters of all the classes of the animal kingdom, I will only
state further, that the branch of Mollusks appears to me to contain only three
closses, as follows: —

lst Class: Acephala; with four orders, Bryozos, including the Vorticelle, Bra-
chiopods, Tunicata, and Lamellibranchiata.

2d Class: Gasteropoda; with three orders, Pteropoda, Heteropoda, and Gas-
teropoda proper.

8d Class: Cephalopoda; with two orders, Tetrabranchiata and Dibranchiata.

The most objectionable modification introduced in the gemeral classification of
the animal kingdom, since the appearance of Cuvier's Rdgne Animal, seems to
me to be the establishment of a distinct branch, now very generally admitted
under the name of Venmes, including the Annulata, the Helminths, the Rotifera,
and as Leuckardt would have it, the Bryozoa also. It was certainly an improve-
ment upon Cuvier's system, to remove the Helminths from the type of Radiates,
but it was at the same time as truly o retrograde step to separate the Anmelides
from the Lranch of Articulata. The most minute comparison does not lead to the
discovery of a distinct plan of structure, uniting all these animals into one natural
primary group. What holds them together and keeps them at a distance? from
other groups is mot a common plan of structure, but a greater simplicity in their

! Chap. I., Scet. 18, p. 72. 3 Chap. 1L, Sect. 7, p. 171, 172,
24
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organization? In bringing these animals together, naturalists make again the same
mistake which Cuvier committed, when he associated the Helminths with the
Radintes, only in another way and upon a greater scale’ The Bryozoa are as it
were depauperated Mollusks, as Aphanes and Alchemilla are depauperated Rosacerw.
Rotifers are in the same sense the lowest Crustacen; while Helminths and Aunnelides
constitute together the lowest class of Articulata. This class is connected by the
closest homology with the larval states of Inmseets; the plan of their structure is
identical, und there exists between them only such structural differences as con-
stitute classes® Moreover, the Helminths are linked to the Aunneclides in the same
manner as the apodal larvae of Insects are to the most highly organized cater-
pillars It may truly be said that the class of Worms represents, in perfect animals,
the embryonic states of the higher Articulate. The two other classes of this
branch are the Crustacea and the Insects, respecting the limits of which, as much
hns already been said above} as is necessary to state here.

The classification of the brangh of Articulate may, therefore, stand thus:—

lst Class: Worms; with three orders, Trematods, (including Cestods, Planarice,
and Leeches,) Nematoids, (including Acanthocephala and Gordincei,) and Anueclides.

2d Class: Crustacea; with four ovders, Rotifera, Eutomostraca, (including
Cirripeds,) Tetradecapods, and Decapods.

3d Class: Insects; with three orders, Myriapods, Arachnids, and Insects
proper.

There is not a dissenting voice among anatomists respecting the natural limits
of the Vertebrata, as o branch of the aniwal kingdom. Their character, however,
does not so much consist in the structure of their backbone or the presence of
o dorsal cord, as in the general plan of that structure, which exhibits a cavity
above and a cavity below & solid axis. These two cavities are circumscribed by
complicoted arches, arising from the axis, which are made up of different systems
of organs, the skeleton, the muscles, vessels, and nerves, and include, the upper
one the centres of the nervous system, the lower one the different systems of
organs by which assimilation and reproduction are carried on.

The number and limits of the classes of this branch are not yet satisfactorily
ascertuined. At least, naturalists do not all agree about them. For my part 1
believe that the Marsupialin cannot be separated from the Placental Mammualit,
s o distinet cluss, sinee we observe, within the limits of another type of Verte
brata, the Selachians, which cannot be subdivided into classes, similar diflerences in
the mode of development to those which exist Letween the Marsupials and the other

! See above, Chap. I, Secot. 18, p. 74-78.

. ' Compure Chup. II., Scet. 2, p. 145.
* Compare Chap, 11., Sect. 1, p. 142, l l :

¢ Cowpare Chap, I., Scct. 18, p. 78-80.
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Mammalia. But I hold, at the same time, with other naturalists, that the Batrachia
must be separated, as a class, from the true Reptiles, as the characters which distin-
guish them are of the kind upon which classes are founded. I am also satisfied
that thé differences which exist between the Selachians, (the Skates, Sharks, and
Chimemree,) are of the same kind as those which distinguish the Amphibians from
the Reptiles proper, and justify, therefore, their separation, as a class, from the
Fishes proper. I consider also the Cyclostomes ns o distinct class, for similar
reasons; but I am still doubtful whether the Ganoids should be separated also from
the ordinary Fishes. This, however, cannot be decided until their embryological
development has been thoroughly investigated, though I have already collected data
which favor this view of the case. Should this expectation be realized, the branch
of Vertebrata would contain the following classes:—

lst Class: Myzontes; with two orders, Myxinoids and Cyclostomes.

2d Class: Fishes proper; with two orders, Ctenoids and Cycloids.

3d Class: Ganoids; with three orders, Coelacanths, Acipenseroids, and Sauroids;
and doubtful, the Siluroids, Plectognaths, and Lophobranches.

4th Class: Selachians; with three orders, Chimmre, Galeodes, and Batides.

5th Class: Amphibians; with three orders, Cwecilice, Ichthyodi, and Anura.

6th Class: Reptiles; with four orders, Serpentes, Saurii, Rhizodontes, and
Testudinata.

Tth Class: Birds; with four orders, Natatores, Gralle, Rasores, and Insessores,
(including Scansores and Accipitres.)

8th Class: Mammalia; with three orders, Marsupialia, Herbivora, and Car-
nivora.

I shall avail myself of an early opportunity to investigate more fully how
far these groups of Vertebrata exhibit such characters as distinguish classes, and I
submit my present impressions upon this subject, rather as suggestions for further
researches, than as matured results.

SECTION II.
EARLY ATTEMPTS TO CLASSIFY ANIMALS.

So few American naturalists have paid special attention to the classification
of the animal kingdom in general, that I deem it necessary to allude to the
different principles which, at different times, have guided zoblogists in their attempts
to group animals according to their natural offinities. This will appear the more
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acceptable, I hope, since few of our libraries contain even the leading works of
otir seience, and many zealous students are thus prevented from attempting to study
what has thus far been done.

Science has begun, in the introduction of names, to designate natural groups
of different value with the same vagueness which still prevails in ordinary lan-
gusge in the use of class, order, genus, family, specics; taking them either as
synonyms or substituting onme for the other at random. Linnmus was the first
to urge upon naoturalists precision in the use of four kinds of groups in natural
history, which he calls classes, orders, genern, and species.

Aristotle, and the ancient philosophers generally, distinguished only two kinds
of groups among animals, yéiros and &ldos, (genus ond species) But the term genus
had a most unequal meaning, applying at times indiscriminately to any extensive
group of species, and designating even what we now call classes as well as any
other minor group. In the sense of class, it is taken in the following case:
Ayw 3¢ ylvos, olov Ggmba, wai (0iv, (Arist. Hist. Anim., Lib. I, Chap. I,) while &idos is
generally used for species, as the following sentence shows: xai four eidy mheim f0vaw
%« dgridar, though it hos occasionally also a wider meaning. The sixth chapter of
the same book, is the most important in the whole work of Aristotle upon this
subject, as it shows to how many different kinds of groups the term yivos is applied.
Here, he distinguishea between yérp wipore and i uey@da and yivog shortly. ém 8
pipora 1y foow, ey @ Mageitw rila {oa, Tl otive & pir ooriOor, &v & {0bwr, @lo 3 xjrovs.
Aldo 3 yévos iori v0 iy dotpaxodiguor. . . .. TGr 8 loner Lwaw oix fom Té yivn peyddes o yap
nepuigee oA &idn & €180g, v .. . 1 8 fa v, @00 droivpee. This is further insisted upon anew :
200 Ok yevovs Ty reroanddow foiwy xwi lwwrdxwy edy piv eloe moldiy, aroirpe 3:.  Here #dos has
evidently a wider meauing than our term species, nnd the accurate Scaliger translutes
it by genus medium, in contradistinction to révoy, which he renders by genus summum.
Eldos, however, is generolly used in the same sense as mow, and Aristotle already
considers fecundity as o specific character, when he says, of the Hemionos, that
it is called so from its likeness to the Ass, and not because it is of the same
tipfzciea, for he adds, they copulate and propagnte among themselves: ai xulofrrat
npiovor 3¢ opomyra, obx ovomt dmley T ated eldog* el yio Syedortar xai yemvérzar iE dAlflor In
another pasenge it applies, however, to a group exactly identical with our modern
E';enun‘ Equus: imei lour iv yfvos xul imi woiy fyovas xaieyr, dopoipors xedowirors, ofov TTTW xai
Oy xws OpEi xai yirv xai ivred xal Toiy iv Zvpite xadovpdvaty rpucrors.

Aristotle cannot be said to have proposed any regular classification. e spenks
zgz::::::zr oi‘h more or less ext-en.aive groups, under a common appellation, evidently
- gmips t::; s nutu.ml divisions ; .lmt. he nowlere ex.px-'esscs a conviction fh.n.t

. y be arranged methodically so ns to exhibit the natural affinities
of animals. Yot he frequently introduces Lis remarks respecting different animals
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in such an order and in such conneoctions as clearly to indicate that he knew their
relations. 'When speaking of Fishes, for instance, he never includes the Selachians.

After Aristotle, the systematic classification of animals makes no progress for
two thousand years, until Linneus introduces new distinctions and nssigns o more
precise meaning to the terms class, ( genus summum,) order, (genus infermedium,) genus,
(genus prozimum,) and species, the two first of which are introduced by him for the
first time as distinct groups, under these names, in the system of Zoslogy.

SECTION III.

PERIOD OF LINNJEUS.

When looking over the “Systema Naturm” of Linnweus, taking as the standard
of our appreciation even the twelfth edition, which is the last he edited himself,
it 18 hardly possible, in our day, to realize how great was the influence of that
work upon the progress of Zovlogy.! And yet it acted like magic upon the age,
and stimulated to exertions far surpassing any thing that had been done in pre-
ceding centuries. Such a result must be ascribed partly to the circumstance that
he was the first man who ever conceived distinctly the idea of expressing in a
definite form, what he considered to be a system of nature, and partly also to
the great comprehensiveness, simplicity, and clenrness of his method. Discarding
in his system every thing that could not easily be ascertained, he for the first time
divided the animal kingdom into distinct classes, characterized by definite features;
he also for the first time introduced orders into the system of Zotlogy besides
genera and species, which had been vaguely distinguished before? And though
he did not even attempt to define the characteristics of these different kinds of
groups, it is plain, from his numerous writings, that he considered them all as
subdivisions of a successively more limited value, embracing a larger or smaller
number of animals, agreeing in more or less comprehensive attributes. He expresses

! To appreciate correctly the succeesive improve-
ments of the clussificntion of Linucus, we need only
compure the first edition of the “ Systema Naturne,”
published in 1735, with the second, published in 1740,
the sixth published in 1748, the tenth published in
1758, and the 1welfth published in 176G, ns they are
the only cditions he revised himself.  The third is
only a reprint of the firt, the fourth and 6th are

reprints of the second; the seventh, cighth, and ninth
are reprints of the sixth; the eleventh is a reprint of
the tenth; and the thirteenth, published afier his
death, by Gmelin, is a mere compilation, deserving
little confidence.

2 Qee above, Scel. 2, p. 188, The yivg plyoze
of Aristotle correspond, however, to the classes af
Linnweus; the yéry peycle to his orders,
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his views..of" tim_sa relations between classes, orders, gemera, species, and varieties,
by - comparisons; in’the following maenner:—?

i Classir. ' Ordo. Genus. Specves. Varietas.

Genus 'au.d’niiﬁgm. Genus intermedium.  Genus proximum.  Specics. Individuum.
Providcis. Territoria. Parecin. Pagi. Domicilium,
Legiones. Coliortos. Manipuli. Contubernin. Miles.

His arrangement of the onimal kingdom is presented in the following diagram,
compiled from the twelfth edition, published in 1766.

CLASSIFICATION OF LINNZEUS.

\ Cr.1. Mammalia. Ord. Primates, Bruta, Ferm, Glires, Pecora, Bellum, Cete.
Ct.2. Aves. Ord Accipitres, Picm, Anseres, Gralle, Galline, Passeres.
" Cr. 8. Amphibia. Ord. Reptiles, Serpentes, Nantes.
Cr. 4 Pisces. Ord. Apodes, Jugulares, Thoracici, Abdominales.

Cr.5. Insecta. Ord. Coleoptera, Hemiptera, Lepidoptera, Neuroptera, ymenoptera, Diptera,
Aptera.

CL.6. Vormes. Ord. Intesting, Dollusca, Testaces, Lithophyta, Zoophyta.

In the earlier editions, up to the tenth, the class of Mammalia was called
‘Quadrupedin, and did not contain the Cetaceans, which were still included among
the Fishes. There seems never to have existed any discrepancy among naturalists
respecting the natural limits of the class of Birds, since it was first characterized
by Linneus, in & manner which excluded the Bats and referred them to the class
of Mammalia. In the early editions of the “Systema Naturs,” the class of Reptiles
embraces the same animals as in the systems of the most recent investigators;
but since the tenth edition, it has been encumbered with the addition of the
cartilaginous and semicartilaginous Fishes, & retrograde movement suggested by some
inacourate observations of Dr. Garden. The class of Fishes is very well limited
in the early editions of the Systema, with the exception of the admission of the
Cetaceans, (Plagiuri,) which were correctly referred to the class of Mammalia, in
the tenth edition. In the later editions, however, the Cyclostoms, Plagiostoms
Chimmrm, Sturgeons, Lophioids, Discoboli, Gymuodonts, Scleroderms, and Lopho-
branches are excluded from it and veferred to the class of Reptiles. The class
of Insects} as limited by Linnwus, embraces not only what are now considered a3

* See Systema Nature, 12th edit., p. 13.

o He scems also to have understood correctly tho
Arsistotlo divides this group more correctly than

. natural Limita of the clusses of Mammulin and Rep-
Linnzus, ag ho udmits already two clusses, (yérg  tiles, for e distinguishes tho Vivipnrous and Ovipw-
péyiard) smong them, the Malacostraca, (Crustacen,)  rous Quadrupeds, and nowbere confounds Fishes with
and tho Entoms, (Inscets.) IMist. Anim., Chap. VI Reptiles.  Ibid.
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Insects proper, but aleo the Myriapods, the Arachnids, and the Crustacea; it
corresponds more accurately to the division of Arthropoda of modern systematists,
The class of Worms, the most heterogeneous of all, includes besides all Radiata
or Zoophytes and the Mollusks of modern writers, also the Worms, intestinal and
free, the Cirripeds, and one Fish, (Myxine.) It was left for Cuvier! to introduce
order in this chaos.

Such is, with its excellences and short-comings, the classification which has given
the most unexpected and unprecedented impulse to the study of Zoslogy. It is
useful to remember how lately even so imperfect a performance could have so
great an influence upon the progress of science, in order to understand why it is
still possible that so much remains to be done in systematic Zoilogy. Nothing,
indeed, can be more instructive to the student of Natural History, than a careful
and minute comparison of the different editions of the “Systema Naturm” of
Linnwous, and of the works of Cuvier and other prominent zoGlogists, in order to
detect the methods by which real progress is made in our science.

Since the publication of the “Systema Nature” up to the time when Cuvier
published the results of his anatomical investigations, all the attempts at new classi-
fications were, after all, only modifications of the principles introduced by Linnseus
in the systematic arrangement of animals. Even his opponeuts labored under the
influence of his master spirit, and o critical comparison of the various systems
which were proposed for the arrangement of single classes or of the whole animal
kingdom shows that they were framed according to the same principles, namely,
under the impression that animals were to be arranged together into classes, orders,
genera, and species, according to their more or less close external resemblance.
No soonmer, however, had Cuvier presented to the scientific world his extensive
researches into the internal structure of the whole animal kingdom, than naturalists
vied with ome another in their attempts to remodel the whole classification of
animals, establishing new classes, new orders, new genera, describing new species,
and introducing all manner of intermedinte divisions and subdivisions under the
name of families, tribes, sections, etc. Foremost in these attempts was Cuvier
himself, and next to him Lamarck. It has, however, often happened that the
divisions introduced by the latter under new names, were only translations into
a more systematic form of the results Cuvier had himself obtained from his dis-
sections and pointed out in his “Legons sur I'nnatomie comparée,” as natural divisions,
but without giving them distinct names. Cuvier himself beautifully expresses the

! It would L injustice to Aristotle not to mention Spenking, for instance, of the great genera or classes,
that he understood nlrendy the relntions of the animals he separntes correetly the Cephulopods from the
united in one cluss by Linmeus, under the nume of  other Blollusks, under the nume of Mnlakin. Ilist.

Wormg, better than the great Swedish nuturalist. Anim., Lib. 1., Chup. VI.
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influence which his anatomical investigations had upon Zotlogy, and how the
improvements in classification have contributed to advance comparative anatomy,
when he says, in the preface to the “Rigne Auimal,” page vi.: “Je dus done, et
cette obligation me prit un temps considérable, je dus faire marcher de front
Yanatomie et la zoologie, les dissections et le classement; chercher dans mes pre-
midres remarques sur l'organisation, des distributions meilleures; m'en servir pour
arriver 4 des remarques nouvelles; employer encore ces remarques 3 perfectionner
Jes distributions; faire sortir enfin de cette fécondation mutuelle des deux sciences
I'une par l'autre, un syst®me zoologique propre & servir d’introducteur et de guide
dans le champ de l'anatomie, et un corps de doctrine anatomique propre & servir
de développement et d'explication au systdme zoologique.”

Without entering into o detailed account of all that wns donme in this period
towards improving the system of Zoilogy, it may suffice to say, that before the
first decade of this century had passed, more than twice as many classes as Linmweus
adopted had been characterized in this manner. These classes are: the Mollusks,
Cirripeds, Crustaces, Arachnids, Annelids, Entozon, (Intestinal Worms,) Zooplytes,
Badiata, Polyps, and Infusorin. Cuvier' admitted at first only eight classes, Duméril®
nine, Lamarck? eleven and afterwards fourteen. The Cephalopoda, Gasteropoda, and
Acephaln, first so named by Cuvier, are in the beginning considered by bhim as
orders only in the class of Mollusks; the Echinoderms also, though for the first
fime circumscribed by him within their natural limits, constitute only an order of
the class of Zoophytes, not to speak of the lowest animals, which, from want of
knowledge of their internal structure, still remsin in great confusion. In this rapid
gketch of the farther subdivisions which the classes Insccta and Worms of Linneeus
have undergone under the influence of Cuvier, 1 have not, of course, alluded to
the important contributions made to our knowledge of isolated classes, by special
writers, but limited my remarks to the works of those naturalists who have con-
sidered the subject upon the most extensive scale.

Thus far, no attempt had been made to combine the classes among themselves
into more comprehensive divisions, under o higher point of view, beyond that of
dividing the whole enimal kingdom into Vertebrata and Invertebrata, n division
which COITES[)OII&H to that of Aristotle, into lda frape and (S davepe.  All efforts
were rather directed towards establishing a natural series, from the lowest Infusorit

up to Man; which, with many, soon became o favorite tendency, and ended by
being presented ns a scientific doctrine by Blainville,

! Cuvien,(G.,) Tableau élémentnire de I'[istoire * Lavianck, (J. B. pr,) Systtmo des Animuu®

naturelle des Animaux, Paris, 1798, 1 vol. 8vo. sane Vertibres ou Tubleau géndral, ete,, Parid, 1801,

T Dusinir, (A. AL C.) Zovlogie nnulytique, ete,, 1 vol. Bvo, — listoire naturelle des Animuux 8813
Paris, 1806, 1 vol. 8vo. Verttbres, ete., Puris, 1815-1822, 7 voli. 8vo.




http://www.geology.19thcenturyscience.org/books/1857-Agassiz-NatHist/README.htm

Casr. T . PERIOD OF CUVIER. 103

SECTION 1V,
PERIOD OF CUVIER, AND ANATOMICAL SYSTEMS.

The most important period in the history of Zoilogy begins, however, with the
year 1812, when Cuvier lnid before the Academy of Sciences in Paris the results
of his investigations upon the more intimate relations of certain classes of the
animal kingdom to one another,! which had satisfied him that all animals are con-
structed upon four different plans, or, as it were, cast in four different moulds.
A more suggestive view of the subject never was presented before to the appre-
cistion of investigators; and, though it has by no means as yet produced all the
results which certainly are to flow from its further consideration, it has already led
to the most unquestionable improvements which classification in general has made
gince the days of Aristotle, and, if I am not greatly mistaken, it is only in as
far a8 that fundamental principle has been adhered to that the changes proposed
in our systems, by later writers, have proved a real progress, and not as many retro-
grade steps.

This great principle, introduced into our science by Cuvier, is expressed by him
in these memorable words: “Si l'on considere le rdgne animal d’aprds les prin-
cipes que nous venons de poser, en se débarrassant des préjugés établis sur les
divisions anciennement admises, en n’ayant égard qu’'d l'organisation et i la nature
des animaux, et mon pas i leur grandeur, & leur utilité, au plus ou moins de
conneissance que nous en avons, ni i toutes les autres circonstances accessoires, on
trouvera qu'il existe quatre formes principales, quatre plans généraus, si 1'on peut
8'exprimer ainsi, d’aprés lesquels tous les animaux semblent avoir été modelés et
dont les divisions ultérieures, de quelque titre que les naturalistes les aient déco-
rées, ne sont que des modifications nssez 1égdres fondées sur le développement ou
'addition de quelques parties, qui ne changent rien d l’essence du plan.”

It is therefore incredible to me how, in presence of such explicit expressions,
Cuvier can be represented, as he is still occasionally, as favoring n division of
the animal kingdom into Vertebrata and Invertebrata? Cuvier, moreover, was the
fist to recognize practically the inequality of all the divisions he adopts in his
system; and this constitutes further a great and important step, even though he
may not have found the correct measure for all his groups. For we must remem-
ber that at the time he wrote, naturalists were bent upon establishing one con-

' Ann. du Muséum d'Histoire Nuturclle, vol. xix., 1 EurenoerG, (C. G.,) Die Corallenthiere dea
Paris, 1812. rothen Meeres, Berlin, 1834, 4to., p. 30, note.
20
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tinual uniform series to embrace all snimals, between the links of which it was
supposed there were no unequal intervals. The watchword of their school was:
Natura non facit salfum. They called their system la chaine des élres.

The views of Cuvier led him to the following arrangement of the animal
kingdom : —

CLASSIFICATION OF CUVIER!

First Branch. ANIMALIA VERTELRATA.
Ci.l. Mammalia. Orders: Bimana, Quadrumana, Carnivora, Marsupialia, Rodentin, Eden-
tata, Pachydermata, Ruminantin, Cetacen.
, Cr.2. Birds. Ord. Accipitres, Passeres, Seansores, Gallinw, Gralle, Palmipedes.
. C. 8. Beptilia. Ord. Chelonin, Sauria, Ophidia, Batrachin.
Cr.4. Fishos. 1st Series: Fishes proper. Ord. Acanthopterygii; — Abdominales, Sub-
brachii, Apodes;— Lophobranchii, Plectognuthi; 2d Series: Chondropterygii.
Ord. Sturiones, Selachii, Cyclostomi.?

Becond Branch. Axnrarvia MoLrosca.

Cr.1. Cephalopoda. No subdivisions into orders or families.

Cr.2. Ploropoda. No subdivisions into orders or familics.

Cr.8. Gasteropoda. Ord. Pulmonata, Nudibranchin, Inferobranchin, Tectibranchin, Ietero-
pods, Pectinibranchin, Tubulibranchia, Scutibranchia, Cyclobranchin.

Cr.4. Acophala. Ord. Testacen, Tunicatn.

Ce.5. Brachiopoda. No subdivisions into orders or familics.

Cr.6. Cirrhopodu. No subdivisions into orders or familics.

"Third Branch. ANDIALIA ARTICCLATA.
Cr.1. Annclides.

Ord. Tubicole, Dorsibranchim, Abranchiw.
Ct.2. Crustacean.

1at Section: Malacostraca. Ord. Decapodn, Stomapods, Amplipoda,

Lmmodipods, Isopoda. 2d Section: Entomostraca. Ord. Branchiopodn, Poeilopod,
Trilobite,

Cr.8. Arachnides. Ord. Pulmonarim, Trachenriw.

Ce. 4 Insccts.  Ord. Myrinpods, Thyranura, Parasita, Suctoria, Coleoptera, Orthoptert,

Hemiptern, Neuroptera, Hymenoptera, Lepidoptera, Rhipiptera, Diptera.
Fourth Branch. ANIMALIA RADIATA.
' Cu.1. Eclhincderms. Ord. Pedicellotn, Apoda.

Cu.2. Intestinal Worms. Ord. Nematoiden, (incl. Epizoa and Entozoa,) Parenchymatost-
Ci.8. Acaleplhise. Ord. Simplices, Hydrostatics.

C. 4. Polypi. (Including Anthozon, Ilydroids, Bryozon, Cornllinm, aud Spongie.) Ord.
Curnosi, Gulatinesi, Polypiucii.

Cu.b. Infusorin. Ord. Rotifera and Iomogenca, (including Polygustrica and some Algre.)

! L Rigne anfmal distribod d'sprs son ongunisation, Paris,
1829, 2do Glit. & vols, Bvo, Tho clasees of Crustaced, Arach-
nids, and Tngocta have Ixen elalipragod by Latrellle. For tho
successive modifieations o camsification of Cuvier hoa under-

gote, compare his Tublenn @émentire, q. 8, P- 192, bié: papets
q. 0., p. 193, and the fAimt edition of tho R¥gno animnl, publisbed
in 1817, In 4 vuln, Bvo,

¥ Comp. Rdgn. Awim., 2y ¢dit,, 2 vol,, p. 128 and o
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When we consider the zoblogical systems of the past century, that of Lin-
nmus, for instance, and compare them with more recent ones, that of Cuvier, for
example, we cannot overlook the fact, that even when discoveries have added little
to our knowledge, the subject is treated in a different manner; not merely in
consequence of the more extensive information respecting the internal structure of
animals, but also respecting the gradation of the higher groups.

Linnwus had no divisions of a higher order than classes. Cuvier introduced,
for the first time, four great divisions, which he called “embranchemens” or branches,
under which he arranged his classes, of which he admitted three times as many as
Linnsgus had done.

Again, Linnmus divides his classes into orders; next, he introduces genern, and
finally, species; and this he does systematically in the same gradation through all
closses, so that each of his six classes is subdivided into orders, and these into
genera with their species. Of families, as now understood, Linnmus knows nothing.

The classification of Cuvier presents no such regularity in its framework. In
some classes he proceeds, immediately after presenting their characteristics, to the
enumeration of the genera they contain, without grouping them either into orders
or familiesz. In other classes, he admits orders under the head of the class, and
then proceeds to the characteristics of the genera, while in others still, he admits
under the class not only orders and families, placing always the family in a sub-
ordinate position to the order, but also a number of secondary divisions which
he calls sections, divisions, tribes, etc., beforc he reaches the genera and species.
With reference to the genera again, we find marked discrepancies in different
closses. Sometimes a genus is to him an extensive group of species, widely differ-
ing one from the other, and of such genera he speaks as “grands genres;” others
are limited in their extent, and contain homogeneous species without farther sub-
divisions, while still others are subdivided into what hLe calls sub-genera, and this
is usually the case with his “great genern.”

The gradation of divisions with Cuvier varies then with his classes, some classes
containing only genern and species, and neither orders nor families nor any other
subdivision. Others contain orders, fumilies, and genera, and besides these, a variety
of subdivisions of the most diversified extent and significance. This remarkable
inequality between all the divisions of Cuvier is, no doubt, partly owing to the
state of Zoillogy and of zoblogical museurns at the time he wrote, and to his
determination to uadmit into his work only such representatives of the animal
kingdom as he could to a greater or less extent examine anatomically for him-
self; but it is also partly to be ascribed to his conviction, often expressed, that
there is no such umiformity or regular serial gradation mmong animals as wmany
Daturalists attempted to introduce into their classifications.
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Parr 1.

CLASSIFICATION OF LAMARCE.

Blstoiro uatyrélle dés Animaux sans vertdbres, etc., Paris, 1815-1822, 7 vols. 8v0.— A sccond cdition with notes has been pub-
lishod by -Mossod: DosHayes and Miino-Edwards, Paris, 18351843, 10 vola. 8vo.— For tho successive modifications this classi-
fcation bas undargono, soa also: Sysidmo des pnimaux sans vertdbres, ote,, Paris, 1801, 8vo.— Philosoplio zoologique, cte., Paris,
1809, 8 vols, 8vo.—Extralt du Cours do Zoologic du Muséum d'Histoiro naturclle, cte., Paris, 1812, 8vo.

INVERTEBRATA.
I APATHETIO ANIMALS.
ok Ct.1. Infusorin. Ord. Nuda, Appendiculata.
CL.2. Polypi. Ord. Cilinti (Rotifera), Denudati (ITydroids),
Vagioati (Anthoroa and Bryozon), and Nutantes (Crinoids,
and some Halcyonoids.)
Cr.8. Radiarin. Ord. Mollia (Acalephe), Echinoderms, (includ-
ing Holothurim and Actinire.)
Cr.4. Tunicata. Ord. Bothryllarin (Compound Ascidians),
Ascidia, (Simple Ascidians.)
Cr.5. Vormes. Ord. Molles and Rigiduli (Intestinal Worms and
Gordius), Hispiduli (Nuis), Epizouriw (Epizon, Lernccans.)
II. Bensitive ANmuaLs,

Cu.6. Insects. (Hexapods) Ord. Apler, Diplera, Hemiptera,

Lepidopters, Hymenoptera, Nevroptern, Orthoptera, Cole-
optern.

Cu.7. Arachnids. Ord. Antennato-trachenles (Thysanura and
Myriapoda), Exantennato-tracheales nnd Exnantenoato-bran-
chinles (Arachnids proper.)

Cr.8. Crustacea. Ord. Heterobranchia (Branclipods, Isopoda,
Amphipoda, Stomapoda) ond IHomobranchia (Deenpoda.)

Cr.9. Aunnelide. Ord. Apods, Antennatn, Sedentario.

Cr.10. Cirripeds. Ord. Sessilin and Podunculata.

Cr.11. Conchifera. Ord. Dimyaria, Monomyarin.

Cr.12. Mollusks. Ord. Pteropoda, Gasteropoda, Trachelipoda,
Cephnlopoda, Heteropoda.

VERTEBRATA.

IOI. Intevricent ANmuars.
Cr.13. Fishos.
Cr.14. Reptiles.
Cr.15. Birds.
Cr.16. Mammalia.

4

Do not feel, and move
only by their excited irri-
tability,. No brain, nor
1 clongated medullary mass
no scnses; forms vuried;
rarcly articulations.

-

Feel, but obtnin from
their scnsations only per-
ceptions of objects, a sort
of simple ideas, which they
arc unable to combine to
obtain complex ones. No
. vertebral column;  brain
and mostly an clongated
medullary mass ; some dis-
tinct senses; muscles at-
tached under the ukin;
form symmetrical, the paris

being in pnirs.

Foel; acquire preservablo ideas; perform with them oper
ations by which they obtain others; are intelligent in difficrent
degrees. A vertebral column; o brain and n apinal marrows:
distinct scnses; the muscles attached to the internal skeletoni
form symmetrical, the parts being in paira.

It is not easy to appreciate correctly the system of Lamarck, as it combines

abstract conceptions with structural considerations, and an artificial endeavor 0
arrange all animals in continuous series, The primary subdivision of the animal
kingdom into Invertebrata and Vertebratn' corresponds, as I have stated above, to

! Sce, nbove, Chop. 2, Sect. 1, p. 188.
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that of Anaima ond Eraima of Aristotle. The three leading groups designated
under the name of Apathetic, Sensitive, and Intelligent animals, are an imitation
of the four branches of Cuvier; but, far from resting upon such a definite idea
as the divisions of Cuvier, which involve a special plan of structure, they are
founded upon the assumption that the psychical faculties of animals present a serial
gradation, which, when applied as a principle of classification, is certainly not admis-
sible. To say that neither Infusorin, nor Polypi, nor Radiata, nor Tunicata, mor
Worms feel, is certainly a very erroneous assertion. They manifest sensations quite
a8 distinctly 28 many of the animals included in the second type which are called
Sensitive. And as to the other assertion, that they move only by their excited
irritability, we need only watch the Starfishes to be satisfied that their motions
are determined by internal impulses and not by external excitation. Modern inves-
tigations have shown that most of them have a nervous system, and many even
organs of senses.

The Sensitive animals are distinguished from the third type, the Intelligent
animals, by the character of their sensations. It is stated, in respect to the Sensi-
tive animals, that they obtain from their sensations only perceptions of objects, a
sort of simple ideas which they are unable to combine 8o as to derive from
them complex ones, while the Intelligent animals are said to obtain ideas which
they mny preserve, and to perform with them operations by which they arrive
at new ideas. They are snid to be Intelligent. Even now, fifty years after
Lamarck made those assertions, I doubt whether it is possible to distinguish in
that way between the sensations of the Fishes, for instance, and those of the
Cephalopods. It is true, the structure of the animals called Sensitive and Intelli-
gent by Lomarck differs greatly, but a large number of his Sensitive animals are
constructed upon the same plan as many of those he includes among the Apathetic;
they embrace, moreover, two different plans of structure, and animal psychology
is certainly not so far advanced as to afford the least foundation for the distinc-
tions here introduced.

Even from his own point of view, his arrangement of the classes is less perfect
than he might have made it, ns the Anuclids stand nearer to the Worms than
the Insects, and are very inferior to them. Having failed to perceive the value
of the iden of plan, and having substituted for it that of a more or less com-
plicated structure, Lamarck unites nmong his Apathetic animals, Radiates (the Polypi
and Radiarin) with Molluske, (the Tunicatn,) and with Articulates (the Worms.)
Among the Sensitive animals, he unites Articulates (the Insects Arachnids, Crus-
tacen, Aunnelids, and Curipeds) with Molluske (the Conchifera, and the Mollusks
proper)  Among the Intelligent animals, he includes the ancient four classes of
Vertebrates, the Fishes, Reptiles, Birds, and Mammalia.
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CLASSIFICATION OF DE BLAINVILLE.'

1, Sub-Kingdom. - Artiomorpha ror Artiozoaria. Formn bilateral.
First -T-gpa: QsteozoAmiA. (Vertcbrata.)
Sub-Type: Vivipara-

Ce.1. Pilifera, or Mammifern. 1st. Monadelphya. 2d. Didelphya.

Sub-Type: Owvipara.

Cr.2. Pennifera, or Aves.

CL. 8. Squamifera, or Reptilia,

Cu. 4. Nudipellifera, or Amphibia.

Cr. 5. Pinnifera, or Pisces,
Anosteozoaria.

Second Type: ENTOMO0ZOARIA. (Articulatn.)

Third Type:

Cr. 6. Hoxapoda. (Insecta proprio sic dicta.)

Cr.7. Octopoda. (Arachnidn)

Ct. 8. Decapoda. (Crustacea, Decapodn, and Limulus.)
Ct.9. Hoteropoda. (Squilla, Entomostraca, and Epizon.)

Cr.10. Tetradecapoda. (Amphipoda and lsopoda.)
Cr.11. Myrinpods.

Cr.12. Chmtopoda. (Annclides.)

Cr.13. Apoda. (Hirudo, Cestoidea, Ascaris.)
MALENTOZOARIA.

Ce.14. Nematopoda. (Cirripedia)
Ce.15. Polyplaxiphora. (Chiton.)

Fourth Type: Mavracozoamia, (Mollusen.)

Ci.16. Cephalophorn. Dicica, (Cephalopodn ond Gosteropodn, p. p) THevma
phrodita and Mogolea (Gasteropoda reliqua.)

Ct.17. Acephalophora. Palliobranchia (Brochiopoda), Lamellibranchio (Aceplala):
Hoterobraachia (Ascidin.)

2. Sub-Kingdom. Actinomorpha or Actinozoaria. Form radiate.

8. Sub-Kingdom.

Cr.18. Annelidaria, or Gastrophysaria (Sipunculus, cte.)
Cr.19. Coratodermaria. (Echinodormaln.)

C.20. Arachnodermaria. (Acalephw.)

Cr.21. Zoantharin. (Actinim.)

Cr.22. Polypinria.

(Polypi tentaculis simplicibus), (Anthozoa and Bryozon.)
Cr.238. Zoophytaria.

(Polypi tentaculis compositis), (Haleyonoiden.)
Heteromorpha or Heterozoaria. Form irregular.

Cr. 24. Spongiarin. (Spongiwx.)

Cu.25. Monadaria. (Infusorin.)

Cr.26. Dendrolitharias. (Coralline.)

The classification of de Blainville resembles those of Lamarck and Cuvier much
more than o dingram of the three would lead us to suppose. The first of these
systems is founded upon the iden that the animal kingdom forms one gradated

! De I'Orgunisation des Animaux, Paris, 1822, 1 vol. 8vo.
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geries; only that de Blainville inverts the order of Lamarck, beginning with the
highest animals and ending with the lowest. With that idea is blended, to some
extent, the view of Cuvier, that animals are framed upon different plans of structure;
but so imperfectly has this view taken hold of de Blainville, that instead of
recognizing at the outset these great plans, he allows the external form to be
the lending idea upon which his primary divisions are founded, and thus he divides
the animal kingdom into three sub-kingdoms: the first, including his Artiozoaria,
with o bilateral forin; the second, his Actinozoaria, with a radiated form, and the
third, his Heterozoaria, with an irregular form (the Sponges, Infusoria, and Corallines.)
The plan of structure is only introduced as a secondury consideration, upon which he
establishes four types among the Artiozoaria: 1st. The Osteozoain, corresponding to
Cuvier's Vertebrata; 2d. The Entomozoaria, corresponding to Cuvier's Articulata;
3d. The Malentozoaria, which are a very artificinl group, suggested only by the
necessity of establishing a transition between the Articulata and Mollusca; 4th.
The Malacozoarin, corresponding to Cuvier's Mollusca. The second sub-kingdom,
Actinozoarin, corresponds to Cuvier's Radiata, while the third sub-kingdom, Hetero-
zoarin, contains organized beings which for the most part do not belong to the
animal kingdom. Such at least are his Spongiarin and Dendrolitharia, whilst his
Monodaria answer to the old class of Infusoria, about which enough has already
been maid above. It is evident, that what is correct in this gencral arrangement
is borrowed from Cuvier; but it is only justice to de Blainville to say, that in the
limitation and arrangement of the classes, he has introduced some valuable improve-
ments. Among Vertebrata, for instance, he has, for the first time, distinguished
the class of Amphibin from the true Reptiles. He was also the first to remove
the Intestinal Worms from among the Radiata to the Articulata; but the establish-
ment of a distinct type for the Cirripedia and Chitons was a very mistaken con-
ception.  Notwithstanding some structural peculinrities, the Chitons are built essen-
tinlly upon the same plan as the Mollusks of the class Gasteropoda, and the
investigations, made not long after the publication of de Blainville's system, have left
no doubt that Cirripedin are genuine Crustacen. The supposed transition between
Articulata and Mollusks, which de Blainville attempted to establish with his type of
Mulentozoarin, certainly does not exist in nature.

If we apply to the classes of de Blainville the test introduced in the preceding
chapter, it will be obvious that his Decapoda, Heteropoda, and Tetradecapodn  par-
take more of the character of orders than of that ol classes, whilst among Mol
lusks, his class Cephulophora certainly includes two clusses, as he has himsell acknowl-
edged in his later works. Among Radiata his classes Zoantharia, Polypiaria, and
Zoophytarin partake again of the character of orders and not of those of classes.
One great objection to the system of de Blainville is, the useless introduction of so
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many new nnmes for groups which had already been correctly limited and well
named by his predecessors. He had, no doubt, o desirable object in view in doing
this,—he +wished to remove some incorrect names; but he extended his reform
too far- when he undertook to change those also which did not suit his system.

CLASSIFICATION OF EORENBERG.

Tho characteristics of the following twenty-cight classes of animuls, with a twenty-ninth for Man alone,
are given more fully in the Transuctions of the Acndemy of Berlin for 1836, in the paper q. a., p. 138.

1st Cycle: Nartions. Mankind, constituting one distinct class, is chiaracterized by the equable development of
all systems of organs, in contradistinction of' the
- 24 Cydlo: Axmravs, which are considered as characterized by the prominence of single systems. These are
divided into:

A. Myeloneura.

I ‘Nourmentia. Warm-blooded Vertebrata, taking | II. Orrmanozoa. Cold-blooded Vertebrata, taking

care of their young. no care of their young.
Ce.1. Mammalia. CL3. Amphibia.
Cr.2. Birds. CL 4. Pisces.

B. Ganglioneura.

A. Splygmozoa, Cordata. B. Asphyeta, Vasculosa.
Circulation marked by a heart or pulsating vessels. Vessels without pulsation.
L Articorata. Real articulation, marked by | V. Tunoraza. No real articulution. Iutestine, 8
rows of ganglia and their ramifications. simple sac or tube.
Cr.5. Insecta. CL.17. Bryozoa.
Cr.6. Arachnoidea. Cr.18. Dimorphea. (Hydroids)
Ce.7. Crustacea (including Entomostraca, Cc.19. Turbellaria. (Rbabdoceln: De-
Cirripedia, and Lernma.) rostomn, Turbella, Vortex.)
CL.8. Annulata. (The genuine Annclids Cr.20. Nematoiden. (Entozon, with sim-
exclusive of Nauis.) ple intestine; also Gordius and Anguillule.)
Ce.9. Somatotoma. (Naidina) C..21. Rotatoria.
IV. Moirusca. No articulatico. Ganglia dis- Cr.22. Echinoidea. (Echinus, Holothurit,
persed. Sipunculus.)
Cr.10. Cephnlopoda. VI. Racewreena. Intestine divided, or forked, ri°
Cu.11. Pteropoda. diating, dendritic, or racemose.
Ce.12. Gasteropoda. CL.23. Asteroiden.
CL.18. Acuphala. Cr.24. Acalephne.
CL. 14, Brachiopoda. Cr.25. Anthozoa. .
Cr.16. Tunicata. (Ascidiee simplices.) Cr.26. Trematodea. (Entozon with rami-
CL.16. Aggregata. (Ascidin compositm.) fied intestine, nlso Cerearin.)
C.27. Complanata. (Dendrocola: Pla-
narig, ete.)
Cr.28. Polygastrica.
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The system of Zoblogy, published by Ehrenberg in 1836, presents many new
views in almost all its peculiarities. The most striking of its features is the prin-
ciple laid down, that the type of development of animals is ome and the same
from Man to the Monad, implying a complete negation of the principle advocated
by Cuvier, that the four primary divisions of the animal kingdom are characterized
by different plans of structure. It is very natural that Ehrenberg, after having
illustrated so fully and so beautifully as he did, the natural history of so many
organized beings, which ‘up to the publication of his investigations were generally
considered as entirely homogeneous, after having shown how highly organized and
complicated the internal structure of many of them is, after having proved the
fallacy of the prevailing opinions respecting their origin, should have been led to
the conviction that there is, after all, no essential difference between these animals,
which were then regarded as the lowest, and those which were placed at the
head of the animal creation. The investigator, who had just revenled to the
astonished scientific world the complicated systems of organs which can be traced
in the body of microscopically small Rotifera, must have been led irresistibly to the
conclusion that all animals are equally perfect, and have assumed, as & natural con-
sequence of the evidence he had obtained, that they stand on the same level with one
another, as far as the complication of their structure is concerned. Yet the dingram
of his own system shows, that he himsell could not resist the internal evidence of
their unequal structural endowment. Like all other naturalists, he places Mankind
at one end of the amimal kingdom, and such types as have always been considered
a8 low, at the other end.

Man constitutes, in his opinion, an independent cycle, that of nations, in contra-
distinction to the cycle of animals, which he divides into MyeLoNeuna, those with ner
vous marrow (the Vertebrata,) aud GaxcLioNEura, those with ganglia (the Invertebrata.)
The Vertebrata he subdivides into Aufrienfie, those which take care of their young,
and Orphanozoa, those which take no care of their young, though this is not strictly
true, ns there are many Fishes and Reptiles which provide as carefully for their
young as some of the Birds and Mammalia, though they do it in another way.
The Invertebrata ave subdivided into Splygmozoa, those which have a heart or
pulsating vessels, and Asplycla, those in which the vessels do not pulsate. These
two sections are further subdivided: the first, into Articulata with real articulations
and rows of ganglia, and Mollusks without articulation and with dispersed ganglia:
the second, into Tubulata with o simple intestine, and Racemifera with a branching
intestine.  These charncters, which Ehrenberg nssigns to his leading divisions, imply
necessarily the admission of n gradation among animals,  He thus negatives, in
the form in which he expresses the results of his investigations, the very principle
le intends to illustrate by his dingram. The peculine view of Ehrenberg, that

26
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all animals are equal in the perfection of their organization, might be justified, if
it was quolified so as to imply a relative perfection, adapted in all to the end
of their special mode of existence. As no one ohserver has contributed more
extensively than Ebrenberg to make known the complicated structure of a host
of living beings, which before him were ulmost universally believed to consist of
a simple mass of homogencous jelly, such w view would naturally be expected
of him. But this qualiied perfection is not what he mweans. He does not wish
to. convey the iden that all animals are equully perfect in their way, for he states
. distinctly that “Infusorin have the same sum of systems of organs as Man,” and
the whole of his system is intended to impress emphatically this view. The separa-
tion of Man from the animals, not merely as a class but as a still higher division,
is especially maintained upon that ground.

The principle of classification adopted by Ehrenberg is purcly anatomical ; the idea
of type is entirely set aside, as is shown by the respective position of his clusses.
The Mpyeloneurn, it is true, correspond to the branch of Vertebrata, and the
Sphygmozoa. to the Articulatn and Mollusea; bLut they are not brought together
on the ground of the typical plan of their structure, but because the first have
o spinal marrow and the other n heart or pulsating vessels with or without articuls-
tions of the body. In the division of Tubulata, it is still more evident how the
plan of their structure is disregarded, as that section cmbraces Radiata, (the
Echinoiden and the Dimorphma,) Mollusea, (the Bryozon,) and Articulata, (the
Turbellarin, the Nematoidea, and the Rotatorin,) which are thus combined simply
on the ground that they have vessels which do not pulsate, and that their intestine
is a simple sac or tube. The Racemifera contnin also animals constructed upon
different plans, united on account of the peculiar structure of the intestine, which
is cither forked or radiating, dendritic or racemose.

The limitation of many of the classes proposed by Ehrenberg is quite objec-
tionable, when tested by the principles discussed above. A large proportion of them
are, indeed, founded upon ordinal characters only, and not upon class characters
This is purticularly evident with the Rotatorin, the Somatotoma, the Turbellarin, the
Nematoiden, the Trematoden, and the Complanata, all of which belong to the branch
of Articulute. The Tunicatn, the Aggregata, the Brachiopoda, and the Bryozou ure
also only orders of the cluss Acephala.  Before Echinoderms bad been zo exten
sively studied as of lute, the sepurution of the Echinoiden from Asteroidea might
have weomed jutifiable; at the present day, it is totally inadmiseible.  Even
Leuck:.trt,. Who considers the Echinoderms ns o distinet branch of the gnimal king"
dom, insists upon the necessity of uniting them s o patural group. As 10 the

Dimorpluea, they constitute n natural order of the class Acalepha, which is generally
known by the name of Hydroids.
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CLASSIFICATION OF BURMEISTER.
The following dingram is compiled from the anthor's Geschichte der Schipfung, Leipzig, 1843, 1 vol. 8vo.

Type 1. InREGULAR ANIMALS.
1st Subtype. Cr.l. Infusoria.
Type II. Reaurar ANDMALS.
2d Subtype. C1.2. Polypina. Ord. Bryozos, Anthozon.
8d Subtype. Cr.3. Radiata. Ord. Acalephw, Echinodermata, Scytodermata.
Type III. SYMuURTRICAL ANINALS.
4th Subtype. Cr.4. Mollusca. Ord. Perigymna (Tunicatn); Cormopodn (Acephaln) ; Bruchio-
podn, Cephalophora (Pteropotla und Gasteropodu) ; Cephalopoda.
Sth Subtype. Arthrozon.
Cr.b. Vermes. Ord. Helminthes, Trematodes, and Annulati.
Cr.G. Crustacea. 1°% Ostracoderma. Ord. Prothesmin (Cirripedin, Siphono-
stoma, and Rotatorin) ; Aspidostraca (Intomostruca: Lophyropoda, Phyllopoda,
Piccilopodn, ‘I'rilobitw.) 2° Malacostraca. Ord. Thoracostrnea (Podoph-
thalma) ; and Arthrostraca, (Edriophthalma.)
Cu.7. Arachinoda. Ord. Myrinpodn, Arachnidw.
Cr.8. Insceta. Ord. Riynchotn, Synistata, Antlintn, Piezatn, Glossutn, Elcuthernta.
6th Subtype. Oatcozon. (Verlebralu)
Cr.9. TPisces.
Ce.10. Amphibin.
Cr. 11, Aves.
Cr.12, Mammalia.

The general arrangement of the clussification of Burmeister recalls that of
de Blainville; only that the order is inverted. His threc types correspond to the
three subkingdoms of de Blainville: the Irregular Animals to the Heterozoaria, the
Regular Animals to the Actinozoarin, and the Symmetrical Animals to the Artiozo-
arin; while his subtypes of the Symmetrical Animals correspond to the types de
Blainville admits among his Artiozoaria, with this important improvement, however,
that the Malentozoaria are suppressed. Burmeister reduces, unhappily, the whole
branch of Mollusks to one single class. The Arthrozoa, on the contrary, in the
investigation of which Burmeister has rendered eminent service to science, are pre-
sented in their true light. In his special works, his classification of the Articulata
is presented with more details. I have no doubt that the correct views he entertains
respecting the standing of the Worms in the branch of Articulata are owing to his
extensive acquaintance with the Crustacen and Insects, and their metamorplioses,

' These works nre: Beitriige zor Nuturgeschichte  1836. — Dio Organixation der Trilobiten, nus ihren
der Runkenfiisser, (Cirripeding) Borlin, 1834, 1 vol. Jehenden Verwandten entwickelt, Berlin, 1843, 1 vol.
4o, — Hundbueh der Entomologie, Berlin, 183217, dto.; Engl. by the Ray Society. London, 1847,
b vols, Bvo.; Engl. by W, L. Shuckurd, London, 1 vol. fol.
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CLASSIFICATION OF OWEN.

The following diogram is compiled from R. Owrx's Lectures on the Comparative Anatomy and
Physiology of the Invertebrato Animals, 2d edit,, London, 1855, 1 vol. Bvo.

Province. VEnTeonaTA. Myolencephala. (Owen.)

. Mammalia.
o } The classes Mammalia, Aves, and Reptilin aro not yot included in tho sccond veolume

Cu. Aves. of tho *Loctures,” tho only ono rolating to Vertcbrata thus fur publised.

Cc. Reptilin.

Cu. Pisces. Ord. Dermopleri, Malacopteri, Pharyngognathi, Anacanthini, Acanthopteri, Plectognnthi,
Lophobranchii, Ganoidei, Protopteri, Holocephuli, Plagiostomi.

Province. Anricurata. Homogangliata. (Owen.)

Cu. Arsachnida. Ord. Dermophysa, Trachearia, Pulmotrachearin, and Pulmonaria.

C.. Insocta. Sulclass: Myriapoda. Ord. Chilognatha and Chilopodn. Subelass: Ilexapoda.
Ord. Apjera, Diptera, Lepidoptera, Hymenoptera, Homoptera, Strepsiptera, Nevroptera, Orthop-
tera, and Coleoptern.

Ce. Crustacen. Sulclass: Entomostraca. Ord. Trilobites, Xiphosurn, Phyllopoda, Clndocera,
Oatracopodn, Copepoda.  Subelass: Malacostraca. 1° Edriophthulms. Ord. Lwmodipoda,
Isopoda, Amphipoda. 2° Podophthalinn. Ord. Stomapoda, Decapodi.

Cu. Epizoa. Ord. Cephaluna, Bruchiunn, and Onchuna.

Cu. Anuellata. Ord. Suctorin, Terricola, Brrautia, Tubicolu.

Cu. Cirripedia. Ord. Thoracicn, Abdominalia, and Apoda.

Province. Moruusca. Heteroganglinta. (Owen.)
C.. Cephnlopoda. Ord. Telrabranchinta and Dibranchiata.
Cr.. Gasteropoda. A. Monawecin: Ord. Apneusta (Kill.), Nudibranchinta, Inferobranchinta,

Tectibranchiata, Pulmonata. B. Diacia. Ord. Nucleobrunchiata, Tubulibranchinta, Cyclo-
branchiata, Scutibranchinta, and Pectinibranchintn.

Cu. Pteropoda. Ord. Thecosomutn and Gymnosomatn.
Ce. Lamellibranchinta. Ord. Monomynsin and Dimyaria.
C.. Brachiopodn. Only subdivided into familics.
Cu. Tunicata. Ord. Saccobranchiata and Teniobranchiata.
Subprovince. Rapiamial
C.. Echinodermata. Ord. Crinoidea, Asteroides, Echinoidea, Holothurioidea, and Sipuuculoidl'ﬂ-
C.. Bryozon Only subdivided into fumilics.
Cu. Anthozoa. Only subdivided into families.
Ce. Acalophne. Ord. Pulmograds, Ciliograda, and Physograda.
C.. Hydrozoa. Only subdivided into families.
Subprovince. Exto0zOA.
C.. Colelmintha. Ord. Gordiacen, Nematoidea, and Onchophora.

C.. Sterclmintha. Ord. Twniciden, Trematodw, Acanthoceplinds,— Turbellasio.
Subprovince. INrUBORIA.

Ce. Rotifern. Only subdivided into familics.
Cu. Polyguatrin. Ord. Astoma, Stomatods. — Rhizopoda.

1 In tha first editlon of tho work quoted above, publisled
in 1843, tho three subprovinces, Radiaria, Entozon, ond Infu.
soris aro considered as ono sublingdom called Rudiata, (o

contmillstinction of tho subkingdoms, Afollusca, A"d"‘x
and Yertcbrata, and that subkingdom s subdivided nto
gruups, Nematoneura and Adenita.
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The clossification with which Owen® introduces his “Lectures on Comparative
Anatomy” is very instructive, as showing, more distinctly than other modern systems,
the unfortunate ascendency which the consideration of the complication of structure
has goined of late over the idea of plan. His provinces, it is true, correspond
in the main to the branches of Cuvier, with this marked difference, however, that
he does not recognize a distinct province of Radiata coequal with those of Mollusca,
Articulata, and Vertebrata, but only admits Radiavia as a subprovince on a level
with Entozon and Infusoria. Here, the iden of simplicity of structure evidently
prevails over that of plan, as the subprovinces Radiuriu, Entozoa, and Infusoria
embrace, besides true Radiata, the lowest types of two other branches, Mollusks
and Articulates. On the other hand, his three subprovinces correspond to the
first three types of von Siebold; the Infusoria? of Owen embracing the same
animals as the Protozoa of Siebold, his Entozoa? the same as the Vermes, and his
Radiorin the same as the Zoophyta, with the single exception that Owen refers
the Annellata to the province of Articulata, whilst Siebold includes them among
his Vermes. DBeyond this the types of Mollusca and Articulata (Arthropoda) of
the two distinguished anatomists entirely agree. The position assigned by Owen
to the provinces Articulata and Mollusca, not one above the other, but side by
side with one another} is no doubt meant to express his conviction, that the com-
plication of structure of these two types does not justify the idea that either
of them stands higher or lower than the other; and this is perfectly correct.

Several groups, established by previous writers as families or orders, are here
admitted as closses. His class Erizoa, which is not to be confounded with that
established by Nitzsch under the same name, corresponds exactly to the family
called Lernges by Cuvier. His class Iyprozoa answers to the order Hyproma of
Johnston, and is identical with the class called Dmuorenzs by Ehrenberg. His
class CeLermiNtaA corresponds to the order of Intestivavx Cavirames established

' T have given precedence to the classification 3 The Rhizopoda arc considered ns o group

of Owen over those of von Siebold and Stannius,
Milne-Edwards, Leuckart, cte., because the first edi-
tion of the * Lectures on Comparative Anatomy
wis published in 1843 ; Lut in estimating its features,
08 expressed in the preceding dingram, it should be
borne in mind that, in the first edition, the clnsses
alone nre consilered, nnd that the orders and familics
were only ndded to the second edition in 1855, 1
mention this simply to prevent the possibility of
being understood ns nseribing to Owen all those sub-
divivions of the clusses, which he ndwits, nnd which
do not uppear in the systems considered before his,

coequnl to Rotifera und Polygastrin, on p. 16 of
the * Lectures,” but on p. 59, they stand ns n sub-
order of Polygastria

* The Turbellarin are represented ns an inde-
peodent group, on p. 16, and referred as n suborder
to the Trematoda, on p. 118.

¢ From want of room, I bave been compelled,
in reproducing the clussifiention of Owen in the
preceding dingram, to place his provinces Articulnta
and Mollusen one bLelow the other upon iy puge;
nccording to his views, they should stand on n level,
side by side with one nnother.
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by Cuvier; ‘with the addition of Gordius; while his closs SteretynNTAA has the
game circumscription as the order INTESTINAUX PARENCHYMATEUX of Cuvier. Generally
speaking, it should not be understood that the secondary divisions mentioned by the
different authors, whose systems I have analyzed here, were established by them.
They. are frequently borrowed from the results obtained by special investigators of
isolated classes. But it would lead me too far, to cnter here into a discussion
of all these details.

This growing resemblance of the modern systems of Zoblogy is a very favorable
sign of our times, It would, indeed, be n great wistake to assume, that it is solely
owing to the influence of different authors upon onec another; it is, on the con-
trary, to a very great extent, the result of our better acquaintance with Nature.
When investigators, at all conversant with the present state of our science, must
possess nearly the same amount of kuowledge, it is sclfevident that their views
can no longer differ so widely as they did when each was familiae only with
a part of the subject. A decper insight into the animal kingdom must, in the
end, lend to the conviction that it is not the task of zoblogists to introduce order
among animals, but that their highest aim should be simply to read the natural
affinities which exist among them, so that the more nearly our knowledge embraces
the whole field of investigation, the more closely will our opinions coincide.

As to the value of the classes adopted by Owen, I may further remark that
recent investigations, of which he might have availed himself, have shown that the
Cirripedia and his Epizon are genuine Crustacen, and that the Entozoa can no
longer be so widely separated from the Annellata as in his gystem. With reference
to the other classes, I refer the reader to my criticism of older systems, and to
the first soction of this Chapter.

It is o great sstisfaction for me to find that the views I have advocated in
the preceding sections, respecting the naturnl relations of the leading groups of
the animal kingdom, coincide so closely with the classification of that distinguishcd
zoblogist, Milue-Edwards, lately presented by Lim as the expression of his present
views of the natural affinities of animals. He is the only original investigator
who has recently given his unqualified approbation to the primary divisions first
proposed by Cuvier, admitting, of course, the rectifications among the group of
secondary rank, rendered necessary by the progress of science, to which he lns
bimself s0 largely contributed.

As to the classes adopted by Milne-Edwards, I have .little to add to what 1
have already stated before, with reference to other classifieations. Though no
longer overruling the idew of plan, that of complication of structure has still to¢
much influence with Milue-Edwards, innsmucli as it leads him to consider as clusses
groups of animals which differ only in degree. and are therefore only order®
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Such are, no doubt, his classes of Molluscoids and those of Worms, besides the
Myriopods and Arachnids. Respecting the Fishes, I refer to my remarks in the
first section (p. 187) of this Chapter.

CLASSIFICATION OF MILNE-EDWARDS.

The following dingram is drnwn from the autlior’s Cours élémentaire ' Ilistoire naturclle, Paris, 1855,
1 vol. 12mo., 7th cdit., in which he has presented the results of his lntest investigations upon the classifica-
tion of the Vertcbratn and Articuluta; the minor subdivisions of the Worms, Mollusks, and Zoophytes,
however, are not considered in this work.?

I. Osrrozoariz, or VERTEBRATA.

Subbranch. Allantoidians. Subbranch. Adnallantoidians.
Cr. Mammalin. 1° Monodelphya. a. Proprin. Ord. Bimana, Ci. Batrachians. Ord. Anurs,

Quaodrumana, Cheiroptera, Inscetivorn, Rodentin, Edentata, Carni- | Urodela, Perennibranchia, Crecilize.

vora, Amphibia, Pachydermata, Ruminantin. &. Pisciformia. Ord. Cu. Fishes. 1° Ossci. Ord. Acan-

Cetacen. 2° Didelphya. Ord. Marsupinlin, Monotremnta. thopterygii, .Abdominales, Subbrachii,
Cu. Birds. Ord. Rapaccs, Passercs, Scansores, Gullinv, | Apodes, Lophobranchii, and Plectog-

Grallee, and Palmipedes. nathi.  2° Chondropterygii. Ord. Stu-
Ce. Reptiles. Ord. Chelonin, Sauria, Ophidia. riones, Selachii, and Cyclostori.

I1. ExTOoM02z0A, Or ANNELLATA.

Subbranch. Arthropoda. Subbranch. Vermes.
Cu. Insccta. Ord. Coleoptern, Orthoptera, Nevroptern, Hymenoptera, Ce. Annclids.
Lepidoptera, Iemiptern, Diptern, Rhipiptera, Anoplurn, and Thysanura. Cu. Helminths.
Cu. Myrinpodan. Ord. Chilognatha and Chilopoda. Cu. Turbellaria.

Cu. Arachnids. Ord. Pulmonarin and Trachearin. CL. Cestoiden.

Cu. Crustacea. 1° Podophthulmin. Ord. Decapoda and Stomapoda. C.. Rotatoria.
2°. Edriopbtbalma. Ord. Awmphipods, Lamodipodn, and Isopoda. 8° DBran-
chiopode.  Ord. Ostrapoda, Phyllopoda, and ‘Trilobit. 4°. Entomostruca. Ord.
Copepoda, Clndocera, Siphonostowmn, Lernwmida, Cirripedin. 5°. Xiphosurn

ITII. MavracozoarnriA, or MOLLUSCA.

Subbrunch, Mollusks proper. Subbranch. AMolluscoids.
Cu. Ceplinlopods. Cu. Tunicata.
Ci. Proropods. C.. Bryozoa.

C. Gusteropods.
CL. Acephala.

IV. Zoornvyres.

Sulibrunch. Radiaria, or Radiata. Sublranch. Sarcodarva.
CL. Echinoderms. C.. Infusoria.
Cu. Acnlephs. Cu. Spongiarin.

Cu. Cornllarin, or Polypi.

1 Consult, for these, his recent papers upon Polyps, Mollusks, nnd Crustaces, in the Aon. des Se. Nat.
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This classification is ndopted in the following work: Sien
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OLASSIFICATION OF VON SIEBOLD AND STANNIUS.

owp, (C. Tit. v.,) and Staxxics, (H,,) Lelrbuch

der vergleichenden ‘Anatomie, Borlin, 1843, 2 vols. 8vo. A second edition is now in press.

" 1. ProTozoa.

EVERTEBRATA.

Cr.1. Infusoria. Ord. Astoma and Stomatodn.
Ce.2. Rhizopoda. Ord. Monosomatin and Polysomatia.
IL ZoormYTA.
Cr. 8. Polypi. Ord. Anthozos and Bryozos.
Ct. 4. Acalephae. Ord. Siphonoplors, Discophors, Ctenophorn.

Cr.5. Echinodermata. Ord. Crinoiden, Asteroidea, Echinoidea, Holothurioidea, and
Sipunculoidea.

L Veaues. : : 0. S

G elminthe. 0k G G [ S b bl o o vl
todes, Trematodes, Acanthocey ball, classification of the Worms, and greatly increased our
Gordiacei, Nemntodes. knowledyo of theso animnls.

Cr.7. Turbellarii. Ord. Rhabdoecli, Dendrocali.

Cr.8. Rotatorii. Notsubdivided into orders.

Cu.9. Annulati. Ord. Apodes and Chwetopodes.

IV. Morrusca.

Ce.10. Acephala. Ord. Tunicata, Brachiopoda, Lamellibranchia.

Cr.11. Cephulophora, Meck, (Gasteropoda.) Ord. Pteropoda, Heteropoda, Gasteropodu,

Ct.12. Cephalopoda. Not subdivided into orders.

V. AnTtnunoropa.

Ce.13. Crustacea. Ord. Cirripedia, Siphonostoma, Lophyropoda, Plyllopads, Pacilopoda,
Lamodipods, Isopoda, Amphipoda, Stomapoda, Decapoda, Myriapoda.

Cu.14. Arachnida. Orders without namos.

Cr.15. Insecta. a. Ametabola. Ord. Aptern. 4 Hemimotabola; Ord. He-
miptern, Orthoptera. e. Holometabola. Ord. Diptera, Lepidoptera, Hymenop-
tera, Strepsiptera, Nevropters, and Coleoptera.

VI. VenaTESmaTA. b

Cu.16. Pisces.  Sulclazses: 1st. Leptocardii. 2d. Marsipobranchii. 3d
Elasmobranchii; Ord. Holocephali, Plagiostomi. 4th. Gunoidei; Ord
Chrondrostei, Holostei.  5th. Teleostei; Ord. Acunthopteri, Anncanthini, Pharyn-
gognathi, Physostomi, Plectognathi, Lophobranchii.  6tb. Dipnoi.

Cu.17. Reptilin. Subclasses: 18, Dipnon; Ord. Urodela, Batrachin, Gymnophionn.
2d. Monopnou: a. Streptostylica; Ord. Oplidin, Saurin. 4. Monimostylica: Ord.
Chelonin, Crocodila. Tho sullivisions of tho classes Pisces and Roptilia are taken from the see

ond editlon, published in 1854-1856, in which J. Mller's armngomont of the
Cu.18. Aves. Fishea ia wiloptod; that of tho Reptiles Is partly Stannfus’s own. Tho

classes Avea nnd Mammalia, and the first volumo of the second cdition, 87
Ce.19. Mammalia.

not yct out,
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.. "The most original feature of the classification of ‘von Siebold is the adoption
of -the types. Protozoa and Vermes, in .the sense in which they'are limited here
The type of Worms has -grown out of the investigations of the helminthologists,
who, too exclusively engaged with the parasitic Worms, have overlooked their rels-
tions to the other Articulata. On the other hand, the isolation in ‘which most ento-
mologists have remained from the zotlogists in general, hos no doubt had its share in
preventing an earlier thorough comparison of the Worms and the larval conditions of
Insects, without which the.identity of type of the Worms, Crustaces, and Insects
can hardly be correctly appreciated. ~Concerning the classes® adopted by von Sie-
bold and Stannius, I have nothing to remark that has not been said already.

CLASSIFICATION OF R. LEUCEART.

The classification of Leuckart is compiled from the following work: Leuckanr, (R.,) Ueber die Mor-
phologie und die Verwaodtschaftsverhiiltnisse der wirbellosen Thiere, Braunschweig, 1848, 1 vol. 8vo.

I CosLenteRATA, Lkt
Ct.1. Polypi. Ord Anthozoa and Cylicozoa (Lucernarin.)
CL.2. Acalephae. Ord. Discophorm and Ctenophorz.
II. EcmmoperMATA, Lkt
Cu.8. Pelmatozoa, Lkt. Ord. Cystidea and Crinoidea.
Cr.4. Actinozoan, Latr. Ord. Echinida and Asteridn.
Cr.5. Scytodermata, Brmst. Ord. Holothurim and Sipunculida.
III. Venues.
Cr.6. Anenterati, Lkt. Ord. Cestodes and Acanthocephali. (Helminthes, Burm.)
C.7. Apodes, Lkt. Ord. Nemertini, Turbellarii, Trematodes, and Hirudinci. (Trematodes, Burm.)
Cr.8. Ciliati, Lkt. Ord. Bryozoa and Rotiferi.
CL.9. Annolides. Ord. Nematodes, Lumbricini, and Branchiati. (Annulati, Burm., excl. Ne-
mertinis et Hirudineis.)
IV. Artanoropa.
Cr.10. Crustacea. Ord. Entomostrnca (Neusticopoda Car.) and Malncostraca.
Cr.11. Insecta. Ord. Myriapods, Arachnida, (Acers, Latr,) and Hexapoda.

. TR, Oupe (O, Hui Louckart is somowhat Inclined to consider the Tanicata

Cr.12, Tunicata. Ord. Ascidim (Tethyes notsimply as a class, but oven as amother groat type or branch,
Sav.) and Salpm (Thalides Sav.) intermediato botween Echlnoderms and Worms.

CL.18. Acephala. Ord Lamecllibranchiata (Cormopoda Nitesch, Pelecypoda Car.) and Bra-
chiopoda.

Cr.14. Gasteropoda. Ord. Heterobranchia, (Pteropods, Inferobranchis, and Tectibranchia,)
Dermatobranchia, (Gymnobranchia and Phlobenterata,) Hoteropoda, Ctenobranchia, Pulmo-
nata, and Cyclobrunchin.

Cr.15. Cephalopoda.

VL. Veereorara. (Not considered.)

! Tho names of tho types, Protozoa and Vermes, aro oldor  ous ways for nearly half a contury, whils that of Worms was first
tan thelr limitation in tho clamification of Sicliold. That of  adopted by Linnmus, os a great division of tho animal king-
Protozon, firet introduccd by Goldfuss, bas Leen usod iu vard- dom, but in n totally different sensc.

27
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I need not repeat here what I have already stated, in the first section, respecting
the primary divisions adopted by Siebold and Leuckart. As to the classes, I may
add that his three classes of Echinoderms exhibit only ordinal characters. Besides
Birds and Cephalopods, there is not another class so well defined, and so little
susceptible of being subdivided into minor divisions presenting any thing like class
characters, as that of Echinoderms. Their systems of organs are so closely homo-
logical, (compare p. 183,) that the attempt here made by Leuckart, of subdividing
them into three classes, can readily be shown to rest only upon the admission, as
classes, of groups which exhibit only ordinal characters, namely, different degrees of
complication of structure. ~With reference to the classes of Worms, the same is
equally true, as shown above. The arrangement of these animals proposed by Bur-
meister is certainly more correct than those of von Siebold and of Leuckart, inns-
much as he refers already correctly the Rotifera to the class of Crustacea, and does
not, like Leuckart, nssocinte the Bryozoa with the Worms. I agrce, however, with
Leuckart respecting the propriety of removing the Nemertini and Hirudinei from
among the true Annelides. Again, Burmeister appreciates also morve correctly the
position of the whole type of Worms, in referring them, with de Blainville, to the
branch of Articulata.

The common fault of ull the anatomical classifications which have been proposed
since Cuvier consisty, first, in having given up, to a greater or lesy extent, the funda-
mental idea of the plan of structure, so beautifully brought forward by Cuvier, and
upon which he has insisted with increased confidence and more and more distinct con-
sciousness, ever since 1812; and, second, in having allowed that of complication of
structure frequently to take the precedence over the more general features of plan,
which, to be correctly appreciated, require, it is true, a deeper insight into the struc-
ture of the whole animal kingdom than is needed merely for the investigation of
anatomical characters in single types

Yet, if we take o retrospective glance at these systems, and especially con-
sider the most recent ones, it must be apparent to those who are conversant with
the views now obtaining in our science, that, after a test of half a century, the
iden of the existence of branches, characterized by different plans of structure, a3
expressing the true relations among animals, has prevailed over the idea of &
g.mdated scale including all animals in one progressive series. When it is con-
t‘lder_cd that this has taken place amidst the most conflicting views respecting classi-
fication, and even in the absence of any ruling principle, it must be acknowl-
edged that this can be only owing to the internal truth of the views first pro-
pounded by Cuvier. We recognize in the classifications of Siebold, Leuckart, and
otln?m the trivaph of the great conception of the French naturalist, even though
their systems differ greatly from his, for the question whether there are four of
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more great plans, limited in this or any other way, is not a question of prin-
ciple, but one involving only accuracy and penctration in the investigation; and
I maintain that the first sketch of Cuvier, with all its imperfections of details, pre-
sents o picture of the essential relations existing among animals truer to nature
than the seemingly more correct classifications of recent writers,

SECTION V.
PHYSIOPIILOSOPHICAL SYSTEMS.

About the time that Cuvier and the French naturalists were tracing the structure
of the animal kingdom, and attempting to erect a mnatural system of Zoilogy upon
this foundation, there arose in Germany a school of philosophy, under the lead
of Schelling, which extended its powerful influence to all the departments of physical
science. Oken, Kieser, Bojanus, Spix, Huschke, and Carus are the most cminent
naturalists who applied the new philosophy to the study of Zoilogy. But no
one identified his philosophical views so completely with his studies in natural
history as Oken.

Now that the current is setting so strongly against every thing which recalls
the German physiophilosophers and their doings, and it has become fashionable
to speak ill of them, it is an imperative duty for the impartial reviewer of the
history of science to show how great and how beneficinl the influence of Oken
has been upon the progress of science in general and of Zoblogy in particular.
It is moreover easier, while borrowing his ideas, to sneer at his style and his
nomenclature, than to discover the true meaning of what is left unexplained in
his mostly paradoxical, sententions, or aphoristical expressions; but the man who
los changed the whole method of illustrating comparative Osteology,~—who has
carefully investigated the embryology of the higher animals, at a time when few
physiologists were paying any attention to the subject, who has classified the three
kingdoms of nature upon principles wholly his own, who has perceived thousands
of Lomologies and analogies among organized beings entirely overlooked before, who
lws published an extensive treatise of natural history containing a condensed account
of all that was known at the time of its publication, who has conducted for twenty-
five years the most extensive and most complete periodical review of the natural
sciences ever published, in which every discovery made during a quarter of a
century is fnithlfully recorded, the man who inspired every student with an ardent
love for science, and with admiration for his teacher,—that man will never be
forgotten, nor can the services he has rendered to science be overlooked, so long
ns thinking is connected with investigation.
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CLASSIFICATION OF OKEN.

The following dingram of Oken's classification is compiled from bis Allgemeine Naturgeschichte fiir alle
Stiade, Stuttgardt, 1833-1842, 14 vols. 8vo.; vol. 1, p. 5. The changes this system bas undergone may
be sscerinined by comparing bis Lehrbuch der Naturphilosophie, Iena, 1809-1811, 3 vols. 8vo.; 2d edit,,
Tens, 1831; 8d odit, Zurich, 1843; Engl. Ray Socicty, London, 1847, 1 vol. 8vo. — Lelrbuch der Natur-
geschichte, Leipzig, 1818; Woimar, 1815 and 1825, 8vo.— Hundbuch der Naturgeschichte zum Gebrauch
bei Vorlesungen, Nilrnberg, 1816-1820, 8vo. — Nuturgeschichte fir Schulen, Leipzig, 1820, 1 vol. 8vo,,
and various popers in the Isis.

1st Grode, INTESTINAL ANiwArs; also called Body-onimals and Zouch-nnimals. Only one cavity ; no head
with & brain, only the lowest sense perfect, intestines and skin organs, but no flesh, that is
no bones, muscles, or nervous marrow = Jnverlebrata.
Characterized by the development of the vegetative systems of organs, which are those of digestion, circula-
tion, and respiration. Hence —

Cycle L Digestive Animals. = Radiata. Essential character: no development beyond an intestine.
Cr.1. Infusoria, (Stomach nnimnls.) Mouth with cilia only, to vibrate.
Cr.2. Polypi, (Intestino animals.) Mouth with lips und tentacles, to scize.
C.8. Acalephae, (Lacteal animals.) Body traversed by tubes similar to the lymphatic vessels.

Cycle II. Circulative Animals.—Mollusks. Essential character: intestine and vessels.
Cu. 4. Acophala, (Biauriculnte animals.) Membranous heart with two auricles.
Cr.5. Gasteropoda, (Uninuriculate animals.) Membranous heart with one auricle.
Cu. 6. Cephalopoda, (Bicardiul nnimals.) Two hearts.

Cycle IIT. Respirative Animals.=— Articulata. Essential character: intestine, vessels, and spirncles.
Cr.7. Worms, (Skin animals.) Respire with the skin itsclf; or part of it, no articulated feet.
Ce.8. Crustacen, (Branchial animals,) Gills or air tubes arising from the horny skin.
Cr.9. Inscets, (Tracheal animols) Trachem intornally, gills externally as wings.

2d Grode. Fresm Anrvars; also called Head-nnimals. = Vertebrata. Two cavities of the body, surrounded
by fleshy walls, (bones and muscles,) inclosing nervous marrow and intestines. Head with
brain; higher senses developed. Characterized by tho development of the animal systems,
namely, the skeloton, the muscles, the nerves, and the senses.

Cyce IV. Carnal Animals proper. Senses not perfected.

Cu.10. Fisbos, (Bone-animals,) Skeleton predominating, very much broken up; muscles white,
brain without gyri, tongue without bone, nose not perforated, car concealed, eyes without
lids.

Cu.11. Reptiles, (Muscle-animnls.) Muscles red, brain without convolutions, nose pcrl“omlcih
ear without external orifice, cyes immovable with imperfect lids.

C.12. Birds, (Nerve-nnimals) DBrain with convolutions, cars open, eyes immovable, lids
imperfect.

Cyclo V. Sensual Animals. All anatomienl systems, and the senses perfected.
C. 18, Mommalia, (Sense-nninuls.) Tongue and noso flushy, cars open, mostly with o conch,
eyes movable, with two distinet lids.
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The principles laid down by Oken, of which this classification is the practical
result for Zotlogy, may be summed up in the following manner: The grades or
great types of Animals are determined by their anatomical systems, such as the
body and head; or the intestines, and the flesh and senses. Hence two grades
in the animal kingdom. Animals are, as it were, the dismembered body of man
made olive. The classes of animals are the special representation in living forms
of the anatomical systems of the highest being in creation.

Man is considered, in this system, not only as the key of the whole animal
kingdom, but nlso as the standard measure of the organization of animals. There
exists nothing in the animal kingdom which is not represented in higher combina-
tions in Man. The existence of several distinct plans of structure among animals is
virtually denied. They are all built after the pattern of Man; the differences
among them consist only in their exhibiting either one system only, or a larger
or smaller number of systems of orguns of higher or lower physiological impor-
tance, developed either singly, or in connection with one another, in their body.
The principles of classification of both Cuvier and Ehrenberg are here entirely
negatived. The principle of Cuvier, who admits four different plans of structure
in the animal kingdom, is, indeed, incompatible with the idea that all animals
represent only the organs of Man. The principle of Ehrenberg, who considers
all animals a8 equally perfect, is as completely irreconcilable with the assumption
that all animals represent an unequal sum of organs; for, according to Oken, the
body of animals is, as it were, the analyzed body of Man, the organs of which
live singly, or in various combinations as independent animals. Each such com-
bination constitutes a distinct class. The principle upon which the orders are
founded has already been explained above, (Chap. II, Sect. IIL, p. 154.)

There is something very taking in the idea that Man is the standard of appre-
ciation of all animal structures. But all the attempts which have thus far been
made to apply it to the animal kingdom as it exists, must be considered as com-
plete fuilures. In his different works, Oken has successively identified the systems
of organs of Man with different groups of animals, and different authors, who
have adopted the same principle of classification, have identified them in still differ-
ent ways. The impracticability of such a scheme must be obvious to any one
who lns sntisfied himself practically of the existence of different plans of structure
in the organization of animals. Yet, the unsoundness of the general principle of
the classifications of the physiophilosoplers should not render us blind to all that
i8 valunble in their special writings. The works of Oken in particular teem with
original suggestions respecting the natural affinities of animals; and his thorough
acquaintance with every investigation of his predecessors and contemporaries shows
him to have been one of the most learned zovlogists of this century.
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CLASSIFICATION OF FITZINGER.

This diagram is extracted from Fitzinger's Systema Reptilium, Vindobonm, 1843, 1 vol. 8vo.

1. Provincia. EVERTEDRATA. ¢ i £
Animnlin systematum anatomicorum vegelativorum gradum evolutionis exhibentia.

A. Gradus evolutionis systematum physiologicorum vegetativorum,

L Circulus. GASTROZOA.
Evolutio systematis nutritionis.

: a. Evolutio prmvalens b. Evolutio preevalens ¢. Evolutio prmvalens
systematis digestionis. systematis circulationis. systematis respirationis.
Ce.1. Infusoria. CL. 2. Zoophyta. Cr.8. Acalephac.

II. Circulus. PHYS10ZOA.
Evolutio systematis goncrationis.
Cr. 4. Vermes. CL.5. Radiata. CL.6. Annulata.

B. Gradus evolutionis systematum physiologicorum animalium.

III. Circulus, DenruaTozoA.
Evolutio systematis sensibilitatis.
Ce.7. Acephala. Cr.8. Cephalopoda. Ct.9. Mollusca.

IV. Circulus. ARTEROZOA.
Evolutio systematis motus.
Cr.10. Crustacen. Cr.11l. Arnchnoiden. Cr.12. Insectn.

II. Provincin. VERTEDBRATA.
Animalia systematum anatomicorum animalium gradum evolutionis exhibentia.

A. Grodus evolutionis systematum physiologicorum vegetativorum.
a. Evolutio systematis nutritionis, simulque ossium: . . Cr.13. Pisces.
5. Evolulio systemalis gencrationis, simulque musculorum: Cr. 14. Reptilia.

B. Gradus evolutionis systematum physiologicorum animalium.
¢. Evolutio systematis scnsibilitatis, simulquo nervorum: Cr.15. Aves.
d. Evolutio systematis motus, simulque sonswum: . . . Cr.16. Mammalin.

The fundamental iden of the classification of Fitzinger is the same as that
upon which Oken has based his system. The higher divisions, called by him
provinces, grades, and cycles, as well as the classes and orders, are considered 08
representing either some combination of different systems of organs, or some par
ticular system of organs, or some special organ. His two highest groups (provinces)
arc the Evertebrata and Vertebrata. The Evertehrata represent the systems of
the vegetative organs, and the Vertebrata those of the animal organs, as the Gut-
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animals and the Flesh-animals of Oken. Instend, however, of adopting, like Oken,
anatomical names for his divisions, Fitzinger employs those most generally in use.
His subdivisions or grades of these two primary groups are based upon a repetition
of the same differences, within their respective limits. The Invertebrats, in which
the vegetative organs prevail, are contrasted with those in which the animal organs
prevail, and the same distinction is again drawn emong the Vertebrats. Each of
these embraces two circles founded upon the development of one porticular system
of organs, etc. It cannot be expected that the systems founded upon such principles
should present a closer agreement with one another than those which are based
upon anntomical differences; yet I would ask, what becomes of the principle itself,
if its advocates cannot even agree upon what anatomical systems of organs their
clnsses are founded? According to Oken, the Mollusks (Acephala, Gasteropoda, and
Cephalopoda) represent the system of circulation, at least in the last edition of
his system he views them in that light, whilst Fitzinger considers them as repre-
senting the system of sensibility. Oken identifies the Articulata (Worms, Crustacea,
and Insects) with the system of respiration, Fitzinger with that of motion, with
the exception of the Worms, including Radiata, which he parallelizes with the
system of reproduction, etc. Such discrepancies must shake all confidence in
these systems, though they should not prevent us from noticing the happy com-
parisons and suggestions, to which the various attempts to classify the animal king-
dom in this way have led their authors. It is almost superfluous to add, that,
great as the disagreement is between the systems of different physiophilosophers,
we find quite as striking discrepancies between the different editions of the system
of the same author.

The principle of the subdivision of the clusses among Invertebruta is here exemplificd from the Radiata,
(Echinodermata.)  Each series contains three orders.

1st Serics. 2d Series. 8d Series.
Evolutio preevalens Evolutio prrevalens Evolutio prmvalens
systematis digestionis. gystemaltis circulutionia. systematis respirationis.
Asteroidea. Echinodea. Scytodormata (Holothurioids.)
I. Encrinoiden. 2. Comatulina. 1. Aprocta. 2. Echininn. 1. Synaptoiden. 2. Holothurioidea.
3. Asterinn. 3. Spatangoidea. 3. Peantactoidea.

In Vertebrata, cach class hus five series nnd ench series three orders; so in Mnmmulin, for example : —

1st Serivs. 2d Sorivs. 3d Series. 4th Secries. S5th Series
Evolutiv prevalens  Evolutio prevalens  Evolutio prrvalens  Evolutio preevalens Evolutio prmvalens
sensus (netus, scnsus gustus, sensua olfactus. sensus nuditus, 8eNRUS ViSUs.
Cetneea., Pachydermata. Edentatn. Unguiculata, Primates.
1. Balanuden. 1. Phocinu 1. Monotremnntn. 1. Glires. 1. Chiropteri.
2. Delphinoden. 2. Ohesn, 2. Lipedonta 2. Brutn. 2. Hemipitheei.

3. Sircniu. 3. Ruminuntin. 3. Tardigrada, 8. Fenw. 3. Aunthropomorphi.
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Instead of considering the orders as founded upon s repetition of the characters
of higher -groups, as Oken would have it, Fitzinger adopts series, as founded upon
that idea, and subdivides them further into orders, as above. These series, however,
have still-less reference to the systems of organs, which they are said to represent,
than either: the classes or the higher divisions of the animal kingdom. In these
attempts to errange minor groups of animels into naturel series, no one can fail
to perceive an effort to adept the frames of our systems to the impression we
receive from & cereful examination of the natural relations of organized beings.
Everywhere we notice such series; sometimes extending only over groups of species,
'at other times embracing many genera, entire families, nay, extending frequently to
‘several faomilies. Even the classes of the same branch may exhibit more or less
distinotly such a serial gradation. But I have failed, thus far, to discover the
-principle to which such relations may be referred, as far as they do not rest upon
‘complication of structure,! or upon the degree of superiority or inferiority of the
-features upon which the different kinds of groups are themselves founded. Analogy
plays "also into the series, but before the categories of amalogy have been as

carefully scrutinized as those of affinity, it is impossible to say within what limits
this takes place.-

CLASSIFICATION OF McLEAY.

The great merit of the system of McLeay? and in my opinion it has no other
claim to our consideration, consists in having called prominently the attention of
naturalists to the difference between two kinds of relationship, almost universally
confounded before: afinidy and analogy. Analogy is shown to comsist in the repeti-
tion of similar features in groups otherwise remote, as far ns their anatomical
characters -are concerned, whilst affinity is based upon similarity in the structural
relations. On account of the similarity of their locomotion, Bats, for instance, may
be considered as analogous to Birds; Whales are analogous to Fishes on account
of the similarity of their form and their aquatic mode of life; whilst both Bats
and Whales arc allied to one another and to other Mammalin on account of the
identity of the most characteristic features of their structure, This important dis-
tinction cannot fail to lead to interesting results. Thus far, however, it has only
produced fanciful comparisons from those who first traced it out. It is assumeds
for instance, by McLeay, that all enimals of one group must be analogous 0

! Compara Clap. 11,, Sect. 8, p. 153. thosa of the German physiophilosophiers, b“"' of'
? I have introduced the clussification of McLeay  nccount of its general character, and because it 18

in this soction, not because of noy rescmblunce to bused upon an ideal view of the affinities of animals.
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those of every other group, besides forming a circle in themselves; and in order
to carry out this ides, all animals are arranged in circular groups, in such a manner
as to bring out these analogies, whilst the most obvious nffinities are set aside to
favor o preconceived view. But that I may not appear to underrate the merits
of this system, I will present it in the very words of its most zealous admirer
and selfcomplacent expounder, the learned William Swainsonl!

“The Horm Entomologicm,” unluckily for students, can only be thoroughly
understood by the adept, since the results and observations are explained in different
parts; the style is somewhat desultory, and the groups, for the most part, are rather
indicated than defined. The whole, in short, is what it professes to be, more a
rough sketch of the leading peculiarities of the great divisions of animals, and the
manner in which they are probably connected, than an accurate determination of
the groups themselves, or a demonstration of their real affinities. More than this,
perhaps, could not have been expected, considering the then state of science, and
the herculean difficulties which the author had to surmount. The work in ques-
tion has now become exceedingly scarce, and this will be an additional reason
with us for communicating occasional extracts from it to the reader. Mr. McLeay's
theory will be best understood by consulting his diagram; for he has not, as we
have already remarked, defined any of the vertebrated groups. Condensing, how-
ever, the result of his remarks, we shall state them as resolvable into the following
propositions: 1. That the natural series of animals is continuous, forming, as it
were, a circle, so that, upon commencing at any one given point, and thence
tracing all the modifications of structure, we shall be imperceptibly led, after passing
through numerous forms, again to the point from which we started; 2. That no
groups are natural which do not exhibit such a circular series; 3. That the
primary divisions of every large group are ten, five of which are composed of
comparatively large circles, and five of smaller: these latter being termed osculant,
and being intermediate between the former, which they serve to connect; 4. That
there is o tendency in such groups as are placed at the opposite points of a
circle of affinity ‘to meet each other;’ 5. That one of the five larger groups
into which every natural circle is divided, ‘bears a resemblance to all the rest, or,
more strictly speaking, consists of types which represent those of each of the four
other groups, together with a type peculiar to itself’ These are the chief and
leading principles which Mr. McLeay considers as belonging to the natural system.
We shall now copy bhis dingram, or table of the animal kingdom, and then endeavor,
with this help, to explain the system more in detail.”

! Swamnsoy, (W.,) A Treatise of the Geography 2 McLeay, (W. S.) IHone Entowolugice, or
and Clussificution of Animnls, London, 1833, 1 vol. Essnys on the Annulose Auinnls, London, 1819-21,
12m0., p. 201-203. 2 vuls, 8vo.

28
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MOLLUSCA.
Pteropoda.
\ Acephalo.

Brachiopoda,

Aves. -
VERTEBRATA.
Mammnlia.

Amphibia.

-mopSory a[qudap oM jo sdupg
pazwndio 3509

Ametabola.
Mandibulata.
ANNULOSA.

Crustacea.

RADIATA.
Echinidre.

Medusidw.
Stelleridw.

Haustellata.
Arachnideo.

CIRBIPEDA

“We must, in the first instance, look to the above tabular disposition of all
animals, as forming themselves collectively into one great circle, which circle touches
or blends into another, composed of plants, by means of the ¢least organized beings
of the vegetable kingdom’ Next we are to look to the larger component parts
of this great ciroular assemblage. We find it, in accordance with the third proposi-
tion, to exhibit five great circles, composed of the MorLusoa, or shellfish; AcRITA
or polyps; Rapiara, or starfish; Awnnurosa, or insects; and VERTEDRATA, or verte-
brated animals; each pessing or blending into each other, by means of five other
groups of animals, much smaller, indeed, in their extent, but forming so many
connecting or osculant circles! The number, therefore, as many erroneously supposé
is not five, but ten. This is quite obvious; and our opinmion on this point iﬁ
confirmed by the nuthor himself, in the following passage, when alluding to i
remarks upon the whole:—¢The foregoing observations, I am well aware, ure far
from accurate, but they are sufficient to prove that there are five great circulat
groups in the animal kingdom, each of which possesses a,peculiar structure; and that

3 In the original diagram, as in that nbove, theso but merely indicnted by tho names arranged like
five smaller circles are not represcnted graphicully,  rays between tho five largo circles.
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these, when connected by means of five smaller osculant groups, compose the
whole province of Zodlogy' Now these smaller osculant groups are to be viewed
as circles, for, as it is elsewhere stated, ‘every natural group is a circle, more
or less complete’ This, in fact, is the third general principle of Mr. McLeay's
gystem, and he has exemplified his meaning of a natural group in the above
diagram, where all animals are arranged under five large groups or circles, and
five smaller ones. Let us take one of these groups, the Vertebrata: does that
form a circle of itself? Yes; because it is intimated that the Reptiles (Reptitia)
pass into the Birds, (Aves,) these again into the Quadrupeds, (Mummalia,) Quadrupeds
unite with the Fishes, (Pisces,) these latter with the amphibious Reptiles, and the
Frogs bring us back again to the Reptiles, the point from whence we started.
Thus, the series of the vertebrated group is marked out and shown to be circular;
therefore, it is a natural group. This is an instance where the circular series
can be traced. We now turn to one where the series is imperfect, but where
there is a decided tendency to a circle: this is the Mollusca. Upon this group
our author says, ‘I have by no means determined the circular disposition to hold
good among the Mollusca; still, as it is equally certain that this group of animals
is as yet the least known, it may be improper, at present, to conclude that it
forms any exception to the rule; it would even seem unquestionable that the
Gasteropoda. of Cuvier return into themselves, so as to form a circular group; but
whether the Acephala form one or two such, is by no means accurately ascertained,
though enough is known of the Mollusean to incline us to suspect that they are
no less subjected, in general, to a circular disposition than the four other great
groups! This, therefore, our author considers as one of those groups which, without
actually forming a circle, yet evinces a disposition to do so; and it is therefore
presumed to be a natural group. But, to illustrate this principle farther, let us
return to the circle of Vertebrata. This, ns we see by the diagram, contains five
minor groups, or circles, ench of which is again resolvable into five others, regu-
lated precisely in the snme way. The class Aves, for example, is first divided
into rapacious birds, ([Raplores,) perching birds, (Zusessores,) gallinaceous birds, ([Rasores,)
wading birds, (Grallatores,) and swimming birds (Nalalores); and the proof of this
class being o natural group is, in all these divisions blending into each other at
their confines, and forming a circle. In this manner we proceed, beginning with
the higher groups, and descending to the lower, until at length we descend to
genera, properly so called, and reach, at last, the species; every group, whether
large or small, forming & circle of its own. Thus there are circles within circles,
‘wheels within wheels, —an infinite number of complicated relations; but all
regulated by one simple and uniform principle,— that is, the circularity of every
group.”
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The writer who can see that the Quadrupeds unite with the Fishes, and the
like, and yet says that Cuvier “was totally unacquainted with the very first princi-
ples of the natural system,” hardly deserves to be studied in our days.

The attempt at representing graphically the complicated relations which exist
among animals has, however, had one good result; it has checked, move and more,
the confidence in the uniserinl arrangement of animals, and led to the construction
of many valuable maps exhibiting the multifarious relations which natural groups,
of any rank, bear to one another.

SECTION VI.
EMBRYOLOGICAL SYSTEMS.

Embryology, in the form it has assumed within the last fifty years, is as
completely o German science as the “Naturphilosophic” It awoke to this new
activity contemporancously with the development of the Philosophy of Nature. It
would hardly be possible to recognize the leading spirit in this new development,
from his published works; but the man whom Pander and K. E. von Baer
acknowledge as their master must be considered as the soul of this movement,
and this man is Ignatius Dillinger. It is with deep gratitude I remember, for
my own part, the influence that learned and benevolent man had upon my studies
and ewmly scientific application, during the four years I spent in his house, in
Munich, from 1827 to 1831; to him I am indebted for an acquaintance with what
was then known of the development of animals, prior to the publication of the
great work of Baer; and from his lectures I first learned to appreciate the im-
portance of Embryology to Physiology aud Zotlogy. The investigations of Pander’
upon the development of the chicken in the egg, which have opened the series
of those truly original researches in Embryology of which Germany may justly
be proud, were made under the direction and with the covperation of Dillinger
and were soon followed by the more extensive works of Rathke aund Baer, whom
the civilized world acknowledges as the founders ol modern Embryology.

The principles of classification propounded by K. E. von Buer seem never to
have been noticed by systematic writers, and yet they not only deserve the ““."‘t'
carcful consideration, but it may fiitly be said that no naturalist besides Cuvier
bas exhibited so deep an insight into the true character of a natural system

! Panper, Beitriige zur Entwickelungsgeschichte des Hihnehens im Eie, Wilrzburg, 1817, 1 vol. fol.
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supported by -such an extensive acquaintomce with the -subject, as this great embry:
ologist has in his “Scholien und Corallarien zu der Entwickelungsgeschichte des
Hijhnchens im KEie! These principles are presented in the form of general pro-
portions, rather than in the shape of o dingram with definite systematic nnmes, and
this may explain the neglect which it has experienced on the part of those who
are better satisfied with words then with thoughts. A few abstracts, however,
moy show how richly the perusal of his work is likely to reward the reader.

The results at which K. E von Baer had arrived by his embryological inves-
tigations, respecting the fundamental relations existing nmong animals, differed con-
giderably from the ideas then prevailing. In order, therefore, to be correctly
understood, he begins, with his accustomed accuracy and clearness, to present a
condensed account of those opinions with which he disagreed, in these words:—

“Few views of the relations existing in the organic world have received so
much approbation as this: that the higher animal forms, in the several stages of
the development of the individual, from the beginning of its existence to its
complete formation, correspond to the permanent forms in the animal series, and
that the development of the several animals follows the same laws as those of
the entire animal series; that consequently the more highly organized animal, in
its individual development, passes in all that is essentinl through the stages that
are permanent below it, so that the periodical differences of the individual may
be reduced to the differences of the permanent animal forms.”

Next, in order to have some standurd of comparison with his embryological
results, he discusses the relative position of the different permanent types of ani-
mals, as follows: —

“It is especinlly important that we should distinguish between the degree of
perfection in the animal structure and the type of organization. The degree
of perfection of the animal structure consists in the greater or less heteroge-
neousness of the elementary parts, and the separate divisions of o complicated
apparatus,—in one word, in the greater histological and morphological differen-
tintion. The more uniform the whole mass of the body is, the lower the
degree of perfection; it is o stage higher when nerve and muscle, blood and
cellular tissue, are sharply distinguished. In proportion to the difference between
these parts, is the development of the animal life in its different tendencies; or,
to express it more accurately, the more the animal life is developed in its several
tendencies, the more heterogeneous are the elementary parts which this life brings
into action. The same is true of the single parts of any apparatus. That organ-

' Ucber Entwickelungsgeschichte der Thicre,  Buer, Konigsberg, 1828, dto.— See ulso Acta Nova
Bcuhm-!uuug und Reflexion von Dr. Karl Ernst von Acad. Leop. Ciesar, volo 13, and Meckel’s Arch., 1826,
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jzation js- higher in which the separate parts of an entire ayaterr.x diﬂ'e? more among
themselves; and ‘each part has greater individuality, than that in which the whole
is more -uniform. I call type, the relations of organic elements and organs, as far
a8 their:jposition is concerned. ‘This relation of position is the expression of cer-
tain fondamental connections in the tendemcy of the individual relations of life;
8s, for instance, of the receiving and discharging poles of the body. The type
is altogether distinct from the degree of perfection, so that the same type may
include many degrees of perfection, and, vice versd, the same degree of perfec-
tion may be reached in several types. The degree of perfection, combined with
the type, first determines those great animal groups which have been called classes!
The - confounding of the degree of perfection with the type of organization scems
the cause of much mistaken classification, and in the evident distinction Dbetween
these two relations we have sufficient proof that the different animal forms do
not present one umiserial development, from the Monad up to Man.”

The types he hos recognized are:—

1 The Peripheric Type. The essentinl contrasts in this type are between the
centre and the periphery? The organic functions of life are carried on in antag-
onistic relations from the centre to the circumference. Corresponding to this, the
whole organization radiates around a common centre. There exists besides only
the contrast between above and below, but in a wenker degree; that between
right and left, or before and behind, is not at all noticeable, and the mwotion is
therefore undetermined in its direction. As the whole organization radiates from
one focus, so ore the centres of all the organic systems arranged, ringlike, around
it, os, for instance, the stomach, the nerves and vessels, (if these parts are devel-
oped,) ond the branches extending from them into the rays. What we find in
one ray is repeated in every other, the radiation being always from the centre
outwards, and every ray beoring the same relation to it.

IL The Longitudinal Type, as observed in the Vibrio, the Filaria, the Gordius,
the Nais, and throughout the whole series of articulated snimals. The contrast
between the receiving and the discharging organs, which are placed at the two

ends of the body, controls the whole organization.

! From this slntement it is plain that Baer
has o very defloite iden of the plan of structure, and
that ho has reached it by a very different rond from
that of Cuvior. It is clear, also, thnt he understands
tho distinction botween a plun and its exceution.
But his idens respecting the different fentures of
structuro are not quite so precise, Ile does not
distinguishi, for instance, Lotween the complication

The mouth and the anus are

of structure as determining the relative rank of
the orders, und the different ways in which, nad the
different means with which the plans are exccuted
a8 characteristic of the classes,

! Without translating verbatim the duscriptions
Bacer gives of his types, which aro grently llhl'i‘lg‘:‘l
here, they avo reproduced os nearly os possible 1n
his own words.
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always at opposite ends, and usually also the sexunl organs, though their opening
is sometimes farther forward; this ocours, however, more frequently in the females,
in which these organs have a double function, than in the males. When both
sexual organs are removed from the posterior extremity, the opening in the female
usually lies farther forward than in the male. So is it in the Myriapods and
the Crabs. The Leeches and Earthworms present a rare exception. The recep-
tive pole being thus definitely fixed, the organs of senses, as instrumental to the
receptivity of the nervous system, early reach an important degree of perfection.
The intestinal canal, as well as the vascular stems and the nervous system, extend
through the whole length of the body, and all organic motion in these animals
hos the same prevailing direction. Only subordinate branches of these organs
arise laterally, and chiefly wherever the general contrast, manifested in the whole
length is repeated in such a manner that, for cach separate segment, the same
contrast arises anew, in connection with the essentinl elements of the whole organ-
ism. Hence the tendency in these animals to divide into many segments in the
direction of the longitudinal axis of the body. In the true Insects, undergoing
metamorphosis, these segments unite agnin into three principal regions, in the first
of which the life of the mnerves prevails; in the second, motion; in the third,
digestion; though necither of the three regions is wholly deprived of any one
of these functions. Besides the opposition between before and behind, a less
marked contrast is observed in a higher stage of development between above and
below. A difference between right and left forms a rare exception, and is gen-
erally wanting.  Sensibility and irritability are particularly developed in this series.
Motion is active, and directed more decidedly forward, in proportion as the lon-
gitudinal axis prevails. When the body is contracted as in spiders and crabs,
its direction is less decided. The plastic organs are little developed; glands, espe-
cinlly, are rare, and mostly replaced by simple tubes.

Il The Massive Type. We may thus call the type of Mollusks, for neither
length nor surface prevails in them, but the whole body and its separate parts are
formed rather in round masses which may be either hollow or solid. As the chief
contrast of their structure is not between the opposite ends of the body, nor between
the centre and periphery, there is almost throughout this type an absence of sym-
metry.  Generally the discharging pole is to the right of the receptive one.
The discharging pole, however, is ecither near the receptive one, or removed from
it, and approximated to the posterior extremity of the body. As the tract of
the digestive appuratus is always determined by these two poles, it is more or
less arched; in its simplest form it is only a single arch, as in Plumatella.
When that canal is long, it is curled up in a spiral in the centre, and the piral
probably has its definite laws. For instance, the unterior part of the alimentary
canal appears to Le always placed wunder the posterior. The principal currents
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of blood are also in arches; which do mot coincide with the medial line of the
body. - The mervous system consists of diffused ganglin, united by threads, the
larger ‘ones being around the cesophagus. The nervous system and the organs
of sense.nppenr late; the motions are slow and powerless,

:. IV. The Vertebrate Type. This is, as it were, composed of the preceding
types, a8 we distinguish an animal and o vegetative system of the body, which,
though influencing one another in their development, have singly a peculinr typical
organization. In the animal system, the articulation reminds us of the second
type, and the discharging and receiving organs are also placed at opposite ends.
There is, however, 2 marked difference between the Articulntes and the Vertebrates,
for the animal system of the Vertebrates is not only doubled along the two sides,
but at the same time upwards and downwards, in such a way that the two lateral
walls which unite below circumscribe the vegetative system, while the two tending
upward ' surround a central organ of the animal life, the brain and spinal marrow,
which is wanting in Invertebrates. The solid frame represents this type most com-
pletely, as from its medial axis, the backbone, there arise upward arches which close
in an upper crest, and downward arches which unite, more or less, in a lower crest.
Corresponding to this we see four rows of nervous threads along the spinal marrow,
‘which itself contains four strings, and a quadripartite grey mass. The muscles
of the trunk form also four principnl masses, which are particularly distinct in the
Fishes. The animal system is therefore doubly symmetrical in its arrangement. 1t
might easily be shown how the vegetative systems of the body correspond to the
type of Mollusks, though influenced by the animal system.

From the illustrations accompanying this discussion of the great types or branches
of the animal kingdom, and still more from the paper published by K. E. von
Baer in the Nova Acta,! it is evident, that he perceived more clearly and earlier
then gny other naturalist, the true relations of the lowest snimals to their respective
branches. He includes neither Bryozoa nor Intestinal Worms among Radianta, 88
Cuvier, and after him 80 many modern writers, did, but correctly refers the former
to the Mollusks and the latter to the Articulates.

Comparing these four types with the embryonic development, von Baer shows
that there is only a general similarity between the lower animals and the embryonic
stages of the higher ones, arising mainly from the absence of differentiotion in the
body, and not from a typical resemblance. The embryo does not pass from one
type to the other; on the contrary, the type of each animal is defined from the

* Beitriige zur Kenntniss der nicdern Thiere,  nanimals. These “ Beitriige,” and the papers in which
Nova Acta Acadomio Naturrs Curiosorum, vol. 13,  Cavier clurncterized for the first time the four grent
Part 2, 1827, containing woven pupers, upon Aspido-. types of the animnl kingdom, are nwmong the moat
guater, Distoms, and othiers, Cercarin, Nitzschis, Poly-  important contributions to general Zoblogy erer
stoms, Plunaria, and the genoral aflnities of ull  published.
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beginning and controls the whole development. The embryo of the Vertebrate
is & Vertebrate from the beginning, and does not exhibit at any time a corre-

spondence with the Invertebrates. The embryos of Vertebrates do mnot pass in
their development through other permanent types of animals. The fundamental
type is first developed, afterwards more and more subordinate characters appear.
From o more general type, the more special is manifested, and the more two forms
of animals differ, the earlier must their development be traced back to discern
an agreement between them. It is Larely possible that in their first beginning
gll animals are alike and present only hollow spheres, but the individual develop-
ment of the higher animals certainly does not pnss through the permanent forms
of lower ones. What is common in a higher group of animals is always sooner
developed in their embryos than what is special; out of that which is most general
arises that which is less general, until that which is most special appears. Each
embryo of a given type.of animals, instend of passing through other definite types,
becomes on the contrary more and more unlike them. An embryo of a higher type
is, therefore, never identical with another animal type, but only with an embryo.

Thus far do the statements of von Baer extend! 1t is cvident from this, that
he has clearly perceived the limitation of the diffevent modes of embryonic develop-
ment within the respective branches of the animal kingdom, but it is equally
certain that his assertions are too genmeral to furnish a key for the comparison of
the successive changes which the different types undergo within their respective
limits, and that he is still vaguely under the impression, that the development
corresponds in its individualization to the degrees of complication of structure.

!The account which Huxley gives of Baer's
views, (sce Baden Powell's Essnys, Appendix 7,
P- 495,) is incorrcct. Baer did not *“demonstrate
that the classification of Cuvier was, in the muin,
simply tho expression of the fact, that thero are
cerlain common plans of development in the animal
kingdom,” etc., for Cuvier recognized these plans in
the strueture of the animals, before Baer traced
their development, and Buer limsclf protests ngainst
an identification of his views with those of Cuvier.
(Baer's Entwick, p. 7.) Nor bas Baer demon-
strated the * doctrine of the unity of orgunization
of all animnly,” and placed it “upon n footing ns
secure us the luw of gravitation,” and arrived at “ the
grandest luw," thnt, up to a certuin point, the develop-
ment © followed a plan common to all animuls.” On
the contrury, Buer udmits four distinet types of
asimaly, and four modes of development. ITe only

29

ndds: “It is barely possible that in their first begin-
ning all animals are alike.” Huxley must also
have overlooked Cuvier's introduction to the “ Regne
Animal,” (2d edit,, vol. 1, p. 48, quoted verbatim
above, p. 193,) when he stated that Cuvier “did not
attempt to discover upon what plans animals are con-
structed, but to ascerlain in what manner the facts of
auimal organizations could be thrown into the fewest
possible propositions.” On the contrary, Cuvier's
special object, for many ycars, has been to point out
these plans, and to show that they are charucterized
by peculinr structures, while Baer's merit consists
in having discovered four modes of development, which
coincide with the branches of the animal kingdom,
in which Cuvier recognized four ditferent plans of
structure,  Iuxley is equally mixtaken when ho says
that Cuvier adopted the nervous system “ns the base
of his greal divisions.”
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This could hardly be otherwise, as long as the different categories of the structure
of onimals had not been clearly distinguished.!

CLASSIFICATION OF K. E. YON BAER.
In conformity with lis embryological investigations, X. B. von Bucr proposes the following classification.

I Peripberic Type. (RapiaTA) Evolutio radinte. Tbe development proceeds from a centre, producing
identical parts in a radinting order.

II. Mnssive Type. (BMorrusca.) Evolutio contorta. The development produces identical parts curved
around a conical or othier space.

III. Longitudinal Type. (AnrticuLaTA.) Evolutio gemina. The development produces identical parts
arising on both sides of an axis and closing up along a line opposite the axis.

1V. Doubly Symmetrical Type. (VentesraTta.) Evolutio bigemina. 7The development produces identical
ports urising on Dboth sides of an axis, growing upwards and downwards, and shutting up along
two lines, so that the inner layer of the germ is inclosed below and the upper layer above. The

cmbryos of these animals lLave a dorsal cord, dorsal plates, and ventral plates, n nervous tube
and branchial fssures.

1°. They acquire branchinl fringes;
a. But no genuine lungs are developed.
«. Tho skelcton is not ossified. Cartilagineous Fishes.
f- The skelcton is ossificd. Fishes propeor.
5. Lungs are formed. Amphibia.
«. The branchinl fringes remnin. Sirens.
B. The branchial fringes disappear. Urodela and Anura.
2° Thoy acquire an allantois, but
a. Hove no umbilical cord;
a. Nor wings and air sacs. Reptiles.
f. DBut wings and air sacs. Birds.
5. Have nn umbilical cord. Mammalia.
a. Which disappears carly;
1°. Witbout conncction with the mother. Monatremata.
2°% After a short connection with the mother. Marsupialia.
§. Which is longer persistent ;
1°. The yolk sac continues to grow for a long time.
Tho allantois grows little. Rodentia.
The allantois grows moderately., Insectivora.
The alluntois grows much. Carnivora.
2°. The yolk enc increnses slightly.
The allanwis grows little.  Uwbilical cord very long. Monkeys and Mau.
Tle allantois continues to grow for n long time. Placentn in simple mosses.
Ruminants.

The alluntois contines to grow forn [uug time. Plucentn 513ro||,|]i||g. Puchy derm3
and Cctncea.

! Compare Chap. IT., Scet. 1 t0 0,
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CLASSIFICATION OF VAN BENEDEN.

Van Beneden has also proposed o classification bnsed upon Embryology, which was first sketched in
his paper upon the Embryology of Bryozoa: Recherches sur 1'anatomie, In physiologio et 1’embryogénie des
Bryozonires, Bruxelles, 1845, 4to., and afterwards extended in his Comparative Anatomy: Anatomie comparde,
Bruxelles, (without date, but probably from the year 1855,) 1 vol. 12mo.

I. HrepocorrLEpoNEs or Hryroviterrians. (Vertebrate.) The vitellus entors the body from the ven-

Cr. 1.

Cr. 2.
Cr. 8.

Cr. 4.
Ce. 5.

tral side.
Mammalia., (Primntes, Chuiroplera, Insectivors, Rodentia, Curnivorn, Edentata, Pro-
bosciden, Ungulata, Sirenoiden, Celacen.)
Birds. (Psittacea, Rapaces, Pnsseres, Columbee, Gallinm, Struthiones, Grallw, Palmipedes.)
Reptiles. (Crocodili, Chelonii, Ophidii, Saurii, Pterodactyli, Simosauri, Plesiosauri,
Ichithyosauri.)
Batrachians. (Labyrinthodontes, Peromelia, Anura, Urodeln, Lepidosirenia.)
Fishos. (Plagiostomi, Ganoidei, Teleostei, Cyclostomi, Leptocardii.)

II. EricotrLEpoNES or EprviTELrians. (Articulata.) The vitellus enters the body from the dorsal

Cr. 6.

Cr. 7.
C.. 8.
Cc. 9.

side.

Insects. (Coleoptera, Nevroptera, Strepsipters, Hymenoptera, Lepidopters, Diptera, Orthop-
teras, Hemiptera, Thysanura, Parasita.)

Myriapodes. (Diplopoda, Chilopodn.)

Arachnides. (Scorpiones, Arancw, Acari, Tardigrada.)

Crustacea. (Deceapodn, Stomapoda, Amphipodn, Isopodn, Lremodipoda, Phyllopoda, Lophy-
ropoda, Xiplosura, Siphonostoma, Myzosloma, and Cirripedin.)

IOI. ArrocorrLEpones or ALLoviTeLLIANS. (Mollusco-Radiarie.) The vitellus enters the body neither

Cr. 10.

Cr. 11.

Cr. 12.

Cr. 13,

Cu. 14.
CL. 15,

from the ventral nor from the dorsal side.

Mollusca. Including Cephalopoda, Gasteropoda, Peecilopods, and Brachiopoda. (Acephala,
Tunicatn, and Bryozon.)

Worms. (Malncopods, Annclides, Siponculides, Nemertini, Nematodes, Acanthocephali,
Scoleides, Hirudinei.)

Echinoderms. (Holothurim, Echinides, Stellerides, Crinoides, Trematodes, Cestodes,
Rotiferi, Planaria.)

Polyps. Including Tunicata, Bryozon, Anthozon, Alcyonaria, and Mecduse, ns orders.
(Ctenophore, Siphonophorm, Discophorm, Hydroids, Anthophoridw.)

Rhizopods. Only the genera mentioned.

Infusoria. Only gencrn and families mentioned.

Van Beneden thinks the classification of. Linnmus truer to nature than either
that of Curvier or of de Blainville, as the cluss of Worms of the Swedish naturalist
corresponds to his Allocotyledones, that of Insects to his Hypocotyledones, and the
four classes of Pisces, Amphibin, Aves, and Mammalia to his Hypocotyledones.
He compares his primary divisions to the Dicotyledones, Monocotyledones, and
Acotyledones of the vegetable kingdom. But he overlooks that the Cephalopods
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axe not Allocotyledones, and that any group of animals which unites Mollusks, Worms,

and Radiates in ome great mass cannot he founded uwpon correct principles.

to his classes, I can only say that if there are naturnl classes among animals,
there mever was a combination of animals proposed since Linnwmus, less likely to
answer to o philosophical idea of what n class may be, than that which unites
Tunicata with Polyps and Acalephs. In his latest work, Van Beneden has introduced
in this classification many important improvements and additions. Among the
additions, the indication of the orders, which are introduced in brackets in the
dingram above, deserve to be particularly noticed. These changes relate chiefly
to the Mollusks and Polyps; the Tunicata and Bryozoa being removed from the
Polyps to the Mollusks. The Acalephs and Polypi, however, are still considered

as forming together one single class.

The comparison, instituted by Van Beneden between his classification of the
onimol kingdom and that of the plants most genernlly adopted now, leads me to
call again attention to the necessity of carcfully scrutinizing anew the vegetable
kingdom, with the view of ascertanining low far the results T have arvived at
concerning the value of the different kinds of natural groups existing awmong
animols! apply also to the plants. It would certainly be premature to asswwe,
that because the branches of the animal kingdom are founded upon different plans
of structure, the vegetable kingdom must necessarily be built also upon different
plans.  There are probubly not so many different modes of development among
plants as among animuls; unless the reproduction by spores, by naked polyem-
bryonic seeds, by angiospermous monocotyledonous seeds, and by angiospermous
dicotylodonous sceds, conmected with the structural differences exhibited by the
Acotyledones, Gymnospermes, Monocotyledones, und Dicotyledones, be considered as
amounting to an indication of different plans of structure. DBut even then these
differences would not be so marked as those which distinguish the four branches
of the animal kingdom. The limitation of classes and orders, which presents com-
paratively little difficulty in the animal kingdom, is least advanced among plants,
whilst botanists have thus far been much more accurate than zoblogists in charac-
terizing families. This is, no doubt, chiefly owing to the peculiarities of the two

organic kingdoms.

It must be further remarked, that in the clussification of Van Beneden the
aninuls united under the name of Allocotyledones are built upon such entively
different plans of structure, that their combination should of itself satisly any
unprejudiced observer that any principle which unites them in that way cannot

be true to natuve.

! Sce Chap. IL, p. 187 1o 178.
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DIAGRAM OF THE DEVELOPMENT OF ANIMALS BY KOLLIKER.

Kiuuiker, (A,) in bis Entwickelungsgeschichte der Cephalopoden, Zurich, 1844, 1 vol. 4to., p. 175,
lins submitted the following dingrum of the development of the animal kingdom.

A. The embryo arises from n primitive part. (Evolutio ex una parte.)
1°, Tt grows in two dircctions, with bilateral symmetry. (Evolutio bigominn.)
a. Tho dorsal plates close up. Vertobrata.
4. The dorsnl plates remain open and aro transformed into limbs. Articulata.
2°, It grows uniformly in every dircction. (Evolutio radiatn) And
a. Incloses the embryonnl vesicle entirely.
a. This takes place very carly. Gasteropoda and Acophala.
B. This takes place late. (Temporary vitelline sac.) Limax.
U. Contracts above the embryonal vesicle. (Geouine vitelling suc) Cephalopoda.

A. The whole body of tho embryo arises simultancously. (Evolutio ex omnibus partibus.)
1°, Tt grows in the dircction of its transverse nxis,
a. With its hind body. Radiata. (Echinoderms.)
0. With the fore Lody, and
a. The hind body does not grow. Acalephs.
B. The hind body grows longitudinully. Polypi.

2° It grows in the dircction of its longitudinnl axis. Worms.

I have already shown how wunnatural a zoilogical system must be which is
based upon a distinction between total or partial segmentation of the yolk! No
more can a diagram of the development of animals, which adopts this difference
as fundamental, be true to nature, even though it is based upon real facts. We
ought never to single out isolated features, by which animals may be united or sep-
urated, os most anatomists do; our aim should rather be to ascertain their general
relations, as Cuvier and K. E. von Buaer have so beautifully shown? I think also,
that the homology of the limbs of Articulata and the dorsal plates of Vertebrata
is more than questionable. The distinction, introduced between Polyps and Acalephs
and these and the other Radiates, is not any better founded. It seems also quite
inappropriate to call the development of Mollusks, evolutio radiata, especially after
Bacer had designated, under that same name, the mode of formation of the branch
o' Radiates, for which it is far better adapted.

' Chap. IIL, Sect. 1, p. 171,

? The prinviples of elussifiention advocated Ly
Baer are so clearly expressed by him, that T eannot
resist the tempiation of quoting some prssngres from
the paper alremly mentivned nhove, p. 224, especinlly
now, when I feel ealled upon v oppuse the views of
one of his most distinguished collengues. * Vor allen
Diugen muss man, um cine richtige Einsieht in die

gegenseitige Verwandischaft der Thiere zu erlangen,
die verschicdenen Organisationstypen
von den verschicdencen Stufen der Aus-
bildung stets unterscheiden. Dnss man diesen
Unterschied gewdhnlich nicht im Auge belulten hat,
scheint uns zu den sonderbarsten Zusnmuwenstel-
lungen gefiubrt zu boaben”  Beitriige, ete, Acla
Nova, vol. 13, p. 789.
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Contrast between the Embryo sod the Yolk.

Transformation of the whole Yolk into the Enibryo.

No Egg.

e

—

CLASSIFICATION OF VOGT.

1. VertkBnata. Yolk ventral.

Cr.1. Mammalia. 1° Aplacentarian; Ord. Monotrematn, Marsupialin. 2°. Placen-
taria. Ser. 1. Ord. Cetacen, Pachydermata, Solidungula, Ruminantia, and Edentata ;
S. 2. Pinnipedin, Carnivora ; &. 8. Insectivorn, Volitantia, Glires, Quadrumana, Bimana.

Cr.2. Aves. Ser. 1. Insessorcs; Ord. Columlis, Oscines, Clamatores, Scansores, Rupta-
torcs; Ser.2. Autophngi; Ord. Nulatores, Grallatores, Gallinacea, Cursores.

Ct. 8. Reptilia. Ord. Oplidia, Suuria, Pterodactylin, Hydrosauria, and Clelonia.

Ce.4. Amphibia. Ord. Lepidota, Apoda, Caudats, Anura.

Ct.5. Pisces. Ord. Leptocardin, Cyclostomata, Selnchin, Ganoidea, Teleostia.

IL Anticurata. Yolk dorsal.

Cr.6. Insecta. Sulel.l. Ametabola; Ord. Aptern. Subcl 2. Hemimetabola;
Ord. Hemiptera and Orthoptera.  Subel. 8. Holometabola; Ord. Diptern, Lep-
idoptern, Strepsiptern, Nevroptera, Coleoptera, Hymenoptera.

Ce.7. Myrinpoda. Only divided into familics.

Cr.8. Arachnida. Series 1. Pyenogonida and Turdigrada; Ord. Acarina, Arancida.
Series 2. With three familics.

C.9. Crustacen. Subcl. 1. Entomostraca; Ord. Cirripedin, Parnsita, Copepodn,
Phyllopoda, Trilobita, Ostracodn.  Subel. 2. Xiphosurn. Subel. 3. Podoph-
thalma; Ord. Stomnpods, Decapodn. Subcl 4. Edriophthalma; Ord. Le-

{ mipoda, Amphipoda, Isopoda.
[ IIT. Ceeuatoropa. Yolk cophalic.
Ct.10. Cophalopoda. Ord. Tetrabranchiata and Dibranchiata.
IV. Movrrusca. Irregular dispasition of organs.
Cc.11. Cephalophora. Subcl.1. Pteropoda. Subel.2. Heteropoda. Subel.
8. Gasteropoda; Ord. Branchiala and Pulmonata. — Chitonida.
Ci.12. Acephala. Subl. 1. Brachiopoda; Ord. Rudista, Brachiopoda.  Subel 2.
Lamellibranchin; Ord. Pleurochoncha, Orthoconcha, Inclusa.
Cc.13. Tunicata. Ord. Ascidiee, Biphorn.
Cr.14. Ctenophora. Only subdivided into families. - Molluscoidea.
Cr.15. Bryozoa. Ord. Stelmatopods, Lophopoda.
V. Veanues. Organs bilateral.
Cr.16. Annelida. Ord. Hirudineca, Gephyren, Scoleing, Tubicola, Errantia.
Cr.17. Rotntoria. Ord Sessilia, Natantia. -
CL.18. Platyeimia. 1°% Ond. Cestoides, Tremotodn. 92°. Ord. Plannrids, Nemertint-
Ct.19. Nematelmin., Ord. Gregarinea, Acanthocophala, Gordincei, Nematoidei.
VI. Rapiata. Organs radiate.
CL.20. Echinodermata. Ord. Crinoides, Stellorida, Echinida, Holothurida.
Cr.21. Siphonophora. Only subdivided into families.
Cr.22. Hydromedusm. Not clearly subdivided into orders.
t Cr.23. Polypi. Ord. Hexactinia, Pentactinia, Octactinia.
. Prorozoa.
Cu.24. Infusorin. Ord. Astomn and Stomatodn.
Cr.25. Rhizopoda. Ord. Monosomatia and Polythalamia.
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The classification of Vogt (Zoologim?he Briefe, q. a, p. 180) presents several
new features, one of which iz particularly objectionable. I mean the separation of
the Cephalopoda from the other Mollusks, as o distinct primary division of the
animel kingdom. Having adopted the fundamental distinction introduced by Kl-
liker between the snimals in which the embryo is developed from the whole yolk,
and those in which it arises from o distinct part of it, Vogt was no doubt led
to this step in consequence of his interesting investigations upon Actson, in which
he found & relation of the embryo to the yolk differing greatly from that observed
by Kblliker in Cephalopods. But as I have already shown above, this cannot
any more justify their separation, ns branches, than the total segmentation of the
yolk of Mammalia could justify the separation of the latter from the other Verte-
brates. Had the distinction made by Vogt, between Cephalopods and the other
Mollusks, the value he assigns to it, Limax should also be separated from the
other Gasteropods. The assertion that Protozoa produce no eggs, deserves no special
consideration after what has alrendy been said in the preceding sections respecting
the animals themselves. As to the transfer of the Ctenophora to the type of
Mollusks, it can in no way be maintained.

Before closing this sketch of the systems of Zovlogy, I cannot forego the
opportunity of adding onme general remark. If we remember how completely inde-
pendent the investigations of K. E. von Baer were from those of Cuvier, how
different the point of view was from which they treated their subject, the one
considering chiefly the mode of development of animals, while the other looked
mainly to their structure; if we further consider how closely the general results
at which they have arrived agree throughout, it is impossible not to be deeply
impressed with confidence in the opinion they both advocate, that the animal king-
dom exhibits four primary divisions, the representatives of which are organized
upon four different plans of structure, and grow up according to four different
modes of development. This confidence is further increased when we perceive
that the new primary groups which have been proposed since are neither char-
acterized by such different plans, nor developed according to such different modes of
development, but exhibit simply minor differences. It is, indeed, & very unlortu-
nate tendency, which prevails now almost universally among naturalists, with refer-
ence to all kinds of groups, of whatever value they may be, from the branches
down to the species, to separate at once from one another any types which exhibit
marked differences, without even inquiring first whether these differences are of
2 kind that justifies such separations. In our systems, the quantitative element
of differentiution prevails too exclusively over the qualitative. If such distine-
tions are introduced under wellsounding names, they are almost certain to be
adopted; as if science guined any thing by concealing a dilficulty under a Latin
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or Greek name, or was advanced by the additional burden of a new mnomencle-
ture. -Another objectionable practice, prevailing quite as extensively also, consists
in the change of names, or the modification of the extent and meaning of old ones,
without the addition of new information or of new views. If this practice is
not abandoned, it will necessarily end in making Natural History a mere matter
of nomenclature, instead of fostering its higher philosophical character. Nowhere
is this sbuse of o usecless multiplication of names so keenly felt as in the nomen-
olature of the fruits of plants, which exhibits neither insight into vegetable mor-

phology, nor even accurate observation of the material facts.

May we not return to the methods of such men as Cuvier and Baer, who
were never nshamed of expressing their doubts in difficult cases, and were always
ready to coll the attention of other observers to questionable points, instead of

covering up the deficiency of their information by high-sounding words!

In this rapid review of the history of Zootlogy, I have omitted several classi-
fications, such as those of Kaup and Van der Hoeven, which might have afforded
an opportunity for other remarks, but I have already cxtended this digression
far enough to show how the standards I have proposed in my second chapter
moy assist us in testing the value of the different kinds of groups generally
adopted in our classifications, and this was from the beginning my principal object
in this inquiry. The next step should now be to apply these standards also to
the minor divisions of the animal kingdom, down to the genera and species, and
to do this for every class singly, with special reference to the works of mono-
grophers. But this is such an herculean task, that it can only be accomplished

by the combined efforts of all paturalists, during many years to come.
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NORTH AMERICAN TESTUDINATA.

CIHIAPTER FIRST.

THE ORDER OF TESTUDINATA; ITS RANK, CLASSIFICATION, AND
GENERAL CHARACTERS.

SECTION 1I.

RANK OF THE TESTUDINATA.

Troe necessity of reviewing critically the North American Testudinata! in order
to obtain o well-founded standard of comparison between the successive changes
in the development of those species whose embryology I have examined, and the
full-grown representatives of the types inhabiting' the continent of North America,
affords me a welcome opportunity of testing the principles of classification discussed
in the first part of this work. It will be seen from this examination that, though
their systematic arrangement requires here and there considerable modifications,
yet the progress of science during this century has been such, that the changes
I propose to introduce in the most generally adopted classification of the Testu-
dinata are sometimes only confirmations of modifications already hinted at by pre-
vious writers, whose opinions have not been sustained from want of satisfactory

! The nume Testudinata being older than that
of Chcloninng, and yet entirely synonymous with it,
I deem it necessary to retain it in future ns the sys-
tematic nnme of this order. The nnne Cheloninns
is, however, so generally adopted, that it may not be

desirable to discard it nltogether from our illustrations.
I ghall therefore still use it whenever this group is
contrasted with tho Saurians and Ophidians, a3 they
were nnmed together, according to the samo prin-
ciple.
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evidence, though they were undoubtedly led to their results by that instinctive
appreciation of the true relations among organized beings, which, in the history of
science, is so often found to precede the practical demonstration and establishment
of final results. Certainly, it is an unquestionable fact, that correct views are
frequently propounded upon subjects of natural science, the proof of which, in the
first imperfect state of our knowledge, is still wanting. In the case before us, we
ghall' see how the practice of naturalists has generally led them to results which
have ‘not been, till now, susceptible of demonstration; but I hold that the possi-
bility of thus accounting in the end for views instinctively adopted, and so often
generally accepted, is in itself satisfuctory evidence that the principles which fur-

nish the final demonstration are true to mnature.

It might seem superfluous here to show that the class of Reptiles belongs
to the type of Vertebrates, did it not afford an opportunity of showing that the
definition of the great branches of the animal kingdom given above is correct.
It has been stated! that these primary divisions did not rest upon peculiar struc-
tures, upon a distinct combination of given systems of organs, but exclusively upon
a plan of structure. To show that Reptiles are Vertebrates, it may be sufficient,
in practice, to exhibit their solid internal frame; but that this caunot be considered
as the essential characteristic of a vertebrated animal is amply proved by the
fact that Amphioxus no more has o skeleton, properly speaking, than the Myxi-
noids and Petromyzontes; yet no one doubts that their true position is among
Vertebrates. Again, in Testudinata, the largest part of the skeleton is truly exter-
nal, their bony box being only covered by comparatively thin scales or a naked
skin, There is, indeed, no class in which a greater divewsity of structure is exhib-
ited than among Reptiles; for, without mentioning the Batrachians, which constitute
a class by themselves, what extrnordinary difference is there not between Snakes,
Lizards, and Turtles! To show that notwithstanding this variety of structure, these
animals actually belong to the branch of Vertebrats, is the object I have in
view; and if it can be shown that so diversified a class belongs to that type, accord-
ing to our understanding of the term branch, we shall have the required proof
that our definition is true to nature. Now I have stated that branches are founded
upon different plans of structure. What is, then, that plan in Vertebrates which
unites Amphioxus, Cyclostomes, Sharks, Skates, Bony Fishes, Ichthyoids, Salamanders,
Toads, Frogs, Snukes, Lizards, Crocodiles, Turtles, Birds, Whales, Marsupiuls, our com
mon Quadrupeds, Bats, Monkeys, and Man, which includes them all in one aund the

sanme group, and shows that group to be natural?

The body of ull Vertebrates represents o double tube, one above the Otll(:r:
separated by o longitudinal axis, and varying in amplitude and in form at dif

! Sce Part I, Chap. 2, Sect. 1, p. 141-144.
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fevent points of their longitudinal diameter. These tubes are surrounded by walls,
varying in thickness, a3 the spaces they inclose vary in size, the upper one con-
taining the centrés of the nervous system, the lower one the organs through which
life i3 maintained; while the walls, in connection with the intervening longitudinal
axis, constitute a locomotive apparatus, and serve also to sustain the relations with
the surrounding media.

These characteristics of the type of Vertebrates do not necessarily imply a definite
structure; they apply as well to the imperfectly organized Amphioxus as to Man, for
they do not involve the idea of a distinet head, nor that of locomotive appendages
arranged in pairs, nor that of a branchial or pulmonary system of respiration, nor that
of o heart ns the centre of circulation, nor indeed any of those anatomical and histo-
logical differences or peculiarities which are constanily and, in my opinion, errone-
ously introduced in the characteristics of the great types of the animal kingdom.
The external development of the skeleton of the Turtle no longer seems an
anomaly, when we remember that it forms a part of those walls which surround
the spinal cavity on the one hand, and the abdominal cavity on the other.

If we next conmsider the Reptiles as a class, we must remember that ever since
Linnwus these animals have been considered as one class. Cuvier, and with him
all herpetologists, have agreed in cousidering them all as one class. We find
de Blainville, for the first time, insisting upon the separation of the Batrachians
from the other Reptiles as a distinct class. This view has also been adopted by
Milne-Edwards, while Wagler has separated a few of their extinct types, the
Ichthyosauri, the Plesiosauri, and the Pterodactyli, to unite them with the Orni-
thorhynchus and Echidua as one class, under the name of Gryphi. The incon-
gruity of this combination is so obvious, now that these fossil animals have been
deseribed in such a masterly manner by R. Owen, that I will not dwell upon
its artificial charncter here. But the separation of the Batrachians from the other
Reptiles a8 o class deserves a specinl notice, and if the definition I have given
ahove of a class, as such, is correct, the result cannot be doubtful. I have stated
that o class was defined by the manner in which the plan of structure of the
branch to which it belongs is carried out. 1 have condensed that definition by
saying, thut the limitation of n class is a question of ways and means. Now,
before applying this definition to the question of the separation of Batrachians
from other Reptiles, I would make two remarks: In the first place, that this
definition was not made to suit the case, but was arrived at by a criticul con-
sideration of the foundation upon which those classes rest, about whose natural
limits there bhave never existed great doubts among naturalists, such as the
class of Mammalin, that of Birds, that of Cephalopods, that of Gusteropods, that
of Insects, that of Crustacea, and that of Echinoderms; in the socond place, that
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it is entirely erroneous to consider, s is universally done, that the classes exhibit
modifications of the plan of structure of their respective branches.

It is no more true that Fishes, Reptiles, Birds, and Mammalia exhibit respectively
modifications of the plan of structure of Vertebrates, than that Insects, or Crus-
tacea, or Worms are respectively modifications of the type of Articulates, or the
different classes of Mollusks and Radiates, modifications of their respective types.
A Fish is os truly a Vertebrate as any Bird or Mammal; the plan is not at
all modified; it is only executed in different ways and with different means.
The plen which characterizes Vertcbrates is no more modified in the Fish than
in the Reptile; the plan of Articulates is no more modified in Insects than in
Crustacea or Worms; the plan of Mollusks, as a plan, is the same in Cephalopods
as in Gaosteropods and Acephala; that of Radiates, the same in Polyps as in
Acalephs and Echinoderms, What, then, constitutes the difference of each class
in the same branch? It is the manner in which the plan of the branch to which
they respectively belong is carried out. They are respectively characterized by
the way in which, and the means with which, they are built up. The idea of
radiation which is inherent in the plan of structure of Radiates is the same in all
Radiates, in Polyps as well as in Medusee and Echinoderms; but in the Polyps it
is expressed in one way, in the Acalephs in another, and in Echinoderms in still
another. This is equally true of all the other clusses, with reference to the plan
of their respective branches. The different ways in which, and the different means
with which each plun is executed in its respective classes, go for to show that
the branches themselves are founded in nature, for the means employed in carrying
out these different plans in a variety of ways, in their diflerent classes, are cvery-
where homological, and homological only within the limits of the same branch.
We can trace no true homology between the systems of organs in Vertebrates
and those in Articulates, nor between these and those of Mollusks; and a critical
examination shows that the structure of Rudiates is not homological with that of
Mollusks.

Truly homological systems of organs, then, more or less complicated, constitute
class churacters; but, again, these homologies are only general as far as the branch
is concerned, while within each class specinl homologies only can be traced. Had
these distinctions heen made before, what an amount of confused discussion might
have been spared respecting homologics in the animal kingdom! I trust this state
ment, the correctness of which may casily be tested by a comparison of the
Batrachians and the true Reptiles, will put an cnd to the useless and puerile
attempts to homologize every point of ossification in any class of the Vertebrates
with some part or other of the skeleton of all the other members of thut type:

1 hope also it may prevent such fanciful investigations from being extended into
the study of the other systems of organs.
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Now, to return to the question of the natural limitation of Reptiles, it must be
obvious that if classes differ by the manner in which the plan of their branch is
carried out, or by the ways and means employed in framing their structure, we
cannot suppose that animals which, like Batrachians, lay a large number of small
eggs, the yolk of which is segmented in the well-known manner, to produce an
embryo, without amnios and allantois, undergoing extensive metamorphosis after
it is hatched, furnished with external gills, which actually perform respiratory func-
tions, even though they may disappear at n later period of life, the skin of
which is naked, etc,! belong to the same class as the true Reptiles, the skin
of which is covered with horny scales, which lay few, and comparatively large
eggs surrounded with a shell, the yolk of which undergoes only a superficial
segmentation, and from which is formed an embryo inclosed in an amnios, and
afterwards in an allantois, and which, after being hatched, undergoes no marked
transformation, etc. The conclusion that Batrachinns and Reptiles constitute two
distinct classes, the first of which is indeed more closely allied to Fishes than to
the true Reptiles, is not only of great zoilogical importance, but has also the
most direct bearing upon the question of the order of succession of Vertebrates
in geological times, and cannot fail to give o new interest to our investigations
upon this subject, as well as to increase the precision of our knowledge respecting
the first appearance of Reptiles upon ecarth.

It will indeed be obvious at once, that if all the so-called Reptiles which have
been mentioned as occurring in the carboniferous beds and even in strate below
the coal, belong to the class of Batrachians and not to that of genuine Reptiles,
the inference to be drawn from the presence of such animals during these ancient
geological periods cannot be the same, and instead of leading to the assumption
that conditions of existence similar to those which sustain our Reptiles prevailed
as far back as these remains are found, we shall only have the evidence that
the conditions essential to the life of Batrachians, but not to that of true Reptiles,
were established then.

Alter this separation of the Batrachians from the true Reptiles, we have  only
three orders left in the class of Reptiles proper: the Ophidians, the Saurions, and
the Chelonians. It would lead me too far from my immediate subject, were I to
exumine here, whether this is the most naturnl subdivision of Reptiles into orders.
T shall limit myself, therefore, to the consideration of the Chelonians alone, remark-
ing only, that whether this division be natural or not, whether we include the
Crocodilians in the same order as the true Lizards, or whether we regard them
with their fossil representatives as a distinct order, or whether we consider the

1 Sce further detnil: in any anatomical text-book.
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Tchthyosauri, the Plesiosouri, the Pterodactyli, the Dinosauri, etc, as constituting
several additional orders, these groups, as zoilogical divisions, have in themselves
the chacaoter of orders, that is to say, they exhibit, when compared with one
another, various degrees of complication of their structure, and stand, with refer-
ence to one another, higher or lower. It cannot be doubted, for instance, that
compared with Lizards, the Snokes are an inferior group, and that the Chelonians,
in- which the different regions of the body are so distinctly marked and in which
the head for the first time acquires a greater movability upon the neck, stand
above the others, approaching indeed, in many respects, the class of Birds, especially
the lower faumilies of aquatic Birds, both in their form and in their mode of
existence. '

Now, this gradation, acknowledged by all, inasmuch as all herpetologists place
the Chelonians at the head of this class and next to them the Saurians, while
the Ophidians occupy o lower position, will serve as an illustration of my definition
of orders 08 natural groups, characterized by the different degrees of complication of
the special structure of their class, which complications determine their relative rank
or standing. I would not, however, in this connection forget that some naturalists,
Strauss! among others, have of late considered the Chelonians as a distinct class,
ond not as an order among Reptiles. Now, let us apply the test of our rules
to this suggestion, remembering here again that these rules have heen drawn from
those classes of the animal kingdom, such as the Echinoderms, Acalephs, and Polyps,
in which the orders are still mora distinctly marked out in nature than in the
one now under cansideration,

To constitute o class apart from Ophidians and Saurians, the structure of
Chelonians ought to be built up in a different way and with different means from
that of Saurians and Ophidians. And now, is this the case? The Chelonians,
like Saurians and Ophidians, underga a development so identical, that we need
only compare the investigations of Rathke upon that subject with those contained
in this volume, to settle any doubts on that point. And as to structure, what
difference is there, except differences in complication of structure, between Ophidians,
Saurians, and Chelonians, both in their nervous systems and organs of scnses
in their locomotive apparatus and in their intestines? Is not even the skeleton
truly homological in all of them?? We cannot fail, therefore, to consider the

view as fully sustained, that Chelonians represent an order, and nothing but an
order, in the class of true Reptiles.

' Stravss-Donkuriy, (IL,) Théologic de In Na-  and Ophidians, and that the position of  their limbs

ture, Puris, 1832, 3 volu, 8vo.; vol. 1, p. 99 ond 898.  and tho frumo of their shicld does not place them
? For further ovidence that the structure of the in an exceplional position, with reference 10 the

Chelonians is truly homological with thut of Suurians  other Reptiles, sco Lelow, Scet. G of this chapter:
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SECTION II.

S8PECIAL QLASSIFICATION OF TESTUDINATA.

Whatever be the name admitted to designate this remarkable group of the
animal kingdom, and whatever be the rank or dignity assigned to it, whether
simply considered as o genus, or a family, or an order, all naturalists, with the
exception of Strouss! agree in regarding the Turtles as a natural division in the
class of Reptiles. They differ only with respect to its standing in the class, the
extremes of opinion being between Linnteus, who admits it only as a genus, and
Strauss-Diirkheim, who considers it as a distinct class. We have already seen
that the correct view is that which considers it as an order?

It is more difficult to determine the value of the minor groups into which
the Testudinata have been subdivided. Without entering into more details upon
the subject than are found in most works on Herpetology, we shall hardly be
able to form a just estimate of the real value of all these divisions, especially as
few authors agree upon this point with one another. Linnteus, for instance, unites
all the Turtles he knew in one genus, including the marine as well as the fresh-
water and land species. Brongniart? for the first time, considers them as a distinct
order, under the name “CuevonEns,” and divides them into three genera: Testudo,
Emys, and Chelonia. Cuvier, a few years later in his “ Rdgne Animal,” enumerates
five genera in that order, but without any further divisions. Oppel! as early as
1811, before enumerating the genera, introduces two higher divisions, under the
names of Chelonii and Amyd® for those Turtles which have oarlike or paddle
feet, and those in which the fingers are distinguishable. These divisions of Oppel
correspond to the sections Pinnata and Digitata of Merrem and Bell® Gray)

! Compare Part IT., Chap. I, Sect. 1, p. 240.

? The various names npplied by different nuthors
to this order, nre: TrstvviNata, Klkin, Quadrup.
Disp. Lipsire, 1751; adopted by Oppel in 1811;
by Merrem in 18205 by Fitzinger in 1826; by Bell
in 1828 iy Bonnpurte in 1832; by LeConte in 1854,
Testevines, adopted by Wagler in 1830. Cue-
Loxt, proposed by Brongniart in 1800 ; adopted by
Cuvier in 1817 by Gray in 1825; by Wiegmann
in 1832; Ly Duméril nnd Bibren in 1335; by
Bonuparte in 1836; by IHolbrook in 1842, TFonxi-

CATA, propused by Ilaworth in 1825. Stenm-

31

cnrotEs, proposed by Ritgen in 1828, Tyroropa,
proposed by F. Meyer in 1849.

' BroNGNIART, (AL.,) Essay d'une Classification
naturclle des Reptiles, Paris, 1805, 4to.

¢ Ovrer, (ML,) Die Ordoungen, Familien und
Gattungen der Reptilien, Minchen, 1811, 1 vol., 8vo.

& Merrey, (B.,) Tentamen Systematis Amphi-
biorum, Blnrburg, 1820, 1 vol,, 8vo.— Bery, (Tm.,)
Chuaracters of the Order, I'nmilies, and Genern of
Testudinata, Zol. Journal, 1828,

¢ Guay, (J. E,) A Synopsis of the Genern of
Reptiles and Amphibin, Annals of Philosophy, 1825.
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without scknowledging these higher divisions, admits five families: Cheloniada,
Sphargids, Trionicide, Emydide, and Testudinide, as does also Bell, though this
author divides these families between the two sections first introduced by Oppel,
admitting however, for them, the names proposed by Merrem.

Fitzinger® hos also five families in the order of Chelonians, but these do not
exectly agree with those of Gray and Bell, for he unites the Sphargide and the
Chelonids, but he adds another family under the name of Chelydoidea. Ritgen?
admits, above the genera, three primary sections, Eretmochelones, Phyllopodochelones,
and Podochelones; and so does also Waugler? though he changes the names of
Ritgen into Oincopodes, Steganopodes, and Tylopodes, calling them tribes, while
the whole order is comsidered as including o single family. F. Meyer! admits the
same three subdivisions of his Tylopoda, (Testudinata,) but he gives them again
new names. Wiegmann® divides the Testudinate into five fumilies, without higher
groups, namely, Chelonre, Chersince, Emydm, Chelydwe, Chilotee. Swainson® admits
also five families, but with still different limits. Prince Canino,” on the contrary,
admits three families and four sub-fumilies, but his three families do not correspond
to the three sections or tribes of Wagler, as he unites the land and [resh-water
Turtles into one family, while he considers the Trionychid® as a distinet family,
which both Ritgen and Wagler place with the common fresh-water Turtles. The
land and fresh-water Turtles are to Canino only sub-familics. Duméril and Bibron
admit four families, Thalassites, Potamides, Elodites, and Clersites, and two sub-
families®

These apparently most discrepant classifications, if we judge them merely by
the different names employed by their authors, have in themselves more similarity
than would at fist appear. TFor instance, the three genera of Brongniart corre-
spond to the three sections or tribes of Ritgen and of Wagler; the three fami-

Notice that though Gray admits five families in 1831 & Wiecuany, (A. F. A,) und Rurus, (1.,
a8 in 1825, be limits them differently in the second Handbuch der Zoologie, Berlin, 1832, 1 vol., 8vo.
than in the first Syuopsis. The Reptiles are by Wiegmann.

* Firzixgen, (L. J,) Neuo Clussification der ¢ Swaixsoy, (W.,) Natural Mistory and Classi-
Rel““i'_-'“a Wien, 1826, 1 vol, 4to.; sce alsa his (eation of Fishes, Amphibinns, and Reptiles, Lawdon,
Systemn Reptilinm, Vindobonw, 1848, 1 vol., 8vo. 1838-39, 2 vola, 12mo. These volumes form purl

* Riraex, (I. A.,) Versuch ciner nattirlichien of Dr. Lurdner's Cabinet Cyclopedin
Eintheilung der Amphibien, Nova Acta Nat. Cur, T Boxarante, (C. Luciax, PriNce o¥ CaNinoy)
1828, vol. 14. Sugeio di uni distribuzione metodien degli Animali

! Wacren, (J..) NatUrliches System der Amphi- Vertebrati, Romn, 1882, 8va.; sce nlso his Chelo-
bicn, cte,, Milnehen und Stuttgart, 1830, 1 vol. 8vo. viorum Tubuln anulytien, Rome, 1336
Atlns folio, * Dumintt, (A. M. C,) et Biseox, (G.) Erpé-

¢ Meven, (Fn. 1 C.) System des Thierreichs, ete., tolugie géuérule, ou Ilistoive nuturelle complite des

Vorbandl, Nat. Ver. Rhiciol,, 1849, Reptiles, Paris, 1836, ot scq,, vol. 1.
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lies, with two subfamilies of Canino, correspond exactly to the four families of
Duméril and Bibron, the difference lying only in the separation, as families, of
the Chersites and Elodites by Duméril and Bibron, while they constitute two sub-
families of the Testudinide of Canmino. Again, the Chersites, the united Potamides
and Elodites of Duméril and Bibron and their Thalassites represent the divisions
of Ritgen and Wagler. I do not mean by this to say, that the separation of
the Potamides and Elodites is not natural, but only to allude to the fact that
Duméril and Bibron's Thalassites correspond exactly to Ritgen's Eretmochelones and
to Wagler's Oiacopodes, while their Chersites answer to Ritgen's Podochelones and
to Wagler's Tylopodes, the Potamides and Elodites of the French herpetologists
corresponding together to the Phyllopodochelones and Steganopodes of the two
German writers.

The agrecment, and the discrepancies between these different systems, then,
consist in this, that Oppel and Merrem and with them Bell, admit two higher
subdivisions in the order of Testudinata, those with oarlike feet and those with
distinct fingers, while Ritgen and Wagler admit three, distinguishing between those
the visible fingers of which are webbed, and those m which they are entirely
separated, while Duméril and Bibron introduce a farther distinction between those
with webbed feet and a scaly body and those with a naked carapace, the Emyds
proper and the Trionyx. Canino maintains this distinction between the naked
and scaly fresh-water Turtles, but as he unites all the scaly ones together, whether
their fingers are webbed or not, his division includes the Chersites of Duméril
and Bibron as well as their Elodites. The sub-families which Duméril and Bibron
introduce among the Elodites are founded upon the mode of motion of the neck,
which exhibits differences already noticed by Wagler in 1830. Bell, Gray, and
Fitzinger, who have a still larger number of groups which they call families, have
founded them upon the same features which have led Duméril and Bibron to
subdivide the Elodites I do not here speak of the classifications of Fleming®
and Latreille? which are too artificial to deserve special notice.

Beyond these divisions, all authors mention only genera and sub-genera. Now,
it must be obvious, from the agreement of all these writers in some points of
their subdivisions of the Testudinata, that this order is not so homogeneous as to
exclude higher divisions than genera in its classification. The point on which all
agree is, the separation of the Turtles with oarlike, natatory organs of locomo-

' Frewine, (L) The Philosophy of Zoblogy, ? Larrente, (P. A,) Familles naturelles du
London, 1822, 2 vols, 8vo,, divides the CreLoxea, rigne animal, Paris, 1823, 1 vol., 8vo., divides the
s he ealls the Testudinatn, into those with o movable Curroxiass into those which can retract their legs,

and those with an immovable sternum. Cryptopodes, and those which ewnnot, Gymnopodes.
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tion' from the rest of the order, in the farther subdivision of which we find,
however, the greatest discreponcy among modern herpetologists. But, whether we
subdivide the digitated Chelonians of Oppel and Merrem into two, or three, or
more natural groups, the question at once arises, how these groups shall be called,
whether they are sections, sub-orders, fumilies, or tribes, nnmes which in the chnos
now prevailing in nomenclature might seem equally applicable to all and any of
them, or whether nature points out a real difference between them. Let us
consider, in the first place, the more extensive of these groups, such as they are
admitted by Oppel under the names of Cuoeroxu and Amypg, and by Merrem and
Bell under the names of Pinvata and Digitata.  What do they indicate? A differ-
ence in the mode of locomotion, that is to say, a structural difference, and that
difference is of such a kind that, whether consciously or unconsciously, all authors
have regarded those Turtles which have pinnate limbs as inferior to those in which
the fingers are distinct. We find, nt least, that in all works in which the animal
kingdom is arranged in a descending ovder, the digitated Testudinata are mentioned
first, the pinnate Iast, and where these are subdivided, as they have been by
Ritgen, Wagler, Duméril and Bibron, and Canino, those with club feet ave placed
above those with webbed fingers, Their intention ix therefore evident, to mark
the respective rank of the Testudinata in these subdivisions of the order, a grada-
tion which is, however, not founded upon diflerences in the whole structure, but
only on such as are prominently marked in some parts of the body. In as far
then as this is correct, these divisions all partake of the character of orders;
they are akin to what we have called orders, inasmuch as orders are founded
upon the gradation or complication of structure, but they are not real orders,
inosmuch as that gradation does not extend to all the organic systéms of their
structure. At least, it is neither so extensive as to afford a means of com-
parison of any of them singly with any other order of the class, without involv-
ing the ecpumeration of characters common to all; nor is the element of form,
which is so important in the characteristics of families, introduced distinetly in any
of these minor groups.

We can, therefore, consider these divisions only as sub-orders; and the precision
with which their gradation can be pointed out from the Thalnssites through the Pota-
mides and FElodites to the Chersites leaves no doubt in my mind that, whether
two general groups are to be adopted under the head of Testudinata, as Oppel,
Merrem, and Bell recognize, or three, as Ritgen and Wagler admit, or three com-
bined in the mammer in which Canino has them, or four, as Duméril and Bibron
have them, these divisions must be considered as sub-orders, since they express
a gradation within the order, or, in other words, ave founded, under certain limi-
tations, upon characters of the same kind as those on which the whole order i
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founded, though these characteristics are confined to certain parts, instead of extend-
ing to the whole organization.

The next question which we have to consider here is, whether these sub-orders
exhaust the natural subdivisions existing between the order and the gemern; or,
in other words, whether in this class the orders coincide with the families or not,
for we have not yet examined the question whether every order has necessarily
more than one family or not. My remarks in the third chapter of the first
part of this work can leave no doubt that ench of the four branches of the animal
kingdom contnins several classes, for we have seen that every one of them dis-
plays the plan of structure on which it is founded, as carried out in different
ways and with different means. DBut we have seen from a supposed case, that
if such a class included only a few species, or even several genera, or perhaps
one or more f[amilies, there might be no foundation for a distinction of orders,
if all these species, genern, and families presented only such a diversity of ultimate
structure and such modifications of form as would not distinctly indicate among
them a diflerence of rank, an appreciable gradation! But where a class contains
groups in which such differences as mark gradation and rank are clearly percep-
tible, then we have distinct orders, even should these orders coincide with the
limits of the families, that is to say, be combined with such modifications of
form that, though expressing a gradation, these groups would correspond with the
characters upon which families are to be founded. Now it remains for us to
examine whether this is the case among Testudinata; and since the Chelonii
constitute so natural a sub-order, when contrasted with the Trionychide, the Emy-
doidee, and the Testudinina, we may select it as & test of the existence of sub-
orders in nature, and we shall afterwards extend our remarks to the other minor
groups with the view of ascertaining how many divisions of this kind there truly
are in the order of Testudinata.

Ever since naturalists have attempted to subdivide the Testudinata, those with
pionate limbs have been considered as a natural group, raised by most to the dig-
nity of a fmily, and embracing, in all modern classifications at least, two genera,
Chelonin and Sphargis, though some authors subdivide farther Chelonia into several
genera, and even go so far as to consider Sphargis and Chelonia proper as the
types of distinet families. Now, whether that group contains one or two families,
it unquestionably exhibits very great uniformity of structure as a group, when
compared to the other Testudinata. In the first place, the dermal ossification
remning imperfect; next, the limbs preserve through life o character which is uni-
form in Testudinata, ns long as their development is not complete, that is to say,

¥ See Part I, Chap. 1, Scel. 1, p. 5-7.
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they retain undivided fingers, such as the cmbryos have, even exaggerating this
feature, in the adult, into an elongated paddle for the anterior limbs. Chelonii con-
stitute, then, the lowest sub-order in the order of Testudinata; and it will presently
be seen that its characters nre not derived from the form of its representatives,
Those who are sufficiently conversant with the subject will be aware that when
characters derived from the form have been added to the other characters in order
to distinguish the Chelonii, they have answered but indifferently ; indeed, the form
of Sphargis and that of Chelonin differ much more than that of Emydoidw compared
with Testudinina, The scaly Chelonii, the Clelounioidee proper, have their shicld
more or less heart-shaped, and the posterior angle is not prolonged into a projecting
point extending far over the tail, as is the case among the naked Chelonii, the
Sphargidides. For this and other reasons which it would be superfluous to mention
here, as my object is not now to characterize every group of Testudinata minutely,
I hold that Chelonioid® proper and Sphargidida, which differ by their form, are two
distinct families in the sub-order of Chelonii, and that this sub-order exhibits struc-
tural features of inferiority when contrasted with the other Testudinata. Gray and
Bell, in their early publications, had, in my opinion, correctly distinguished Sphargida
and Chelonidm’ as families, even though they afterwards gave up that distinction

and placed them incorrectly upon one level with Trionyx, Emys, and Testudo.

this respect, Fitzinger presented this matter in o more correct light when, like
Oppel, he contrasted the united Chelonii with the other groups of the order; but
I believe he was mistaken in urging the reunion of the families of Sphargide and
Chelonidew, If the view which I have presented of the case is correct, the marine
Turtles would constitute o sub-order, for which a variety of names had been
proposed: that of Pterodactyli by Fr. Meyer, that of Thalassites by Duméril and
Bibron, that of Oiacopodes by Wagler, thut of Eretmochelones by Ritgen, that of
Pinnata by Merrem, and that of Chelonii by Oppel, all of which are perfectly
synouymous. That of Oppel, which is the oldest, having been proposed in 1811,
should have made all the others superfluous, und ought now to be retained. This
sub-order includes two families, the Chelonioid and the Sphargididm, as these differ

in form. Their choracteristics are fully illustrated in the next chapter.

The scarcity of Trionyx in European museums seems to have prevented so aceu
rate o study of that group as of the others, It is, at least, surprising that some
of the ablest herpetologists have fuiled to perceive how greatly they differ from
the other fresh-water Turtles. Wagler unhesitatingly unites them with the Emyds
while quite recently Major LeConte hos united them with Chelydra? Yet, a8

1 y 5 i :
When T quote the systematic names of original ? LiCoxte, (Mason,) Camlogue of the North

wrilers, I follow their spelling: in other cases, 1
adopt tut which scems to me correct. vii,, 1854,

Amerienn Testudinata, in Proe. Ae. Nat. Se,, Philn.
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enly ns 1825, Gray had distinguished them as o family, which was adopted by
Bell, by Fitzinger, by Canino, and by Duméril and Bibron, the latter only chang-
ing the nome of Trionychide into that of Potamides. This group constitutes one
of the most natural families among Turtles, at once recognized by the flat, thin
shield of an elegant oval form, by the long neck, the pointed head, and project-
ing nose. But the question is farther, whether this family can be associated in
one sub-order with Emys and Testudo, or not. If we consider the total absence
of scales, the imperfect ossification of the shicld, the absence of ossification of
the margin, or the limited extent to which it is ossificd, the slight protection of
the jaw by a small, horny sheath, we cannot fail to recognize characters of
inferiority in these featurcs, when comparing them with those of the Emyds and
Testudos; and I would not hesitate to consider that family, though exhibiting alone
such characters, as forming a sub-order of the same organic value as that of the
Chelonii, did we not observe similur differences between the Sphargididee and the
true Chelonioidee, and had we not learned long ngo that any amount of difference
existing between two groups never constitutes a difference of kind. The question
might even be raised, whether the very imperfect ossification of Aspidonectes, and
especinlly the total absence of marginal scutes, do not place them below the Che-
lonioidee. But when it is remembered that among Chelonii the ossification is still
more imperfect, nt least in Sphargis, and that the skin is as destitute of scales
in this genus as in Trionyx, there can be little doubt left that all the peculiarities
of Trionyx are only family characters. The structure of their limbs is almost as
perfect as in Emys, and, as we shall see hercafter, their whole organization brings
them close to the Emydoids, Chelys and Chelydra forming the intermedinte links.
The remaining two types, Emys and Testudo, evidently stand, in every respect,
highest among the Amydm or Digitata, and close the series of Testudinata.

1 greatly question the propriety of separating Trionyx, Chelys, Emys, and Tes-
tudo as groups coequal with Chelonin, as so many herpetologists do. There are
many modifications in the degree of separation of the fingers among them, which
nlone do not establish differences of the same kind nor of the same degree as
between these on one side and Chelonin on the other, even though as to ossification,
development of scales, and armature of jaws, Trionyx differs somewhat from Emys
and Testudo, while the two latter agree as closely as possible with one another.
I would, therefore, consider Testudo, Emys, Chelys, and Trionyx together as one sub-
order, showing the whole number of sub-orders among Testudinate to be ouly two,
Cuoxn and Awvng, — the latter, however, including a number of distinet Rumilies,
as 1 shall demonstrate presently.

The same argument which las led us to consider Sphargis and Chelonia as
distinet [amilies, leads naturally to the separation of a number of fiumilies among
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this second sub-order, called Amyds by Oppel. In the first place, we notice
the Trionychidsm, so remarkable for the peculiarities already alluded to; next we
lave the North American Chelydroidm with their fossil European representative; next
the South American Chelyoide, the Hydraspidide, the Cinosternoida, the Emydoide
proper; aund lastly, the Testudinina, each of which groups presents typical patterns
of form which are constant within their limits, and strikingly contrasted when
compared with one another. For it is not true, as is so frequently repeanted, that
the fresh-water Turtles are flat and brond when compared with the land Turtles.
Some of our marsh Turtles, and especially our Ozotheca, are quite as high compara-
tively, and certainly as narrow as any of the land Turtles, whilst the Chelydroida
with their carinated backs, their dentated margin, their broad, flat heads, their
narrow, crosslike sternum, their large tail, their imperfectly retractile limbs and
head, differ far more from the other Emydoidee than any land Turtles. I do
not, therefore, hesitate for a moment to counsider these two groups as two distinct
families,.  Of the family of Chelydroide, there ave two species in the United States
belonging to two distinet genern, as I have ascertained that Chelydra Serpentinn
differs generically from the Chel. Temminckii Awef, for which I have proposed the
_name of Gypochelys Temminckii. Their thoroughly aquatic habits show them to be,
next to Trionyx and Chelys, the lowest family among Amyde. Next to them,
I would place the family of Cinosternoids, on account of their less extensive sternum
ond of their more movable pelvis. There can be no doubt that they constitute
o family by themselves, when in addition to the difference of form already alluded
to it is found that they have no odd bone in the sternum, so that their lower
shield divides into symmetrical holves, along an uninterrupted straight suture, fol-
lowing the middle line. The long-necked Hydraspids with retractile head, or rather
whose head can be bent laterally and so protected under the shield, come next
in order; but as they are all foreign to the United States, and I have had few
opportunities for their study, I must omit any further mention of them. I would
only recall, in this connection, the interesting fact that the types of land and
fresh-water Turtles are so localized upon the surface of the globe, that, though the
number of Testudinata is very great in the United States, not a single Hydraspid,
for instance, is found within their limits, and only two Testudos occur in their
southern parts, while the family of Chelydroids, on the contrary, belongs almost
exclusively here, and is only found again in China. The truc home of the
genuine Emydoids is also North Americn, as the true home of the Chelyoids
and Hydraspids is South Americn, though a few species of the latter family occur
also in other parts of the world.

As o family, the Emnydoido are ensily characterized by their ovate form, swelling
centrally, while the margin has o tendency to spread outward, in which last featur
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they agree with the Chelydroids and Hydraspids, while, in that respect, they differ
strikingly from the Cinosternoids, the margin of which has a tendency to round
jtself up and turn inwards, as is also the case in the genuine Testudos, which
constitute the last and highest family of the whole order. We shall presently
see that among our native Emydoids there are two species which have generally
been referred to the same genus, the Cistudo carolina and the C. Blandingii, one of
which, however, is o genuine fresh-water species of the genus Emys, while the other
is entirely terrestrial

The family of Testudinina has always been circumscribed within its natural
limits, ever since it was first distinguished.

Before we proceed to an analysis of the genera of the North American Testu-
dinatn, we mny mnow recapitulate the results at which we have arrived respecting
the general classification of the whole order, as follows:—

Order, TEsTUDINATA, Klcin.
Ist Suborder, Cneionu, Opp. With two families, Chelonioidm and Sphar-
gidide.
2d Suborder, AmvvEe, Opp. With seven families, Trionychide, Chelyoidem,
Hydraspididee, Chelydroide, Cinosternoidm, Emydoide, and
Testudinina.

It should further be remarked that, as in all larger divisions of the animal
kingdom, these families are not equally related to one another. The affinity of
the Trionychidee to the other fumilies is not so close as that which brings the
Cinosternoids near the Chelydroids, or certain Emydoids near the Testudinina, or
the Hydraspids near the Chelyoids; yet after testing all their characters as far as
my opportunities permitted, I have come to the conclusion that the seven groups
above enumerated as families under the head of the sub-order Amydwm are truly
naturul families, charncterized by different typical forms, which are defined by
structural peculiarities, as we shall sece more fully hereafter. The inequality among
these families, in the degree of their rclationship, is a fenture which will appear
objectionable, as long as the opinions respecting the supposed symmetry and equality
of the natural divisions of animals, entertained at present by many scientific men.
continue to prevail; and until the inequality of endowment characteristic of all
organized beings is recognized as the law prevailing in the organic kingdoms, from
the humblest individual to the most comprehensive types.

My opportunities of investigation do not justify me in attempting to charac
terize all the genera of the order of Testudinata. I must limit myself, in this
purt of my subject, to n general review of those which bave representatives in

32
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North America, introducing only such cowmparisons with foreign ones as may he
imperatively required to appreciate their mutual relations.

All the gemera thus far established among the Chelonii have representatives
along the coast of the United States, and I am not aware that there are any
genern, of this sub-order, except those which have already Dbeen recognized by
herpetologists: the family of Sphargididee, contnining only one genus, the genus
Sphargis; and the family of Chelonividae proper, containing three genera, namely,
Chelonia, Thalussoclielys, und Eretmochelys. DBut as some of the most prowminent
herpetologists recognize only one genus in this family, I will give below my reasons
for believing that the genmera Thalassochelys and Eretmochelys are as well founded
in nature as the genus Chelonia proper.

Of the sub-order Amydw, the fumily of the Trionychidie has only four representa-
tives in America, which lLowever bear a very peculinr relution to the other mem-
bers of the family; for while all the Trionyx of the old world are inhabitants of
the tropical fresh waters, or at least oceur only south ol the twenty-first isothermal
line, those of America are all found to the north of that very line, neither Central
nor South Americn nourishing a single Trionyx, while in North America they range
over the whole coutinent east of the Rocky Mountuins, as far north as the great
Canadian lnkes and the upper $t. Lnwrence.

If we were to judge by the opinion prevailing about the Chelydroide o few
years ego, it would appear that we had ounly one species of that family ; and yet
Dr. Holbrook, in his North American Herpetology, long ago described o second
species, under the name of Chelonura Temminekii, which scems to have vemained
unknown to European writers, for all their references to this animal are either
expressed with doubt, or are evidently mere compilations, or abstracts {rom the
North American Herpetology. 1 have now in my possession & number of speci-
mens of this species weighing between ten and fifty pounds, preserved in alcohol,
and also several skeletons made from specimens presented to me by Prol Buaird,
Prof. Chilton, Dr. Gessper, and Winthrop Saigent, Esq. I had, besides, an oppor
tunity of seeing two living specimens in their native waters, in the neighborhuod
of Mobile, one of which weighed about two hundred pounds, and many others
which were sent to e alive by Mr. Sargent and which I preserved alive during
the whole of lust summer. I have, in addition, examined several very young Ones
preserved in alcohol, which were forwarded to me by Prof Baird and Dr. Noth
I can, therefore, not ounly vouch for the specilic distinction of the two spucies, but
am prepured to show that they differ generically, ns o fuller comparison below
illustrated with many figures, will prove. (Nee also above, P 248.)

The family of the Chelyoida has no Norvth American representatives, nor has that
of the Hydruspidide; but of the fumily of the Cinosternoidre we have two gener®
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one of which is the well characterized genus Cinosternum of Spix. The opportuni-
ties I have enjoyed for the examination of the representatives of these genera have
gatisfied me that the sexual differences among them are such as readily to be mis-
taken for specific differences, which has actually been done again and again. The tail
of the male, for instance, is always much longer than that of the femule; the males
have sharp asperities between the joints of the hind legs; morcover the color und
ornamentation differ considerably. As a genus, however, Cinosternum is ensily
distinguished.  Yet our common Mud-Turtle, (Ozotheea odorata,) has been referred
to Cinosternum by some authors, and to Sternotharus by others, until it was placed
in the genus Staurotypus by Duméril and Bibron. Having formerly had an oppor-
tunity of examining, in Munich, the type on which Wagler founded the genus Stauro-
typus, I can affirm that our species is by no means generically identical with Wag-
ler's Staurotypus, and still less belongs to Bell's Sternothaerus, or to Spix's Cinoster-
num. It constitutes, indeed, a genux for itself, which I have called Ozotheen, the
characters of which are intermediate Dbetween those of Staurotypus and those of
Cinosternum. There are, in the sonthern parts of vur country, other species of this
geuus, a8 I have had good opportunity of ascertaining, but I have no hesitation in
gaying that the characters nccording to which some of the species now admitted
bave been established in this family by Wagler, Duméril and Bibron, Gray, and
LeConte, may all be found upon specimens of different age, sex, and size, living
together in the same pond in our Northern States, so that the true diflerences
of our species are still to be pointed out.

All herpetologists seem to agree about the limits of the geuera Emys and Cis
tudo, though they differ about the name, Canino retaining the name of Terrapene
for the group to which Duméril and Bibron assign the name of Emyx, and giving
the name of Ewmys to that group which Duméril and Bibron call Cistudo, and which
Gray farther subdivides into Cistudo proper and Lutremys. The descriptions of our
species below will show that the distinction introduced by Gray is truly founded, and
that Cistudo and Lutremys are not only sub-genern, but constitute entirely distinct
genern belonging even to different sub-fumilics. As the name Cistudo was first assigned
to the Cistudo caroling, it is proper it should retain it, while it is equally proper
that the group to which Gray assigns the name Lutremys should be called Emys,
as it includes the European Emys, upon which the genus Emys was founded Ly Bron-
gniart.  More than twenty years ago, Canino had already called the attention of
herpetologists to this point, and set it all right; yet no one has [ollowed his sug-
gestion, thus far.  Accordingly, there exists in North Americn not a xingle Emys,
properly speaking, among those which have been desceribed under that generie name.
Moreover, the species which have been referred to that genus do not, by any means,
all belong o one und the same genus,
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Since I have had an opportunity of comparing all the North American Testu-
dinata with one another, alive} I cannot cease to wonder that the marked generic
peculiarities of the Emydoids should have been so entirely overlooked. I have
already stated (p. 246) that the so-called Cistudo Blandingii is a true Emys; it is
the North American representative of the common European Emys (Lutremys, Gray.)
Now that its natural relations are accurately determined, it should henceforth be
called Emys Meleagris, as this specific name is older than that of Blandingii. But,
among the other North American Emydoids we find several other generic types
Emys scabra (serrata), Troostii and clegans (cumberlundensis) constitute a distinet
genus, which I call Tracnemys; whilst Emys mobiliensis, concinma (Horidanu), und
rugosa (rubriventris) constitute another genus under the name of Prycuemys; and
Emys geographica and Lessueurii (E. pseudo-geographica) still another under the name
of Grarremys. Emys picta, Bellii, and several new species, constitute also a distinct
genus, already recognized b