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in sy~tcmatic nabm1l history, can only S('r'Ce to bring the subject of our 
stud_\' hPtlcr before us ancl to render it more mnnugcable; bnt nnt to murk 
real di.;tinctions between different things."-BERNHARD COTTA (1866). 

OuR comparative stu<ly of the Anatomy and Ontogeny of 

the Amphioxus awl the Ascidian has afforded us aid, the 
value of which can hardly be over-estimated, towar<1s 
acl]_uiring a knowletlge of human Ontogeny. For in the 
first place we have in this way filled up, as regards Anatomy, 
the wic1e chasm which in all previous systems of the 
animal king<lom existed between Vertebrat-es aml Inverte
bra.tes; and in the second place, in the germ-history of the 

Amphioxus we have recognized primorcliRl phases of cle
Yelopment, which hM·e long disappeared from the Ontogeny 
of Man, and which have been lost in accordance with the 
law of abridged heredity. Of special importance among 
these l1hases of cleYelopment is the Archigastrula, the ori
ginal, genuine Gastrula-form which the Amphioxus has 
retained ·up to tho present time, and which re-appears in 
the same form in low invertebrate animals of the most 
diverse classes. 

The germ-history of the Amphioxus and tho Asciclian 
has, therefore, so far perfected our direct knowledge of 
human genealogy, that, notwithstanding the incompletenc.Js 
of our empiric knowledge, there is no essential gap of any 
great moment in the pedigree. \V e ITH\y, therefore, at once 
proceed to our task, and, aided. by the ontogenetic and 
comparati Ye-nnatomical materials at our command, may 
reconstruct the main outlines of human Phylogeny. The 

immense importance of the direct application of the fumla
mental biogenetic law of the causal connection between 
Ontogeny and Phylogeny now becomes evident. But, before 
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1;cginning this task, it will be well to note a few other 
general facts which may enaLle us Letter to understand. the 
phenomena we are about to study. 

Firstly, it may not be out of place to insert a few 
remarks as to the duration of time cluring ·which Man wa~ 
developing from the animal kingtluru. The first thought 
that occurs to the mind when we consider the facts in 
question, is of the immense difference uetween the duration 
of the germ-history of Man on the one hand, and of hi:-; 
tribal history on the other. The brief period in which the 
Ontogeny of the human individual takes place, uea.rs no 
proportion to the infinitely long periou required for the 
Phylogeny of the human tribe. The human individual 
requires nine months for its perfect development from the 
fertilized egg-cell to the moment at which it is born and 
quits the mother's body. The human emuryo, therefore, 
passes through the whole course of its development in the 
brief space of 40 weeks (usually in exactly 280 days). 
Each man is really older by this period than is usually 
assumed. When, for example, a child is said to be 9± years 
old, he is in reality 10 years old. For individual existence 
does not begin at the moment of birth, but at the 
moment of fertilization. In many other Mammals the 
duration of the embryonic development is the same as in 
Man, e.g., the Ox. In the Horse and the Ass it is some·what 
longer, viz., from 43 to 45 weeks; in the Camel it is 1:1 

months. In the largest Mammals the embryo requires a 
much longer time for its complete formation within the 
maternal body; in the Rhinoceros, for instance, 1! year, 
in the Elephant 90 weeks. In the latter case, therefore, 
gestation lasts more than twice as long as in 1\Ian-for 
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nearly a year and three qnarter~. In the i'maller Mammals, 
the duration of embryonic de.velopment is, on the contrary, 

much shorter. The smallest :Jfanunals, the Harvest .Mice, 
develop fully in 3 weeks; Rabbits and Hares in .t. weeks; 

Hats amll\Iarmots in 5 weeks; the Dog in 9, the Pig in 17, 
tlw Sheep in 21, and the Stag in :3() wcoks. Development is 
yet more rapid in Birds. The Chick, under normal con
ditions of incubation, requires only 3 weeks, or just 21 days 
for its full deYelopment. The Duck, on the other hand, 
takes 2,), the Turkey 27, the Peacock 31, the Swan 42, and 

the New Holland Cassowary G:5 days. The smallest of all 
llir1ls, the Humming-bird, quits the egg after the twelfth clay. 
1 t is, therefore, evident that in Mammals and in Birds the 
1lurat.ion of development within the egg-membranes stand:-; 
in a definite relation to the size of body attained by each 
Ycrtebrate species. But the latter is not the sole determin
ing cause of the former. There are many other circum
Htances which influence the duration of individual deYelop
ment within the membranes of the egg.126 

In all cases, howeYer, the duration of the Ontogeny 
appears infinitely brief when compared with the enormous, 
the infinitely long period during which the Phylogeny, or 

gradual development of the ancestral series, took place . 
. This period is not to be measured by years and centuries, 
lJut by thousands and millions of years. Many millions of 
ye~rs must indeed ha,·e elapsed while the most perfect 
vertebrate organism, Man, gradually developed from the 
primrnval one-celled ancestral organism. The opponents of 
the development theory, who regard this gradual develop~ 
ment of Man from lower animal forms, and his original 
descent from a one-celled primitive animal as incredible, 
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do not reflect that the very same manel actually rccm. 
before our eyes in the short space of nine months durin~ 
tbe embryonic development of each huwan inllividual. 
The same series of multifariously llinrse forms, throngl1 
which our brute ancestors passed in the course of many 
millions of years, has been traversecl by every liian dmi11g 
the first 40 ·weeks of his individual existence within th•· 
maternal body. 

All changes in organic forms, all metamorphoses of 
animal ancl plant forms, appear to us all the more remark
a1le and all the more "\Yomlcrful in proportion as they occm 
more rapidly. \Vhen, therefore, our opponents pronounce that 
the past llevelopment of the human race from lower animal 
forms is incredible, they must regard the embryonic develop
ment of the human individual from the simple egg-cell a;; 
far more wonderful in comparison. This latter process-the 
ontogenetic modification-which takes place before our eye;;, 

must appear more wonderful than the phylogenetic motliti
cation, in proportion as the duration of the tribal history 
exceeds that of the germ-history. For the human emuryo 
must pass through the whole process of incliviLlual lleYelop
ment, from the simple cell up to the many-cellell perfect 
Man, with all his organs, in the brief space of 40 weeks. On 
the other hand, we may assign many millions of years for 
the accomplishment of the analogous process of phyloge
netic development-the development of :Man's ancestors fi·om 
the simplest one-celled form. 

As regards these phylogenetic periods, it is impossi1le 
to fi:s: approximately their length in hundreds or in thousands 
of years, or to establish any absolute measure of their 
duration. But the Iesearches of geolo~ists have lono· since 

0 
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enahlecl us to estimate and compare the relatlve durations 
of the various periods of the earth's organic history. The 
most direct standard for determining the relative duration 
of geological periods is afforded by the thickness of the so
called Neptunian strata or sedimentary rock, i.e., aU those 
strata which have been deposited, as mud, at the bottom 
of the ocean, or under fresh water. These stratified sedi
mentary rocks-limestone, clay, marl, sandstone, slate, etc.
which constitute the great mass of mountain-chains, and 
which are often several tlwusand feet in thickness, afford 
m; data for estimating the relative lengths of the various 
periods of the earth's history. 

For the sake of completeness, I must say a few words as 
to the development of the earth as a whole, briefly indicating 
a few of the more prominent facts relating to this matter. 
At the very outset we are confronted with the weighty 
fact, that life originated on our planet at a certain definite 
period. This is a proposition that is no longer gainsaid by 
any competent geologist. \V e now know for certain that 
organic life upon our planet actually began at a certain 
time, and that it did not exist there from eternity, as 
some haYe supposed. The indisputable proofs of this are 
furnished, on the one hand, by physico-astronomical cos
mogony; on the other, by the Ontogeny of organisms. Species 
and tribes, like individuals, do not enjoy a perpetual 
life.12

7 They also l1ad a beginning. T~~e time ·which has 
elapsed since the origin of life upon the earth up to the 
present time (and with this period of time alone we are 
here concerned) we call the "history of the orgamc earth," 
as distinguished from the "history of the inorganic earth" 
which embraces the period before the ori.;in of organic life. 
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ernst of the earth. The result of this unceasing work of 
the water, which in the form of rain and hail, of snow and 
ice, of rushing torrent and surging wave crumules and diB
f>olYes the rocks, is the formation of ooze. As Huxley says, 
jn his excellent "Lectures on the Causes of the Phenomena of 
Organic N aturo," the most important fact in the past history 
of our earth is ooze, and the question as to the history of the 
past ages of the world resolves itself into a question as to 
the formation of ooze. All the stratified rocks of our moun
ta-inous formations were originally deposited as ooze at the 
bottom of the ·waters, and only afterwards hardened into 
solid stone. 

As has already been said, it is possible, hy 1ringing 
together ancl comparing the various rock-strata from many 
places on the smface of the earth, to obtain an approximate 
conception of the relative ages of these various strata. 
Geologists lw.ve long agreed that there is an entirely definite 
historical sequence of the ,·arious formations. The various 
groups of strata which lie one over another correspond to 
successive periods in the earth's organic history, during 
\Yhich they were deposited in the shape of mud at the 
bottom of the sea. Gradually this mud was hardened into 
solid rock. The latter, by alternate upheaval and depres
sion of the surface of the earth, was lifted a hove the water, 
and assumed the form of mountains. Four or five main 
periods in the earth's organic history, answering to the 
larger and smaller groups of these s~-~limentary rock-strata, 
are mmally distinguished. These main periods are sub
tlivicled into numerous subordinate or lesser periods. From 
twelve to fifteen of the latter are usually assumed. (Cf. 
Tables XII. and XIII., pp. 11, 12.) The relative thick-
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ness of the various groups of strata affonls the mrrms of 
approximately estimating the relative length of these various 
divisions of time. Of course we cannot Ray, "In a hun
dred years on the average a stratum of a certain thick
ness (say two inches) is deposited, anll therefore a rock
stratum of a thousand feet in thickne.~s is GOO,OOO 
years old." For different rock-formations of e'lual thick
ness may have occupied periods of very various length 
in their cle-)osition and consoliJa,tion. From the thicknc.,s 

~ 

of the formation we ma,y, however, approximately jwlge of 
the 1·elative length of the period Juring which it was 
formed. 

Of the four or fi\Te main periods of the earth's org[l.nic 
history, our acquaintance with which is indispem;aUc f(n· 

our Phylogeny of the human race, the first and olllest is 
knom1 as the Primonlial, Archizoic, or Archilithic Epoch. 
If we estimate the total thickness of all the seLliment[l,ry 
strata as averaging about 130,000 feet, then 70,000 feet belnng 
to this first epoch--more than one half. From this antl other 
circumstances v>e may conclude that the corresponding 
Primordial or Archilithic Epoch must alone have been con
siderably longer than the whole long period between the 
close of the Archilithic and the present time. Probably the 
Primordial Epoch was much longer than might appear from 
the ratio of 7: 6, which we have g~ven. This Epoch is divided 
into three sub-periods, known as the Laurentian, Cambrian, 
and Silurian, corresponding to the three principal groups of 
sedimentary rock-strata which constitute the Archilithic 
rocks. The enormous length of time required for the forma~ 
tion at the bottom of the primordial sea of these gigantic 
strata, of over 70,000 feet in thickness, must, at all events, 
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have been many millions of years. During that time there 
came into existence by spontaneous generation the oldest 
and simplest organisms-those in which life began upon our 
planet-viz., the .Monera. From these, one-celled plants and 
animals first developed-the Amcebre and many kinds of 
Protista. During this same Archilithic Epoch, also, all the 
invertebrate ancestors of the human race developed from 
these one-celled organisms. We draw this conclusion from 
the fact that towards the close of the Silurian period 
a few remains of fossil Fishes are already to be found, viz., 
Selachians and Ganoicls. These are, however, much more 
highly organized and of later origin than the lowest 
Vertebrates (the Amphioxus), or than the various skull-less 
Vertebrates allied to Amphioxus, which must have li,·ed 
Juring this time. The latter must necessarily have been 
preceded by all the invertebrate ancestors of man. Hence 
we may characterize this entire epoch as the "age of man's 
invertebrate ancestors;" or, with special reference to the 
oldest representatives of the Vertebrate tribe, as the "ago 
of Skull-less Animals." During the whole Archilithic Epoch 
the inhabitants of our planet consisted exclusively of 
aquatic forms ; at least, no remains of terrestrial animals 
or plants dating from this period have as yet been fuund. 
A few remains of land-dwelling organisms which are some
times referred to the Silurian Period, are Devonian. 

The Primordial Epoch was followed by the Palreolithic, 
Palceozoic, or Primary Epoch, which is also separable into 
three sub-periods: the Devonian, the Carboniferous, and the 
Permian. Dming the Devonian Period the Old Red Sand
stone, or Devonian system was formed ; during the Car
boniferous, those great beds of coal were cl0posited "'·hich 



( II ) 

T .ABLE XII. 

Systematic Survey of the Palreontological Periods, or the Greater Divisions 

in the History of the 01·ganic Earth. 

I. First Epoch: The Archilithic, o1· Primordial Epoch. 

(Age of Skull-less Animals and Se:1wecd Forests.) 

1. The Older Archilithic Epoch 

2. The Middle Archilithic Epoch 

3. The Later Archilithic Epoch 

or 

" , 

Laurentian Period. 

Cambrian Period. 

Silurian Pe1·iod. 

II. Second Epoch : The Palreolithic, m· Pl'ima1·y Epoch. 

(Age of Fishes and Fern Forests.) 

4. The Older Palreolithic Epoch 

5. The Middle Palreolithic Epoch 

6. The L:1ter Palreolithic Epoch 

or 

" 

Devonian Period. 

Coal Period. 

Pe~mian Pe1·iod. 

IlL Third Epoch : The Mesolithic, or Secondary Epoch. 

(Age of Reptiles and Pine ForeEts, Conife?-cB.) 

7. The Older :Mesolithic Epoch 

8. The Middle Mesolithic Epoch 

9. The Later Mesolithic Epoch 

or 

" 
" 

Triassic Pm·iod. 

Jurassic Period. 

Chalk Period. 

IV. Fo-urth Epoch: The Crenolithic, or Tel'iiary E1Joch. 

(Age of Mammals and Le:1f Forests.) 

10. The Older Coonolithic Epoch 

11. The Middle Crenolithic Epoch 

12. The Later Crenolithic Epoch 

or 

.. 
, 

Eocene Period. 

Miocene Period . 

Pliocene Period. 

V. Fifth Epoch: The Anthropolithic, or Quaternm·y Epoch. 

(Age of 1\Ian and Cultivated Forests.) 

13. The Older Anthropolithic Epoch 

H. The Middle Anthropolithic Epoch 

15. The Later Anthropolithic Epoch 

or 

" 
" 

Ice Age, Glacial Period. 

Post Glacial Period. 

Period of Culture. 

(The Period of Culture is the Historic Period, or Pl'r:od of Tradition.) 



( I 2 ) 

TABLE XIII. 
Systematic Snr,-cy of the Palmontological Pormatinns, or the Fossiliferous 

Strata of the Earth's Crust. 

_nock-G,·ouJls. I Sy"tems. 
Synonyms of 
J'Ollllft((.JilS. 

Uruup, XIY. Recent 5 \'. (J11afemary t 
36. Present 

Recent 
I Upper alln\'ial 
j Low·er allll\'ial 

Upper clillll·:al 
Lo1vcr dilltvial 

or (Alluvium) ( 3-o. 
Antltropolithic XIIl. Pleistocene { 
(.\nlltropozoie) (Diluviuw) 

31. 
33. 

Post glacial 
Glacial 

gl'Oups of stmla 

I , m . t XII. Pliocene 5 \ · Lel·f!m·y (~ow tcrtiarv) ( 
Group, XI. ::Hiocene \ 

C 
0
1
r 1 . (:Midule tertiary) { 

xnuitllc 
(();cnozoic) X. Eocene group~ of strata (Old tertiary) { 

32. Arvernian 
:n. Sub A;Jpenine 
30. Faluuian 
29. Limburgian 
28. Gypsum 
27. Nummulitic 
26. London clay 

Upper pliPcene 
Lower pliuecne 
Upper miocl'ne 
Lo,Yer nii<Jl'Pne 
Upper coccJH' 
)Iitidle COCL'IIC 

Lower coecue 

25. White chalk U pp~r cretaceous 

1 )IX Ccotaooo"' 
2.J,. Green sand 1\Iitldle crct acenns 
23. Neocomian Lower cretn<·eous III. 8Prnr>da1·y 29 Wealden The Kentislt Weald 

Gro"l'' 
~-

{ 
21. Portlandian Cppt'r oolite or 20. Oxfordia;J. ::llidtlle oolite Mesolithic VIII. Jura 
HI. Hath L01YCJ' oolite (Jle,ozoic) 18. Lias Lias formation groupti of strata 

II. P;·imary 
Group, 

or 
Pahuolithic 

( "ala,ozoic) 
groups of strata 

\ 

I. P?'im01·dial / 

Grottp, l or 
Archilithio 
(Archizoic) 

groups of strata 

{ 
17. Keuper Upper trias 

VII. Trias 16. Muschelkalk I ::IIiddle trias 
15. Bunter sand Lower trias 

I 11. Mountain 
VI. Permian I limestone 

(New red sallcl-LJ (7-echstein) 
stone) 13. Red sandstone Lower Permian 

1
12. Carboniferous I Upper carbonifer-

V. Carboniferon> sandstone t ous 
(Coal) 11. Carboniferous l Lower carbonifcr-

limestone ous 
IV. Devonian { 10. Pilton I Upper Devonian 

(Old red saud- 9. Ilfracombe 
1
1 :Middle De1·onian 

stone) 8. Linton Lower Devonian 

Upper Pcnuian 

{ 
7. Ludlow I Upper Silurian 

III. Silurian 6 . Wenlock Middle Silurian 
5. Llandeilo Lower Silnrian 

I 4. Potsdam Upper Cambrian 
II. Cambrian { 3. Longmynd Lower Cambrian 

.f 2. Labrador Upper Lauren tiau 
I. Laurentian t 1. Ottawa Lower Laurentian 
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supply us ·with our princiral fuel; in the Per111ian, the 
New Reu 8an1lstone, the Magnesian Limestone (Zt:chstein), 
and the Cupriferous Slate were formed. The approxi
mate thickness of this entire group of strata is esti
matell at 42,000 feet at most; some geologists make it 
somewhat more, others consillerably less. In ally case, 
this Palreolithie Epoch, taken as a whole, is consider

ably shorter than the Archilithic, Lut yet is consi<leraLly 
longer than all the following Epochs taken together. The 
strata deposited during this Primary Epoch supply fos:;il 
animal remains in great abundance; besides numerous 
s1weies of Invertebrates we find also very many V erte
Lrates-Fi;;hes preponderating. As early as the Devonian, 
and even during the Carboniferous and the Permian 
Periods, there existed so great a number of Fishes, espe
cially Primitive Fishes (Sharks) and Ganoids, that we may 
designate the entire Palmolithic Period as the Age of Fisltcs. 
The Pah--eozoic Ganoids especially are represented by a 
large number of forms. 

But even during this period some Fishes ber:an to 
. 0 

accu:-stom themselves to living upon the land, and thus gave 
rise to tho Amphibian class. Even in the carboniferous 
system >ve find fossil remains of Amphibia-the earliest 
terrestrial an·cl air-breathing animals. In the Permian 
Period the variety of these Amphibia becomes greater. 'J'o
\Yarrls its close the first Amnion-animals, the tribal ancestors 
of the tme higher Vertebrate classes, seem first to appear. 
These arc a few lizard-like animals, of which the Protero
saurus from the Cupriferous Slate at Eisenach is the bc~t 
known. The appearance of the nust an.;ient .Amnion 
Animals (Amniota), to which the (;ammon parent-furrn of 
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Reptiles, Birds, and Mamm!1ls must have belonged, seems 
in fact to be referred by these oldest reptilian remains back 
to the close of the Palreolithic Epoch. Dming this Epoch 
the ancestors of the human race must accordingly have 
been represented, first by true Fishes, then by Mnd-Fi::;hos 
(Dipneusta) and Amphibia, and finally by the olLlest 
Amnion Animals, the Protamnia. 

Mter the Palreolithic Epoch comes a third main eli v-ision 
of the earth's organic history, known as the Mesolithic, or 
Secondary Epoch. This is again distinguished into three 
subdivisions-the Triassic, the Jurassic, and the Cretaceous 
Periods. The approximate thickness of the strata-groups, 
formed during these three Periods from the beginning of 
the Triassic down to the end of the Cretaceous Period, 
amounts in all to about 15,000 feet, not one half the thick
ness of the Palreolithic deposits. During this Epoch a very 
great and varied development took place in all divisions of 
the animal kingdom. In the vertebrate tribe especially a 
number of new and interesting forms developed. Among 
Fishes the Osseous Fishes (Teleostei) now first appear. But 
the Reptiles surpass all others both in numbers and in 
eli versity of species-the most remarkable and the most 
familiar forms being the gigantic extinct Dragons (Dine
saurians), the Sea-Dragons (Halisaurians), and the Flying 
Lizards (Pterosaurians). In reference to this predominance of 
the reptilian class this time is known as the age of ?'eptiles. 
But the class of Birds also developed during this period, 
undoubtedly originated from a branch of the lizarcl-lik~ 

Reptiles. 'l'his is shown by the similar embryology of Birds 
and of Reptiles, by their Comparative Anatomy, and also hy 
the fact that we know of fossil birds with toothed jaws 
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now first appearccl. The first n.ppcarance of lHnn-or to 
speak more correctly-the development of man from tl.e 
most nearly allied ape-form, elates probably either from the 
l\Iioccne or the Pliocene Peri.ocl,-from the middle or the 
latest section of the Tertiary Epoch. Perhaps, as is assumed 
l 1y others, Ma,n strictly so-called, i.e., Man gifted with 
language, first developed from the speechless man-like Apes, 
in the sub8ec1uent Anthropolithi.c Age. 

At all events, the perfect development and distribution 
of the various races of :Man dates from the fifth and last 
main eli vision of the organic history of the earth, and hence 
this Epoch has been called the Anthropolithic, or Anthro
pozoic, and also the Quaternary Epoch. It is true that, in 
the present imperfect stat.e of our palreontological an<l 
prehistoric knowledge, we cannot solve the problem as to 
·whether the cleYclopment of Man from the nearest allied 
Ape-forms took place in the beginning of this Anthropolithic 
Epoch, or as early as the middle or towards tho close of the 
p~·ececling Tertiary Epoch. This much, however, is certain, 
that the true development of human culture dates only 
from the Anthropolithic Epoch, and that this latter con
stitutes only an insignificantly small section of the entire 
enormous period of time occupied in the development of 
the organic earth. \Vhen we reflect upon this, it appears 
absurd to spe:.tk of the brief span of man's period of cul
ture as "the worlL1's history." This so-called History of 
the 'N orlcl docs not amount approximately to even one
half per cent. of the length of those enormous periolls 
which have passed away from the beginning of the earth's 
organic history clown to the present time. For this W orltl's 
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ITi-;tory, or more correctly, Hisbn·.r of Peflph', is itsp]f 

u11ly the latter half of the Anthropolitltic Epnel1, whill• 
enn tlte first half of this Epoch must lJe reckoJH•d as :L 

prehistoric periocl. Hence this last main period, reaciting 
fr11lll tltc close of the C.-enolithic Epoch to the present tinw, 
ean only l>e called the "age of man," inasmuch as tlH· 
difl'nsion and differentiation of the <litfen•nt species and 
raees of man, which have so powerfully infhwnced all the 
rest of the organic population of the globe, took plact• 
dming its course. 

Since the awakening of the human consciousness, 
lllnnan vanity and human arrogance ha\·c dPlighterl in 
regarding Man as the n•al main-purpose and end of all 
parthly life, and as the centre of terrestrial Nature, for who:-;t• 
use and service all the activities of the rest of creation were 
from the firRt defined or predestined by a "IYise providence." 
How utterly baseless these presumptuous anthropocentric 
conceptions are, nothing could evince more strikingly th'an 
a comparison of the duration of tl~e Anthropozoic or Quater
nary Epoch with that of the preceding Epochs. For even 
though the Anthropolithic Epoch may emln·ace several hnn
llre<ls of thousands of years, how small is this time whe:n 
compared with the millions of years that have elapsed since 
the beginning of the world's organic history do\Yll to the 
first appearance of the human race! 

If the entire duration of the organic history of the earth, 
from the generation of the first Monera down to the present 
day, is diYicled into a hundred equal parts, and if then, 
corresponding with the relatiYe anrage thickness of the 
intervening strata-systems, the respective percentages arc 
w~~ c 
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assigned to the relative durations of the five main divisions 
or Epochs, the latter will be found to be about as follows :-

I. Archilithic, or archizoic (primordial) Epoch 53.6 
II. Palreolithio, or palreozoic (primary) Epoch 32.1 

HI. 111esolithic, or mesozoic (secondary) Epoch 11.5 
IV. Camolithic, or cenozoic (tertiary) Epoch . 2.3 
V, .A.nthropolithic, or a.nthropo:wic (quaternary) Epoch • 0.5 

Total .. . 100.0 

The relative durations of the five main epochs of the 
earth's organic history, are yet more clearly seen in the 
opposite Table (XIV.), in which the relative thicknesses of 
the strata systems deposited within these Epochs is repre
sented on a scale corresponding to their actual depths. 

This table shows that the period of the so-called History 
of the \Vorld forms but an inconsiderable span in comparison 
with the immeasurable duration of those earlier epochs during 
which 1\'Ian did not exist upon this planet. Even the great 
Crenozoic Epoch, the so-called Tertiary Epoch, during whith 
the Placental Animals, the higher 1\'Iammals, developed, 
includes but little more than two per cent. of the whole 
enormous duration of the organic history of the world.128 

And now before we turn to our proper phylogenetic 
task; before, guided by our knowledge of ontogenetic facts 
and by the fundamental law of Biogeny, we attempt to 
trace step by step the history of the palreontological evo
lution of our animal ancestors, let us turn aside for a short 
time into another and apparently very different and very 
remote department of science, a general review of which 
will make the solution of the difficult problems which 
now rise before us very much easier. The science is that 
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T .A.BLE XIV. 

Systematic Snr'l"oy of the Neptunian fossiliferous strata of the £'1\rlh with 
reference to their relative sectional thickness (130,000 feet ci:·ea). 

IV. Cronolithic Strata, Pliocene, Miocene, Eocene. 
circa 3000 feet. 

III. Mesolithic Strata. IX. Chalk System. 

·········································· Deposits of the 

VIII. 
Secondary Epoch, circa 

Jurassic System. 

.......................................... 
15,000 feet. 

VII. Triassic System 

VI. Pet·mian System. 
II. Palooolithic Strata. 

. ........................................• 
Deposits of the 

v. Coal System. 

Primary Epech, circa 

··························· ·············· 
42,000 feet. 

IV. Devonian System. 

III. Silurian System, circa 

I. .Anhilithic Strata. 22,000 feet . 

.......................................... 
Deposits of the II. Cambrian System, circa 

18,000 feet. 
rrimordial Epoch, circa .......................................... 

'70,000 feet. L Laurentian System, circ:1, 

30,000 feet. 
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of C'omparati \'e Philology. Ever since Darwin, by the theory 
t~f ~at ural Selection, infused new life into Biology, and raised 
the fundamental question of development in every branch 
of science, attention has frequently and fro;n very different 
quarters been called to the remarka1le para1lelism, which 
existR between the evolution of the various human languages 
an1l the e\·olution of organic species. The comparison is 
(ptite jm;tifiahle and very instructive. Indeed it is hanlly 
l"Hsihle to find an analogy better adapted to throw a clear 
light on many obscure and flifficult facts in the evolution of 
species, which is governed and directed by the same natural 
laws which guide the course of the evolution of language. 

All philologists who have made any progress in their 
science, now unanimomdy agree that all human languages 
1mve developed slowly and by degrees from the simplest 
rncliments. On the other hand, the strange proposition 
which till thirty years ago was defended by eminent au
thorities, that language is a divine gift, is now universally 
njected, or at best defended only by theologians and hy 
people who have no conception ot natural evolution. Such 
ln·illiant results have been att::tined in Comparative Philology 
that only one who is wilfully blind can fail to recognize the 
natueal evolntion of language. The latter is necessarily 
evident to the student of nature. For S~)eech is a physio
lt),~·ical function of the human organism, developing simul
taneously with its special organs, the larynx and the tongnP, 
a;.1cl simultaneously with the functions of the brain. It iK, 
therefore, quite natmal that in the history of the evolution 
of languages, and in their whole system, we should find the 
sftme correlations as in the history of the evolution of 
o1·ganic species and iu their whole S_>',3tcm. The various 
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larger anJ smaller gnmps of speech-forms, which arC' r1i:-tin
guishccl in Comparati,•e Philology as primitiw l:mgunges, 
funLlamentallanguages, parent languages, derive<ll:mgua~r·s, 
dialects, patois, etc., COITespond perfectly in their JttrHlr• nt 
development 'vith the various larger and smaller f!TOilJ!S rJf 

organisms classed in systems of Zoology and B(Jtany as 
tribes, classes, onlers, families, genera, sp<'cics, aJl<l varir·
ties of the animal and vegetable kingdoms. The relations 
between these various systematic groups, or catcgorif's. are 
in both cases identical; moreover, evolution follo"·s thn 
same course in one case as in the other. This instrm·tinJ 
comparison was first elaborated by one of the most eminent 
of German philologists, one who, unfortunately, died pn'
maturely-August Schleicher, not only a philologist hut also 
a learned botanist. In his more important works, the Com
parative Anatomy and evolutionary history of languagf's is 
treated by the same phylogenetic method which ·we employ 
in the Comparative Anatomy and evolutionary hi:-;tory of 
animal forms. He has especially applied this metho<l to 
the Indo-Germanic family of languages; and in his littlo 
treatise on "The Darwinian Theory and the Science of 
Language" ("Die Darwin'sche Theorie und die Sprach
wissenschaft ''), he illustrated it by means of a synoptieal 
pedigree of the Indo-Germanic family of languagesP9 

If the formation of the various branch languages whi(·h 
haYe developed from the common root of the primitiYe 
Indo-Germanic tongue is studied with the aid of this pclli
gree, a very clear idea of their Phylogeny will be acquirt><l. 
At the same time it becomes evident how entirely analogous 
is the evolution of the greater and lesser groups of the 
Vertebrates, which have sprung from the one common root-
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form of the primitive Vertebrates. The primitive Indo
Germanic root-tongue first separated into two chief stems : 
the Slavo-Germanic and the Ario-Romanic main-trunks. 
The Slavo-Germanic then branched into a primitive German 
and a primitive Slavo-Lettic tongue. Similarly, the Ario
Romanic split up into a primitive Arian and a primitive 
Grreco-Romanic language (p. 23). If we continue our 
examination of this pedigree of the four primitive Indo
Gemlanic langu:tges, we find that the primitive Germanic 
tongue divided into three chief branches-a Scandinavian, 
a Gothic, and a Teutonic branch. From the Teutonic branch 
proceeded, on the one hand, High German, and, on the 
other hand, Low German, to which latter belong the yarious 
Friesian, Saxon, and Low German dialects. Similarly, the 
Slavo-Lettic tongue developed first into a Baltic and a 
Slavonic language. From the Baltic spring the Lettie, 
Lithuanian, and Old Prussian dialects. The Slavic, on the 
other hand, give rise, in the South-east, to the Russian and 
the South Slavic dialects, and, in the West, to the Polish 
and Czech dialects. 

Turning now to the other main stem of the Indo
Germanic languages and its branches-the primitive Ario
Romanic-it is found to develop with the same luxuriance. 
The primitive Grreco-Romanic language gave rise, on tlw 
one hand, to the Thracian language (Albanian Greek), and 
on the other, to the Italo-Keltic. From the latter in turn 
sprung two divergent branches-in the South, tl1e Italian 
1ranch (Romanic and Laiin), and in the North, the Keltic, 
from which arose all the different British (Old British, Old 
Scottish, and Irish) and Gallic tongues. The numerous 
Iranian and Indian dialects branched out in the same way 
{!·om the primitive Arian language. 
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TABLE .~v. 

Pedigree of the Indo-Germanic I,nngna~cs. 

High Germans Anglo Saxons 
Lithuanians Ancient Prnssians I Low Gcnnnns I Lerts I Nethctndera 

....__,__.... 

I -..__,________.. 
:Baltic Races 

So~ians 

Polish \ 
Czechs I 
~ 

West Sclaves 
Russians 

South rlaves\ 

...____,__...... 
South-east Sclaves 

I 
Sclaves 

L_______.. 
Sclavo-Letts 

I 
'--v 

Sclavo-Germans 

Ancient Saxons 

I -----,--
Saxons Friesians 

I - _j 
Low Germans 

Scandinavians I 

I Goths~ 
. I I 
'--y---------~ 

Primitive Germans 
Ancient British 

Ancient Scotch I 
Irish I 

Ro~ans I I G'\nls 

Latins ...____,..._... I 
1 Gaels --,....---
1 I Brittanese 

'-r-' ~ 
Italians Kelts 

I I 
-------~ Italo-Kelts 

Albanese Greoks 
I I 
-----..,--------

Frimitive ThraLians 

Indiins Iranians \ 

....._____,____ ---------
Ariana Grreco-RomaJU 

I I 
'----y----' 

Ario-Romans 
I 

'----v---.J 
Indc-Germans 
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A close stn<ly of this pedigree of the Inclo-Gcrmrrnic 
languages is, in many respects, of great interest. ('om
prrrative Philolo,:;y, to which we are indclJted for our know
ledge of this subject, thus shows itself to be a true science
a. ncdtLml science. It, iJHleed, long ago antici11atetl in its 
own province the phylogenetic method with the aid of 

·which we no>v attain the highest results in Zoology awl 
and in Botany. And here I carmot refrain from remarkin;; 
hmv much to the atlvanta;;e of our general culture it wonl< l 
l1e if the study of languages (which is undoubtetlly one of 
the most powerful means of enlture) were co-rnparul i cd,'} 
prosecuted; and if our cut a111l tlried Philology were re
placed by a living, many-sided, compamtiL·e study of lan
;;uages. The latter stamls in· the same relation to the 
former as the living history of organic evolution tloes to 
the lifeless classification of species. How much <leeper 
would the interest taken in the study of language by the 
:;;tudents in our schools be, and how much more vivid woul<l 
be the results if even the first elements of Comparative 
Philology were taught instead of the tlistasteful composi
tion of Latin exercises in Ciceronian style! 

I have entered with this detail into the "Comparati n~ 
Anatomy" and the history of the evolution of languages, 
because it is unsurpassed as a means of illustrating the 
Phylogeny of organic species. \'IT e find that in structme 
and in development these primitive languages, pannt 
languages, derived languages, and dialects, corrcspowl 
exactly like the classes, orders, genera, and species of the 
anirnal kingdom. The " natural system " is in both cases 
])hylogenetic. Just as Comparative Anatomy, Ontogeny, ancl 
Palreontology aifonl certai.n proof that all Vertebrates, 
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whether extinct or extant, arc deseeudecl from a commoJt 
anccstra 1 form, so docs the com para ti \·e ~:>t nd y of th• · tlead 
and living InJo-Germanic lcwgnagc absolutely convince 
us that tdl these languages ha\·e sprung from a common 
ongm. This monophyletic view is unanimously adoptctl L.r 
all linguists of importance who ha\'e studied the qtlcstiou, 
ancl who are capable o:f passing a critical judgment upon it.wo 

The point, however, to ·which I would specially call your 
attention in this comparison between the various branches, 
on the one hand, of the Indo-Germanic language, and, on tlw 
other, of the vertebrate tribe, is that the tlirect descendants 
must never be confounded 'liith the collateral lines, nor the 
extinct with the extant forms. This mistake is often 
macle, and results in the formation of erroneous notions uf 
which our opponents often take ad Yantage in onlur to 
o:;)pose the whole theory of descent. When, for instance, it 
is said that human beings are descended from .Apes, tho 
latter from Semi-apes, and the Semi-apes from Pouche· 1 
.Animals (Jfanupialia), very many people think only of the 
familiar living species of these ditlerent -mammalian orcler:-i, 
such as are to be found stuffed in our musemus. Now, our 
opponents attribute this erroneous view to us, and, with 
more craft than judgment, declare the thing impossible; or 
else they ask us as a physiological experiment to transform 
a Kangaroo into a Semi-ape, this into a Gorilla, and the 
Gorilla into a Han. Their demand is as childish as the 
conception on which it is founded is erroneoun : for all 
these extant forms ha\·e varied more or less from their 
common parent-form, and none of them are capable of pro
clueing the same divergent posterity which were really 
producou thousands of years ago by that parent-fonu.131 
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There is no doubt that Man is descended from an extinct 
mammalian form, which, if we could see it, we should 
certainly class with the Apes. It is equally certain that 
this primitive Ape in turn descended from an unknown 
Semi-ape, and the latter from an extinct Pouched AnimaL 
But then it is beyond a doubt that it is only in respect of 
essential internal structure, and on account of their similarity 
in the distinctive anatomical characters of the order, that all 
these extinct ancestral forms can be spoken of as members 
of the yet extant mammalian orders. In external form, in 
generic and specific characters, they must have been more or 
less-perhaps even greatly-dHferent from all living repre
sentatives of the orders to which they belonged. For it 
must he accepted as a quite universal and natural fact in 
phylogenetic evolution that the parent-forms themselves, 
with their specific characters, became extinct at a more or 
less distant period. Those extant forms which come nearest 
to them, yet differ from them more or less, perhaps even 
Yery essentially. Hence in our phylogenetic researches 
and in our comparative view of the still living divergent 
tlescendants all we can tmdertake to do is to determine 
how far the latter depart from the parent-form. We may 
quite confidently assume that no single older parent-form 
has reproduced itself without modification down to our time. 

We find this same state of things on comparing various 
extinct and living languages, which have sprung from one 
common primitive tongue. If, from this point of view, we 
examine the genealogical tree of the Indo-Germanic 
languages, we may conclude, on a p?·iori grounds, that all 
the earlier primitive languages, fundamental languages, and 
ancestral languages, from which the living dialects are 
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descended in the first or SeCODU degree, have lJpcn extinct 
for a longer or shorter period. And this is the case. The 
Ario-Romanic and the Sclavo-Germanic tongues have long 
been altogether extinct, as are also the primitive Arian awl 
Gn:eco-Romanic, the Sclavo-Lettic, and primitive Germanic 
languages. Some even of the languages descended from 
these have also long been dead, and all those of the Indo
Germanic branch which are yet extant, are akin only in 
so far as they are divergent descemlants of common parent
forms. Some have diverged from this ancestral form more, 
others less. 

This easily demonstrable fact very well illustrates 
analogous facts in the descent of vertebrate species. Phy
logenetic "Comparative Philology," as a powerful ally, sup
ports phylogenetic "Comparative Zoology." The former can, 
however, adduce far more direct evidence than the latter, 
because the palreontological materials of Philology, the 
ancient monuments of extinct tongues, have been far better 
preserved than the palreontological materials of Comparative 
Zoology, the fossil bones of vertebrates. The more these 
analogous conditions are considered, the more convincing 
is their force. 

\Ve shall presently find that we can trace back the 
genealogical line of Man, not only to the lower Mammals, 
but even to the Amphibia, to the shark-like Primitive Fishes, 
and even far below these, to the skull-less Vertebrates allied 
to the Amphioxus. It must be remembered this does not 
mean that the living Amphioxus, Shark, or Amphibian accu
rately represent the outward appearance of the parent-forms 
of which we speak. Still less does it mean that the 
Amphioxus, or the Shark of our day, or any extant species 
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of Amphibian is an actLnl parent-form of the higher Y er
tebrates and of l\hn. On the contrary, this important 
assertion must be clearly unrlcr::;tood to mean, that the li \·ing 
furms, which have been mentioned, are side branches, which 
are much more nearly allic<l, and similar to the extinct 
cmnmon parent-forms, than any other known animal forms. 
In their internal characteristic structure they remain sn 
similar to the unknown parent-forms, that we should class 
them both in one order, if we had the latter before us in 
a living state. But the direct descendants of the primiti \·e 
forms have never remained unmodified. Hence it is 
<J uite impossible that among the living species of animals 
we should find the actual ancestors of the human race in 
their characteril:ltic flpecific forms. The essential and charac
teristic features, which more or less closely connect liYing 
forms with the extinct common parent-forms, are to b.: 

found in the internal structure of the body, not in tlw 
external specific form; The latter has been much modific,l 
by adaptation. The former has been more or less retained 
by heredity. 

Comparative Anatomy and Ontogeny indisputably prove 
that Man is a true Vertebrate, so that the special genealo
gical line of Man must of course be connected with that of 
all those Vertebrates which are descended from the same 
common root. Moreover, on many definite grounds, snp·· 
plied by Comparative Anatomy and Ontogeny, we must 
assume only one common origin for all Vertebrates
a monophyletic descent. Indeed, if the theory of descent 
is correct, all Vertebrates, Man included, can only haYe 
descended from a single common parent-form-from a single 
primitive Vertebrate species. The genealogical line of the 
Vert-ebrates, therefore, is also that of Man. 
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Our task of ascertaining a pedigree of Man tlms ·witlPnfi 
into the more consiuer~=tllle task of constructing the pedigree 
of all the Vertebrates. This is eonnecte<l, as we learned from 
the Comparative Anatomy and Ontogeny of the Amphioxus 
and of the Ascitlian, with the pedigree of the InYerteurate 
animals, and directly with that of the \Vorms, while no con
nection can be shown with the genealllgy of tho indepen
dent tribes of the ArticulateJ Animals (A 1·thro1 odrc ), Soft
LoLlied Animals (Mollttsw), anJ Star-animals (Echinodennrt). 
As the Ascidian Lelongs to the Mantled Animals (Tunicuta), 
an<l as this class can only Le referred to the great \Vorm 
tribe, we must, ai~_led Ly Comparative Anatomy and Onto
gen:·, further trace our pedigree down through various stageR 
to the lowest forms of \Y orms. This necessarily brings us 
to the Gastrrea, that most important animal form in whieh 
>Ye recognize the simplest conceivable prototype of an animal 
>Yith two germ-layers. The Gastrrea itself must haYe ori
ginated from among those lowest of all simple animal form~. 
"·hich are now included by the name of Primitive Animal:-; 
(P1·otozoa). Among these we have already considered that 
primitive form which possesses most interest for us-the 
one-celled Amceba, the peculiar significance of which depends 
on.its reseh1blance to the human egg-cell. Here we have 
rC'achecl the lowest of those impregnable points, at which 
the value of our fundamental law of Biogeny is directly 
found, and at which, from the embryonic eYolutionary stag(', 
we can directly infer the e.s.tinct parent-form. The amceboid 
nature of the young egg-cell, and the one-celled condition 
in ·which each 1\:ian begins his existence as a simple parent
cell or cytula-cell, justify us in affirming that the oldest 
ancestors of the human race (as of the whole animal 
kingdom) were simple amccboid cells. 
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Here arises another question : " Whence, in the uegin
uing of the organic history of the earth, at the commence
ment of the Laurentian period, came the earliest Amrehe?" 
To this there is but one reply. Like all one-celled organ
isms, the Amcebre have originally developed only from the 
simplest organisms know to us, the Monera. These "Monera, 
which we have already described, are also the simplest con
ceivable organisms. Their body has no definite form, and 
is but a particle of primitive slime (plasson)-a little mass 
of living albumen, pelforming all the essential functions of 
life, and everywhere met with as the material basis of life. 
This brings us to the last, or perhaps the first question in 
the history of evolution-the question as to the origin of 
the Monera. And this is the momentous question as to the 
prime origin of life-the question of spontaneous generation 
(generatio spontanea or cequit·occ~). 

We have neither time, nor indeed have we any occasion, 
to discuss at length the weighty quero,tion of spontaneous 
generation. On this subject I must refer _you to my 
" History of Creation," and, especially, to the second book 
of the Gene1·elle Morplwlogie, and to the discussion on 
Monera and spontaneous generation in my "Stuclien li.uer 
Moneren uncl andere Protista." 132 I have there stated 
my own views on this important subject in very great 
detail. Here I will only say a few words on the ob
scure question as to the first origin of life, and will answer 
it so far as it concerns our radical conception of the 
history of organic evolution. In the definite, limiteLl 
sense in which I maintain spontaneous generation (gene
Tatio spontanec~) and assume it as a necessary hypo
thesis in explanation of the first beginning of life upon 
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the earth, it merely implies the origin of Monera front 
inorganic carbon compounds. When animated bodies fir:-:t 
appeared on our planet, previously without life, there must, 
in the first place, have been formed, by a process pun'ly 
chemical, from purely inorganic carbon combinations, that 
very complex nitrogenized carbon compound which we call 
plasson, or" primitive slime," and which is the oldest material 
substance in which all vital activities are embodied. In 
the lowest depths of the sea such homogeneous amorphon:-: 
protoplasm probably still lives, in its simplest character, under 
the name of Bathybius.137 Each individual living particle 
of this structureless mass is calletl a Moneran. The oldc,t 
Monera originated in the sea by spontaneous generation, 
just as crystals form in the matrix. This assumption is 
required by the demand of the human understanding for 
causality. For when, on the one hand, ·we reflect that the 
whole inorganic history of the earth proceeds in accordance 
with mechanical laws and without any intervention Ly 
creative power, and when, on the other hand, we consider 
that the entire organic history of the world is also de
termined by similar mechanical laws; when we see that no 
supernatural interference by a creative power is needed for 
the production of the variow:; organisms, then it is certainly 
quite inconsistent to assume such supernatural creatiYe 
interference for the first production of life upon our globe. 
At all events we, as investigators of nature, are bound 
at least to attempt a natural explanation. 

At present, the much agitated question of spontaneous 
generation appears very intricate, because a large number 
of very different, and in part quite absurd, conceptions are 
included under the term "spontaneous generation," and 

• 
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lJecuuso some have suppo:;erl that the pro1Jlem could l,c 
srJlYcd by means of the cruelest experiments. The doctrine 
d' spontaneous generation cannot be experimentally refuted. 
For each experiment ·with a negatiYe result merely proves 
that under the conditions (always very artificial) suppliecll>y 
us, no organism has been produced from inorganic com Lina
tions. Neither can the theory of spontaneous generatio~1 
l>L' experimentally praYed unless great difficulties are over
come ; and eYen if in our own time Monera were produced 
daily by spontaneous generation-as is very possible-yet 
the al>solnte empiric proof of this fact would be extremely 
11itticnlt-incleed, in mo;;t cases impossible. He, howeYcr, 
who docs not assume a spontaneous generation of Monera, 
i.n the sense here indicated, to explain the first origin of lire 
11pon our earth, has no other resource but to believe in a 
surernatural miracle; and this, in fact, is the questionable 
standpoint still taken by many so-called" exact naturalists," 
·who thus renounce their own reason. 

Sir William Thomson has indeed tried to avoid the 
necessary hypothesis of spontaneous generation by assuming 
that the organic inhabitants of our earth originally de
scended from germs which proceeded from the inhabitants 
of other planets, and "·hich, with fragments of the latter. 
·with meteorites, accidentally fell on to the earth. This 
l1.\·pothesis has met with much applause, and was even 
supported by Helmholtz. Friederich Zoellner, an acute 
physicist, has, however, refuted it in his excellent natural
philosophical work "Ueber die Natur der Cometr.n," a 
critical book containing most valuable contributions to thu 
history and theory (If knowleclge.127 Zoellner has plainly 
..:hown that the hypothQ.-,is i:J unscicnt.ific in two respects-,-
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fir~tly, in point of logic, and secon<lly, in its scientific tenor 
(p. xxvi). At the same time he rightly shows that the 
hypothe~is of spontaneous generation, in the sense whi<:h 
we have clefined, is the "condition necessary to the concei\·
ability of nature in accordance with the laws of causality." 

In conclusion, I repeat, with emphasis, that it is only in 
the case of Monera-of structureless organisms wit!wut 
organs-that we can assume the hypothesis of spontaneou~ 
generation. Every differentiated organism, every organism 
composed of organs, can only have originated from an 
undifferentiated lower organism by differentiation of its 
parts, and consequently by Phylogeny. Hence, even in the 
production of the simplest cell we must not assume the pro
cess of spontaneous generation. For even the simplest cell 
consists of at least two distinct constituent parts ; the 
inner and firmer kernel (nucleus), and the outer and 
softer cell-substance or protoplasm. These two distinct 
parts can only have come into being by differentiation of 
the homogeneous plasson of a moneran and of a cytod. It 
is for this very reason that the natural history of Monera is 
of the highest interest; for it alone can remove the principal 
difficulties which beset the question of spontaneous genera
tion. The extant Monera do afford us organless and struc
tureless organisms, such as must have originated by sp.on
taneous generation at the first beginning of organic life 
upon the earth.1~ 

VOL. n. D 
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CHAPTER XVI. 

THE ANCESTRY OF l\IAN. 

I. FROM THE MONERA TO THE GASTRlEA. 

Relation of tbe General Inductive Law of the Theory of Descent to the 
Special Deductive Laws of the Hypotheses of Descent.-Incompleteness 
of the Three Great Records of Creation: Pal<eontology, Ontogeny, and 
Comparative Anatomy.-Unequal Certainty of the Various Special 
Hypotheses of Descent.-The Ancestral Line of Men in Twenty-t,vo 
Stages: Eight Invertebrate and Fourteen Vertebrate Ancestors.-Distri
bution of these Twenty-two Parent-fot·ms in the Five Main Divisions of 
the Organic History of the Earth.-First Ancestral SLage: Monera.
The Strnctureless a.nd Homogeneous Plasson of the 1\Ionera.-Differen
tiation of the Plnsson into Nucleus, and the Protoplasm of the Cells.
Cytods and Cells as Two Different Plastid-forms.-Yital Phenomena 
of Monera.-Organisms without Organs.-Second Ancestral Stage : 
Amooh<e.-One-cellecl Primitive Animals of the Simplest and most Un
differentiated Nature.-The Amooboid Egg-cells.-The Egg is Older than 
the Hen.-Third Ancestral Stage : Syn-Amooba, Ontogenetically repro
duced in the Mornla.-A Community of Homogeneous Amooboid Cells.
lfourth Ancestral Stage: Plan<ea, Ontogenetically reproduced in the 
Blastula or Planula .-Fifth Ancestral Stage: Gastr<ea, Ontogenetically 
reproduced in the Gastrula and the Two-l::tyered Germ-disc.-Origin of 
the Gnstr<ea by Inversion (im,aginatio) of the Plan<ea.-Halipuysema 
and Gastrophysema.-Extant Gastr<eads. 

"Now, very probably, if the course of evolution proves to be so very 
simple, it will be thought that the whole matter is self-evident, and tltat. 
research is hardly required to establish it. But the story of Columbus and 
the egg is daily repeated ; and it is necessar,y to perform the experiment 
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for one's self. llow slowly progress is made in the knowle<lgc C\'Cll of sdf
cvident matters, e"pecially when respectable authorities t!i,agrct•, I m,pclf 
have experienced suflicieutly."-KAltL En:;sr BaElt (1828). 

GUIDED by the fundamental law of Biogeny anll by the 
sure records of creation, we now turn to the interesting 
task of examining the animal parent-forms of the human 
race in their proper sequence. To ensure accuracy, we 
must first become acquainted with the various mental 
operations which we shall apply in this natural-philosophical 
research. These operations are partly of an inductin•, 
partly of a deductive nature; partly conclu~Sions from 
numerous particular experiences to a general law; partly 
conclusions from this general law back to particular ex
periences. 

Tribal history as a whole is an inductive science ; for 
the whole theory of descent, as an indispensable and most 
essential part of the whole theory of evolution, is entirely 
founded on inductions. From all the biological incidents in 
plant life, in animal life, and in human life, we have derive1l 
the certain inductive conception that the whole of the or
ganic inhabitants of our globe originated in accordance with 
one single law of evolution. To this law of evolution, La
marck, Darwin, and their successors gave definite form in 
the theory of descent. All the interesting phenomena ex
hibited by Ontogeny, Palreontology, Comparative Anatomy, 
Dysteleology, Chorology, the CEkology of organisms, all the 
important general laws, which we infer from multitudinous 
phenomena of these different sciences, and which are most 
intimately connected together, are the broad inductive 
data from which is drawn the most extensive inductive 
la'rv of Biology. Because the innate connection between all 
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these infinitely various groups of phenomena in these dif
ferent departments becomes explicable and comprehensible 
solely through the theory of descent, therefore this theory 
of evolution must be regarded as an extensive inductive 
law. If we now really apply this inductive law, and with 
its help seek to discover the descent of individual organic 
species, we must necessarily form phylogenetic hypotheses, 
which are of an essentially deductive nature, and which are 
inferences from the general theory of descent back to indi
vidual particular cases. These special deductive conclusions 
are, however, in accordance with the inexorable laws of 
Logic, as justifiable, as necessary, and as indispensable in 
our department of knowledge as the general inductive 
conclusions of which the whole theory of evolution is 
formed. The doctrine of the animal parent-forms of man
kind is aL:o a special deductive law of this kind, which is 
the logical conclusion from the general inductive law of the 
theory of descent.134 

As is now very generally acknowledged, both by the 
adherents of and the opponents of the theory of descent, 
t.he choice, in the matter of the origin of the human race, 
lies between two radically different assumptions : We must 
either accustom ourselves to the idea that all the various 
species of animals and plants, Man also included, ori
ginated independently of each other by the supernatural 
process of a divine "creation," which as such is entirely 
removed from the sphere of scientific observation-or we 
are compelled to accept the theOTy of descent in its entirety, 
and trace the human race, equally with the various animal 
and plant species, from an entirely simple prim::.eval parent
form. Between these two assumptions there is no third 
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course. Either a blind belief in creation, or a scicn Li tic 
theory of evolution. By assuming the latter, and this is the 
only possible natural-scientific conception of the univen;e, 
we are enabled, with the help of Comparative Anatomy an<l 
Ontogeny, to recognize the human ancestral line with a 
certain approximate degree of certainty, just as is more or 
less the case with respect to all other organisms. Our 
previous study of the Comparative Anatomy and Ontogeny 
of Man, and of other Vertebrates, has made it quite clear 
that we must first seek the pedigree of mankind in that of 
the vertebrate tribe. There can be no doubt that (if the 
theory of descent is correct) Man has developed as a true 
Vertebrate, and that he originated from one and the same 
common parent-form with all other Vertebrates. Thi:> 
special deduction must be regarded as quite certain, conect
ness of the inductive law of the theory of descent being of 
course first granted. No single adherent of the latter can 
raise a doubt about this important deductive conclusion. 
We can, moreover, name a series of different forms of the 
vertebrate tribe, which may be safely regarded as the repre
sentatives of different successive phylogenetic stages of 
evolution, or as different members of the human ancestral 
line. We can also prove with equal certainty that the 
vertebrate tribe as a whole originated from a group of low 
invertebrate animal forms; and amvng these we can again 
with more or less certainty recognize a series of members 
of the ancestral chain. 

"\Ve must, however, at once expressly say that the cer
tainty of the different hypotheses of descent, which are 
founded entirely on special deductive inferences, is very 
unequal Several of these conclusions are already fully 
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estalJlished; others, on the contrary, are most doubtful; m 
yet others, it depends upon the suLjective proportion of the 
knowledge of the naturalist and on his capability of draw
ing conclusions, what degree of probability he will accord 
to them. It is, at all events, necessary thoroughly to dig
tinguish between the absolute certainty of the general 
(inductive) theory of descent, and the Telative certainty of 
the special (deductive) hypothesis of descent. We can 
never in any case prove the whole ancestral line of an
cestors of an organism with the same certainty with which 
we regard the theory of descent as the only scientific expla
nation of the organic forms. On the contrary, the special 
proof of all separate parent-forms must always remain 
more or less incomplete and hypothetical. That is quite 
natural. For all the records of creation upon which we 
rely are in a great measure incomplete, and will always 
remain incomplete; just as in the case of ComparatiYe 
Philology. 

Above all, Palreontology, the most ancient of all records 
of creation, is in the highest degree incomplete. We know 
that all the petrifications with which we are acquainted 
form but an insignificantly small fragment of the whole 
number of animal forms and plant forms which have ever 
existed. For each extinct species obtained by us in a petrified 
condition, there are at least a hundred, probably thousands 
of extinct species which have left no trace of their existence. 
This extreme and most deplorable defectiveness of the palreon
tological record of creation, upon which it is impossible to 
insist too strongly, is very easily accounted for. The very 
conditions under which organic remains become petrified 
necessitate it. It is also partly explicable as the result of 
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an imperfect knowledge in this department. It must hP 
remembered, that far the greater proportion of the rod; 
strata which constitute the mountain masses of the surfac'· 
of the earth is not yet unfolded to us. Of the count 
less petrifications which are hidden in the Jmgc moun
tain chains of Asia and Africa, we know but a few smn ll 
samples. Part of Europe and of North America has alow! 
been more minutely explored. The whole of the petri
factions accurately known and in our collections do not 
amount to a hundredth part of those which really exist in 
the crust of the earth. In this respect we may, thCleforc, 
expect a rich harvest of discoveries in the future. But, in 
~pite of this, the paheontological record of creation (fur 
reasons which I have amply explained in Chapter XV of 
my "Natural History of Creation") will always remain 
extremely incomplete. 

Not less incomplete is the second, most important record 
of creation, that of Ontogeny. For the Phylogeny of the 
individual it is the most important of all. Yet, it also has 
its great defects, and often leaves us in the lurch. In thiK 
matter, we must distinguish quite clearly between palin
genetic and kenogeneti..; phenomena, between the original, 
inherited evolution ar1d the later, vitiated evolution. We 
must never forget that the laws of abridged and vitiated 
heredity frequently disguise the original course of evolution 
beyond recognition. The reproduction of the Phylogeny 
in the Ontogeny is but rarely tolerably complete. The 
earliest and most important stages of germ-history are 
usually the most abridged and compressed. The youthful 
evolutionary forms have in turn often adapted themselves 
to new conilitions, and have thus been modified. The 
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struggle for existence has excited an equally strong modify
ing influence upon the various independent and yet un~ 
developed young forms, as upon the developed and mature 
forms. Therefore, in the Ontogeny of the higher animal 
forms, the Phylogeny has been very greatly limited by Keno
genesis ; as a rule, only a blurred and much vitiated picture 
of the original course of evolution of their ancestors now 
lies before us in the Ontogeny. Only with great precaution 
and judgment dare we infer the tribal history directly from 
the germ-history. Moreover, the germ-history itself is 
known to us only in the case of very few species. 

Lastly, the highly important record of creation afforded 
by Comparative Anatomy is unfortunately very incomplete, 
and for the simple reason, that the number of ext::mt 
animal species forms but a very small fragment of the 
whole number of different animal forms that have existed 
from the beginning of the organic history of the world to 
the present time. The total sum of the latter may safely 
be estimated at several millions. The number of those 
animals the organizat· on of which has at present been 
investigated by Comparative Anatomy is very small in pro
portion. The more extended investigations of the future 
will, here also, open up unexpected treasures. 

In view of this evident and natural incompleteness of 
the most important records of creation, we must of course 
take good care, in the tribal history of Man, not to lay too 
great weight on single known animal forms, nor with equal 
certainty to consider all the stages of evolution which come 
under our consideration, as parent-forms. On the contrary, 
in hypothetically arranging our ancestral line, we must 
take good care to remember that the single hypothetical 
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parent-forms are of very diverse values in relation to the 
certainty of our knowledge. From the few remarks which, 
while speaking of the Ontogeny, we made as to the corre
sponding phylogenetic forms, it will have been undrrstotHl 
that some germ-forms may with certainty be regarded as 
reproductions of corresponding parent-forms. \V e recog
nized the human egg-cell and the parent-cell which results 
from the impregnation of the latter as the first and most 
important form of this kind. 

From the weighty fact that the egg of the human being, 
like the egg of all other animals, is a simple cell, it may he 
quite certainly inferred that a one-celled parent-form once 
existed, from which all the many-celled animals, 1\Ian in
cluded, developed. 

A second very significant germ-form, which evidently 
reproduces a primawal parent-form, i~ the germ-vesicle 
(Blastula), a simple hollow sphere, the wall of which con
sists of a single cell-stratum. A third extremely import
ant form in germ-history, which may be quite safely and 
directly referred back to the tribal history, is the true Gas
trula. This most interesting larval form alreR.dy exhibits 
the animal body composed of two germ-layers, and fur
nished with the fundamental primitive organ, the intestinal 
canal. Now, as the same two-layered germ-condition, with 
the primitive rudiment of the intestinal canal, is common to 
all the other animal tribes (with the single exception of the 
Primitive Animals, Protozoa), we may certainly from this 
infer a common parent-form of similar construction to the 
Gastrula, the Gastrrea. Equally important in their bearing 
on the Phylogeny of Man, are the very important ontoge
netical form conditions which correspond to certain Worms, 
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Skull-less Animals (Acmnic~). Fishes, etc., etc. On the other 
hand, between these quite certain and most valuable phylo
genetic points, great gaps in our knowledge unfortunately 
exist, with which we shall again and again meet, and which 
are satisfactorily explained by reasons which have already 
been named, especially by the incompleteness of Palreon
tology, of Comparative Anatomy, and Ontogeny. 

In the first attempts to construct the human ancestral 
line, which I made in my Generelle ll!m·phologie, and in 
the "Natural History of Creation," I arranged first ten, 
and, later, twenty-two <lifferent animal forms, which, with 
more or less certainty, may be regarded as the animal an
cestors of the human race, and which must be looked upon 
as in a sense the most important stages of evolution in 
the long evolutionary series from the one-celled organisms 
up to Man.135 Of these twenty to twenty-two animal forms, 
about eight fall within the older division of the Inverte
brates, while twelve to fourteen belong to the more recent 
Vertebrate division. How these twenty-two most important 
parent-forms in the human ancestral line are distributed 
through the five main periods of the organic history of the 
earth, is shown in the following Table (XVI.). At least half 
of these twenty-two stages of evolution (that is, the eleven 
oldest ancestral forms) are found within the Archilithic 
Epoch, within that first main period of the organic history of 
the earth, which includes the larger half of the latter, and 
during which probably only aquatic organisms existed. The 
eleven remaining parent-forms fall within the four remaining 
main Epochs : three within the Palreolithic Epoch, three 
·within the Mesolithic Epoch, and four within the Crenolithic 
Epoch. In the last, the Anthropolithic Age, 1\Ian already 
existed. 
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If we would now undertake the difficult attempt to tlis
conr the phylogenetic course of evolution of these twenty
hYo human ancestral stages from the very commencement o( 

life, and if we venture to lift the da1·k veil which covers tlH~ 
oldest secrets of the organic history of the earth, we must 
undoubtedly seek the first beginning of life among those 
wonderful living beings which, under the name of Monera, we 
haYe already frequently pointed out as the simplest known 
organisms. They are, at the same time, the simplest 
conceivable organisms; for their entire body, in its fully 
developed and freely moving condition, consists merely 
of a small piece of structureless primitive slime or plasson, 
of a small fragment of that extraordina1·ily important nitro
genous carbon compound, which is now universally esteemctl 
the most important material substratum of all the actiYe 
phenomena of life. The experiences of the last ten years 
particularly have convinced us with more and more cer
tainty that wherever a natural body exhibits the actiYc 
phenomena of life, nutrition, propagation, spontaneous 
movement, and sensation, a nitrogenous carbon compound, 
belonging to the chemical group of albuminous bodies, is 
n,lways active, and represents the material substance through 
which these vital activities are effected. Whether, in a 
monistic sense, we conceive the function as the direct effect 
of the formed material substance, or, in a dualistic sense, we 
regard" Matter and Force" as distinct, it is at least certain 
that, hitherto, no living organism has been observed in which 
the exercise of vital activities was not inseparably connected 
·with a plasson-body. In the Monera, the simplest con
ceivable organisms, the whole body consists merely ofplasson, 
corresponding to the "primitive slime" of earlier natural 
philosonhv. 
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TABLE XVI. 

Systematic Survey of the most Important Stages in the Animal 
Ancestral Line of l\Ian. 

::11 N = lloundary between the Invertebrate and the Vertebrate Ancestors. 
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The soft slimelike plasson-substance of the bo<ly of tltc 
:Moneron is commonly called "p1·otoplusnw," and identtfie(l 
with the cell-substance of ordinary animal and plant cells. 
As, however, Eduard van Beneden, in his excellent worl· 
upon the Gregarim:e, first clearly pointed out, \Ve must, 
strictly speaking, distinguish thoroughly between the 
plasson of cytods and the protoplasm of cells. This dis
tinction is of special importance in its bearing on the history 
of evolution. As was before incidentally mentioned, we 
must assume two diff'erent stages of evolution in those ele
mentary organisms, which, as formative particles or plastids, 
represent organic individuality of the first order. The olller 
and lower stage is that of the cytods. in which the ·whole body 
consists of but one kind of albuminous substance, of the 
simplest plasson or formative material. The more recent 
and higher stage is that of cells, in which a separation or 
differentiation of the original plasson into two different 
kinds of albuminous substances, into the inner cell-kernel 
(nucleus), and the outer cell-substance (pTotoplas??w), has 
already taken place. 

The Monera are the simplest perm'l.nent cytods. Their 
entire body consists merely of soft, structureless plasson. 
However thoroughly we examine them with the help of 
the most delicate chemical reagents and the strongest optical 
instruments, we yet find that all the parts are completely 
homogeneous. These Monera are, therefore, in the strictest 
sense of the word, "organisms without organs; " or even, in 
a strictly philosophical sense, they might not even be called 
" organisms," since they possess no organs, since they are 
not composed of various particles. They can only be called 
organisms, in so far as they are capable of exercising the 
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organic phenomena of life, of nutrition, reproduction, l;;Cnsa
tion, and movement. If we tried to construct, a priol'i, the 
simplest conceivable organism, we should always be com
pelled to fall back upon such a 11onera. 

Although in all real Monera the body conBists merely 
of such a small living piece of plasson, yet, among the 
Monera, which have been observed in the sea aJNl in 
fresh water, we have been able to distinguish several (Ef

ferent genera and species, varying in the mode in which their 
tiny bodies move and reproduce. In the ways in ·which 
movement is accomplished very noticeable diflerences cxil;;t. 

FIG. 163.-.A. Moneron (Protamreba) in the act of reproduction: A, the 
whole Moneron, which moves, like the ordinary Amooba, by means of variable 
Jn·ocesses; B, a contraction round its circumfereuce parts it into two halve~; 
U, the two halves sepuate, and each now forms an independent individual 
{much enlarged). 

In some Monera, especially in the Protamreba (Fig. 163), 
the formless body, during its movements, invariably de
velops only a few, short, and blunt processes, which project 
like fingers, slowly altering their form and size, but never 
branching. In other Monera, on the other hand (e.g., 
Protontyxa, JfyxastJ·un"t), very numerous, long, fine, and 
generally thread-like processes arise from the s11rface of 
the movable body, and these branch irregularly, inter-
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twining their free moving cncb, so as to funn a net. Huge 
masses of such slime-nets crawl upon the <lccpcst hottum 
of the sea (Bathyuius, Fig. 164). \Vithm these soft slime
like plasson-ncts slow currents continually pass. Such a 
:Moneron may be fed with finely pulverized colouring 
matter (for instance, carmine or indigo powder), if this 
powder is scattered in the drop of water under the micro
scope, in which the M:oneron is contained. The grains 
of colouring matter at first adhere to the smJace of the 
slimy body, and then gradually penetrate, and are driven 
about in irregular directions. The separate smallest par
ticles, or molecules, of the :Moneron-body, called "plas
tidules," 136 displace each other, change their relative 
positions, and thus effect a change in the position of the 
absorbed particles of colouring matter. This change of 
position, at the same time, proves positively that a hidden 
delicate structme does not exist. It might be argued that 
the Monera are not really structureless, but that their 
organization is so minute that, in consequence of the in
arlequate power of our magnifying glasses, it is invisible. 
This objection is, however, invalid, for by the experiment 
of feeding, we can, at any moment, prove the entrance of 
foreign, formed, small bodies into the different parts of the 
body of the Moneron, and that these are irregularly driven 
about in all directions. At the same time we see that the 
changeable network of threads, formed by the branching 
of the protoplasmic threads and the coalescence of the con
fluent branches, alter their configuration every moment; 
just as has long been known to occur in the thread-nets 
of the protoplasm in the interior of the plant-cells. The 
Monera are, therefore, really homogeneous and structureless; 
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each part of the body is every other part. Each part can 
absorb and digest nourishment; each part is excitable anfl 
sensitive ; each part can move itself independently ; and 
lastly, each part is capable of reproduction and regenera
tion. 

The reproduction of Monera always occurs asexually. 
In the Protamceba (Fig. 163), each individual, after it 
has grown to a certain size, simply separates into two 
pieces. Round the circumference of the body a contraction 
arises, as in cell-clinsion. The connection between the two 
halves continually becomes more slender (B), and finally 
parts in the midclle. Thus, in the simplest possible way, 
two new individuals proceed by self-division from one 
quite simple individual (0). OtLer Monera, after they have 
grown to a certain size, gather themselves together into a 
Rpherical form. The globular protoplasmic body exudes 
a jelly-like protecting envelope, and a breaking-up of the 
whole plasson-ball takes place within this covering; it 
breaks either into four pieces (V ampyrella ), or into a 
large number of smaller globules (P1·otornonas, P1·otmnyxa; 
cf. Plate I. in the "Nat ural History of Creation"). After 
a time, these globules begin to move, split the integument 
by their movement, and emerge; after which they float 
about by means of a long, thin, thread-shaped process. 
Each again passes by simple growth into the mature form. 
Thus, it is possible to distinguish different genera and 
Rpedes of Monera, on one hand, by the form of the different 
processes of the body, and, on the other hand, by the 
different kind and manner of reproduction. In the appendix 
to my monograph of the Monera I enumerated eight genera 

anu sixteen species (" Biol. Studien," vol. i. p. 182). Tl1e 
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most remarkalJle of all Monera is the Bathybius, which was 
<liscovere<l by Huxley in H!G8 (Fig. 1G4). This wonclerfnl 
Moneran lives in the deepest parts of the sea, especially in 

FIG. 164.-Batbybius Hrockelii (Huxley). A small piece of the formlPss 
and continually changing plasson-nct of this hlonerou hum the Atiantio 
Ocean. 

the Atlantic Ocean, and in places covers the whole floor 
of the sea in such masses, that the fine mud on the latter 
consists, in great measure, of living slime. The protoplasm 
in these formless nets does not seem difterentiateJ at 
all; each little piece is capable of forming an individual. 
The active amreboicl movements of these formless pieces of 
plasc;on, which were first observed by the English zoologists 
Carpenter and Wyville Thomson, have recently been again 
observed by the German Arctic voyager, Emil Bessels, in 
the Bathybius of the coast of Greenland.137 

The origin and importance of these huge masses of 
living, formless plasson-bodies in the lowest depths of the 

VOL. II. E 
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sea, raises many different inquiries and thoughts. Spon
taneous generation, especially, is naturally suggested by the 
Bathybius. We have ah·eacly found that, for the origin of 
first Monera upon our globe, the assumption of spontaneous 
generation is a necessary hypothesis. We shall be all the 
more inclined to confirm i.t now that, in the Monera, we have 
recognized those simplest organisms, the origin of which 
by spontaneous generation, in the present condition of our 
science, no longer inYolves very great difficulties. For the 
Monera actually stand on the very boundary between 
organic and inorganic natural bodies.188 

Next to the simple cytod-bodies of the Monera, as the 
second ancestral stage in the human pedigree (as in that of 
all other animals), comes the simple cell, that most undifferen
tiated cell-form, which, at the present time, still leads an 
independent solitary life, as the Amreba. For the first and 
oldest process of organic differentiation, which affected the 
homogeneous and structureless plasson-body of the Monera, 
caused the separation of the latter into two different sub
stances; an inner firmer substance, the kernel, or n'nclet~s, 
and an outer, softer substance, the cell-substance, or 
p1·otoplasma. By this extremely important separative pro
cess, by the differentiation of the plasson into nucleus and 
protoplasm, the organized cell originated from the structure
less cytod, the nucleolated from the non-nucleolated plastid. 
That the cells which first appeared upon the earth origin
ated in this manner, by the differentiation of the Monera, is 
a conception which in the present condition of histol9gical 
knowledge seems quite allowable; for we can even yet 
directly observe this oldest histological process of differ
entiation in Ontogeny. It will be remembered that in the 
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c~g-cell of animals, either before or after fertilization, the 
original kernel disappeared. \Ye explained this phenomenon 
as a reversion or atavism, ancl assumed that the egg-cl'll, 
in accordance with the law of latent heredity, first falls 
OO.ck into the kernel-less, cytod stage (Fig. 165). It is only 
after fertilization is accomplished that a new cell-kernel 
arises in this cytod, which thus becomes the parent-cell 
(Cytnlct, Fig. 166). The transitory kemel-lcss cytod-con
dition, intermediate between the egg-cell and the parent
cell, is an interesting germ-form, because, in accordance 
with the fundamental law of Biogeny, it reproduces the 
original, oldest parent-form of the Moneron; we therefore 
call it the M:onerula. (Cf. vol. i. pp. 178-183.) 

Fw. 165.-Monerula of Mammal (Rabbit). The fertilized egg-cell after 
the loss <lf the nucleus is a simple ball of protoplasm (d). The outer covering 
of the latter is formed by the moc1ified zona pellucida (z) together with 
a mucous layer (h) secreted on to the outside of the latter. In this a few 
sperm.cells are still visible (s). · 

FIG. 166.-Parent.cell (Oyt1.Za) of a Mammal (Rabbit): k, parent. 
kernel; 11, nucleolus of the latter; p, protoplasm of tbe _parent-cell; ~, 

modified zona peUucida; s, sperm-cells; k, oute<· allmminous;covering. 
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"\Y e have already explained the one-celled germ-form, 
which we see in the original egg-cell and the parent-cell 
which is originated by the fertilization of the egg-cell, as 
the reproduction of a one-celled parent-form, to which we 
ascribed the organization of an Am reba ( cf. Chap. VI.). For 
tl1e Amreba, as it yet lives widely distributed in the fresh 
and salt waters of the globe, must be regarded as the most 
m1.differentiated and most original of the various one-celled 
Primitive Animals. As the immature primitive egg-cells 
(which as "primitive eggs" or P?'otova are found in the 
ovary of animals) are indistinguishaLle from ordinary 
Amreb:::e, we are justified in pointing to the Amreba as the 
one-celled phylogenetic form, which, in accordance with the 
fundament.:'ll law of Biogeny, is at the present time yet 
reproduced in the ontogenetic primitive condition of the 
" Amreboid egg-cell." As evidence of the striking cor
respondence of the two cells, it was incidentally men
tioned that in the case of some Sponges the real eggs of 
these animals were formerly described as parasitic Amrebro. 
Large one-celled Amreba-like organisms were seen creeping 
about in the interior of the Sponge, and were mistaken for 
parasites. It was only afterwards that it was discovered 
that these "parasitic Amreb:::e" (Fig. 168) are really the eggs 
of the Sponge, fr0m which the young Sponges develop. 
These egg-cells of the Sponge are, however, so like the 
true common Amreb:::e (Fig. 1G7) in size and structure, in 
the nature of their nuclei and in the characteristic form of 
movement of their continually changing false-feet (pseudo

podia), that, unless their source is known, it is impossible 
to distinguish them. 

This phylogenetic explanation of the egg-cell and its 
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reference to the primreval ancestral forrrt of the Amreli:t, 
directly enables us to give a definite answer to the ol1l hu
morous riddle: Which was first, the egg or the hen? We can 

Fro. 167.-A crawling Amceba (much enlarged). The whole organism lms 
the form-value of a simple naked cell and moves about by means of d~:tng-r
able processes, which are extended from the protoplasmic body and again 
drawn in. In the inside is the brighl-t;oloured, roundish cell-kernel or 
nucleus. 

FIG. 168.-Egg-cell of a Chalk-Sponge (Olynthus). The egg-cell creeps 
about in the body of the Sponge by extending variable processes, like those 
of the ordinary Amoeba. 

now very simply answer this Sphinx-question, with which 
our opponent<; try to shake or even to refute the Theory of 
Evolution. The egg existed much earlier than tJw hen. Of 
course it did not exist in tho form of a bird's egg, but as an 
undifferentiated amceboid cell of the simplest form. The 
egg existed independently during thousands of years as a 
simplest one-celled organism, as the Amceba. It v;-as only 
after the descendants of these one-celled Primitive Animals 
had developed into many-celled animal forms, and after 
these had sexually differentiated, that the egg, in the present 
physiological sense of the word, originated from the amoo-
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boid cell. Even then, the egg was first a Gastrrea-egg, then 
a \Vorm-egg, then an Acrania-egg, then a Fish-egg, an Am
phibian-egg, a Reptile-egg, and lastly, a Bird-egg. The egg 
of the Bird, as it now is, is a most complex historical pro
duct, the result of cotmtless processes of heredity, which 
have occurred in the course of many millions of years.139 

The fact that this primitive egg-form, as it first appears 
in the ovary of the most dissimilar animals, is always of 
one form, an undifferentiated cell, of the simplest amreboid 
character, has ah·eady been pointed out as an especially 
important phenomenon. In this earliest young condition, 
immediately after the individual egg-cell has originated in 
consequence of a separation of the cells of the maternal 
ovary, no essential difference is recognizable in the egg-cells 
of the most dissimilaunimals. (Of. Fig. 10, vol. i. p.l34.) It 
is not till later, when the primitive egg-cells, or the primitive 
eggs (pTotova), have absorbed different kinds of nutritive 
yelk, and have surrounded themselves with variously formed 
coverings, and in other ways differentiated-it is not till 
they have in this way changed into after-eggs (metova), 
that those of different classes of animals can usually be 
distinguished. These peculiarities of the developed after
egg, the mature egg, are naturally to be considered as only 
secondarily acquired, by adaptation to the different con
ditions of existence both of the egg itself and of the animal 
which forms the egg. 

The two first and oldest ancestral forms of the human 
race, which we have now considered, the Moneron and the 
Amreba, are, considered from a mOTphological point of view, 
simple organisms and individuals of the first order, Plastids. 
All subsequent stages. in the ancestral chain are, on the 
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'other hand, compound organisms or individuals of higher 
order- -social aggregations of a num her of cells. The 
earliest of these, which, under the name of Synama•hw, 
we must rank as the third stage of our pedigree, arc c1nite 
simple societies of all homogeneous undiffcrentiat d celb ; 
amreboid communities. To be certain as to their natun\ 
and origin, we need only trace the ontogenetic procluct of 
the parent-cell step by step. After the cytula (Fig. 166) 
has originated, by the re-formation of a cell-kernel, from 

FIG. 169.-0riginnl or primorclial egg-cleavnge. The pared-cell, or 
cytula, which resulted from the fertilization of the egg-cell, firot breaks up, 
by a continuous and regular process of division, into two cells (A), then into 
four (R), then into eight (C), and, lastly, into very numerous clcavage
collti (D). 

the Morula (Fig. 165), the parent-cell breaks up, by repeated 
division, into numerous cells. \Ve have already minutely 
examined this important process of 
egg-cleavage, and have found that all 
the various modes of the latter are 
modifications of a single mode, that 
of original or primonlial cleavage. 
(Cf. Chap. Vlll., p. 188.) In the V er
tebrate line this palingenetic form of 
e,)·o·-cleavao·e has been accurately re-oo 0 

F!G.l'iU.-Nulberl"J · 
germ, or morula. 
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tained to the present time only by the Amphioxus, while 
all other Vertebrates haYe assumed a modified kenogenetic 
form of cleavage. (Cf. Table III., vol. i. p. 241.) The latter 
certainly originated at a later period than the former, and 
the egg-cleavage of the Amphioxus is, therefore, extremely 
interesting ( vol. i. p. 442). In this the parent-cell first 
parts into two simi~ar cells, the two first cleavage-cells 
(Fig. 1G9, A). From these, by continuous division, arise 
4, 8, 1G, 32, G4 cells, etc., etc. (Fig. 1G9). The final result of 
this primorG.ial cleayage >vas, we found, the formation of a 
globular mass of cells, which was entirely composed of homo
geneous, undifferentiated cells of the simplest character 
(Figs. 170, and 171, E). On account of the resemblance 
which this globular mass of cells bears to a mulberry or 
blackberry, we called it the "mulberry-germ," or morulc~. 

This "morula" evidently at the present clay sho-\Ys us 
the many-celled animal body in the same entirely simple 
primitive condition in which, in the earlier Laurentian 
primitive epoch, it first originated from the one-celled 
amreboid primitive animal form. The morula reproduces, 
in accordance with the fundamental law of Biogeny, the 
ancestral form of the Synam~ba. For the first cell-com
munities, which then formed, and which laid the first 
foundation of the higher many-celled animal body, must 
have consisted entirely of homogeneous and quite simple 
amreboid cells. The earliest Ammbffi lived isolated hermit 
Jives, and the amooboid cells, which originated from the 
division of these one-celled organisms, must also have long 
lived isolated and self-dependent lives. Gradually, however, 
by the side of these one-celled Primitive Animals, small 
a.mooboid communities arose, owing to the fact that tho 
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FIG. 171. -Germination of a coral (Jiono.cenia Dancinii): A, monernla; 
B, parent-cell (cytt<la); 0, two cleavage-cells; D, four cleavage-cells; E, 
mulberey-germ (mom/a) ; F, vesicular germ (blastula); G, vesicular germ 
in section; H, infolded vesicular germ in section; I, gastrula in longitv. 
clinal section; K, gastrula, or cup-germ, seen from the outside. 

kindred cells which originated through division remained 
united. The advantages which these first cell-societies had 
in the struggle for existence over the solitary hermit cell 
must have favoured their progression, and have encouraged 
further development. Yet even at the present time several 
genera of Primitive Animals live in the sea and in fresh 
water, and permanently represent these primitive cell
communities in their simplest form. Such, for instance, are 
several species of CystophTys described by Archer, the 
Rhizopods described by Richard Hertwig under the name 
of JJiic·togTo?nia socialis, and the Laby?·inthulC/3 which were 
discovered by Cienkowski; formless masses of homogeneous 
and quite simple cells.140 

In order to recognize t-he ancestors of the human races 
which developed first phylogenetically from the Syn
arnceta, we need only continue to trace the ontogenetic 
modification of the Amphioxus-morula in the next stages. 
The first thing noticed is that a watery fluid collects within 
the solid globulai' cell-mass, and the cells are forced 
together and driven out to the periphery of the body 
(Fig. 171, F, G; Plate X. Fig. 9). The solid mulberry-germ 
thus changes into a simple hollow globe, the wall of which 
is formed of a single cell-stratum. This cell-stratum we 
called the germ-membrane (blastocleTmn), and the hollow 
globe the germ-membrane vesicle (blastula, or blasto
sphcera). 
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The interesting blastula germ-form is also of great sig
nificance, for the modification of the mulberry-germ into the 
germ-membrane vesicle takes place in the same vray in a 
great many animals of very dissimilar tribes; for instance, in 
many Plant-animals and Worms, in the Ascidians, in many 
Star-animals (Echinocle1·mc~) and Soft-bodied Animals 
(Jfollt~sca), and also in the Amphioxus. In those animals, 
however, in the ontogeny of which there is no real palin
genetic blastula, this deficiency is evidently only the result 
of kenogenetic causes, of the formation of a nutritive yelk ; 
and of other conditions of embryonic adaptation. We may 
therefore assume that the ontogenetic 1lastula is the repro
duction of a prim~eval phylogenetic ancestral form, and that 
all animals (with the exception of the lower PrimitiYc 
Animals) have originated from a common parent-form, the 
structure of which was essentially that of a germ-mem
brane vesicle. In many lower animals, the eYolution of the 
blastula takes place not within the egg-coYerings, but out
side this, free in water. Very soon after this, each cell of 
the germ-membrane begins to extend one or more movable, 
hair-like protoplasmic processes; owing to the fact that 
these cilia or whips vibrate in the water the ·whole body 
swims about (Fig. 171, F). This vesicular larva, the body
wall of which forms a cell-stratum, and which rotates and 
swims by means of the united vibrations of the cilia, has, 
ever since the year 1847, been called the planula, or ciliated 
larva. This designation, is, however, used by different 
zoologist11 in different senses, and the gastrula, of which we 
shall speak presently, has, e~pecially, often been confused 
with the planula. It is, therefore, more convenient to call 
the true planula-form the blastula. 
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Various kinds of Prim i ti Ye Animals, which yet exi::;t 
both in the sea and in fresh water, are formed essentially 
like the u~astula, and wl1ich, in a certain sense, may be con
sidered as permanent or persistent blastula-forms, hollow 
vesicles, the wall of which is formed of a single stratum of 
ciliated homogeneous cells. These Plameads, or Blastreads, 
as they may be callecl, are formed in the very mixed society 
of the Flagellatre, especially the Vol voces (for instance, 
Synnm). I noticed in September, 18GD, on the Island Gis-Oe, 
on the coast of Norway, another very interesting form, which 
I named JJiagosphm1'a plnnula (Figs. 172, 173). The fully 
developed body of this forms a globular vesicle, the wall of 
which is composed of fi'om thirty to forty vibratory homo
geneous cells, and which swims about freely in the sea. After 

FIG. 172.-The Norwegian Flimmer-bal! (Magosphre1·a planula), swim. 
ming by means of its vibratile fringes ; seen from the surface. 

FIG, 173.-The same, in section. The pear-shaped cells are seen bound 
together in the centre of the gelatinous sphere· by a thread-like process. 
Each cell contains•both a kernel and a contractile vesicle. 
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having reached maturity the society dissolves. Each sepa
rate cell still lives a while independently, gro·ws, and changt·s 
into a crawling Ammba. This afterwarus assumes a globu
lar form, and encases itself by exuding a structureless 
integument. The cell now has just the appearance of a 
common animal egg. After it has remained for a time in 
this quiescent state, the cell breaks up, b.v means of con
tinued clivi. ion, first into 2, then into 4, 8, 16, 32 cells. 
These again arrange themselves so as to form a globular 
vesicle, put fortlil. cilia, and bursting the encasing integu
ment, swim about in the same J\Iagosphrcra-form from 
"·hich we started. This accomplishes the entire life-history 
of this remarkable Primitive AnimaP41 

If we compare these permanent blastula-forms with the 
fre6~~r swimming Flimmer-larv::e or planula-condition, of 
similar structure, of many other lo\YCr animals, we may 
·with certainty infer therefrom the former existence of a 
prim::eval and long-extinct parent-form, the structure of 
which was essentially like that of the planula or blastula. 
We will call this the Plan::ea, or Blast::ea. The whole body, 
in its fully developed condition, consisted of a simple hollow 
globe, filled with fluid or structureless jelly, the wall of 
which formed a single stratum of homogeneous cells, 
covered with cilia. Many different kinds and species of 
Plan::ea-like Primitive Animals must certainly have existed 
and formed a distinct class of Protozoa, which we may call 
Flimme:·-swimmers (PlancecLcla). A remarkable proof of the 
natural philosophical genius with which Karl Ernst Baer 
penetrated into the deepest secrets of the history of animal 
evolution, is that, as early as the year 1828 (ten years before 
the cell-theory was established), he guessed the signi£cance 
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of the blastosphrcra, and, truly prophetically, insisted upon 
it; in his classical " Entwickelungsgeschichte der Thiere" 
(vol. i. p. 223). The passage in question says: "The further 
back we go in evolution, the more do we find .a corre
spondence in very different animals. This leads us to the 
question : Are not all animals in the beginning of their 
evolution essentially a.like, and is there not a primary form 
common to all1 As the germ is the undeveloped animal 
itself, it is not without reason that it is asserted that the 
simple vesicular form is the common primitive form from 
which all animals, not only ideally, but also historically, 
develop." This latter sl:'ntence has not only ontogenetic, 
but also phylogenetic significance, and is all the more note
worthy because the blastula of the most diverse animals, 
and the constitution of its wall of a single cell-stratum, was 
not then known. And yet Baer, in spite of the extreme 
deficiency of his empiric grounds, ventured the bold state
ment : "At their first appearance all animals are perhaps 
alike, and are merely hollow globes." 

Next_ to the prim:Bval ancestral form of the Plamea, as 
the fifth stage in the human pedigree, is the Gastr:Ba, a form 
which arises from the J;>lamea. Of all ancestral forms this, 
as we have already shown, is of pre-eminent philosophical 
significance. Its former existence is certainly proved by the 
very important gastrula, which is met with as a transitory 
germ-stage in the ontogeny of the most various animals 
(Fig. 171, I, K). We found that the gastrula, in its original, 
pa1ingenetic form, is a globular, oval or oblong-round body, 
with one axis which has a simple cavity with one opening 
(at one pole of the axis). This is the primitive intestinal 
cavity with its mouth-opening. The intestinal wall consists 
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of two cell-strata, which arc, in fact, the two primary germ
layers, the animal skin-layer, and the vegetative intestinal 
la,yer. 

The ontogenetic origin of the gastrula from the blastula 
at the present day affords us trustworthy intelligence as to 
the phylogenetic o!·igin of the Gastnea from the Planrca. 
\V e found that on one side of the globular germ-membrane 
vesicle a groove-like depression begins, and this inYersion 
(invaginatio) becomes continually deeper (Fig. 171, II). At 
last it is so great, that the outer, inverted part of the genu
membrane, or ulastoderm, attaches itself closely to the inner, 
uninvertcd portion (Fig. 171, 1). Now, if guided by this 
ontogenetic process, we wish to conceive the phylogenetic 
origin of the Gastnea in accordance with the fundamental 
law of Biogeny, we must imagine that the one-layered cell
society of the globular Plamea began, especially at one point 
of its surface, to absorb nourishment. At the nutritive point 
on the surface of the ball a groove-like depression was gra
dually formed by natural selection. The groove, which was 
at first quite shallow, in course of time became continually 
deeper. The function of nourishing, of absorption of 
nutriment, and digestion, was soon limited to the cell!:; 
which linr.cl the groove, while the other cells undertook the 
function of movement and covering. Thus originated the 
first division of labour among the originally homogeneous 
cells of the Planrea. 

The first result of this earliest nistological differentia
tion was the distinction of two different kinds of cells ; 
within the hollow the nutritive cells, without, on the sur
face, the motive or locomotive cells. The distinction of the 
two primary germ-layers was thus caused. The inner ~ells 
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of the hollow formed the inner OT vegetative layer, accom
plishing the functions of nutrition; the outer cells of the 
coYering formed the outer or animal layer, exercising the 
functions of locomotion and covering the body. This 
first and oldest process of differentiation is of such funda
mental significance that it deserves the deepest thought. 
"When we consider that the body of the human being, 
with all its different parts, and also the body qf all other 
higher animals, originates from these two simple primary 
germ-layers, we cannot over-estimate the phylogenetic 
significance of the gastrula. For in the quite simple primi
tive intestine, or the primitive intestinal cavity of the 
gastrula and its simple mouth-opening, the fiTst real organ 
of the animal body, in a morphological sense, is gained; 
the earliest genuine organ, from which all the other organs 
have differentiated at a later period. The whole bCJdy of 
the gastrula is really only a "primitive intestir..e." 

I,Ve have already pointed out the remarkable agreement 
between the palingenctic gastrula-forms of animals of the 
most diverse classes; of Sponges (Fig. 174, A), Polyp;;, 
Corals (Fig. 171, I), MeLlusm, Worms (Fig.. 17 5, B) Star
animals (Echinocle?"mct, 0), Articulated Animals (A?'th?'O
poclct, D), Soft-bodied Animals (JJiollusca, E), and Verte
brates (F). All these various forms of the palingenetic 
gastrula are much alike, and are only distinguished by such 
unessential and subordinate peculiarities, that the systematic 
zoologist, in his "natural system," could only represent them 
as different species of a single genus. The various kenoge
netic gastrula-forms which have been described were also 
referable to that original palingenetic form (vol. i. p. 231 ). The 
gastrula proved to be a germ-form common to all classes uf 
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animals, with the exception of the Protozoa. This highly 
important fact justifies the inference in accordance 'vith the 
fnn1lamcntal law of Biogeny, that the various auce:,;tral 

FIG. 175. FIG. 176. FIG. 177. Fro. 178. 

Fro. 179 

Fw. 174.-(4) Gastrula of a Zoophyte (Gastrophysema), Haeckel. 
]!'JG. 175.-(B) Gastrula of a Worm (Arrow-worm, Sagitta). After Kowa• 

lev~i<y. 
FIG. 176.-(0) Gastrula o-f au Echinoderm (Star-fish, U?·astet). After 

Alexander Agassiz. 

Fro. 177.-(D) Gastl'Ula of an Arthropod (Primitive Crab, Nattplius). 
F1o. 178.-(E) Gastrula of a l\Iollnsc (Pond-snail, Limnreus). After 

Karl Rabl. 

FIG. 179.-(F) Gastrula of a Vertebrate (Lancelet, Amphioxus) After 
Ko:nJlenky. 

VOL. II. F 
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lines of all these classes of animals have developed phylo
g•' netically from the same parent-form. This most signiti
cant primc:eval parent-form is the Gastrma. 

The Gastrea was at any rate already present in the 
sea during the Laurentian period, and by means of it~:~ 

vibratory fringe hurried about in the water, just like the 
yet extant free-moving ciliated gastrulc:e of this age. Pro
bably the primc:eval Gastrc:ea, which has been extinct for 
many millions of years, differed from the living gastrula 
of the present day only in some unessential point. On 
grounds derived from Comparative Anatomy and Ontogeny, 
the explanation of which would lead us too far, we may 
a"sume that the Gastrc:ea had already acquired sexual re
prvduction, and did not only propagate its species asexually 
(by division-bud-formation or spore-formation), as was 
}'l'vbably the case with the four preceding ancestral stages. 
}>resumably, single cells of the primary germ-layers as
sumed the character of egg-cells, others that of fertilizing 
seed-cells. (Cf. Chapter XXV.)· This hypothesis is founded 
on the fa~t that sexual reproduction is yet met with in the 
same simple forms in the lowest Plant-Animals (Zoophyta), 
e,~pecia.Jly in the Sponges. 

Two small animal forms are especially interesting in 
their bearing on this aspect of the Gastrc:ea theory. They 
h:we as yet been little observed, but of all extant animals 
they are most nearly allied to the primc:eval Gastrrea, and 

may therefore be called " the Gastrc:eads of the present 
day." 112 One of these animals, Haliphysema (Figs. 180 and 
lSI), has been described by Bowerbank as a Sponge; tho 
other, Gastmphyse1na, by Carter as a Rhizopod (as "Squa
umlina "). The entire mature body of the developed person 
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of Haliphy8em,a forms a most simrJle, cylindrical or egg
shaped pouch, the wall of which consists of two cell-strata. 
The cavity of the pouch is the stomach-cavity, and thtl 

FIGS. 180, 181.-Haliphysema primo•·dial~, an extant Ga.stt·rea-form. 
:Fig. 180. EKternal view of the whole spindle-shaped animal (attached by 
it<! foot to Seaweed). Fig. 181. Longitudinal section of the same. 'fl•e 
primitive intestine (d) opens at its upper end in the vrimiti1·c mouth (i>~). 
lletwceu lhe whip.cells (g) lie amreboid eg:gs (e). The skin-layer (it) uelow 
is cucru,tcd wilh grains of saud, abo~-e 11·ith sponge-spicules. 

opening at the top is t.he mouth-opening (Fig. 181, m). 
The two cell-:,;trata forming the wall of the pouch are the 
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two primary germ-layers. These most simple Plant-Animals 
differ from the gastrula principally in the fact that the 
furmer are attached by one end (that opposite to the mouth 
opening) to the bottom of the sea, while the latter are 
fi·ee. Moreover, the cells of the skin-layer are coalescent aml 
have included many foreign bodies, such as sponge-spicules, 
sand-grains, etc., which serve to support the body-wall 
(:Fig. 180). The intestinal layer, on the other hand, con
sists merely of a stratum of ciliated cells (Fig HH, d). 
'Yhen the Haliphysemn is sexually mature, individual cells 
of its entoderm assume the character of female egg-cells ; 
on the other hand, individual cells of its exoderm become 
ma.1e sccLl-cdls ; the fertilization of the former by the latter 

Fws.l82, 183.-Ascula of a Sponge (Olynthus). l<'ig. 182, from the ont
sillc; Fig. 183, in longitudinal section: g, primitive intestine; o, primitive 
mouth ; 1:, intestinal byer; e, skin-layer. 
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takes place directly through the stomach-cavity. A tnw 
palingenetic gastrula (Fig. 174) develops, just as in _thu 
:Monoxenia (Fig. 171), from the fertilized egg. T!Jis swims 
about for a time in the sea, then attaches itself, and in thi:-~ 
state resembles a simple young-form, which occurs in the 
course of the evolution of many other Plant-Animals, anrl 
which is called the ascula (Figs. 182, 183). In consequence 
of the absorption of foreign bodies by the exoderm, it 
becomes the Haliphysema. 

When we consider that there is no other important 
difference between the free-swimming gastrula and this 
attached, simplest Plant-animal, we are fairly justified in 
stating that in the simplest form of Gastn:ea sexual repro
duction must have taken place in the same way. In the 
Gastrreads, just as in Plant-animals, both kinds of et.Jxual 
cells-egg-cells and sperm-cells-must have formed in the 
same person; the oldest Gastrreads must, therefore, have 
been hermaphrodite. For Comparative Anatomy shows 
that hermaphroditism, that is, the union of both kinds of 
sexual cells in one individual, is the oldest and original con
dition of sexual differentiation; the separation of the sexes 
(Gonocho1·isrnus) did not originate till a later period. 
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T A B TJJ~ X V I I. 
~v~tomatic Survey of the fh·e earliest evolutionary stages of the Ruman An. 
. · ccRtral Line, compared with the five earliest stages of Individual !LDd 

of Systematic Evolution. 

Form-Value Phylogeny. Ontogeny. 
•)f the five curliest The five t•a.rli<'~t Tbe five earliest 

Rtngrs in the evolu
tion of the genu. 

-t~~~~i of tile animal stages in the evolu-
l' "'ly. tion of the tril>e. 

1. 
Fi•·.•t Singe. 

\(\nile ~imple c~·tod 
,ll non-nucleated plas
tid). 

I 
2. 

Secnnd Stetge. 
A •imp\e cell (a 

nucleated plastid). 

3. 
ThinJ, Sta~e. 

A quite simple ng
;::rl'~:ttion of simple, 
timilar cells. 

I 
4. 

Fourth Stage. 
A simple hollow globe-, 

filtl"'d with liquid, lbe 
W.:lll of which consists 
l)f a single stratum of ...... ~r .... 

5. 
F~rth Stare. 

A hollow bocly, with 
R single axis, the Wtlll 

of which consists of 
1liffereut cell-strata; 
with au opening at one 
l)<Jl+! of \he a.xis. 

1. 
Monera. 

The oldefit nnimal 
Monera (originating 
by spontaneous gf'ne
rJ.tiou). 

I 
2. 

Amreba. 
Oldest animal Am mba. 

I 
3. 

Synamreba. 
The oldest aggrega

tion of animo.\1 Amoob<.C. 

I 
4. 

Planrea. 
An animal hollow 

globe, the wall of 
which consists of a 
Ringle stratum of 
ciliated cells . 

(blas\trea.) 

5. 
Gastrrea. 

1. 
Monerula. 

A non- nnclen.ted 
unimal-•gg (after fer
tili7.ation und niter 
loRs of 1 be germ
vesicle). 

I 
2. 

Cytula. 
A nucleated, ferti

lized animal-egg(" fir:st 
cleavage glubule "). 

I 
3. 

Morula. 
" Alulberry-geru." 
A globnbr mass of 

cleav"ge·crs. 

4. 
Blastula. 

A hollow globe, the 
wall of which COIJSists 
of n single stm!um 
of homogeneous cell~ 
(the Planula of lower 
anim:1lR). 

( ulas to.,phall'a.) 

I 
5. 

G<Lstrula. 
Parent-form of in.. Intestinal larva.. 

testinal nnimals, or A ~imple intestinal 
],[. tazoa. Simple pri- I cavity with a month
mitive inte~tine with opening. The bod.r
primitiYe mouth. The 1 w;lll is formed by the 
bvrly-wall is fonnrrl two primary germ-

) by the exoderm and layers. 
\the entoderm. 1 

The System. 
The the earlit~t 

stages iu the animlil 
system. 

1. 
Monera. 

Protamreba, Ilathy
bius, and other l'~ta.nt 
·uonera. 

I 
2. 

Am reba. 
Extant Ammf>a. 

I 
3. 

Labyrinthula. 
A mass of similar, 

one- celled primiliva 
anim,,ls. 

I 
4. 

Magosphrera. 
A hollow globe, the 

waJl of which consi~t:4 
of a single stmtnm of 
homogeneous tilia:ld 
cells. 

I 
5. 

Haliphyserr.a. 
.A quite simple plHnt

nnimal. An un;.uticu
lated uniaxial pPn::on, 
the body-wallof wltkh 
ron~i~ts of the exod'-'1 m 
and the entoderm. 



CHAPTER XV IL 

THE ANCESTRAL l:lERlES OF MAN. 

II.-FnoM THE PmMITIYE \Von:u TO THE SKULLED ANmAL. 

The Four Higher Anim:tl 'Jribes are descended from the Worm Tribe.-'1'11~> 
Descendants of the Gastrrea; in one direction the Parent Form of Plant· 
Animals (Sponges and Sea-Nettles), in the other the Parent Form of 
Worms.-Radiate form of the former, Bilateral form of the latter.-'l'he 
Two :Main Divisions of the Worms, Accelomi and Ccelomati: the fornwr 
without, the latter with, a Body Cavity ancl Blood vessel System.
Sixth Ancestral Stage : Archelminthes, most nearly allied to 'forbdlarin.. 
-Descent of the Ccelomati from the Accclomi.-Mantled Animal~ 
(Tunicafa) and Chorda-Animal> (OhoTdonia).-Seventh Stage: Soft· 
Worms (Scolecida).-A Side Branch of the latter: the Acorn-Worm 
(llalanoglossus).-Differentiation of the Intestinal Tube into Gill-intes· 
tine and Stomach-intestine.-Eighth Stage: Chorda-Animals (Ohm·· 
don.ia) .-Ascidian Larva exhibits the 0Jtline of a Chorda-Animal
Construction of the Notochord.-Mantled Animals and Vertebrates as 
Diverging Branches of Chorda-Animals.-Separation of Vertebrates from 
the other Higher Animal Tribes (Articubted Animals, Star-Animab, 
Soft-bodied Animals).-Significance of th,, Metameric Formation.
Sknll-less Anirnal8 (Acrania) and Skulled Animals (Craniota).-Kinth 
Ancestral ~tage: Sknll-less Animals.-.A.mp!Jioxus and Primitive Yerte
brate.-Development of Skulled Animals (Construction of the React, 
Skull, and Bra.in).-Tenth Aneestlal Stage: Skulled Animals, allied 
tv the Cyclostomi (lliyxinoidre and l'et,·omyzonidre). 

" Not like the gods am I! Full well I know 1 
But like the worm which in the dust must t;n, 
And, finding in the dust his life and weol, 
I.:! crushed and !Juried by the traveller's heel.-
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Why dost thou grin at mC', than hollow 'kull? 
As lhongh of old thy bmin, like miuc, was vexed, 

ll:ul looked to find bright tl:Ly, but in the twilig-ht dnll, 
lu search for truth, was sad aud sore perplexed! " 

GOETHE. 

BOTH in prose and in poetry man is very often compared 
to a worm. "A miserable worm," "a poor >Yorm," arc 
common and almost compassionate phrases. If we cannot 
detect any deep phylogc~lCtic reference in this zoological 
metaphor, we might at least safely assert that it contains 
a,n unconscious comparison with a low condition of animal 
(levelopment which is interesting in its bearing on the 
pedigree of the human race. For there is no doubt that 
the vertebrate tribe, in common with those of the other 
higher classes of animals, have developed phylogenetically 
from that multiform group of lower invertebrate animals 
which are now called Worms. However closely we limit 
the zoological significance of the word " Worm," it yet 
remains indubitable that a large number of extinct \Vorms 
must be reckoned among the direct ancestors of the hnman 
race. 

The group of Worms (Ve1·rnes) is much more limited in 
the Zoology of the present day, than was the same class in 
the older Zoology, which followed the system of Linnreus. 
It, however, yet includes a great number of very diverse 
lower anin1als, which, phylogenetically, we may regard as 
the few last living twigs of an immense spreading tree, 
the trunk and main branches of which have for the most 
part long since died off. On the one side, among the 
widely divergent classes of Worms, are found the parent
forms of the four higher tribes of animals, the Molluscs, 
Star-animals, Articulates, and Vertebrates; on the other side, 
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KI'Yeral comprehensive groups a.r11l also single isnlatccl gcJH'ra 

of \Vonns arc to 1c reganlecl as root-suckers ·which haYe 

sprouted (1irectly from the rest of the pri ll1<t'Yal family-in'!' 
<Jf the ·worms. Some of these suckers have eYicll'ntly 
ehange(l 1ut little from the long-extinct parent-form, the 
Primitive Worm (Prothelmis), which is immediately con
necte<l with the Gastrroa. 

(.;omparativc Anatomy antl Ontogeny clearly and sig
nitien.ntly prove that the Gastnen. must be regan1e(1 as 
the direct ancestor of this Primitive ·worm. Even now, <t 

gastrula develops from the egg of all ·worms after its 
dea~:age. The lowest and most imperfect \Yorms retain 
throughout life an organization so simple that they arc lJut 
little raised above the lowest Plant-animals, which are also 
immediate descendants of the Gastrrea, and which also yet 
develop directly from the gastrula. If the genealogical 
relation of these two lower animal tribes, the \Vorms awl 
the Plant-animals, is closely examined, it becomes eviL1cnt 
that the most probable hypothesis of their descent is, that 
the two originated, as independent 1ranches, directly from 
the Gastrrea. On the one side, the common parent-form of 
the \Yorms developed from the Gastrrea; as, on the other 
side, did the common parent-form of the Plant-animals. 
(Cf. Tables XVIII. and XIX.) 

The tribe of Plant-animals (Zoophytes, or Ca;lenterata) 
now comprehends, on the one side, the main class of Sponges 
(Spongiw); on the other, the main class of the Sea-nettles 
(Acalephw); to the former belong the Gastrreads and 
Poriferre, to the latter the Hydroid-polyps, the Medusre, 
Ctenophorre, and Corals. From the Comparative Anatomy 
and the Ontogeny of these we may infer, with great pro~ 
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hab;Iity, that all these Plant-animals descend from a 
common and very simple parent-form, the structure of 
which resembled that of the ascula in essential points 
( l''igs. 1~2, 183, p. 68). The uniaxial outline of the ascula 
and the gastrula is usually retained by the Sponges, while 
in most Sea-nettles (.A.calephce) transverse axes have been 
differentiated in the course of further evolution, thus giving 
rise to a characteristic radiate structure with a pyramidal 
general outline. 

In distinction from this predominant radiate outline of 
Plant-animals, a marked bilateral general outline is de
veloped fi:om the first in the second offshoot from the 
gastrula, in the Worms. As the radiate form is marked by 
adaptation to an adherent mode of life, so is the bilateral 
form by adaptation to certain definite acts of iree loco
motion. The constant direction and carriage of the body 
which would be maintained in this mode of free locomotion, 
conclitioneJ the two-sided, or bilateral outline of the 
symmetrical Worms. Even the parent-form of the latter, 
the Primitive Worm (P1·othelmis) must have acquired this 
character, and thus have become distinguished from the 
uniaxial parent-form of the Plant-animals. In this simple 
mechanical impetus, in the defined free locomotion of the 
Worms, on the one hand, and in the stationary mode of 
life of the earliest Plant-animals on the other, we must look 
for the efficient cause which produced in the one the bi
lateral or two-sided, in the other the radiate outline of the 
body. The former, the bilateral outline, has been inherited 
by the human race from the Worms. 

Except through the Gastrrea, the common parent-form 
of Plant-animals and Worms, the human race is, therefore, 
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not related to the Pla.nt-a.nimn.ls. It will Le our next task 
\. • consi<.ler more closely the prrligrcc of j!a.n in so far as 
]t. coincitles with tbat of the \Vorms. Let us examine how 
far the Comparative Anatomy and Ontogeny of \Vorms 
j 11stify us in looking among the la.tter for primmval anceRtors 
of Vertebrates, anti therefore of Man. :For this end we must 
first consider the zoological system of \Vorms. In accord
ance with the most recent investigations of the Comparative 
Anatomy and Ontogeny of Worms, we divide (without 
reference to the many aDd various peculiarities of the 
numerous separate classes, which in this place do not 
interest us) the whole mass of forms ·within this tribe 
into two large main groups. The first main group, which 
we call Bloodless Worms (.Acmlomi), comprehends the 
earlier division of the lower Worms, which have no true 
body-cavity, no system of blood-vessels, no heart, no blood, 
-in short, none of the parts connected with this organ
system. The second main group, on the contrary, called 
Blood-worms (Cmlmnati), are distinguished from the former 
by the possession of a true body-cavity, and also by the 
presence of a blood-like fluid, which fills this cavity; 
most of them also develop special blood-vessels, which 
again cause further correlated advances in structure. The 
relation of these two main groups of Worms is very evi
dently phylogenetic. The Accelomi, which are very nearly 
allied to the Gastrrea and the Plant-animals, are to be 
regard'ed as an earlier and lower group, from which the 
more recent and higher division of the Ccelornati developed, 
perhaps towards the end of the Laurentian Period. 

We will first carefully examine the lower group of 
\V orms, the Accelomi, among which we must look for the 
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si. ·th anceRtral stage of the human race, the stage imme
diately following the gastrula. The name "Acmlomi " 
signifies "\Vorms without a body-cavity, or cmloma," am1 
therefore without blood, or vascular system. The extant 
Acrelomi arc generally included in a single class, which, on 
account of their flattened uodies, are called Flat-worms 
(Plutheln~intheB). To this class belong the Gliding-worm-; 
(1'uJ·bella?·ia), which live independently in the water; also 
the parasitic intestinal Sucking-worms ('l'rematoclo), antl 
the Tape-worms (CestoclcL), which have become yet more 
<legradcd by parasitism. The phylogenetic relations of the 
three forms of Flat-worms are very evident; the Sucking
worms originated from the free Gliding-worms by adaptation 
to a parasitic mode of life; and, by a yet more completely 
parasitic life, the Tape-worms originated from the Sucking
worms. These are striking examples of the gradually 
increasing degeneration of the most important organs. 

In addition to these well-known extant Flat-worms, 
great numbers of other Acmlomi must have lived during 
the Archilithic Epoch, which in general form were very 
much like those of the present day, but were, in some 
respects, yet more simply organized, and were, in their 
lowest stages of development, immediately connected with 
the Gastrmads. The whole of these lowest Acmlomi, among 
which the common parent-form of the whole Worm tribe 
(the P1·othdmis) must have been, may be classed as "Primi
tive Worms" (A1·chelminthes). 

The two classes of the Acmlomi, the Primitive Worms 
and the Flat-worms, represent in their external form the 
simplest bilateral condition of the animal body. The 
body is a simple oval, usually somewhat flattened, with-
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tltt' \Yonn en'< p:-;. Acc-ordingly, \ 11 in thP ,. mo t. implt 
\Yorms then• arc the three dPiinit · 11."1' wl1il'll mnrl· th 
l>ilatcral typc-fonn, a111l wl1ich re-occur in tl1e humnn 

hotly and in tlHtt of allltigl1cr anirnals: (I) n longiturlinal 

a.·is (main axis), which p:tssl's from front to n•ar: (::!) 
n. lateral axis, passing from right to left; nntl (:l) a 
::;agitta1 axis, passing from the don;al to the ventral ilurfilc •. 
(Cf. vol. i. p. ~.)/.) This so-called symmetrical or "bilateral'' 
arrangement of the outline of the body is simply the 
mechanical result of adaptation to a creeping form of loco
motion, during which one end of the body is always direete<l 
fr)rwards. The geometric outline of the gastrula, as of the 
ascula, has but one axis with unequal poles (JJionaxon iu 
diplopola). The typical outline of vVorms, as of Vertebrates, 
i:;, on the contrary, bilateral, with tranverse axes (Stau
mxonia cliplew·a )1 44 

The whr,le outer surface of the Gliding-worms (Tw·bel
luric~) is covered, as in the gastrula, with a thick, £ne 
ciliated coat; that is, with a fur-like covering of extremely 
fine and close microscopic hairs, which are direct processes 
of the uppermost cells of the epidermis, and maintain an 
uninterrupted whirling or vibratory motion (Fig. 184, f). 
The constant vibrations of these cilia cause a conti~cl 

current of water over the surface of the body. Fresh water 
is constantly conveyed to the surface of the skin by this 
current., thus permitting respiration in its simplest form (skin
respiration). A similar ciliated covering, just as is seen in 
the extant Gliding-worms of our fresh-water seas, pre
sumably covered our extinct ancestors of the Primitive 
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\Vorm group, the A rchelminthes. They inherited this 
ciliated dress directly from the Gastrrea. 

If we now make various vertical sections (longitudinal 
and transverse) through the simple body ofthe Gliding-worms 
(and that of the A nhelminthes which are certainly very 
closely allied to the former), we soon discover that their 
internal structure is considerably higher than that of the 
Gastrmads. We £rst observe that the two primary germ
layer:; (inherited from the Gastrma) have differentiated into 
several cell-strata. The skin-layer and the intestinal layer 
have each split into two strata. The four secondary germ
layers, which are thus produced, are the same that we found 
resulted from the £rst differentiation of the two primary 
germ-layers in the embryo of the Vertebrate also. (Cf the 
transverse sections through the larval Amphioxus and 
Earth-worm, Figs. 50 and 51, p. 236, and Plate IV. Fig. 2; 
Plate V. Fig. 10.) 

The highly important histological differentiation of these 
four secondary germ-layers led directly to further organolo
gical processes of differentiation, by which the organism of 
the Primitive Worms was soon considerably raised aboYe 
that of the Gastrreads. In the latter there was really, in 
a morphological sense, but a single organ, the primitive intes
tine, with its mouth-opening. The whole body was nothing 
but an intestinal canal; the intestinal wall was at the 
same time the wall of the body. Of the two cell-layers, 
forming this intestinal wall, the inner accomplished the 
functions of nutrition, the outer those of motion and 
covering. As some of the cells of the primary germ-layers 
developed into egg-cells, and others into sperm-cells, these 
layers also performed the function of reproduction. In the 
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Primit.ivP ·worms, howevP.r, si111ultaneously with the fonwl
tion of the seconclary germ-layers, these various funetio11s 
also began to be distributed to various organs, which dct.ac!H·d 
themselves from the original main organ, the primitive in
testine. Special organs originated for repro< l uction ( sc. ·ua I 
glands), for secretion (kidneys), for motion (muscles), aml 
for sensation (nerves and sense-organs). 

In order to ohtain an approximate picture of the sim
plt•Rt form in which all these various organs first appean·d 
in the Primitive \Vorms, it is only necessary to examine 
the most imperfect forms of Gliding-worms (J'uJ·bellai·ia), a<~ 

they exist at the present time in salt and fresh >Yater. They 
are mostly very small and insignificant ·worms of the simp]p,.;t 

form, many being scarcely a millimetre or a few millimetres in 
length. In the simplest species of Gliding-worms the greater 
part of the oval body is occupied by the intestinal canal 
This is a very regularly shaped pouch with an opening, re
presenting both mouth and anus (Fig. 184, m). At the 
anterior section of the intestinal tube, which is separated 
as a throat (phm·ynx, sd), the fibrous layer is very thick, 
a thick muscular layer. Immediately outside the intestinal
fiLrous layer lies the skin-fibrous layer, which in mot<t 
worms appears as a large skin-muscle sac. Above the 
throat in Gliding-worms a nerve system of the simplest 
form is already visible in front, a pair of small nerve
knots, or ganglia, which from their position are called the 
"upper throat ganglia," or "brain" (Fig. 185, g). Delicate 
nerve-threads ( n) pass fi·om this to the muscles and to the 
ciliated skin-sensory layer. A pair of quite simple eyes 
(au) and nose-pits (nu,) are to be found in a few Gliding
worms. The Flat-worms are also universally provided with 
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a pai.r of simple kidney-canals ("excretory organs"), in 
the form of two long, thin, glandular tubes, which traverse 
the right ancl left si.dcs of the intestine and open at the 
hinder enJ of the body (Fig. 184<, nrn). We found that the 

Fw. 18±.-A simple Gliding-worm (nhabdocrelum): m,mouth; sd, throat·· 
epithelium; sm, throat-muscles; d, stomach-intestine; nc, kidney ducts; 
nm, opening of the kidneys; au., eye; na, nose-pit. 

Fto. 185.-The same Gliding-worm, showing the remaining organs: g, 
brain; au, eye; na, nose-pit; ;.·n, nerves; h,. testes; d, male ope11ing; 
CJ', female openiag; e, ovary; J, ciliated outer-skin. 
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nutmuy :ttHl Ontn"PilY of the .Accclomi is very frngmen
tmy, an<l muth too impPrft•ct to cualJle us to point ·with 
<:<'dainty to the series of the various stages, we will not 
at.tctnpt a tl ·tailctl arrangPmcnt of them. \Ve will turn 
instl'ad to the sennth stage in the human pedigree, which 
bclougc<l to the mulLifonu group of the Bloou- Learing 

Worms (Cmlomali). 
The great organic advance in structure by which the 

·moou-bearing \Yunns, or Ccdomati, developed from the 
oltler Bloodless \Y onns, or Accclomi, consisted in the for
mation of a bocly-caYity (cwlunw), and of a nutritive juice 
lilling the latter, the first hloocl. .All the lower animals 
with wlJich we have yet occupied ourselves in our Phy
logeny, all the Primitive Aniu:..als and Plant-animals, are, 
like the Accclomi, bloodless and without a body-cavity. In 
the formation of a special vascular system, the earliest 
Crelomati made a very great advance. Much of the com
plexity in the organic r;tructure in the four higher tribes of 
animals is based on the differentiation of the vascular 
o;;ystem, which they have inherited from the Blood-bearing 
Worms. 

The first development of a true body-cavity (ccelorncb) 
is referable to the separation of the two fibrous layers; to 
the formation of a spacious cavity between the outer skin
fibrous layer and the inner intestinal-fibrous layer. In the 
fissure-like gaps, which formed between the two germ-layers, 
a juice collected, which penetrated through the intestinal 
wall. This juice was the first blood, and the gaps between 
lhe two germ-layers formed the first rudiment of the body
cavity. The union of these gaps formed the simple c<rlom, 
the large cavity, containing blood or lymph, which plays so 
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important a part in all the higher animals as the receptacle 
of the very extensive intestines. The formation of this 
coolom, and of the blood-vessels developed in connection with 

. it, exercised a very great influence on the further evolution 
of the animal organization. The most important result was, 
that it allowed the conveyance of rich nutritive juices to 
those parts of the body lying near the circumference, and 
developing at a considerable distance from the intes
tinal canal. The intimate correlation, or reciprocity of the 
parts, necessarily occasioned, in direct connection with the 
progressive development of the blood-vessel system, many 
other important advances in the structure of the body of 
the Blood-bearing Worms. 

Just as among the Acmlomi, so also among the Cmlomati, 
the pedigree of our race must have passed through a large 
number of diverse ancestral stages. But among extant 
Cmlomati (which form but a very small fraction of this once 
multiform group), there are but very few ·worms which can 
with certainty be regarded as nearly allied to the long
extinct ancestors of Man. In this respect, but a single 
class of Cmlomati is really of prominent importance; these 
are the Mantled Animals (T~miccdc~), to which belong the 
Ascidia already known to us. Our careful examination of 
the structure and germ-history of the Ascidian and the 
Amphioxus have shown the extreme importance of these 
very interesting animal forms. (Cf. Chapters XIII. and 
XIV.) That examination fully justifies us in asserting 
that among the ancestors of the Vertebrates (and therefore 
of Man) there was an unknown extinct cmlomate species, 
to which the nearest allied form among extant animals is 
the Appendicularia (Fig. 187), of which we have alwaly 
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spoken, ancl the tailed Asci dian brva. \V e will for the 
present call this kind of Worm, which was primarily dis
tinguished by the possession of a notochord, the Chorda
animal ( Chonlonium ). The Asciclians on the one hand, and • 
the Vertebrates on the other, dcYcloped, as two diverging 
branches, from these Chorda-animals. The common parent
form of the Chorda-animu.ls themselves was a ccelomate form, 
which finally must have descended from the Accelomi, and 
from the Archelminthes. 

Many connecting intermediate forms must, of course, have 
· exjsted between these two groups of \Vorms, between the 
Primitive ·worms and the Chorda-animals. U nfortunatcly, 
however, zoological knowledge is at present especially im
perfect with regard to these important intermediate forms 
of the multiform Worm tribe. For very evident reasons, 
none of these Worms could leave fossil remains. For, like 
the great majority of other Worms, they had no hard parts 
in their bodies. Most even of the known fossil \Vonns 
are ·worthless, for they tell us little or nothing of the most im
portant structural features of the soft body. Fortunately, 
however, we can in great measure satisfactorily fill the con
siderable palreontological gap in this part of our pedigree, 
with the help of the Comparative Anatomy and Ontogeny of 
,,. orms. If, on the one hand, we examine the structure and 
mode of development of the lower Worms from the Gliding
Worms (TuTbellaTia), and, on the other hand, the Anatomy 
and Ontogeny of the Asciclians, it is not clifficult, step by 
step, to re-construct in imagination the connecting inter
mediate forms, and to insert a series of extinct ancestml 
forms between the Acmlomi and the Chordonia. This 
series of forms under the name of Soft-worms (Scoleciclu) 
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we will consider as the seventh stage in the human 

pedigree. 
An examination of the Comparative Anatomy of the 

various Scolecid forms, which we might perhaps distinguish 
here, would lead us much too far into the difficult details 
of the Comparative Anatomy and Ontogeny of the ·worms. 
For our purpose it seems more important to call attention 
to those phylogenetic advances, by means of which th~ 
organization of the earliest Blood-bearing Worms was in 
the end elevated to that of the Chorda-animals. The Com
parative Anatomy and Ontogeny of the Gliding-worms 
and of the Ascidians justify us in giving special weight to 
the significant differentiation of the intestinal canal into two 
distinct divisions; into an anterior· eli vision (the gill-intes
tine), which accomplishes respiration, and a posterior clivi
sion (the stomach-intestine), which accomplishes digestion. 
As in Gastrreads and Primitive Worms, so also in the Ascidian 
larva, the intestinal canal is at :first a simple pouch-like 
body, provided merely with a mouth-opening. A second 
opening, the anus, does not develop till a later period. Gill
openings afterwards appear in the anterior section of the 
intestinal canal, by which the whole anterior intestine i::l 
transformed into a gill-body. This remarkable arrange
ment is, as we found, q_uite peculiar to Vertebrates, and, 
except in the Asciclians, occurs nowhere else. Among extant 
'Vorms there is, however, a single isolated and very remark
able Worm form, which in this respect may be regarded 
as distantly allied to the .A.scidia and to Vertebrates, and 
perhaps as an off-shoot from the Soft-worms (Scoleci<k~). 

This is the so-called "Acorn-worm" (Balanoglossus, Fig. 
186), which lives in the sa'ncl of the sea-shore. The in-
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tcresting points connecting this with Ascitlians an<1 tl1e 
Skull-less Animals (.A em aiu) 
were first accurately obsenetl 
and explained by Gegenbaur. .Al
though this singular Balanoglossns 
is in many other respects peculiar 
in its organization, so that Gegen
baur rightly mnkecl it as the re
presentative of a special class 
(Ente?'opneusta). yet the structure 
of the anterior section of the in
testinal tube is exactly similar to 
that of Asciuians and Skull-less 
Animals (k), a gill body, the walls 
of which arc pierced on either side 
by gill-openings and are supported 
by gill-arches. Now, although the 
Acorn-worm in other points of its 
structure may differ very con
siderably from those extinct Soft
worms (&olecidce), which we must 
regard as di;:ect ancestors of our 
race, and as intermediate links 
between the Primitive Worms 

FTG. 186.-A young Acorn.worm (Bal
anoglossus). (After Alexander Agassiz.) 
r, acorn-like proboscis; h, co \Jar; k, gill 
openings and gill-arches of the anterior in· 
testine, in a long row one behind another 
on each sido ; d, digestive posterior inte~
tine, filling the greater part of tho body
ca>ity; t ·, intestinal vessel, lying between 
two parallel folds of skin; a, anus. 
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and the Chonla-animals, yet, in virtue of this cl1aractcristic 
structure of the gill-intestine, it may be considcreu a re
motely allied collateral line of the Soft-worms. The 
development of an anus (Fig. 18G, a) at the end opposite 
to the mouth, is also a considerable advance in the struc
ture of the intestine. The further development of the 
blood-vessel system in the Acorn-worm also indicates a 
marked advance. In the ciliary surface of the skin, on 
the contrary, it recalls the Gliding-worms. The sexes arc 
separated, while our scolecid ancestors were probably 
hermaphrodite.145 

From a branch of the Soft-worms, the group of Chorda
animals (Chordonia), the common parent-group of the 
Mantle-animals and Vertebrates also developed. The process 
which primarily led to the development of this important 
group of the coolomati, was the formation of the inner 
axial skeleton (the notochord, or chorda do?'salis), which 
at the present day we find permanently retained in its 
simplest form in the lowest Vertebrate, the Amphioxus. 
We saw that this notochord is already found in the tailed 
and free-swimming larva of the Ascidian (Plate X. Fig. 5). 
The chorda does, indeed, serve specially as a support for 
the rudder-like tail of the larval Ascidian, but its anterior 
extremity passes in between the intestinal and medullary 
t.ubes within the actual body of the larva. A transverse 
/Section of this larva therefore si!ows that arrangement of 
the most important organs which is characteristic of the 
vertebrate type: in the centre is the firm notochord, which 
supports the other organs and serves especially as a base 
and point of attachrne.nt for the motive trunk muscles; 
above this notochord, on the dorsal side, is the central 
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nervous system in the form of a medullary tube; below, on 
the ventral side, is the intestinal tube, tile anterior half of 
which is a respiratory gill-intestine, its posterior half a 
cligestiYe stomach-intestine. It is true that the free
swimming larva of the extant Asci dian possesses this typical 
vertebrate character only for a short time; it soon relin
quishes its free roving mode of life, puts off its oar-like tail 
with the notochord, adheres to the bottom of the sea, and 
then undergoes that very great retrogression, the surprising 
n11al result of which we have already obsened (Chapters 
XIII. and XIV.). N avertheless, the Asci dian larva, in its 
very transitory evolution (for a brief space), affords us a 
picture of the long extinct Ohordona-form, which must 
be regarded as the common parent-form of Mantle-animals 
and Vertebrates. There is even yet extant a small and 
insignificant form of Mantle-animal which throughout life 
retains the structure of the Asciclian larva with its oar
like tail and its free-swimming mode of life, and which 
reproduces itself in this form. This is the remark
able Appendicularia (Fig. 187), which we have already 
examined. 

If we ask ourselves what conditions of adaptation could 
possibly have had so remarkable a result as the develop
mont of the notochord, and the modification of a branch 
of the Soft-worms into the parent-form of tl1e Chorda
animals, we may with groat probability answer, that this 
result was effected by the habituation of the creeping 
Soft-worm to a swimming mode of life. By energetic and 
continued swimming mflvements, the muscles of the trunk 
would be greatly developed, and a strong internal point of 
attachment would be very favourable to this muscular 
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activity. A support of this kind might arise by enlarge
ment and concrescence of the germ-layers along the longi
tudinal axis of the body; and the differentiation of an 
independent bony cord from this axial cord gave rise to the 
notochord. (Cf. Fig. 88, 89, vol. i. pp. 300, 301.) In corre
lation to the formation of this central notochord, the si.mple 
nerve-ganglia, lying over the throat in the Soft-worms, 
lengthened into a long nerve-cord, reaching from front to 
rear, above the notochord; in this way, the medullary tulJe 
originated from the" upper throat ganglia." 

As we have already minutely considered the great 
significance of the Ascidians (Fig. 188) in this respect, as 
well as their close relations to the Amphioxus (Fig. 1SU), 
·we will not tarry longer over this point now. I will 
repeat, that we must by no means regard the Asciclian 
as the direct parent-form of the Amphioxus and of the 
other Vertebrates. On the contrary, we assert that, on 
the one hand the Ascidians, and on the other the V er
tebrates, have both descended from one unknown 
Worm form, which has long been extinct ; the nearest 
relatives of this among existing animals are the Asciclian 
larvre and the Appendicularia (Fig. 187). This unknown 
common parent-form must have belonged to the group of 
Chorda-animals, which we pointed out as the eighth 
ancestral stage in the human pedigree.146 Although we 
cannot form an entirely satisfactory idea as to all points 
of external and internal structure of this Chorda-animal, 
there is no doubt that, like its near relatives, the 
Mantle-animals, and like the preceding ancestral stage 
represented by the Soft-worms and Primitive Worms, it. 
must be classified in the natural system of the animal 



THE EVOLUTION OF MAJ.~. 

kingdom as a genuine Worm. The difference bet,,~een it 
and. other genuine \Vorms cannot have been greater than i.s 

FIG. 187.-Appendicularia, seen from the left side: m, mouth; Tc, gill~ 
intestine; o, cesophagus; v, stomach; a, anus; n, nerve-ganglia (upper 
throat-knots); g, ear->esicle; j, ciliated groove under the gill; h, heart ; 
t, testes ; e, ovary ; c, notochord; s, tn,il. 

FIG. 188.-Strnctm·e of an Ascidian (seen from the left, as in Fig. 153 
and Fig. 14, Plate XI.) : sb, gill-sac; v, stomach; i, large intestine; c, 
heart; t, testes; vd, seed-duct; o, ovary; o', mn,tured eggs in the body. 
cavity. (After .Milne Edwards.) 



THE A":IIl'IIlOXlJS. 

tl1c t1iffercncc l,ctwcen the c.·tant Tape-worms an<l Ilinge1l 
\Vorms (-'ln tU'l ida). Moreover, in a certain scn~e we llll\Y 

regard the extant Appcnuicularia as a last remnant of tho 

Chorclonia class. 
\V c have now studied the most import

ant animal forms which occm· in the pedigree 
of the human race, and which, in the zoo
logical system, must be classed among the 
\Yorms. In leaving this lower cln.ss, and 
tracing our ancestry henceforth exclusively 
within the vertebrate tribe, >ve at once 
leave behind the great majority of animal 
forms, which branched off from the worm 
tribe in entirely different directions. When, 
in a previous chapter (IX.), the vertebrate 
nature of man was proved, it was incidentally 
mentioned that the very great majority of 
animals are in no way directly allied to our 
tribe. The parent-forms of the three other 
higher Animal tribes, theArticulatedAnimals 
(A 1·thropocla), Star-animals (Echinodm·ma), 
and Soft-bodied Animals (l,J ollt~scc~), like 
the vertebrate tribe, originated from the 

FIG. 189.-Lancelet (Amphioxus lanceolatus), twice 
the actual size, seen from the left (the longitudinal 
axis is represented vertically, the mouth turned up. 
ward, the tail downward, as in Plate XI. Fig. 15) : 
a, month-opening, surrounded by cilia ; b, anal open. 
ing; c, ventral opening (Porus abdominalis) ; d, gill
body; e, stomach; j, liver.ccecnm; g, large intes
tine; h, ccelom: i, notochord (under it the aorta) ; 
k, arches of the aorta; l, main gill-artery ; m, swellings 
on its branches; n, hollow vein; o, intestinal vein. 
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TABLE XVIII. 
Systematic Survey of the Phylogenetic System of the Animal Kingdom, 

founded on tho Gastrroa Theory and the lioruology of the Germ-1ayers. 

T,.W.. or l'ilyla I 
of' the 

Aniwd Kin[Jdom. 

)fain ('[asses or 
lint nclt~•s t!f the 

A1limal Aln!Jdom. 

Cla.~.r:es 
q/' tile 

~rz.im.£t.L Kinodout. 

Systematic Xamu 
ol the 

olasse8. 

FrJtST Si!B-KI:-IGDO)I: PnBI!TIVE AxnrAr,s (Protozoa). 
Animals without germ-layers, intestine, or true tis,ues, 

.A .. , l I. F.gp;-nnit~1nls { ;: ~\~~~~l~~ ~: t~~~:1~~~ ~m.mh\Je Ovulana 3. Gregarinre 3. Grcgarinm 
'ilmntals II. Infu•orial animals j 4. Su<kin~ InfnRorla 4. Acinetm 
Protozoa Jnjus01·ia 5. Cilillted Inru,.,ria 5. Ciliata 

SEcmm SuB-KINGDOM: Ix-rESTINAL AKnrALs (liietazoa). 
Animals with two primary germ-layers, intestines and tissues. 

B. 
~!ant. 
\!nimals 

Zoophytes 

c. 
monns 
Vermes 

III. Rpongcs 
~.r;pongire 

IV. &a-nettles 
.dcalephre 

1 
V. D~~!~~~;·o1ms 

VI. mood-worms 
Cu:lomati 

{ 

6. Primili,•e intestinal 
nnim,tls 

'1. Sponge:; 

{ 

8. Coral' 
9 llood-jetlies 

10. Comb-jellies 

{ 
11. Primitive worms 
12. Flat-worms 

{ 
~~: ~~~o~e~~:~~:~= 
15. \\'hcel-m1imalcules 
16. Moss·pOl)·ps 
17. ~fantle-animals 
18. Acorn-worms 
19. Star-\\"Orms 
20. Hinged-worms 

D. j VII. ITeodlcss shell-fish { 21. Lamp-,hclls 
~oft~bo'!Jic'lr Ac,phala 22. Mussels 

~nimals VIII.sl~~~~~~-.~;aring { 23. Snails 
Mollusca Eucel>hala 2·1. Cuttles 

E. { IX. Ringed-arms { 25. Sea-stars 
.Star~\!nimais Cotobmclua 26. Sea-lilies 

X. Armle'8 { 27. Sea-urchins 
Echinoderm& Lipobrachia 28. Sea-cucumbers 

F. j XI. Gill-breathers { 29. Crabs 
\! rtirulntc'lr Ca>·ides 

'"' . l { 30. Spiders .... nmta s XII. Tube-b ealhers 31. Centipedes 
Arthropoda 7·racheat.a 32. Flies 

G. 
Fcrtcbrnte 
<animals 

Vertebrata 

XIII. Skull-less { .~3. Tube-hearts (Lance-
.dcmnia lets) 

XIV. Sioglc·nostrilled { :04. Round-mouths 
Monol'rhina (Lampreys) 

XV. Amnion-less 36_ Mud-fi>h {
~ 35. Fishes 

Anam.nia a7. Amphibiana 

X . Amm~n-amma s 39. Birds VI , . . 1 { 38. Reptiles 

.d.mnwta 40. ;}lammals 

6. Gastr~<h 

7. Porifera 
8. Coralln 
9. IJ~·dromrclnsm 

10. Ctenophora 

It. A rchelminthrs 
12. Plathclmlnthcs 
13. Nrma.thf'lminthea 
H. Chretognatl!i 
15. P.otatoria 
16. Bryozoa. 
17. Tunicata. 
18. Enteropncusta. 
19. Gephyrea 
20. Annelid.\ 
21. Spirobranchia 
22. Lamellibrau<llia 

23. Cochlid"S 
2!. Cephalopod<\ 

25. Asterida 
26. Crinoi<h 
27. Echinidc\ 
28. Holothurire 

29. Crustacea 

30. Arachnida 
3l. Myr!opoda 
32. Insecta 
~3. Leptocardia 

34. Cyclostoma 

35. Pisces 
36. Dipneu<ta 
37. AmphiiJia 
38. Reptilia 
39. Aves 
40. Mammalia 
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Nonoph5·lotic T'cr1"grcc of the Aninml l"itl."<lrHn, fonllllC<l on the Gnstrmn 
'l'hcory nnd the Homology of the Gerllt-layt•r •. " 

Articulates 
Arthropoda 

Ycrll'ltrl\t('~ 

Vertebra.t~ 
Soft-hmlic<l A nim,tls 

Mollusca 

I 
Rtnr-nnimnls I 

Echinoderma 

' I Cceloma.ti. 
(Worms with bo<ly-caoity) 

I 

Fl.tt \\"orms 
Platbclmin:IJes 

Plant-animals 
Zonphyta 
( CDJ!o ntemta) 

Sea-nettles I 
Sponges (.Acalephre) -'----~~----' 

Spa~~~ gioo - - ...--l .A ccelomi ......_. ...... _ (Worms without body-cavity) 

Protnscus I 
I Prothclmls 

Gastrrcn radialia Gastrltla lbilo1tcr~tlis 
(stationary) (cmwling) 

Gastrooa 
( Ontogeny: Uastrula) 

I 
PrimitiYe Animals 

Protozoa I Ciliata 
Plnnreada 

( Ontogeny: Blastula) Acinetre 
I I 
Infusoria. 

Greglrinre \ 

---~-~ 
Synama>ba 

( Ontogeny: .Aion<la) 
I 

Ama>bina 

I 
I 

.l\mcebre 
(Ontogeny,: Cytuta) 

I 
Monera 

( Ontoyeuy: J!loneruta) 
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worm tribe ; but the parent-forms of the three former 
belong to wo1·m-groups quite distinct from that of the 
Chordonia. It is only far clown at the common root of the 
group of Crelomati, that we assume a common source for 
these various tribal forms. (Of. Tables XVIII. and XIX.) 
It is especially necessary to remember that there is no ujrect 
blood- relationship between Vertebrates and .Articulated 
Animals. 

The Articulated .Animals (A 1·thTopoda), to which the 
most comprehensive of all classes of animals, that of Insects, 
and also the Spiders, Centipedes, as well as the Crabs, or 
Crustaceans, belong, are descendants of articulated "\V orms, 
the nearest allies of which are the extant Ringed Worms 
(A nnelicla). The tribe of. Star-animals (Echinocler?ncb), 
which includes the Star-fishes, Sea-lilies, Sea-urchins, and 
Sea-cucumbers, must also have descended from similar articu
lated Worms.U8 The parent-form of the Soft-bodied Animals 
(Mollusccb), which include the Cuttles, Snails, Mussels, and 
Lamp-shells, must also be sought among the Worms. But 
the Crelomati, from which these three higher animal tribes 
originated, differed entirely in character from the Chorda
animals. Unlike the latter, they never cleYelopecl a noto
chord. In them, the anterior section of the intestinal tube 
was never modified into a gill-body with gill-openings; nor 
were the upper tln·oat-ganglia developed into a medullary 
tube. In a word, in Articulated .Animals, Star-animals, and 
Soft-bodiecl Animals, as well as in their ancestors among 
the Blood-bearing Worms, the typical structural peculiari
ties which are exclusively characteristic of the vertebrate 
tribe and of their immediate invertebrate progenitors, were 
never present. Thus the great majority of all animals are 
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in no way the subject of our further investigations, which 
are only concerned with the Vertebrates. 

The development of the Vertebrates from the Inverte
brates most nearly related to them, the Chorda"Animalt:!, 
occurred millions of years ago, during the Archilithic Epoch. 
(See Table XII., p. 11.) This is unmistakably shown l>y 
the fact that the most recent sedimentary rock-strata 
which were deposited during that immense period of time, 
the higher layers of the Upper Silurian formation, contain 
remains of fossil Fishes (Primitive Fishes, Selachii). As 
these Fishes, although they belong to the lowest stage of 
the Skulled Animals (Cn~niota), yet possess a compara
tively high organization, and as they must necessarily ha.ve 
been preceded by a long progressive series of lower Skull
less Vertebrates, we must attribute the origin of the oldest 
Skull-less Animals (Acmnia) from the Chorda-animals to 
a much earlier part of the Archilithic Epoch. Therefore, 
not only all the invertebrate ancestors of our race, but also 
the earliest form of our vertebrate progenitors must haYe 
developed in that primordial time, which includes the 
Laurentian, Cambrian, r.nd Silurian Periods. (Cf. Tables 
XIII., XIV., and XVI., pp. 12, 19, 4±.) 

Unfortunately, Palreontology can give us absolutely no 
information with regard either to the structure of our oldest 
vertebrate ancestors, or to the time of their appearance; 
for their bodies were as soft and as destitute of hard 
parts capable of fossilization, as were the bodies of all 
our preceding invertebrate ancestors. It is, therefore, not 
surprising, but quite natural, that we find no fossil 
remains of the former in the Archilithic formations. The 
Fishes in which the soft cartilaginous skeleton was partly 
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modified into hard bone, are the earliest Vertebrates capable 
of leaving petrified records of their existence and structure. 

Fortunately, this want is more than counterbalanced 
by the much more important testimony of C,omparative 
Anatomy and Ontogeny, which henceforth form our 
safest guides within the Vertebrate pedigree. Thanks to 
the classic researches of Cuvier, Johannes Mtiller, Huxley, 
and especially of Gegenbaur, we are in possession of such 
extensive and instructive records of creation in this most 
important b1:anch of tribal history, that we can prove at 
least the more significant features in the development of our 
Yertebrate ancestors, with the most gratifying certainty. 

The characteristic peculiarities by which Vertebrates 
in general are distinguished from all Invertebrates, engaged 
our attention some time ago, when we examined the structure 
of the ideal Primitive Vertebrate (Figs. 52-56, p. 25G). The 
most prominent characters were as follows: (1) the formation 
of the notochord between the medullary and intestinal tubes; 
(2) the differentiation of the intestinal tube into an anterior 
gill-intestine and a posterior stomach-intestine; (3) the 
inner articulation, or formation of metamera. The Verte
brates share the first two qualities with the larval Ascidians 
and with the Chorda-animals ; the third quality is entirely 
peculiar to them. Accordingly, the most important struc
tural advance, Ly which the earliest vertebrate forms origin
ated from the most nearJy allied Chorda-Animals, consisted 
in an internal metameric structure. This showed itself 
6rsl; most distinctly in the articulation of the muscular 
system, which broke up on the right and left into a Beries 
of consecutive muscular plates. At a later period the 
articulation declared itself prominently in the skeleton, and 
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nervous and blood-vessel systems. As we have already 
seen, this process of articulation, or metameric formation, 
must essentially be regarded as terminal germination. 
Each distinct trunk-segment, or metameron, represents au 
individual. Thus the Vertebrates with their intcrna I 
segmentation stand in a similar relation to their inarticulate 
Invertebrate ancestors, the Chorda Animals, as do the out
wanlly segmented Ringed Worms (Annelida) and Articu
lated Animals (Arthropoda) to the simple inarticulate 
\Yorms from which they originated. 

The tribal history of Vertebrates is renclered much more 
intelligible 'by the natural classification of the tribe which 
I proposed first in my Generelle Jl,for}Jlwlogie (1866), and 
afterwards improved in many ways in "The Nat ural History 
of Oreation" (Chap. XX., p. 192, etc.). In accordance with 
that, existing Vertebrates must be divided into at least 
eight classes, as follows :-

SYSTEl\IATIC SURVEY OF THE EIGIIT CLASSES OF 
VERTEBRATES. 

A. Sl<ull-less (Acmnia) 

B. Skulled 
C?·auiula !

a. Single-nostrilled (Jlono>·hina) 

! 
I. 

Amnion-less 
b. Double-no~;.trilled ..A11amnia 

.Ampkirhiua H. 
'Vith Amnion 

.t1.Jn.n'iuta 

1. Tube-hearted 1. Loptocnrdia 

2. Round-mouths 2. Cyclostomo. 

{ 

3. Fbhrs 3. Pisces 
4. :\Iud-fi~hes 4. DipnC"uc;ta 
5. Amphibians 6. Ampllibia 

[ 

6. Rep Iiles 
7. Birtls 
8. l\lummuls 

6. Reptilia 
7. A'4 es 
8. Mammalia 

The whole Vertebrate tribe may primarily be divided 
into the two main sections of the Skull-less and the 
Skulled Vertebrates. Of the earlier and lower section, that 
of the Skull-less (.Acmnia), the Amphioxus is alone extant. 
To the more recent and higher section, the Skulled (Ora
niotc~), belong all other existing Vertebrates up to Man. The 

Whn H 
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Craniata branched off from the Acrania, as these did from 
the Chorda Animals. Our exhaustive study of the Compara
tive Anatomy and Ontogeny of the Ascidian and the 
Amphioxus have already afforded proof of this relation. (Cf. 
Chapters XIII. and XIV., and Plates X. and XI. with the 
explanations.) I will only repeat, as the most important 
fact, that the Amphioxus develops from the egg in exactly 
the same way as the Ascidian. In both, the original Bell
gastrula (Figs. 4 and 10) originates in an exactly similar 
manner, by primordial cleavage from the simple parent-cell 
(Figs. l and 7). From this originates that remarkable larva, 
which develops a medullary tube on the dorsal side of the 
intestinal tube, and between the two a notochord. At a 
later period, both in the Aseidian and in the Amphioxus, the 
intestinal tube differentiates into an anterior gill-intestine 
and a posterior stomach-intestine. In accordance with the 
fundamental principle of Biogeny, from these very important 
facts we may deduce the following statement of great phylo
genetic importance : the Amphioxus, the lowest Vertebrate 
form, and the Ascidian, the most nearly allied. Invertebrate 
form, have both descended from one single extinct Worm 
form, which must have possessed the essential structure of 
the Chorda Animals. 

The Amphioxus, as has already been often shown, is 
of extreme importance; not only because it thus fills the 
great gap between the Invertebrates and the Vertebrates, 
but also because it represents, at the present time, the 
typical Vertebrate in its simplest form; and because it 
directly affords the best standpoint from which to examine 
the gradual historic evolution of the whole tribe. If the 
structure and germ-history of the Amphioxus were un-
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known to U8, the ·whole sulljrct of the deve1opmrnt of 
the Vertebrate tribe, and thus of our own race, ·woulcl lH~ 
enYeloped in an impenetrable veil. The accurate anatomical 
and ontogenetic knowledge of the Amphioxu8, attaim·<l 
<luring the last few years, has alone pierced that heavy n·i1, 
formerly s·1pposed to be impenetrable. If the Amphioxus i~ 
compared with the developed Man or any other of the 
higher V erteLrates, a great number of striking dissimilarities 
will be seen. The Amphioxus has no specialized hcatl, no 
hrain, no skull, no jaws, no limbs; it is without a central
ized heart, a developed liver all(l kidneys, a jointed vertebral 
column; every organ appears in a much simpler and more 
primitive form than in the higher Vertebrates and in .Man. 
(Cf. Table X., vol. i. p. 4GG.) And yet, in spite of all these 
variou8 deviations from the structure of othtlr Vertebrates, 
the Amphioxus is a genuine, unmistakable Vertebrate ; 
and if, in8tead of the developed Man, the human embryo 
at an early period of its Ontogeny is compared with 
the Amphioxus, we shall find perfect parallelism between 
the two in all essential points. (Cf. Table IX., vol. i. p. 46.5.) 
This highly important parallelism ju8tifies the conclusion 
that all the Skulled Animals (Cmniota) have descencle<l 
from a common primmval parent-form, the structure of 
which was essentially that of the Amphioxus. This parent
form, the earliest Primitive Vertebrate, possessed the 
peculiar characters of the Vertebrates, and yet was without 
all those important peculiarities that distinguish the Skulled 
Animals from the Skull-less. Although the Amphioxus ap
pears peculiarly organized in many respects, and althouglJ 
it may not be regarded as an unmodified descendant of the 
Primitive Vertebrate, yet it must haYe inherited from the 
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ln.ttcr tLc distinguishing characteristic features already 
mentioned. We cannot therefore say that the Amphioxus is 
the progenitor of the Vertebrates; but we may certainly say 
that the Amphioxus of all known animals is nearest allied 
to this progenitor; both belong to the same limited family 
group, to the lowest Vertebrate class, that of the Skull-less 
Animals (Acrania). In the human pedigree, this group 
forms the ninth stage of the ancestral chain, the first among 
Yertebrate ancestors. From this Skull-less group was 
f1eveloped the Amphioxus on the one side, and on the other 
the parent-form of the Skulled Animals ( Cntniota ). 

The comprehensive group of the Skulled Animals 
includes all known Vertebrates, w1th the single excep
tion of the Amphioxus. All these Skulled Animals 
pos-;ess a distinct head, inwardly specialized from the 
trunk, and this contains a skull, enclosing a brain. This 
'nead also carries three of the higher sense-organs, which are 
t>artially wanting in the Skull-less Animals (nose, ears, and 
9yes). At firot, the brain appears in a very simple form, as 
'ln anterior bladder-like extension of the medullary tube 
(Plate XI. Fig. 16, m,). This, however, is soon distributed by 
;;everal trmwerse grooves-first into three, and afterwards 
into a series of five consecutive brain-bladders. In the 
formation of the head, skull, and ·brain, together with the 
higher sense-organs, lies the most essential advance mad\l 
by the skulled parent-form beyond its skull-less ancestors. 
Other organs, however, also soon rose to a higher grade 
of development; a compact centralized heart; appeared, a 
more perfect liver and kidneys ; and in other directions 
also important; advance was made. 

The Skull-less Animals may be primarily subdivided 
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into two differing main sections, that of the Single-nostrils 
( JJ ono1'hina), and that of the Double-nostrils (A mphirli i 1ut ). 

Of the former there are but very few extant forms, which 
are called Round-mouths (Gyclost01na). These are, howcn•r, 
of great interest, because in their whole structure they are 
intermediate between tl1e Skull-less AnimalB and the Do11l ,Je
nostrils (Amphi1·hina). Their organization is much higl1er 
than that of the Skull-less Animals, much lower than that 
of the Double-nostrils; they thus form a very weleome 
phylogenetic link between those two divisions. 'Ve may 
therefore represent them as a special, tenth stage in the 
human ancestral series. 

The few existing species of the class of Round-mouths are 
distributed into two different orders, which are distinguislJC(l 
as the Hags and the Lampreys. The Hags (1lfyxinoide.<~) 
have long, cylindrical, worm-like bodi8s. Linnmus classed 
them among Worms, but later zoologists have placed them, 
sometimes among the Fishes, sometimes Amphibians, awl 
again with Molluscs. The Hags live in the sea and are 
usually parasitic on Fishes, into the skin of which they 
penetrate by means of their round sucking mouths and 
their toothed tongues. They are occasionally found in the 
body-cavity of Fishes-for example, of the Cod and Stur
geon-having penetrated to the interior in their passage 
through the skin. The second order, that of the Lampreys 
(Petromyzontes), includes those well-known "Nine eyes," 
common at the seaside; the little river Lamprey (Petro
myzonfluviatilis) and the large sea Lamprey (Petrmn:;zoa, 
mctrinus, Fig. 190) 

The animal>' fnclucled in the two groups of the .Mycd
nuicles and the Petl'omyzontes, are called Round-mouths 
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(Cyclostoma), from the fact that their mouth forms a circular 
or semi-circular opening. The upper and under jaws, 
which appear in all the higher Vertebrates, are completely 
wanting in the Round-mouths, as in the Amphioxus. All 
other Vertebrates are therefore distinguishable from them 
as "Jaw-mouthed" (Gnathostomi). The Round-mouths may 
abo be called" Single-nostrils" (JJionorhina), because they 
have but a single nasal tube, whne the Gnathostomi are all 
furnished with a pair of nasal cavities, a right and a left 
nose-cavity (" Double-nostrilled," .Amphi?'liina). But in 
atldition to these peculiarities, the Jaw-mouths are also 
distinguished by many other remarkable structural arrange
ments, and are further removed from the Fishes than the 
latter are from :Man. They must, therefore, evidently be 
regarded as the last remnant of a very old and very low 
class of Vertebrates, which are far below the structural 
stage of a genuine Fish. To mention here briefly only 
the most important, the Round-mouths are entirely with
out any trace of limbs. Their slimy skin is quite 
naked and smooth, without scales. They are wholly 
destitute of a bony skeleton. The inner skeleton axis is 
a very simple inarticulate notochord, like that of the 
Amphioxus. In the Lampreys alone a rudimentary articu
lation is indicated by the fact that upper arches appear in 
the vertebral tube proceeding from the notochord sheath. 
At the anterior end of the chorda a skull is developed in 
its very simplest form. From the notochord sheath pro
ceeds a small soft-membraneous skull capsule, which 
becomes partly cartilaginous: this capsule encloses the 
brain. The important apparatus of the gill-arches, the 
tongue-bone, etc., which is inherited by all Vertebrates 
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from Fi:;;hes to Man, is wholly wanting in 
the Roun<.l-mouths. They have, indeed, a 
superficial, cartilaginous gill-skeleton, but this 
is of quite different morphological significance. 
On the other hand, in them we meet, for the 
first time, with a brain, that important 
mental organ, which has been transmitted 
from the Single-nostrils up to :Man. It is true 
that in the Round-months the brain appears 
merely as a very small and comparatively 
insignificant swelling of the spinal chord; at 
first a simple bladder (Plate XL Fig. 16, ?rt1), 

which afterwards separates into five consecu
tive brain-bladders, as in the brains of all 
Double-breathers. These five simple prirniti ve 
brain-bladders, which reappear in a similar 
form in the embryos of all higher Vertebrates, 
from Fishes up to :Man, and which undergo 
a very complex modification, remain in the 
Round-mouths, in a very low and undifferen
tiated stage of development. The histological 
elementary structure of the nervous system is 
also much more imperfect than in other V crte
brates. ·while in the latter the organ of 
hearing always has three semi-circular canals, 
in the Lampreys it has but two, and in the 
Hags but one. In most other points aJso, 
the organization of the Round-mouths is 

FIG. HJO.-The large Sea-lamprey (Pet?·omyzon mari. 
nus), much redlJPecl in size. A series of seven gill-open. 
ings are visible below the eye. 
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much simpler and more imperfect, as, for instance, in the 
structure of the heart, the circulatory system, and the 
kidneys. In them, as in the Amphioxus, the anterior 
portion of the intestinal canal <loes, indeed, form respiratory 
gills ; but these respiratory organs are developed in a very 
peculiar way: in the form of six or seven little pouches, or 
sacs, which lie on both sides of the anterior intestine and 
communicate with the throat (pha~·ynx) by inner openings, 
and by outer ones with the external skin. This is a Yery 
peculiar formation of the respiratory organs, quite cha
racteristic of this class of animals. They have therefore 
Leen called the "Pouch-gills" (.llfa~·sLLpobmncldi). The 
absence of one very important organ fou11cl in the Fishes, 
the swimming-bladde~·, fi·om which the lungs of the higher 
Vertebrates have developed, should be especially noticed. 

In their germ-history, as in their whole anatomical strtlC
ture, the Round-mouths present many peculiarities. They 
are even peculiar in the unequal cleavage of the egg, which 
most nearly approaches that of the Amphibians (Fig. 31, 
vol. i. p. 203). This results in the formation of a Hood
gastrula, like that of Amphibians (Plate II. Fig. 11). From 
this develops a very simple organized larval form, which i'l 
closely allied to the .Amphioxus, and which, for that reason, 
we examined and compared with the latter (vol. i. p. 428, 
and Plate VIII. Fig. IG). The gradual germ-evolution of 
these larvffi of the Round-mouths explains very clearly and 
unmistakably the gradual evolution of the Skulled from the 
Skull-less class of Vertebrates. At a later period, from 
this simple Lamprey larva is developed a blind and tooth
less larval form, which is so very different from the mature 
Lamprey that, until twenty years ago, it was generally 
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described as a peculiar form of fish under the name of 
A mmoccetes. Dy a further metamorpho~is this lJlinll a!Hl 
toothless Ammoccetes is transformed into the Lamprey with 
eyes and teeth (P ell'Omyzon).117 

Summing up all these peculiarities in the st.ructure and 
embryology of the Round-mouths, we may assert that the 
olde:;t Skulled Animals, or Omniota, diYcrgcd in two lines; 
one of these lines has continued up to the present time 
hut little modified; it is represented by the Cyclostoma, 
or 1\Ionorhina, forming a collateral line which has made 
but little progress, but has remained at a very low stage of 
development. The other line, the direct line in the pedigree 
of the Vertebrates, advanced in a straight line to the Fishes, 
and by new adaptations attained ma11y important improve
ments. 

In order rightly to appreciate the phylogenetic signi
ficance of interesting remnants of primreval groups of 
animals, such as the Round-mouths, it is necessary to study 
minutely their various peculiar characters philosophically 
and with the aid of Comparative Anatomy. A careful 
distinction must be drawn between the hereditary cha
racters which have been accurately transmitted to the 
present day by heredity from common, prim::eval ancestors, 
now extinct, on the one hand ; and, on the other, those 
special adaptive peculiarities which the existing remnant 
of that primreval group have, in the course of time, gained 
secondarily by adaptation. To the latter class belong, 
for example, in the Round-mouths, the peculiar formation 
of the single nostril and the round sucking mouth ; as 
well as special structural arrangements of the epidermis 
and the pouch-shaped gills. But, on the other hand, to the 



ro5 TIIE EVOLUTION OF AlAN. 

former class of characteristics, which alone have any phylo
genetic significance, belong the primitive formation of the 
vertebral column and the brain, the absence of the swim
ming-bladder, of jaws, limbs, etc. 

In the animal system, the Round-mouths are usually 
classed among Fishes ; but that this is quite incorrect is 
apparent from the simple fact that, in all important and 
prominent structural peculiarities, they are further removed 
from the Fishes than the Fishes are from the Mammals &ILd 
from Man. 
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Batrachians (P1·oteus and Axolotl) .-The Tailed Batrachians (Salam an. 
clers and Mud-fish).-Frog Batrachi(lns (Frogs aud Toads).-Chief 
Group of the Amnion Animals, or Amniota (Reptiles, Birds, (lnd 
MammalR).-Descent of all the Amniot(l from a Common Lizard.like 
Parent-form (Protamnion) .-First Formation of the Allantois (lnd of the 
Amnion.-Branching of the Amnion Animals in Two Lines: on the one 
side, Reptiles (and Birds), on the other side, Mamm(lls. 

"The imagination is an indispensable faculty; for it is that which, by 
forming new combinations, occasions important discoveries. The naturalist 
needs both the discriminating power of abstract rooson, and the gencrali?.ing 
power of the imagination, and that the two should be harmoniously intor. 
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1·clatcd. If the proper balance of these faculties is destroyed, the naturalist 
is hurried into chimerical fan::ies by h1s imagiuo,tion; wllile the same gift 
leads the gifted naturalist of sufficient strength of reason to the most 
important discovenes."-JoHANKES JIIOLLER (1831). 

THE frn·ther we proceed in human tribal history, the nar
rower does that part of the animal kingdom become within 
which we must look for extinct ancestors of the human 
race. At the same "Lime, the evidence as to the history of 
the evolution of our race given by what we have calieLl the 
records of creation, the evidence of Ontogeny, of Compara
tive Anatomy, and of Palreontology, grows constantly more 
extensive, complete, and trustworthy. It is therefore 
natural that Phylogeny should assume a more definite form 
the nearer we approach the higher and the highest stages 
of the animal kingLlom. 

Comparative Anatomy especially has done far more for 
our knowledge of these higher stages of evolution in the 
animal kingdom than for the lower. This important 
science, which aims at a true philosophy of organic forms, 
has made greater progress in .the Vertebrate tribe than in any 
section of the Invertebrate. Cuvier, Meckel, and Johannes 
Miiller had already laid a deep and extensive foundation; 
and now the Comparative Anatomy of Vertebrates has 
recently been powerfully advanced by the admirable inves
tigations of Owen and Huxley, and, especially, has been 
perfected to such a degree by the unsurpassed labours of 
Gegenbaur, that it now forms one of the strongest supports 
of the Theory of Descent. Relying o:1 the evidence thus 
furnished,. we can now, with a great degree of certainty, 
recognize the most important outlines of the series of ~:;tages 
and the ramifications of the Vertebrate pedigree. 
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That part of the animal ki11gdom ·with which we are 
now concerned has become so narrow, even before we have 
left the Archilithic Epoch, that but a single one of the 
seven tribes of the animal kingdom forms the object of our 
stmly. Even within tl1is tribe we have passed the lo·wcst 
steps, and have risen above the Skull-less (Acrania) aml 
Douule-nostrilled VertelJra.tes (1lfon01·hirw), to the class of 
Fi::;hcs. The latter are the first of the great main division 
of Yertebrates distinguished by mouths with jaws and by 
double nostrils (Amphirhina, or Gnathostoma). From Fishes 
·we start again, as from that class of Vertebrates which are 
indubitably shown by Comparative Anatomy and Ontogeny 
to be the ancestral class of all higher Vertebrates, all Am
phirhina. Of course no existing Fish can be regarded as 
the direct parent-form of the higher Vertebrates. But it is 
equally certain that from a common extinct Fish-like 
parent~form we may trace all those Vertebrates from Fishes 
up to Man, which are included under the name of Am
phirhina. If this primreval parent-form ·were extant, we 
should undoubtedly describe it as a genuine Fish and class 
it among Fishes. Fortunately, the Comparative Anatomy 
and Classification of the Fishes has been so far advanced 
(thanks to the labours of Johannes Mii.ller and Gegenbaur) 
that we can very clearly distinguish these most important 
and interesting genealogical relations. 

In order correctly to understand the human pedigree 
within the Vertebrate tribe, it is very important to bear in 
mind the distinguishing chara.cteristics, separating Fishes 
and all the other Double-nostrils (A mphi?'hinc6) from 
bingle-nostrillecl and Skull-less Animals (jfonoThina and 
Acmnia). These very distinguishing characteristic marks 
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Fishes have in common with all other Double-nostrils up 
to Man, and it is on this parallelism that we found our 
claim of relationship to Fishes. (Cf. Table X., vol. i. 
p. 466.) The· following characters of the Double-nostrils 
must be especially indicated as the systematic anatomical 
features of the highest importance: (1) the double structure 
of the nose; (2) the internal gill-arch apparatus, together 
with the jaw-arches; (:3) the swimming-bladder, or lungs; 
and ( 4) the two pairs of limbs. 

As to the nasal structure, on which is based the distinc
tion of the Single-nostrils (JJionol'hina) from the Double
nostrils (A1nphi1·hina), it is certainly significant that even in 
Fishes the earliest rudiment of the nose consists of two en
tirely distinct lateral grooves or pits in the outer surface of 
the head, just as is the case in the embryo of Man and of all 
higher Vertebrates. On the other hand, in Single-nostrils 
and Skull-less Vertebrates the first rudiment of the nose is, 
from the uxst, a single pit in the centre of the forehead 
region. No less important is the higher development of the 
skeleton of the gill-arch and of the jaw apparatus connected 
with H, as it occurs in all Double-nostrils from Fishes to 
Man. It is true that the primitive modification of the 
anterior intestine into the gill-intestine, which occurs even 
in Asciilians, is developed in all Vertebrates from one simple 
rudiment; and in this respect the gill-openings, which in 
all Vertebrates and also in Ascidians pierce the wall of the 
gill-intestine, are quite characteristic. But the external 
framework of the gills, which in all Skull-less and Single
nostrilled Animals (Acraniota and Mono1·hina) supports 
the gill-body, is displaced in all Double-nostrils (Arnpki
rhina) by an internal gill-skeleton which replaces the former. 
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This internal gill-support consists of a consccnli ,·e scri s of 
cartilaginous arches, which are situated betwe n the gill
openings within the wall of the throat (phnry11. ), a111l 
extend round the throat. The foremost of thc:;c pair: uf 
gill-arches changes into the jaw-arch (maxillary arcl1), 
which gives rise to the upper and lower jaws. 

A third essential character by which all Douhlc-no tril 
arc well distinauished from all tho ·c lower V crte hr: r · 0 

which we have already considcrc(l, is the forlllaLion of a, 
blind sac which protrudes from the anterior portion of tl1 ' 
intestinal canal, and which in the Fishes becomes the air
filled swimming-bladder (Plate V. Fig. 13, lu). As ihi · 
organ, in proportion as it contains a greater or less (p1anli t.v 
of air, or in proportion as this air is more or less com prossed, 
imparts a higher or lower specific graYity to the Fish, it 
acts as a hydrostatic apparatus. By this means the Fi h 
can rise or sink in the water. This swimming-l1lat1ller i · 
the organ from which the lung of higher VertclJratcs has 
developed. The fourth and last main character of Doul 'le
nostrils is the presence of t\vo pairs of extremities or 
members in the primitive arrangement of the em hryo; a 
pair of fore limbs, which in Fishes are called pectoral iins 
(Fig. 191, v), and a pair of hind limbs, which in Fil>hes are 
called ventral fins (Fig. 191, h). The Comparative .Anatomy 
of these fins is of supreme interest, because they contain 
the rudiments of all those parts of the skeleton which, in 
all the higher Vertebrates up to Man, form the skeleton or 
':lupport of the extremities of the fore and hind limbs. In 
.Skull-less and- Single-nostrilled .Animals there is, on the 
contrary, no trace of these extremities. In addition to 
these four most important main characters of the Amphi-
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rhina, we might further mention the presence of a sym
pathetic nerve-system, a spleen, a ventral salivary gland; 
organs which ara not represented in the lower Vertebrates 
already considered. All these important parts have trans
mitted themselves from Fishes up to Man, and from this 
circumstance alone it is evident how wide a chasm sepa
rates the Fishes from the Skull-less and Single-nostrilled 
Animals (Acl'aniotcb and llfonm·hina). Fishes and :Man 
possess all these characters in common (Table X.). 

Tuming now to consider the Fish cla.:s in greater detail, 
we may divide it primarily into three main groups, or sub
classes, the genealogies of which are evident. The first 
and most ancient group is that of the Primitive Fishes 
(Selachii), the best-known extant representatives of which 
are the members of the much-varied orders of Sharks and 
Rays (Figs. Hll, 192). These are followed by a series of 
further developed Fi;;h forms, by the sub-class of Mucous 
Fishes (Ganoicles). The greater number of these have long 
l1een extinct, and only very few living representatives are 
known ; these are the Sturgeon and Huso of European seas, 
the Polypterus of Mrican, and the Lepidosteus and Amia 
of American rivers. The earlier abundance of forms belong
ing to this interesting group is, however, proved by the 
abundance of their fossil remains. From these Mucous 
Fishes originated the third sub-class, that of the Osseous 
Fishes (Teleostei), to which belong most extant Fishes, espe
cially nearly all our river fish. Comparative Anatomy 
and Ontogeny very clearly show that the Ganoids sprang 
from the Selachii, just as the Teleostei sprang from the 

Ganoids. But, on the other hand, a second side-line, or 
rather the main asconding line of the Vertebrate tribe, 
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]fiG. 191.-Embryo of a Shark (Scymnus lichia), seen from ventral side: 
t•, pectoral fins (in front of these five pairs of gill-openings) ; h, ventral fins; 
a, anal opening ; s, tail fin ; k, external gill-tufts ; d, yelk-sac (the greater 
part of this has been removed) ; g, eye ; n, nose; m, mouth fissure. 

Fta. 192.-Developed :Man-shark (Ca?·charias melanopterus), seen from 
the lefo side: 1· 1 first, r 2 second dorsal fin; s, tail fin; a, anal fin; v, pectoral 
fins ; h, ventral fins. 

developed in another direction from the Primitive Fishes; 
this line leads upward through the Dipneusta group to the 
important class of Amphibia. 

This significant relationship between the three groups 
of Fishes has been placed beyond all doubt by the re
searches of Gegenbaur on the subject. The lucid discussion 
on the "systematic position of the Selachii " which that 
author inserted in the introduction to his classic study of 
the "head skeleton of the Selachii," must be regarded as 
definitely proving this important relation.148 In Primitive 
Fishes (Selachii), however, the scales (skin appendages) 
and the teeth (jaw appendages) are identical in formation 
and structure, while in the other two groups of Fishes 
(Mucous and Osseous Fishes) these organs have already 
become distinct and differentiated. Moreover, in Primitive 
Fishes, the cartilaginous skeleton (the vertebral column 
and the skull, as well as the members) is of the simplest 
and most primitive nature, of which the bony skeletons 
of Mucous and Osseous Fishes must be regarded as a 
modification. It is true that in certain respects (in the 
Htructure of the heart and of the intestinal canal) Mucous 
Fishes fully coincide with Primitive Fishes, and differ from 
Osseous Fishes. But a comparative review of all the 
anatomical relations plainly shows that the Mucous Fishes 
COMtitute a connecting group between Primitive and 
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Osseous Fishes. The Primitive Fishes (Selachii) form the 
most ancient and original group of Fishes. From the~l', 

in one direction, all other Fishes have developed; the 
Mucous Fishes first, which, at a much later period (in the 
Jurassic, or the Chalk Period), gave rise to the Osseous 
Fishes. In another direct:on, the Primitive Fishes gaYe 
rise to the parent-forms of the higher Vertebrates, directly 
to the Dipneusta, and thus to Amphibians. Regarding the 
Selaehii as forming the eleventh stage in our pedigree, these 
would be followed by the Dipneusta group as the twelfth 
stage, and by the Amphibian group as the thirteenth stage. 

The ad vance effected in the development of the Mud
fishes (Dipneustu) from the Primitive Fishes is of great mo
ment, and is connected with a very noticeable change, which 
took place in the beginning of the Palreozoic, or Primary 
Period in organic life as a whole. For the very numerous 
fossil remains of plants and animals which are now known to 
belong to the first three epochs of the history of the earth- · 
to the Laurentian, the Cambrian, and the Silurian Periods, 
are exclusively tho~e of aquatic plants and animals. From 
this palreontological fact, taken in connection with certain 
weighty geological and biological considerations, we may 
infer, with tolerable certainty, that at that time no land 
animals yet existed. During the whole of the enormous 
Archizoic Period-during many millions of years-the living 
population of our globe were all water-dwellers: a very 
remarkable fact, when it is remembered that this period 
embraces the larger half of the entire organic history of the 
earth. The lower animal tribes are even now exclusively, 
or with very few exceptions, aquatic. But during the 
Archizoic, or Primordial Epoch, the higher animal tl'i"Les 
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continued exclusively adapted to aquatic habits of life. It 
was not till later that they adopted a land life. The earliest 
fossils of terrestrial animals occur in the Devonian strata, 
which were deposited in the be;sinning of the second great 
division of the earth's history (the Palreozoic Epoch). They 
increase greatly in number in the deposits of the Coal and 
Permian Periods. Even in these early formations many 
terrestrial aml air-breathing species, both of the Arthro~ 
pod and of the Vertebrate tribe, occur; while their aquatic 
ancestors of the Silurian Period breathed nothing but 
water. This physiologically significant modification of the 
mode of respiration is the most influential change that 
affected the animal organism in the transition from ·water 
to dry land. In the first place it caused the development 
of an air-breathing organ, the lung, the water-breathing 
gills having previously acted aR xespirat01 y organs. Simul
taneously, however, it efi'ected a remarkaule change in tl1e 
circulation of the blood and in the organs connected >Yith 
this; for these are always most closely correlated with the 
respiratory organs. In adclition to these, other organs also, 
either in consequence of more remote correlation with the 
respiratory organs, or in consequence of new adaptations, 
were more or less modified. 

Within the Vertebrate tribe it was undoubtedly a branch 
of the Primitive Fishes (Selachii) which, during the De
vonian Period, made the first successful effort to accustom 
itself to terrestrial life and to breathe atmospheric air. In 
this the swimming-bladder was especially of service, for i~ 

succeeded in adapting itself to respiration of air, and so 
became a lung. The immediate consequence of this 'Nas 
the modification of the heart and nose. While true Fishe::; 
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have only two blind nose-pits on the smface of the head, 
these now became connected with the mouth-cavity by an 
open passage. A canal formed on each side, leading directly 
from the nose-pit into the mouth-cavity, and thus even 
while the mouth-opening was closed the necessary atmo
spheric air could be introduced into the lungs. \Yhile, 
moreover, in all true Fishes the heart consists simply of two 
compartments, an auricle, which receives th.e venous blood 
from the veins of the body, and a ventricle, which forces 
this blood through an arterial expansion into the gills, the 
auricle, mving to the formation of an incomplete partition 
wall, is now divided into a right and a left half 
The right auricle alone now received the venous blood of 
the body, while the left auricle received the pulmonic 
venous blood passing from the lungs and the gills to tlte 
heart. The simple blood-circulation of the true Fishes thm; 
became the so-called double circulation of the higher Ver
tebrates; and this development resulted, in accordance with 
the laws of correlation, in further progress in the structure 
of other organs. 

The vertebrate class, which thus first adapted itself to 
the habit of breathing air, and ·which originated from a 
branch of the Selachii, are called Mud-fishes (Dipneusta), 
or Double-breathers, because, like the lowest Amphiuia, 
they retain the earlier mode of breathing through the gills, 
in addition to the newly acquired lung-respiration. Thifl 
class must have been represented by numerous and diverse 
genera during the Paheolithic Epoch (during the Devonian, 
Carboniferous, and Permian Periods). As, however, the 
skeleton is soft and cartilaginous, like that of the Selachii, 
they naturally left no fossil remains. The hard teeth of 
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single genera (Cemtoclus) could alone endure; these occur, 
for instance, in the Trias. At the present time there are 
only three extant genera of this whole class: P?·otopte?"LLS 
annectens, in the rivers of tropical Mrica (White Nile, 
Niger, Quillimane, etc.); Lepidosiren pamcloxa, in tropical 
South America (in the tributaries of the Amazon); and 
CeJ·atodus Foste?·i, in the swamps of Southern Australia 
(Plate XII.)Y9 · This wide distribution of the three isolated 

· descendants of the class is alone sufficient to prove that 
they are the last remnants of a group which was formerly 
very widely developed. The whole structure of their 
bodies shows that the group to which they belong forms the 
transition between Fishes and Amphibia. The direct tran
sitional structure between the two classes is so clearly 
expressed in the whole organization of these curious animals, 
that zoologists yet dispute whether the Dipneusta are 
Fishes or Amphibia. Some well-known zoologists still class 
them among Amphibia, while they are usually placed 
among Fishes. In fact, the characters of both the classes 
are so united in the Dipneusta that the answer to the 
question as to their nature depends entirely upon the mean
ing attached to the terms " Fish" and "Amphibian." In 
their mode of life they are true Amphibia. During the 
tropical winter, in the rainy season, they swim in the water 
like Fishes and inhale water through the gills. During the 
dry season they burrow in the mud as it dries up, and 
during that period breathe air through lungs, like Am
phibians and higher Vertebrates. In this two-fold respira
tion they do, it is true, coincide with the lower Amphibia, 
and stand far above Fishes. Yet, in most other characters 
they more nearly resemble the' latter, and stand below the 
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former. Their external appearance is entirely like that of 
Fishes. 

The head of the Dipneusta is not distinct from the 
trunk. The skin is covered with large fish-scales. The 
skeleton is soft, cartilaginous; its development has been 
arrested at a very low stage, just as in the lower Primitive 
Fishes. The notochord is retained entire. The two pairs of 
limbs are very simple fms of primitive structure, like those 
of the lowest Primitive Fishes. The structure of the brain, 
of the intestinal tube, and the sexual organs, is also as in 
Primitive Fishes. The Dipneusta, or Mud-fishes, haYe, there
fore, by heredity, accurately retained many features of a 
lower organization derived from our primreval Fish anceston,;, 
while their adoption of the habit of breathing air through 
lungs introduced a great advance in the vertebrate organi
zation. 

Moreover, the three extant Mud-fishes differ a good deal 
from one another in important points of structure. The 
Australian .l'I'Iud-fish (Ceratoclus), which was first described 
at Sidney in 1870 by Gerard Krefft, and which attains a 
length of six feet, appears in an especial degree to represent 
a primreval and very conservative animal form (Plate :XII.). 
This is especially true of the structure of its simple lung, 
and of its fins, which contain a pinnate skeleton. In the 
African Mud-fish (P1·otopteTus), on the contrary, and in the 
American form (Lepidosiren) the double lung is present, as 
in all higher Vertebrates ; nor is the fin-skeleton pinnate. 
In addition to the internal gills, Protopterus has also ex
ternal gills, which are wanting in Lepidosiren. Those 
unknown Dipneusta, which were among our direct ancestors, 
and which formed the connecting link between the Selachii 
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TABLE XX. 

Sysil!matic Sttrvey of the Phylogenetic Classification of 
Ve?·tebrates. 

I. .Shull~lcss (Acrania), o1· teubc~ljcnrtcll (Leptocardia). 
Vertebrates without a specialized head, skull, brain, or centralized heart. 

l. Shu!Hrss 
Acrania 

I. Tubc.bcarted 11 L 1 t Leptoca,.dia · ancc 8 8 1. Amphioxida 

II. g: nima Is fuitlj shulls (Craniata) and with cmtralilcll ljrrrrts (Pachycardia). 
Vertebrates with specialized head, with skull and bmin, and with a 

centralized heart. 

Jfain-c7assts I 
of lite 

,C::l:ulled Animals. 

Cla:~ses 
of tlte 

Skulled Animals. 

Sub-classu 
of lite 

Skulled Animals. 

2. Sin!llc~ 
f!,ostrillrll 
Monorhina 

l II. 
Round months J 
Cydostoma 1 

2. Hags, or 
l\Iucous Fish 

3. Lampreys 

3. XOil<
amnionate 
Anamnia 

Pisces j 
III. Fishes 

{ 

4. 
5. 
6. 

{ 
7. 
8. 

Primitive Fish 
Ganoid Fish 
Osseous Fish 
Single-lunged 
Double-lunged 
Mailed Batra-

ehians 

Syste.mat·ic Xmne 
of the 

Sub-classe~. 

2. Hyperotreta 
(Myxinoida) 

3. Hyperoartia 
(Potromy:wntia) 

4. Selachii 
5. Ganoides 
6. 'releostei 
7.Monopneumones 
8. Dipneumones 
9. Phractamphibia 

\

IV. Mud-fishes 
Dipneusta 

V. Batrachians 
.Amphibia 

f 9. 

110. Naked Batra- 10. Lissamphibia 
ehians 

4. \l'lmnion~ 
\&nimals 
Amniota 

VI. Reptiles 
Repti!ia 

VII. Birds 
.Aves 

VIII. Mammals 
Mammalia 

{

g: ~:a~-~ss 
13. Crocodiles 
14. Tortoises 
15. Sea.dragons 
16. Dragons 
17. Flying Reptiles 
18. BeakedAnimals 

{

19. Long-tailed 
20. Fan-tailed 
21. Bush-tailed 

{

22. CloacalAnimals 
23. Pouched Ani· 

mals 
24. Placental Ani

~Ual~? 

11. Lacertilia 
12. Ophidia 
13. Crocodilia 
14. Clcelonia 
15. Halisauria 
16. Dinosauria 
17. PterosalU'ia 
18. Anomodonta 
19. Saururoo 
20. Carinatre 
21. Ratitoo 
22. Monotrema 
23. :Marsupialia 

24. Placentalia. 
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TABLE XXI. 
Pedigree of Yertel.mttes. ( C!t'. Plate XV.) 

o~seons fish 
1'deostei 

I 
Gnnoi<l tisb 
Ga~toides 

I 

Donblc-ltmgccl 
DipnetllllOiiea 

Single-lunged I 
Monupne1wwnes 

'~' J\Iucl-fi>h 
Ptvtupleri 

l 

8. ffla mma Is 
Mammalia 

7. Bircls I 
At·es 

I 
6. Reptiles I 

Reptilia, 

I 
~-~~ 

ramnion~tRnima!s 
Amniota 

I 
5. l3atrar1Jians 

Amphibia 
I ........._ ____ _ 

4. ft-1-;;-'tr~fis~ 
Dipneusta 

Prill1itil"e fishes Selaohii 
3. Fishes Pi8ces 
Doublc~nastrillcll 

Amphirhina 

I 

I 
Lampreys Hags 

Petromyzontes llfy:rinoitles 

~ 
2. Round-mouths· 

Cylostoma, 

I 
.SinnJr,no:-trillrb 11 onorhina. 
.SkullcManimals Craniota. 

Sea-squirts 
Ascidico 

1. Tube-hearted 
Leptoca,,·dia, 

I 
.....__r--"" 

Sea-barrels .Sftu!Hcss 
:Z'hali acea Acrania 

.1 :Prrtrbr,ncs 
._____,_..__. Vertebrata. 

~nntlrll tRnimais l 
Tunicata 

l.____,_,J 
I . 

(!J;borba~tRmmais 
Chordonia. 

I 
WormiJ 
YeFn\611 
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and the Amphibians, were doubtless in many respects 
different from their three direct descenJants of the present 
time, but in the most essential characters they must haYe 
coincided with the latter. Unfortunately, the germ-history 
of the three surviving Mud-fishes is as yet entirely un
known; probably at some future time it will afford us 
further important information as to the tribal history of the 
lower Vertebrates and so of our ancestors. 

Very important information of this kind has been 
finpplied by the next Vertebrate class, that of the Batra
chians (Amphibia), which is directly connected with the 
Dipneusta, from which it originated. To this class belong 
the Axolotl, Salamanders (Plate XIII.), Toads, and Frogs. 
Formerly, after the example of Linnreus, all Reptiles (Lizards, 
Hnakes, Crocodiles, and Tortoises) were also classed among 
Amphibia. But these animals are of a far higher organiza
tion, and in the most important characters of their ana
tomical structure are more nearly allied to Birds than to 
Amphibians. The true Amphibia, on the other hand, are 
more nearly allied to the Double-breathers and to Primitive 
:Fishes: they are also much oldr.r than Reptiles. Even as 
early as the Carboniferous Period numerous very highly 
developed Amphibia (some oflarge size) were extant, whereas 
the earliest Reptiles first appear only towards the close of 
the Permian Period. In all probability the Amphibia were 
developed from Double-breathers at an even earlier period
during the Devonian Period. The extinct Amphibia, of 
which fossil remains have been preserved from that most 
ancient Primreval Epoch-and these are especially numerous 
in the Trias-were distinguished by a large bony coat of mail 
overlying the skin (like that of the Crocodile), while most 
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of the yet extant Amphibians have a smooth and slippery 
skin. The latter, also, are on an average smoother than t,he 
former, and must be regarded as their stunted posterity. 

Among the Amphibia of the present time we are, 
therefore, unable to find any forms that are directly referable 
to the pedigree of the human race, or that are to be re
garded as ancestors of the three higher Vertebrate clasBes ; 
yet, in important points of their internal anatomical struc
ture, and especially in their germ-development, they cor
respond so closely with us, that we are justified in affirming 
that between the Double-breathers (Dipneusta) on the one 
hand, and the three higher Vertebrate classes (grouped 
together as Amniota) on the other, there existed a series of 
extinct intermediate forms which, if we had them before us, 
we should class among Amphibia. The whole organization 
of the extant Amphibia represents a transitional group of 
this kind. In the important matters of respiration and 
circulation of the blood, they are still closely allied to the 
Double-breathers, although in other rflspects they rise above 
the latter. This is especially true with respect to the ad
vanced structure of their limbs or extremities. The latter 
here for the first time appear as feet with five digits. The 
thorough researches of Gegenbaur have shown that the fins 
of Fishes, concerning which very erroneous views were pre
viously held, are feet with numerous digits; that is to say, 
the several cartilaginous or osseous rays, many of which occur 
in every Fish-fin, correspond to the fingers or digits on the 
limbs of higher Vertebrates. The several joints of each ray 
correspond to the several joints of each digit. In the Double
breathers the fin yet retains the same structure as in Fishes, 
and it was only gradually that the five-toed form of foot, 
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which occurs for the first time in Amphibians, was deYeloped 
from this multi-digitate form. This reduction in the number 
of the digits from ten to five occurred in those Dipneusta 
which must be regarded as the parent-forms of the Amphibia, 
probably as early as the latter half of the Devonian Period-
or, at latest, in the immediately subsequent Carboniferous 
Period. Several fossil Amphibia with five digits have already 
been found in the strata of the latter period. Fossil foot
prints of the same animals are very numerous in the 
Trias ( Ohm'otheTiun ). 

The great significance of the five digits depends on the 
fact that this number has been transmitted from the 
Amphibia to all higher Vertebrates. It would be impossible 
to discover any reason why in the lowest Amphibia, as well 
as in Reptiles and in higher Vertebrates up to Man, 
there should always originally be five digits on each of the 
anterior and posterior limbs, if we denied that heredity 
from a common five-fingered parent-form is the efficient 
cause of this phenomenon : heredity can alone account for 
it. In many Amphibia, certainly, as well as in many higher 
Vertebrates, we find less than five digits. But in all these 
cases it can be shown that separate digits have retrograded, 
and have finally been completely lost. 

The causes which effected the development of the five
fingered foot of the higher Vertebrates in this Amphibian 
parent-form from the many-fingered foot, must certainly be 
found in the adaptation to the totally altered functions 
which the limbs had to discharge during the transition from 
an exclusively aquatic life to one which was partially 
terrestrial. While the many-fingered fins of the Fish had 
previously served almost exclusively to propel the body 



FIXS AXD FIXGERS. 

through the water, they had now also to afford support to 
the animal while creeping upon lan<l. This cfl'ected a 
moclification both of the skeleton an<l of the muscles of 
the limbs. The number of fin rays was gradually lessened, 
and was finally reduced to five. These five remaining 
rays now, however, developed more vigorously. The soft, 
cartilaginous rays became hard hones. The rest of the 
skeleton also became considerably more firm. The move
ments of the body became not only more vigorous, hut 
also more varied. The separate portions of the skeleton 
system, and consequently those of the muscular system also, 
l>ecame more and more differentiated. 0 wing to the intimate 
correlation of the muscular to the nenous sy-stem, the latter 
also naturally made marked progress in point of function 
and structure. We therefore find that the brain is very 
much more developed in the higher Amphibia than in 
Fishes, in Mud-fishes, and in the lower Amphibia. 

The organs which are most modified in consequence of 
an amphibious mode of life are, as we have already seen in 
the Double-breathers (Dipneustc6), those of respiration and 
of the circulation of the blood. The first advance in 
organization necessitated by the transition fi·om aquatic to 
terrestrial habits of life was, of course, the formation of an 
air-breathing organ, a lung. This developed directly from 
the swimming-bladder which these animals had inherited 
from the Fishes. At first the function of this organ would 
be quite subordinate to the more ancient organ, used for the 
respiration of water, the gills. Hence we find that the 
lowest Amphibia, the Gilled Amphibia, like the Dipneusta, 
spend the great3r part of their lives in the water, and that 
accordingly they breathe w~ter through gills. It is only 
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for brief intervals that they rise to the smface of the water 
or creep out of the water on to the land; and at these times 
they breathe air through lungs. Some, however, of the 
Tailed Amphibians, the Axolotl and the Salamander, live 

exclusively in the water only when young, and afterwards 
'Usually remain on land. In the adult state they breathe 
only air through lungs. This is also the case with the most 
highly developed Amphibians, the Frog-amphibia (Frogs and 
Toads); some of the latter have even entirely lost the 
gilled larval form. 153 The same is true of a few small 
snake-like Amphibia, the Crecilire, which, like earth-worms, 
live in the ground. 

The high degree of interest attachea to the natural 
history of the Amphibian class is especially due to the fact 
that they hold a position exactly intermediate between the 
higher and the lower Vertebrates. While the lower Am
phibia are in their whole organization directly allied to the 
Dipneusta and the Fishes, living mostly in the water and 
respiring water through gills, the higher Amphibia are no 
less directly related to the Amnion Animals, for, like the 
latter, they live mostly on land, and breathe air through 
lungs. But when young the higher forms resemble the lower, 
and only attain their own higher degree of development 
after undergoing complete modification. The individual 
germ-history of most higher Amphibians still accurately 
reproduces the tribal history of the whole class ; and the 
various stages of modification which were necessitated in 
certain low Vertebrates by the transition from aquatic to 
terrestrial habits during the Devonian or Carboniferous 
Period, are still to be seen every spring in each Frog as it 
develops from the egg in our ditches and pools. 
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Like the Tailed Salamanders (Fig. 193), each common 
Frog emerges from the egg in a larval form, totaDy different 
from that of the fuD-grown Frog (Fig. 104). The short 

FrG. 193.-Larva. of Spotted La.nd.Ncwt (Salamandm ma.culata), from 
the ventral side. In the centre a yelk-sa.c yet protrudes from the intestine. 
The external gills are prettily branched and tree-like. The two pairs of 
limbs are yet very small. 

FIG. 19!.-Larva of the Common Grass-Frog (Rana tempBra,·ia), a so
called tadpole: rn, mouth; n, a pair of suction cups used in clinging to stones; 
,1, skin-fold, which gives rise to the gill-roof; behiud are the gill-openings, 
from which the gill branches protrude ; s, tail-muscles; f, skin-fold of the 
tail, forming a float. 

trunk is produced into a long tail, which in form and struc-
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ture resembles the tail of a Fish (s). At first it has no 
limbs. Respiration is accomplished solely by gills, which 
are at first external (7,;) and afterwards internal. Corre
spondingly, the heart is also of the same form as in the 
Fishes, and consists of only two compartments-an auricle, 
·which receiws the venous blood of the body, and a ven
tricle, which clriYes it through the arterial bulb into the 
gills. 

Numbers of these fish-like Frog larvre, or "ta(lpoles," as 
they are called, swim about every spring in all ponds antl 
pools, using their muscular tails for propulsion, just as iR 
clone by Fishes and larval Ascidians. The rcmarkn,Ulc 
transformation of the fish-like form into that of the Frog 
does not take place till after the tadpole has grown to a 
certain size. From the tlu:oat grows a cloiied sac ·which 
dcYelops into a pair of large sacs; these are the ltmgs. 
The simple chamber of the heart is divided into two auricles, 
owing to the formation of a partition wall, and simul
taneously considerable changes of structure occur in the 
main arterial trunks. Previously all the blood passed from 
the heart-chamber through the aorta arches into the gills; 
but only part of it now passes to the gills, while another 
part passes through the newly formed lung arteries into the 
lungs. From the lungs arterial blood returns into the left 
auricle of the heart, while the venous blood of the body 
collects in the right auricle. As both of the auricles open 
into the simple ventricle, the latter contains mixed blood. 
The fish-like form has now passed into the Dipneusta form. 
During the further course of modification the gills, with 
the gill-vessels, are entirely lost, and respiration is now per
formed by the lungs alone. Yet later, the long tail is also 
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rejected, and the Frog now leaps about on the land on legs 
which have sprouted in the mean time.150 

This remarkable metamorphosis of the higher Amphibia 
is very instructive in its bearing on Man's ancestral history, 
and is especially interesting owing to the fact that the 
various groups of extant Amphibia have remained stationary 
at various stages of their tribal history, which, in acconl
ance with the fundamental law of Biogeny, are reproduced 
jn this germ-history. First, there is a very low order of 
Amphibia, the Gilled Batrachians (Sozobranchia), which, lib~ 
Fishes, retain their gills throughout life. To this order 
belong, among others, the well-known blind "Olm" of the 
Adebbcrg Cave (Prote~~s cmglLineus), the Mud-eel of South 
Carolina (Si1·en lace1·tincL), and the Axolotl of Mexico (Si1·e
don piscifm·rnis; Plate XIII. Fig. 1). All these Gille<l 
Batrachians are fish-like animals with long tails, and in 
point of respiratory organs and of circulation of the bloo l 
they remain throughout life stationary at the Dipneusta 
stage. They possess both gills and lungs, and can either 
respire water through the gills or air through the hmgs, as 
occasion requires. In another order, the Salamanders, the 
gills are lost during metamorphosis, and in the adult state air 
only is breathed through lun£S. This order bears the namo 
of Tailed Batrachians (Sozwr-a) because they retain the tail 
throughout life. To this order belong the common \Vater
N ewts (Triton) which swarm in all ponds during the 
summer, and the black, yellow -speckled Land -Salamanders 
(Sala1nandra) found in damp woods (Plate XIII. Fig. 2). 
The latter arc among the most remarkable of our indigenous 
aninuls, sundry anatomical characters proving them to be 
very ancient and highly consen-ative Vertebrates.151 A 
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few Tailed Batrachians retain the gill-opening in the side 
of the neck, though the gills themselves are lost (JJieno
pom,a). If the larvffi of the Salamanders (Fig. 193) and 
Tritons are compelled to remain in water, and not allowed 
to get on land, they may, under favourable conditions, be 
made to retain their gills. In this fish-like condition they 
become sexually mature, and will throughout life remain 
compulsorily in the lower stage of development of the 
Gilled Batrachians. The opposite experiment was made 
some years ago in the case of the Mexican Gilled Batra
chian, the fish-like Axolotl (Si1·edon piscifonnis; Plate 
XIII. Fig. 1). This animal had previously been regarded 
as a permanent Gilled Batrachian, remaining throughout 
life in this fish-like condition. But of the hundreds of 
these animals kept in the Jardin des Plantes at Paris, a few 
individuals, for some unknown reason, crept to land, lost 
their gills, and changed into a form closely allied to that of 
the Salamander (Amblyst01nc~, Fig. 2). In this state they 
became sexually mature.152 This phenomenon, which at 
first excited a lively interest, has since been repea~ecliy 

observed with care. Zoologists regarded the fact as some
thing peculiarly wonderful, though each spring every 
common Frog and Salamander passes through the same 
modification. In these animals we can in the same way 
follow each step in the significant metamorphosis of the 
aquatic and gill-respiring animal into the terrestrial autl 
lung-respiring animal. That which thus takes place in the 
individual during germ-evolution, took place in the :,;ame 
way in the whole class during the course of its tribal 
history. 

The metamorphosis which takes place in the third order 
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of Amphibia, the Frog Batrachians (Bat)'(lchia, or A nH I'U ), 

is yet more complete than in the Salamanders. To these 
belong all the various kinds of Toads, ·water-frogs, Tree
fi·ogs, etc. In the course of transformation these lose not 
only the gills, but also the tail, which drops off in some 
cases earlier, in others later. In this respect the various 
species differ somewhat from one another. In most Frog 

.Batrachians the larvm drop the tail very early, and the 
tail-less frog-like form subsequently grows considerably 
larger. Other species, on the contrary, as, for instance, the 
Pseudes paradoxus of Brazil, as also an European Toad (Pelo
bates fuscus) remain for a very long time in the fish form, 
and retain a lengthy tail till they have almost attained 
their full size ; hence, after their metamorphosis is com
pleted, they appear much smaller than before. The opposite 
extreme is seen in some Frogs but recently brought under 
notice, which have lost the whole of their historic meta
morphoses, and in which no tailed and gillecllarva emerges 
from the egg, but the perfect Frog, without tail or gillR. 
These Frogs inhabit isolated oceanic islands, the climate 
of which is very dry, and which are often for a con
siderable length of time without fresh water. As fresh 
water is indispensable for gill-respiring tadpoles, these Frogs 
have adapted themselves to this local deficiency and have 
entirely relinquished their original metamorphosis, e.g., 
Hylocles martinicensi~.158 

The ontogenetic loss of gills and tail in Frogs and Toads 
can of course only be phylogenetically explained as owing 
to the fact that these animals have descended from long
tailed salamander-like Amphibians. This is also proved 
beyond doubt by the Comparative Anatomy of the bvo 
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groups. This remarkable transformation is, in other respects 
also, of general interest, as throwing a flood of light upon the 
Phylogeny of the Tail-less Apes and of Man. Man's ance::;
tors were also long-tailed gill-breathing animals, resembling 
Gilled Batracbians, as is irrefubbly demonstrated by the 
tail and the gill arches in the human embryo. 

During the Palreozoic Epoch, and probably in the Car
Loniferous Period, there is no doubt that the Amphibian 
c:lass embraced a series of forms which must be regarLled as 
direct ancestors of Mammals, and so of Man. On grounds 
derived from Comparative Anatomy and Ontogeny, we must 
not, however, look for these Amphibian ancestors of ours
as might perhaps be supposed-among the Tail-less Frog 
Batrachians, but only among the lower Tailed AmphiLians. 
\Ye can with certainty point to at least two extinct Batra
chian forms as direct ancestors of Man, as the thirteenth 
and fourteenth stages in our pedigree. The thirteenth 
ancestral form must have been closely allied to the DouLle
breathers (Dipneusta), must, like these, have possessed per
manent gills, but must have been already characterized by 
having five digits on each foot; and were they still living we 
should place them in the group of Gilled Batrachians, with 
the Proteus and the Axolotl (Plate XIII. Fig. 1). The 
fourteenth ancestral form, on the other hand, must indeed 
have retained the long 'cail, but must have lost the gills, and 
hence the nearest allied forms among extant Tailed Batra
chians would be the ·water-Newts and Salamanders 
(Plate XIII. Fig. 2). Indeed, in the year 1725 the fossil 
skeleton of one of these extinct Salamanders (closely allied 
to the present giant Salamander of Japan) was described 
by the Swiss naturalist, Scheuchzer, as t.he skeleton of 



PRUIJTIVE All-INION ANIMALS. 133 

a fossil Man dating from the Deluge ! (" Homa diluvii 
te;; tis." 154) 

As the vertebrate form occurring in our pedigree imme
diately after these Batrachian ancestors-and, therefore, as 
the fifteenth stage-let us now examine a lizard-like animal, 
of \Yhich no fossil remains have been obtained, and which 
is not even proximately represenwd in any extant animal 
form, but the former existence of which we may infer with 
the utmost certainty from certain comparative anatomical 
and ontogenetica] facts. This important animal form we 
will call the P1·otwrnnion, or Primitive Amniotic animaL 
All Vertebrates higher than the Amphibia-that is, the three 
classes of Reptiles, Birds, and Mammals-are so essentially 
distinct in their whole structure from all the lower V erte
brates which we have as yet considered, and, on the other 
hand, have so much in common, that we may class them 
together in one group as Amnion Animals (Arn?~iot(L). It is 
only in these three classes of animals that we find that 
remarkable envelope of the embryo known as the amnion. 
(Cf. vol. i. p. 386.) The latter must probably be regarded as 
a kenogenetic adaptation, as caused by the sinking of the 
embryo into the yelk-sac.155 

All known Amnion Animals, all Reptiles, Birds, and 
Mammals (Man included), coincide in so many important 
points of organization and development that we are fully 
justified in asserting their common descent from a single 
parent form. If the testimony of Comparative Anatomy 
and Ontogeny is entirely unquestionable in any point, it is 
certainly so here. For all the special peculiarities ~d 
characters, which appear accompanying and following the 
formation of the amnion, and which we found in the 
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deYelopm£-nt of the human embryo; aU the many peculiari
ties in the deYelopment of the organs which we shall 
presently notice in detail ; and, finally, the chief special 
arrangements of the internal structure of the body in all 
fully deYelopetl Amnion Animals; aU these so clearly demon
stl·ate the common origin of all Amnion Animals from a 
,;ingle extinct parent-form, that it is impossible to conceive 
their origin as })Olyphyletic, and that they originated from 
seYeral independent parent-forms. This unknown common 
parent-form is the Primitive Amnion Animal (P?·otarn
·aiou.). In external appearance the Protamnion was most 
probably an intermediate form between the Salamanders 
and the Lizards. · 

It was probably during the Permian Period that the 
Protamnion originated; perhaps at the beginning, perhaps 
at the c}C\Se of that period. This we know from the fact 
that the Amphibia did not attain their full development till 
the Carboniferous Period, and that toward the close of the 
Permian the first fossil Reptiles make their appearance
or, at least, fossils (P1·ote1·osatwus, Rhopalodon) which must 
in all probability be referred to lizard-like Reptiles. Among 
the great and pregnant modifications of the vertebrate 
organization determined during this period by the develop
ment of tJ.1e first Amnioo Animals from salamander-like 
Amphibians, the three following are especially important: 
the total loss of water-breathing gills and modificatio.n of 
the gill-arches into other organs; the formation of the 
allantois, or primitive urinary sac; and, finally, tl1e develop
ment of the amnion. 

The total loss of the 1·espiratory gills must be regarded 
as one of the most prominent characters of all Amnion 
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Animals. All these, even such as live in the water, e.g., 
whales, respire only air through lungs, never water through 
gills. While all Amphibians, with very few exceptions, in 
the young state retain their gills for a longer or shorter 
perioLl, and breathe through gills for some ti111e (if not 
always), from this point gill-respiration entirely cease~. 

Even the Protamnion must have entirely ceased to breathe 
water. The gill-arches, however, remain, and develop 
into very different organs (partly rudimentary); into the 
variou~ parts of the tongue-bone, into certain portions of the 
jaw apparatus, the organ of hcartng, etc. But no trace of 
gill-leaves, of real respiratory organs on the gill-arches, are 
ever found in the embryo of Amnion Animals. 

With this total loss of the gills is probably connected 
the formation of another organ, which we have already 
described as occurring in human Ontogeny; this is the 
allantois, or primitive urinary sac. (See vol. i. p. 379.) In 
all probability the urinary bladder of the Dipneusta is to he 
regarded as the first beginning of the allantois. Even in 
the American Mud-fish (Lepiclosi1·en) we find an urinary 
bladder, which grows from the lower wall of the posterior 
extremity of the intestine, and serves as a receptacle for 
the renal secretions. This organ has been inherited by the 
Amphibia, as may be seen in any Frog. But it is only in 
the three higher Vertebrate classes that the allantois attains 
a special development; in these it protrudes at an early 
period from the body of the embryo, forming a large sac 
filled with liquid, and traversed by a considerable number 
of large blood-vessels. This sac also discharges a portion of 
the nutritive functions. In the higher Mammals and iu 
Man the allantois afterwards forms the placenta. 
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Tho formation of tho amnion anrl the allantois, together 
with the total loss of the gills antl tho exclusive adoption 
uf lung-respiration, are tho most important characters by 
which all Amnion Animals are 1listinguishod from the lower 
Y ertelm1.tes \Yhich we have been considering. In addition 
t<, these there arc a few subordinate characters which are 
constantly inherited l•y Amnion Animals, and are altogether 
wanting in animals without an amnion. One striking em
bryonic character of the Amnion Animals is the great curva
ture of tho head and neck of the embryo. In the Anamnia 
the embryo is from the ~r:;t either nearly straight, or else 
tho whole bocly is bent in a sickle-shaped curve corre
:;pon!ling to the curvature of the yclk sac, to which the 
embryo is attached by its ventral surface; but there are 
no marked angles in the longitutlinal axi~;; (Plate VI. 
Fig. F). In all Amnion Animals, on the contrary, the 
hody is very noticeably bent at an early age, so that the 
back of the embryo is much arched outwards, the head 
pressed almost at right angles against the breast, ancl the 
tail inclined on to the abdomen. The tail extremity, as it 
bends inwards, approaches so near to the frontal side of 
the head, that the two often nearly touch (Plates VI. and 
VII.). This striking triple curvature of the embryonic 
body, which has already been considered when we studied 
the Ontogeny of Man, and in which we distinguished the 
skull-curve, neck-curve, and tail-curve (vol. i. p. 371), is a 
characteristic peculiaTity common to the embryos of all 
Reptiles, Birds, and Mammals. But in the formation of many 
internal organs also, an advance is observable in all the 
Amnion Animals which ranks them above the highest of 
the non-amnionate forms. Above all, a partition wall forms 
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within the simple ventricle of the heart, divi<ling it into a 
right and a left ventricle. In connection with the complete 
metamorphosis of the gill-arches, a further development of 
the organ of hearing takes place. A considerable advance 
is also noticeahle in the development of the Lrain, the skele
ton, the muscular system, and other parts. Finally, the 

• reconstruction of the kidneys must be regarded as a most 
important modification. In all the lower Vertebrates as yet 
considered, we have found the primitive kidneys, which 
appear very early in the embryos of all higher Vertebrates 
up to :Man, acting as a secretory or urinary apparatus. In 
Amnion Animals, however, these early primitive kidneys 
lose their function at an early period of embryonic life, and 
it is assumed by the permanent" secondary kidneys," which 
grow out of the terminal portion of the primitive kidney 

ducts. 
Looking back at the whole of these characters of Amnion 

Animals, it is impossible to dot.M that all animals of this 
group, all Reptiles, Birds, and Mammals, had a common 
origin, and constitute a single main division of kindred 
forms. To this division belongs our own race. In his 
whole organization and germ-history Man is a true Amnion 
Animal, and, in common with all other Amniota, has 
descended from the Protamnion. Although this whole 
group originated at the end, or perhaps even in the middle, 
of the Palreozoic Epoch, it did not attain its full de
velopment and its full perfection till the Mesozoic Epoch. 
The two classes of Birds and Mammals then first appeared. 
Nor did the Reptilian class develop in its full variety 
until the Mesozoic Epoch, which is, therefore, called the "Age 
of Reptiles." The unknown and extinct ProtamnionJ the 
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parent-form of the entire group, must have been very nearly 
allied to the Reptiles in its whole organization, even though 
it cannot be reganletl as a true Reptile in the present 
meaning of the term. Of all known Reptiles, certain Lizards 
are most nearly allied to the Protamnion; and in the 
outward form of its bo<ly we may imagine the latter as 
an intermediate form between the Salamander and the 
Lizard.156 

The Comparative Anatomy and Ontogeny of the Am
nionate group clearly explains its genealogy. The group 
which directly descended from Protamnion gave rise to two 
divergent branches. The first of these, which will in future 
receive our whole attention, forms the Mammalian group. 
The other branch, which assumeJ an entirely different course 
of progressive development, and which is connected -..vith 
the mammalian branch only as the root, is the compre
hensive group constituted by Reptiles and Birds. The two 
latter forms may be classed together as ~fonocondylict, or 
SatL1'opsides. The common parent-form of these is an 
extinct lizard-like Reptile. From this, the Serpents, Croco
diles, Tortoises, Dragons, etc.-in short, all the various forms 
of the Reptilian group-developed in different directions. 
The remarkable group formed by the Birds also developed 
directly from an offshoot of the Reptilian group, as is now 
definitely proved. Down to a late time the embryos of 
Reptiles and of Birds are yet identical, and even later they 
are in some respects surprisingly similar. (See Plate VI. Fig. 
T and 0.) In their entire organization the resemblance 
between the two is so great that no anatomist now denies 
that the Birds originated from Reptiles. The Mammalian 
line is connected at its roots with the Reptilian line, but 
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tion of the Placenta.- The Deciduous Embryonic ]\[embraue (Decidua). 
-Group of the Indecidua and of the Deciduata.-'l'he Formation of the 
Decidua (vera, serotina, ?'efle.~a) iu l\1an and in Apes.-Eighteenth 
Stage: Semi-apes (P.-osimire) .-Nineteenth Stage : Tailed Apes (Meno
ce?·ca) .-Twentieth Stage : Nan-like Apes (Anth,·opoides).-Speechless 
and Speaking Men (Mali. Homines). 

" A century of anatomical research brings us back to the conclusion of 
Linumus, the great lawgiver of systematic zoology, that man is a member 
of the same order as the apes and lemurs. Perhaps no order of mammals 
presents ns with so extraordinary a series of gradations as this, leading us 
insensibly from tho crown and summit of the animal creation down to 
creatures from which there is but a step, as it seems, to the lowest, smallest, 
and least intelligent of the placental ma=alia. It is as if nature herself 
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bnu foreseen the arrogn,nce of man, and with Roman severity had provided 
that his intellect, by its very triumphs, should call into prominence the 
sl aves, admonishing the oonqneror that he is but dnst."-THOMAS HuxLEY 
(1 8G3). 

A ~ro~G those zoological facts which afford us points of 
support in researches into the pedigree of the human race, 
the position of Man in the Mammalian class is one of the 
most important and fundr.mental. Much as zoologists have 
long disagreed in th':lir opinions as to Man's particular place 
in this class, and especially in their ideas of his relation to 
th e most nearly related group, that of the Apes, yet no 
naturalist has ever doubted that Man is a genuine Mammal 
in the whole structure and deve'opment of his body. Every 
anatomical museum, every manual of Comparative Anatomy, 
affords proof that the structure of the human body shares 
all those peculiarities which are common to all Mammals, 
and by which the latter are definitely distinguished from all 
other animals. 

Now, if we examine this established anatomical fact 
phylogenetically, and in the light of the Theory of Descent, 
we arrive immediately at the conclusion that Man is of a 
common stock with all the other Mammals, and springs 
from a root common to them. The various char2.cteristics 
in which all Mammds coincide, and in which they differ 
from all other animals, are, moreover, of such a k:nd, that a 
polyphyletic hypothesis appears in a special degree inad
missible in their case. It is inconceivable that all existing 
and extinct Mammals have sprung from several different 
and originally separate root-forms. We are compelled, if 
we in any ,,·ay acknowledge the Theory of Evolution, to 
assume the monophyletic hypothesis, that ali Mammals, 
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including llfan, must be traced from a single common mam~ 
rnalian parent-form. This long extinct primreval root-form 
and its immediate descendants-which differ from each 
other hardly more than do several species of one genus-we 
\vill call Primitive Mammals (P1·omarnmalic~). As we have 
already seen, this root-form developed from the ancient 
parent-form of the Primitive Amnion Animals in a direction 
wholly different from that followed by the Reptile group, 
which afterwards gave rise to the more highly developed 
cla.'S of Birds. The differences which distinguish Mammals 
on the one side, from Reptiles and Birds on the other, are so 
important and characteristic, that we may quite safely as
sume a bifurcation of this kind in the vertebrate family tree. 
Heptiles and Birds-which we classed together as Jlfonocon
dylia, or Sc~uTopsicla-coincide entirely, for instance, in the 
characteristic structure of the skull and brain, which is 
strikingly dissimilar from that of the same parts in Mam
mals. In Reptiles and Birds, the skull is connected with the 
first cervical vertebra (the atlas) by a single joint-process 
(condyle) of the occipital bone; in Mammals, on the con
trary (as in Amphibians), the condyle is double. In the 
former, the under jaw is composed of many parts, and is 
connected with the skull by a peculiar bone of the jaw 
(the square bone) so as to be movable; in the latter, on the 
contrary, the lower jaw consists of but two bone-pieces, 
which are directly attached to the temporal bone. Again, 
the skin of the Sauropsida (Reptiles and Birds) is covered 
with scales or feathers, that of the llfammals with hair. 
The red blood-cells of the former are nucleated, those of the 
latter non-nucleated. The eggs of the former are very 
large, are provided with a large nutritive yelk, and undergo 
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discoillal cleavage resulting in a Disc-gastrula; the eggs of 
the latter are very small, and their unequal cleavage results 
in the formation of a Hood-gastrula. Finally, two charac
ters entirely peculiar to Mammals, and by ·which these 
are distinguished both from Birds and Reptiles and from all 
other animals, are the presence of a complete diaphragm, 
and of the milk-glands (m,ammce), by means of which the 
new-born young are nourished by the milk of the mother. 
It is only in Mammals that the diaphragm forms a transverse 
partition-wall across the body-cavity (ca:Jloma), completely 
separating the chest from the ventral cavity. (Cf. Plate V. 
Fig. 16 z.) It is only among Mammals that the mother 
nourishes the young with her milk; and the whole class are 
well named from this. 

These important facts in Comparative Anatomy and 
Ontogeny clearly show that the kibe of Amnion Animals 
(Amniote~) bifurcated from the very first into two main 
eli verging lines ; on the one side, the Reptilian line, fi·om 
which the Birds afterwards developed; on the other side, 
the Mammalian line. The same facts also prove as intlu
bitably that :M:an originated from the latter line. For Man, 
in common with Mammals, shares all the characteristics we 
have mentioned, and is distinguished by them from all 
other animals. And, finally, these facts indicate as certainly 
those advances in vertebrate structure lJy which one branch 
of the Primitive Amnion Animals developed into the parent
form of Mammals. The most prominent of these advances 
were (1) the characteristic modification of the skull and 
brain; (2) the formation of a covering of hair; (3) the com
plete development of the diaphragm ; and ( 4) the formation 
of the milk-glands and the ada1)tation to the suckling of 
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the young. Intimately connected with these, other im
portant structural moclificr.tions gradually occurreu. 

The period at which these important advances, whicl1 
laid the first foundation of the Mammalian class, took place, 
may most probably be placed in the first part of the 
Mesolithic, or Secondary Epoch, in the Triassic Perioll. 
For the oldest known fossil remains of Mammals occur in 
sedimentary rock-strata of the most recent deposits of the 
Triassic Period, in the upper Keuper. It is possible, 
indeed, that the parent-forms of Mammals may have 
appeared earlier (perhaps even at the close of the Palreo
lithic Epoch, in the Permian Period). But no fossil remains 
of Mammals belonging to that period are as yet known. 
Throughout the 1\Iesolithic Epoch, throughout the Triassic, 
Jurassic, and Calcareous Periods, fossil remains of Mammals 
are very scarce, and indicate a very limited development 
of the whole class. During this Mesolithic Epoch, Reptiles 
play the chief part, and Mammals are of quite secondary 
importance. It is, however, especially significant and 
interesting, that all mammalian fossil remains of the 
Mesozoic Epoch belong to the older and inferior division 
of Pouched Animals (1lfc6nupialiu), a few probably even 
to the yet older division of the Cloacal Animals (1lfono
tJ·em,n). Among them, no traces of the third and most 
highly developed division of the Mammals, the Placental 
Animals, have as yet baen found. The last, to which Man 
belongs, are much more recent, and their fossil remains do 
not occur till much later-in the succeeding Camolithic 
Epoch ; in the Tertiary Period. This paheontological fact 
is very significant, because it harmonizes perfectly with 
that order of the development of 1\Iammals =hich 1$ un-
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mista.kal,ly illllicated by ComparatiYe Anatomy and Onto

geny. 
These show that the whole Mammalian class is cliYisil,]c 

into three main groups, or sub-classes, corresponding tn 
three successive stages of phylogenetic evolution. These 
three stages, which conser1nently represent three important 
ancestral stages in the human pedigree, were first dis
tinguished in the year 1816 by the celebrated French 
zoologist, Blainville, who named them, according to the 
different structure of the female organs of reproduction, 
Oi·nithorlelphic~, DirlelphicL, and lJionoclelphin (8EAcpur;, 
w·hich, being interpreted, is 'Uterus). It is not, howeYer, 
only in the varied structure of the sexual organs that these 
throe classes differ from one another, but in many other 
respects als;), so that we can safely maintain the important 
phylogenetic statement: The Nonoclelphia, or Placental 
Animals, have descended from the DidelphicL, or Pouched 
Animals; and the latter, again, have descended from the 
Cloacal Animals, or Ornithoclelphia. 

Accordingly we have now to consider, as the sixteenth 
ancestral stage in the human per1igree, the oldest and lowest 
main group of Mammals; the sub-class of the Cloacal 
Animals (Monot1'erncda, or Ornithoclelphia). They are so 
named in consequence of the cloaca, which they have in 
common with the other lower Vertebrates. This so-called 
cloaca is the common excretory channel for the excrement, 
the urine, and the sexual products (Fig. 327). For, in 
these Cloacal Animals, the urinary duct and the sexual 
canals yet open into the posterior parts of the intestine, 
while in all other Mammals they arc wholly separated from 
the rectum and anus, and open by a special orifice (po7'US 
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~trogenitalis). The urinary blaclJ.er in the Uonotremes also 
opens into the cloaca, and is separate from the two minary 
ducts (Fig. 327, vo) ; in all other Mammals the latter open 
directly into the m-inary bladuer. The structure of the 
milk-glands, by means of which all Mammals suckle their 
new-born young for a time, is also quite peculiar in 
the Cloacal Animals. In them the milk gland has no 
nipple which the young animal can suck ; there is only 
a peculiar sieve-like place in the skin, perforated with 
holes through which the milk passes out, and from which 
the young animal has to lick it. For this reason they 
have also been called Nipple-less :Mammals (Amastc~). 

Again, the brain of the Cloacal Animals has remained at a 
much lower stage of development than that of any other 
Mammal. The fore-brain, or cerebrum, is so small that 
it does not overhang the hind-brain, or cerebellum. In the 
skeleton (Fig. 196), the structure of the shoulder girdle, as 
'\Yell as of other parts, is remarkable, differing entirely from 
the same part in other Mammals, and resembling rather 
those of the lower Vertebrates, especially Reptiles and 
Amphibians. Like the latter, the Cloacal Animals have a 
well-developed coracoid bone (coracoideurn), a strong bone 
uniting the shoulder-blade with the breast-bone. In all 
other Mammals the coracoid bone (as in Man) has degene
rated, has coalesced with the shoulder-blade, and appears 
on1y as an insignificant process of the latter. These and 
many other less striking peculiarities prove beyond doubt 
tlmt the Cloacal Animals occupy the lowest rank among 
:Mammals, and represent a direct intermediate form between 
the Protamnia and other Mammals. AU these marked Am
phibian characters must have been present in the parent 



EXTANT CLOACAL AKDIALS. 

form of the whole vertebrate class, in the Primitive 
Mammal, by which they must have been inherited from 
the Primitive Amnion Animals. 

During the Triassic and Jurassic Periods, the sub-olac::s 
of the Cloacal Animals seems to have been represented by 
many Primitive Mammals of very varied form. At present 
it is represented only by two isolated members, which 
arc grouped together as the Beaked Animal family (Orni
thostornc~). Both of these are confined to Australia and the 
neighbouring island of Van Diemen's Land, or Tasmania; 
both are becoming less numero~s year by yea-r, and ·will 
soon be classed, with all their blood relations, among the 
extinct animals of our globe. One of these forms passes 
its life swimming about in rivers, and builds subterranean 
dwellings on the banks: this is the well-known Duck
billed Platypus (OTnitho1·hynchus pnmcloxt~): it is web
footed, has a thick, soft skin, and broac11 :flat jaws, which 
very much resemble a cluck's bill (Figs. 195, 196). The 
other form, the Porcupine Ant-eater (Echiclna hysb·ix), much 
resembles the Ant-eaters, in its mode of life, in the cha
mcteristic form of its slender snout, and in the great lengt11 
of its tongue; it is covered with prickles, and can roll itself 
up into a ball like a hedgehog. Neither of these extanb 
Beaked Animals possesses true bony teeth, and, in -this 
point, they resemble the Toothless Mammals (Edentcda). 
The absence of teeth, together with other peculiarities of 
the Ornithostomata, is probably the result of comparatively 
recent adaptation. Those extinct Cloacal Animu.'s which 
embraced the parent-forms of the whole Mammalian clas~, 

the Promammalia, must certainly have been provided with 
a developed set of teeth, inherited from Fishes.157 Some 
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FIG. 195.-The Duck-billecl Platy. 
pus (Umithorhynchus pamdoxu•). 

FIG. 196.-Skeleton of Platypus. 
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small single molars, found in the uppermost strata of 
the Keuper formation in England and \Viirtemberg, and 
which are the oldest known vertebrate remains, probauly 
belong to these primmval Promammalia. These teeth, by 
their form, indicate species that lived on insects; the species 
has been called JJiic?'olestes cmtiqut~s. Teeth belonging to 
another closely allied Primitive Mammal (Dromcdheri mn 
silvestre) have recently been discovered in the North 
American Trias. 

On the one hand, the still extant Beaked Animals, and, on 
the other, the parent-forms of the Pouched Animals (Jfw·
snpialia, or Didelphic~), must be regarded as representing 
two distinct and divergent lines of descent from the Pro
:mammalia. This second Mammalian sub-class is Yery 
interesting as a perfect link between the two other sub
classes. ·while the Pouched Animals, on the one side, retain 
many of the characters of the Cloacal Animals, they abo, 
on the other, possess many placental characters. A few 
characters are quite peculiar to Pouched Animals alone ; 
such, for instance, is the structure of the male and female 
sexual organs, and the form of the lower jaw. The dis
tinctive feature of the latter in these Pouched Animals is a 
peculiar hook-shaped bony process, passing inward hori
zontally from the angle of the lower jaw. As neither 
Cloacal A~imals nor Placental Animals have this process, 
this structme is alone sufficient to distinguish the Pouchell 
Animals (ltfant~pialia). Nearly all the known mammaDan 
fossils from the Jurassic and Cretaceous formation are lower 
jaws. Our whole knowledge of numerous mesolithic man{
malia, the former existence of which would otherwise never 
have been known, is solely derived fi·om their fossilized 
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luwer jaws, no fragment of the rest of their u0dies having 
lJeen reserved. According to the logic usually applied to 
pahBontology by the " exact" opponents of the theory of 
evolution, the inference drawn from this fact would be 
that these Mammals had no bones except lower jaws. The 
remarkable circumstance is, after all, very easily accounted 
for. The lower javY of Mammals being a solid and exccp~ 
tionally hard bone, but very loosely attached to the skull, it 
is easily detached from the carcase as the latter is carried 
down by some river, and, falling to the bottom, is retained 
in the mud. The rest of the carcase is carried on further, 
and ts gradually destroyed. As all the mammalian lower 
jaws found, in Engla.no, in the Jurassic strata of Stonesfield 
and Purbeck, exhibit this peculiar process characteristic of 
the Pouched Animals (ll!anupialia), we may infer, from 
this palreontological fact, that they belonged to Marsupials. 
No Placental Animals appear to have existed during the 
:Mesolithic E11och. At least no fossil remains, undoubtedly 
belonging to these and dating from that epoch, are known. 

The extant Pouched Animals, the most generally known 
of which are the gramnivorous Kangaroos and the carni~ 
vorous Pouched Rats, display very considerable difference in 
their organization, in the form of their bodies and in size, 
and in many respects correspond to the several orders of 
Placental Animals. The great majority of them live in 
Australia, in New Holland, and in a few of the Australian 
and South Asiatic islands; some few species occur in 
America. On the other hand, there is no longer a single 
indigenous Pouched Animal on the continents of Asia, of· 
Africa, or of Europe. The case was very different during the 
Mesolithic, and also during the earlier Crenolithic Epochs. 



EXTANT POUCHED ANDLALS. ISI 

The Neptunian deposits of these epochs in all quarters of 
the globe, and even in Europe, contain abundant marsupial 
remains in great variety, some of them being of very large 
size. From this we may infer that the extant Pouched 
Animals are but the last remnant of a group which was 
once much more widely developed, and which was dis
tributed over the whole surface of the globe. During the 
Tertiary Period, these succumbed in the struggle for life 
with the stronger Placental Animals, and the sun'"ivors were 
gradually driven back by the latter into their present 
restricted area. 

From the Comparative Anatomy of the extant Pouched 
Animals, very important conclusions may be drawn as to 
their phylogenetic intermediate position between Cloacal 
Animals and Placental Animals. The incomplete develop
ment of the brain, especially of the fore-brain (cenb1'1.tm), 
the possession of marsupial bones (ossa mc6rsupialia), the, 
simple structure of the allantois (which does not as yet 
develop a placenta), with many other characters, have been 
inherited by the Pouched Animals from Cloacal Animals. 
On the other hand, they have lost the independent coracoid 
bone (as comcoicle·wrn) attacked to the shoulder girdle. A 
more important step consists in the fact that a cloaca is no 
longer formed; the cavity of the rectum, together with the 
anal opening, is separated by a partition wall from the urinary 
and sexual opening (sinus uTogenitcdis). Moreover, all 
Pouched Animals develop special nipples on the milk-glands, 
which are sucked by the yolmg after birth. These nipples 
project into the cavity of a pouch, or marsupium, in the 
ventral side of the mother. This pouch is supported by 
a couple of marsupial bones. In it the young, which are 
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1om m a very imperfect condition, arc carried by the 
1nother for a long tillle ; until, in fact, they are completely 
deYeloped (Fig. 107). In the large Giant Kangaroo, which 

FIG. 197.-The Crab-eating Pouched Rat (Philande,· cancrivo1·us). .\. 
£emale with two young in its pouch. (After Brehm.) 
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attains the height of a man, the embryo develops in the 
uterus but for a month; it is then born in a very incomplete 
condition, anJ attains all its further deYelopment in the 
mother's pouch, where, for about nine months, it remaint~ 

attached to the milk-glands. 
All these and other characters ( <'!';pecially the peculiar 

structure of the internal and external sexual crgans of the 
male and female) clearly show that the whole sub-class of 
the Pouched Animals (JJfal'supialia) are a single group, 
·which originated from the promammalian branch. From a 
lJranch of these Pouched Animals (perhaps from several 
l;ranches) the parent-forms of the higher Mammals, the 
Placental AnimalR, afterwards sprang. Hence we mu:;t 
reckon a whole series of Pouched Animals among the an
cestors of the human race; and these constitute the seven
teenth stage in the human pedigree.158 

The remaining stages of our ancestral line, from the 
eighteenth to the twenty-second, all belong to the group of 
Placental Animals (Placentalia). This very highly de
veloped group of Mammals, the third and last, came into 
the world at a considerably later period. No single known 
fossil, belonging to any portion of the Secondary or Meso
lithic Epoch, can be referred with certainty to a Placental 
Animal, while we have plenty of placental fossils elating 
from every part of the Tertiary or Camolithic Epoch. From 
this palreontological fact we may provisionally infer that the 
third and last main division of 1Iammal'3 did not develop 
from the Pouched Animals until the beginning of the 
Cmnolithic Epoch, or, at the earliest, till the close of the 
Mesolithic Epoch (during the Chalk Period). In our survey 
of geological formations and periods (pp. 12, 19) we found 
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the lowest stage to the very highly developed mind-organ 
of the Monkey and of Man. (Cf Chapter XX.) The 
human mind is but a more highly developed ape-mind. 

The milk-glands of Placental Animals, as of Marsu
pials, are provided with developed nipples; but the pouch 
in which the immature young of the latter are carried 
about and suckled is never present in the former. Nor are 
the marsupial bones (ossa ?JU~Tsnpialia) present in Pla
cental Animals; these bones, which are embedded in the 
abdominal wall, and rest on the anterior edge of the pelvis, 
are common to Pouched Animals and Cloacal Animals, ori
ginating from a partial ossification of the tendons of the 
inner oblique muscle of the abdomen. It is only in a few 
beasts of prey that insignificant rudiments of these bones are 

found. The hook-shaped process of the lower jaw, which 
characterizes Pouched Animals, is also entirely wanting in 
Placental Animals. 

The character, however, which especially distinguishes 
Placental Animals, and which has justly given its name to 
the entire sub-class, is the development of the placenta, or 
vascular cake. We have already spoken of this organ, in 
describing the development of the allantois in the human 
embryo (vol. i. p. 382). The urinary sac or allantois, that 
peculiar bladder which grows out of the posterior portion of 
the intestinal canal, is, we found, formed at an early stage in 
the human embryo just as in the germs of all other Amnion 
Animals. (Cf.Figs.132-135, vol. i. p.377-380.) The thin wall 
of this sac consists of the same two layers, or skins, as the 
wall of the intestine itself; internally of the intestinal-glan
dular layer, and externally of the intestinal-fibrous layer. 
The cavity of the allantois is filled with flnid; this primi-
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tive urine must be chiefly the product of the primitive 
kidneys. The intestinal fibrous layer of the allantois is 
traversed by large blood-vessels which accomplish the nutri
ment and, especially, the respiration of the embryo; these 
are the navel-vessels, or umbilical vessels (vol. i. p. 400). In 
all Reptiles and Birds the allantois becomes an immense 
sac, which encloses the embryo with the amnion, and which 
does not coalesce with the outer covering of the egg 
(chorion). In Cloacal Animals (J.lfonotTMncdc~) and Pouched 
Animals (~lic~l'St~pia~ia) the allantois is al'3o of this nature. 
It is only in Placental Animals that the allantois develops 
into that very peculiar and remarkable formation, calle.d 
the placenta, or "vascular cake." The nature of the placenta 
is this: the branches of che blood-vessels which traverse the 
wall of the allantois, penetrate into the hollow tufts of the 
chorion, which are inserted into corresponding depressions 
in the mucous membrane of the mat,emal uterus. As this 
mucous mem1)rane is also abundantly supplied with blood
vessels, which conduct the mother's blood into the uterus, 
and as the partition between these maternal blood-vessels 
and the embryonic vessels in the chorion-tufts soon becomes 
extremely thin, a direct exchange of substance is soon de
veloped between the two sets of blood-vessels, which is of 
the utmost importance for the nutrition of the young 
Mammal. The maternal blood-vessels do not, however, 
pass directly (anastomosis) into the blood-vessels of the 
embryonic chorion-tufts, so that the two kinds of blood 
simply mix, but the partition between the two sets of 
vessels becomes so thin, that it permits the passage of the 
most important food-materials, heed from unnecessary 
matter (transudation, or diosmosis). The larger the embryo 
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[:.l'l'Ows in Placental Anima,ls, ancl the longer it remains in 
the maternal uterus, the more necessary docs it become that 
i'pccial structmal arrangements should meet the increase,l 
consumption of food. In this point there is a very striking 
<1iflerence l.Jetween the lower and the higher Mammals. In 
Uloacal Animals and Pouched Animals, in which the eml.Jryo 
rcmain8 for a comparatively l.Jrief time in the uterus, and is 
I HHU in a very immature conclition, the circulation as it exi::;t::; 
in the yelk-sac and in the allantois suffices for nutrition, as 
in birds ancl reptiles. In Placental AnimalP, on the contrary, 
in which gestation is very protracted, and the eml.Jryo 
remains much longer in the uterus, there attaining its full 
development within its investing membranes, a new ap
paratus is required to convey a direct supply of richer 
nutritive matter; and this is admirably effected by the 
development of the placenta. 

In order rightly to understand and appreciate the for
mation of this placenta and its important modifications in 
different Placental Animals, we must once more glance at the 
external coverings of the mammalian egg. The outermost of 
these was originally, and during the cleavage of the egg 
and the first formation of the axial portion of the germ, 
formed by the so-called zone~ pellucida, and by the thick 
albuminous covering deposited externaJly on the latter 
(Fig. 19, Fig. 21, z, h, vol. i. p. 178). 

\Ye called these two outer coverings, which afterwards 
amalgamate, the p?·ocho?·ion. This prochorion very soon 
disappears (in man perhaps in the second week of develop
ment), and is replaced by the permanent outer egg-m~m
brane, the chorion. The latter, however, is simply the 
serous membrane, which. as we have ahe::~.dy seen, is the 
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product of the outer germ-layer of the germ-membrane 
vesicle. (See vol. i. p. 401, and Fig. 130, 4 , 

5
, sh, p. 385.) This 

is at first a very smooth, thin membrane, surrounding the 
entire egg, as a closed spherical vesicle, and consisting of a 
single layer of exo!lerm cells. The chorion, however, be
comes very soon studded with a number of little protuuer
ances or tufts (Fig. 130, 5 , ohz). These fit themselves into 
indentations in the mucous membrane of the uterus, and 
thus secure the egg to the wall of the latter. The tufts 
are, however, not solid, but hollow, like the fingers of a 
glove. Like the whole chorion, these hollow tufts consist of 
a thin layer of cell'3 belonging to the hom-plate. They 
very soon attain an extraordinary development, growing 
and branching rapidly. In the spaces between them, new 

Fra. 198.-Egg.co>erings of 
the human embryo (diagrarr.
matic) : m, the thick fleshy wall 
of the uterus; plu, placenta, 
the inner stratum (plu') of 
which has extended processes 
between the chorion-tufts (cl<z) 
( chf, tufted, chl, smooth cho
rion) ; a, amnion; ah, amnion 
cavity; as, amnion sheath of 
the navel-cord (passing down 
into the navel of the embryo, 
which is not represented here) ; 
dg, yelk-duct; ds, yell<-sac; 
dv, dr, decidua (clv, true, dr, 
false). 'I'he uterus-ca>ity (uh) 
opens below into the >agina, 
above, on the right hand side, 
into an oviduct (t). (.After 
KolLker.) 

tufts arise in all directions from the serous membrane, and 
thus before long (in the human embryo in the third week) 
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~he whole outer surface of the egg is covered with a d.:mse 
forest of tufts (Fig. 134). 

These hollow tufts are now penetrated from within by 
the branching blood-vessels, which originate from the in
testinal fibrous layer of the allantois, and which contain 
the blood of the embryo, introduced through the navel vessels 
(Fig. 198, chz). On the other hand, dense networks of 
blood-vessels develop in the mucous membrane, which 
lines the inner surface of the uterus, particularly in the 
neighbourhood of the depressions into which the chorion
tufts penetrate (plt~). These vascular networks receive the 

·blood of the mother introduced through the uterus vessels. 
The whole mass of these two sets of vessels, which are here 
most intimately connected, together with the connecting 
and enveloping tissues, is called the placenta, or "vascular 
cake." Properly speaking, the placenta coi1sists of two 
quite different, though closely connected, parts ; internally, 
of the embryonic placenta (placentc~ fcetc~lis, Fig. 198, chz), 
and externally of the maternal placenta (placenta ute1·ina., 
Fig. 198, plu). The latter is formed by the uterine mucous 
membrane and its blood vessels: the former by the 
secondary chorion and the navel vessels of the embryo. 

The mode in which these two "vascular cakes" com
bine to form the placenta, as well as the structure, form, 
and size of the latter, differs much in different Placental 
Animals, and affords valuable data for natural classification, 
and hence also for the tribal history of the whole sub-cl1l.ss. 
fhe latter is primarily divisible into two main divisions, 
based on these differences : the lower Placental Animals 

' which are called Indecidua, and the higher Placental 
Animals, or Decidttata. 



160 TilE EVOLUTION OF MAN. 

To the Indeciclua, or lower Placental Animals, belong 
two Ycry comprehensive aml important vertebrate groups: 
(1) the Hoofed Animals ( Ungulata)-the Tapirs, Horses, 
Swine, Ruminants, and others; (2) the Whale-like animals 
(C'etomo1plw)-the Sea-cows, Porpoises, Dolphins, Whales, 
and others. In all these Incleciuua the chorion tufts are 
distributed, singly or in bunches, over the entire surface of 
the chorion, or over the greater part of it. They are but very 
loosely attached to the mucous membrane of the uterus, so 
that the entire outer egg-membrane with its tufts might 
easily and without u ·ing force be drawn out of the depressions 
in the uterine mucous membrane, just as the hand is with
drawn from a glove. The two "vascular cakes" do not 
really coalesce at any point of their contact. Hence, at 
birth the "embryonic cake" (placenta jmtalis) is alone 
removed ; the " maternal cake " (place?< ta ~dm·i na) is not 
displaced. The entire mucous membrane of the gravid 
utems is but little altered, and, at parturition, suffers no 
direct loss of substance. 

The structure of the placenta in the second ancl higher 
division of Placental Animals, the Deciduata, is very dif
ferent. To this comprehensive and very highly developed 
mammalian group belong all Beasts of Prey and all Insect
eaters, Gnawers (Rodentic~), Elephants, Bats, Semi-apes, and, 
lastly, Apes and :M:an. In all these Deciduata the whole 
surface of the chorion is also at first thickly covered with 
tufts. These, however, afterwards disappear from part of 
the surface, while they develop all the more vigorously in 
the remainder. The smooth chorion (choTion lceve, Fig. 188, 
cld) thus becomes distinct from the tufted chorion (chorion 
j?·ondosum, Fig. 1!)8, chj). On the former there are only 
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minute and scattered tub,.,, 0r nonfl at all; while the laLtet 
is thickly overgrown with highly developed and large tufts. 
In the Deciduata the tufted chorion alone forms the 
placenta. 

Yet more characteristic of the Deciduata is the very 
peculiar and intimate connection which is developed in 
these between the tufted chorion and the contiguous 
portion o£ the uterine mucous membrane, and which must 
be regarded as a true coalescence. The vascular tufts of 
the chorion push their branches into the sanguineous ti.,sne 
of this mucous membrane in such a way, and the two sets 
of vessels are in such close contact and are so interlaced, 
that the embryonic placenta is no longer distinguisha1le 
from the maternal placenta; the two form one whole-a 
compact and apparently simple placenta. Owing to this 
intimate coalescence, a portion of the uterine mucous mem
brane of the mother comes away, at birth, with the firmly 
aJherent egg-membrane. The porvion of the mother's body 
which is thus removed in parturition is called, on account 
of its separable nature, the deciduous membrane (deciduu). 
All Placcrrtal Animals which possess this deciduous mem
brane are classed together as Dcciduata. The remoYal of 
this membrane at parturition, of course, causes a greater or 
less loss of blood by the mother, which does not occur in 
the Indecidua. In the Deciduata, moreover, t.he lost portion 
of the uterine mucous membrane must be replaced, aftL'r 
parturition, by a renewal of the tissue. 

The structure of the placenta and deciduous mem1rane 
is, however, by no means identical throughout the compre
hensive group of Deciduata. On the contrary, there are 
many important differences in this respect, which are in 

VOL. II. M 
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some degree connected with other important structural 
characters (e.g., the structure of the brain, of the teeth, of the 
feet), and ·which may justly, therefore, be turned to account 
in the phylogenetic classification of Placentals. In the first 
place, two great groups of Deciduata may be distinguished 
according to the form of the placenta: in t.he ::me group it 
is ring-shaped or girdle-shaped; in the other it. is discoid or 
cake-shaped. In Deciduata with girdle-shaped placenta 
(Zonoplacentalia) the poles of the oval egg take no part 
in the formation of the placenta. The " vascular cake " 
resembles a broad ring-like girdle, embracing the central 
zone of the egg. It is so in Beasts of Prey (Ca1·nassia), 
both in the terrestrial forms (Ca1·nivora) and in the marine 
forms (Pinnipedia). A similar girdle-shaped placenta is 
found in the False-hoofed Animals (Chelopho1·a): the 
elephants, and Klip Das (Hyrax) with its allies, which were 
formerly classed as Hoofed Animals. All these Zonoplacen
talia belong to one or more side-branches of the Deciduata, 
which are not nearly allied to Man. 

The second and most highly developed group is formed 
by the Deciduata with discoidal placenta (Discoplacentcdia). 
The formation of the placenta is here most localized and 
its structure most fully developed. The placenta forms a 
thick, spongy cake, usually in the form of a circular or 
')Val disc, and attached only to one side of the uterine 
wall. The greater part of the embryonic egg-membrane is, 
therefore, smooth, without developed tufts. To the Disco
placentalia belong the Semi-apes and Insect-eaters, the 
Diggers (Effodienta) and the Sloths, Rodents and Bats, 
Apes and Man. Comparative Anatomy enables us to infer 
that of these various orders the Semi-apes are the parent-
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group from which all other Discoplacentals, and perhaps 
even all Deciduous Animals, have developed as divergent 
branches. (Cf. Tables XXIII. and XXIV.) 

The Semi-apes (Prosimim) are now represented only by 
very few forms. These, however, are very interesting, and 
must be regarded as the last remnants of a group once rich 
in forms. This group is certainly very ancient, ::~ .nd >Vab 

probably very prominent during the Eocene Epoch. Their 
present degraded descendants are scattered widely over the 
southern portion of the Old World. Most of the species 
inhabit Madagascar; a few the Sunda Islands; a few otllers 
the continents of Asia and Africa. No living or fossil Semi
apes have, as yet, been found in Europe, America, or Aus
tralia.159 The widely scattered posterity of the Semi-apes 
is considerably diversified. Some forms seem nearly allied 
to the Marsupials, especially to. the Pouched-rats. Other,; 
(J.llacTota1·.si) are very near akin to the Insect-eaters, and 
yet others (Oheiromys) to the Gnawers (Rodentia). One 
genus (Galeopithecus) forms a direct transition to the Bats. 
Finally, some of the Semi-apes (Bmchytani) approach very 
near to true Apes. Among the latter are some tail-less forms 
(e.g., the Lori, Stenops, Fig. 199). From these highly in
teresting and important relations of the Semi-apes to the 
various Discoplacental orders, we may fairly infer that 
of the extant representatives of this group, they are the 
nearest to the oommon primitive parent-form. Among the 
direct common ancestors of Apes and Men, there must haYe 
been some Deciduata which we should class among the 
Semi-apes, were we to see them alive. We may therefore 
consider thi:J order as a special stage, following the Pouched 
Animals, as the eighteenth stage in the human pedigree· 
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Probably our ancestors among the Semi-apes closely rc
c;embled the extant Brachytarsi Ol' Lemms (Lemu1·, Lichan-

Fw. 199.-The Slender Lori of Ceylon (Stenops gracilis). 

otus, Stenops), and, like these, led a quiet life, climbing on 
trees. The extant Semi-apes are mostly nocturnal animals 
of gentle and melancholy disposition, subsisting on fruits. 
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The Semi-apes are immediately followed by the true 
Apes (Simice), as the nineteenth stage in the human pctli
gree. It has long been beyond doubt that of all animab-l 
the Apes are in all respects the most nearly allied to Man. 
Just as, on the one side, the lowest Apes approach very ncar 
to the Semi-apes, so, on the other side, do the highest A pes 
most closely resemble .Man. By carefully studying the Com
parative Anatomy of Apes and ~Ian, it is possible to trace n. 
gradual, uninterrupted advance in the Ape-organization up tl) 
the purely human structure; and on impartially testing this 
"Ape-question," which has lately heen agitated \Yitll i'uc:h 
passionate interest, we shall infallibly have to acknowle<lge 
the important fact, which was first explicitly laid down by 
Huxley, that "whatever system of organs be studied. the 
comparison of their modifications in the ape series leads to 
one and the same result--that the structural differences 
which separate Man from the Gorilla and Chimpanzee arc 
not so great as those which separate the Gorilla from the 
lower Apes." In phylogenetic language this pregnant law 
established in so masterly a manner by Huxley, is equiva
lent to the popular phrase: Man is descended from the Ape. 

In order to become convinced of the truth of this law, 
let us now once more consider the placenta and deciduouH 
membrane, on the varied structure of which we justly laill 
special stress. Men and Apes, in the structure of their disc
shaped placenta and in their decidua, clo, indeed, coincide 
on the whole with all other Discoplacental Animals. But 
in the more delicate structure of these parts Man is dis
tinguished by peculiarities which he shares only with Ape~, 
and which are absent in other Deciduata. Thus in Man 
and in the Apes three distinct parts are recognized in the 
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deciduous membrane; these parts may be called the outer, 
the inner, and the placental deciduous membrane. The 
outer or true membrane (d. externa or vera, Fig. 198, dL·, 
Fig. 200, g), is that portion of the uterine mucous membrane 
which coats the internal surface of the uterus wherever the 

FrG. 200.-Human embryo, twelve weeks old, with its coverings; natural 
size. 'l'he navel cord passes from the na>el to the placenta: b, amnion; 
c, chorion; d, placenta; d', remains of tufts on the smooth chorion; j, de
cidua reflexa (inner) ; g, decidua vera (outer). (.A.fter Bernhard Schultze.) 

latter is not attached to the placenta. The placental or 
spongy deciduous membrane (d. placentalis or se1·otina, 
Fig. 198, plu, Fig. 200, d) :is simply the maternal placenta 
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itself, or the maternal part of the "vascular ca,ke" (pla
centa uterina), i.e., that part of the uterine mucous mem
brane which coalesces intimately with the chorion-tufts of 

Fro. 201.-Mature human embryo (at the end of pregnancy), in its nntnml 
position, taken out of the uterus. On the inner surface of the latter (em 
the left) is the placenta, which is attached to the navel of the child by the 
navel cord. (After Bernhard Schultze.) 

the embryonic placenta (placenta fmialis). Lastly, the 
inner or false deciduous membrane (d. intm·na or refle:ra, 
Fig. 198, dr, Fig. 200, f) is that portion of the uterine mucous 
membrane which, as a peculiar thin envelope, covers all the 
rest of the egg-surface, lying immediately over the tuftless 
smooth chorion (chorion lceve ). The origin of these three 
distinct deciduous membranes, concerning which erroneous 
notions have been entertained (still retained in the nomen
clature), is plain enough; the external or true deciduous 
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membrane is a peculiar modification, afterwards lost, of the 
superficial layer of the original mucous membrane of the 
uterus. The placental membrane is that portion of the 
preceJing which is completely modified by the intrusion of 
the chorion-tufts and is employed in forming the placenta. 
Lastly, the inner deciduous membrane is formed by a 
ring-shaped fold of the mucous membrane (at the point 
of union of the d. t·era and the cl. suotina) which rises, 
grows round the egg, and closes in the same way as the 
amni.onY;o 

The peculiar anatomicaJ cl1aracterswhich mark the human 
egg-membrane re-occur, in the same form, only in Apes. All 
other Discoplacental Animals present greater or less differ
ences in these points, the conditions being generally more 
:--imple. This is the case, for instance, in the structure of 
the placenta itself, in the coalescence of the chorion-tufts 
with the decidna se'rotina. The matured human placenta 
is a circular (rarely oval) disc of a soft, spongy character, 
6 to 8 inches in diameter, about 1 inch thick, and weighing 
from 1 to 1~ lb. Its convex, external surface (that which 
coalesces with the uterus) is very uneven, and tufted. Its 
internal, concave surface (that which :is turned towards the 
cavity of the egg) is quite smooth, and clothed by the amnion 
(Fig. Hl8, a). From near the centre of the placenta springs 
the navel cord (funimtl1ts 1Lmbilicalis), the development 
of which we hl'l.ve already observed (vol. i. p. 383). It also is 
coated by the amnion as with a sheath, which at the navel 
end passes directly into the abdominal skin (Fig. 200, 201). 
'l'he mature navel cord is a cylindrical cord, coiled spirally 
around its axis, and usually about 20 inches long and ! inch 
thick. It consist& of gelatinous connective tissues (" Whar-
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ton's jelly"), in which are contained the remnants of the 
yelk-vessels and of the great navel vessels; the two navel 
arteries which convey the blood of the embryo to the pla
centa, ancl the great navel vein which brings back the bloocl 
from the latter to the heart. The numerous fine branches 
of these embryonic navel vessels pass into the branched 
chorion-tufts of the fCBtal placenta, and with these, finally, 
grow, in a very peculiar way, into large blood-filled cavities, 
which spread themselves in the uterine placenta and con
tain blood from the mother. The anatomical relations, very 
complex and difficult to comprehend, which are developed 
between the embryonic and the maternal placenta, exist in 
this form only in Man and in the higher Apes, while in all 
other Deciduous Animals their form is more or less different. 
The navel cord, also, is proportionately longer in Man and 
in Apes than in other Mammals. 

As in these important characters, so also in every other 
morphological respect, Man appears as a member of the 
order of Apes, and cannot be separated from the latter. The 
great originator of systematic description of nature, Karl 
Linmeus, with prophetic penetration, united Men, Apes, 
Semi-apes, and Bats in a single natural division, umler the 
name of Primates, that is, the first, the lords of the animal 
kingdom. Later nat1U·alists dissolved this order of Primates. 
The Gottingen anatomist, Blumenbach, first placed Man in 
a special order, which he callecl that of Two-handed Animals 
(Bi11wna); in a second order, he united Apes and Semi
apes under the name of Four-handt>d Animals (Quad
rwnana), while a third order incluuecl the distantly related 
Bats (Chi1·optel'Ct). The separation of t.he Bimana and 

Quad:rumana was retained by Cuvior and most succeeding 
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zoologists. It seems very important, but 1s really wholly 
unjustifiable. This was first shown in the year 1863 Ly 
Huxley. Supported by very accurate Comparative Anato
mical researches, he proved that Apes are as "two-handed" 
as Men, or, conversely, that Men are as "four-handed" as 
Apes. Huxley showed, with convincing clearness, that the 
iJeas previously held of the hand and the foot were false, 
and were incorrectly founded on physiological instead of on 
morphological distinctions. The circumstance that in the 
hand, the thumb may be opposed to the other four fingers, 
thus permitting the act of grasping, appeared especially to 
distinguish the hand from the foot, in which the correspond
ing great toe cannot be thus opposed to the four remaining 
toes. Apes, on the contrary, can grasp in this way with the 
hind-foot as well as with the fore-foot, and were therefore 
regarded as four-handed. Many tribes, however, among the 
lower races of men, especially many negro tribes, use the foot 
in the same way as the hand. In consequence of early habit 
and continued practice, they are able to grasp as well with 
the foot as with the hand (for example, in climbing, they 
grasp the branches of trees). Even new-born children of our 
own race have a very strong grasping power in the great toe, 
with which they can hold a spoon as fast as with the hand. 
The physiological distinction between hand and foot can, 
therefore, neither be strictly carried out, nor scientifically 
establishecl Morphological characters must be used for this 
purpcse. 

A :harp morphological distinction of this kind-that is, 
one founded on anatomical structure-between hand and 
foot, between the anterior and the posterior limbs, is actually 
possible. There are essential and permanent differences 
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both in the structure of the bony skeleton and in that of 
the muscles which are attached to the hand and the foot; 
and these are exactly the same in :Man and in the Ape. 
There is, for instance, an essential difference in the arrange
ment and number of the wrist-bones of the hand (ca?pus) 
and the ankle-bones of the foot (tanus). The muscle-masses 
present equally constant differences. The posterior ex
tremity, the foot, has always three muscles (a short :flexor 
muscle, a short extensor muscle, and a long muscle attached 
to the muscles of the tibia) which are never present in 
the anterior extremity, the hand. The disposition of the 
muscles is also very different in the two sets of limbs. 
These characteristic differences between the anterior and 
the posterior extremities occur in Man just as in Apes. 
There can, therefore, be no doubt, that the foot of the 
Ape deserves the name as truly as that of the Man; and 
that all true Apes are as genuinely two-handed animals 
(Bimana) as Man. Thus the usual distinction of the Apes 
as Quadrumana is wholly unjustifiable. 

It might now be asked whether, quite apart from thes<J, 
there are not other marks by which Man is more widely 
separated from the Apes than are the different species of 
Apes from each other. Huxley has given a final negative 
to this question so convincingly, that the opposition now 
raised against him in many quarters must be regarded -as 
completely unfounded and ineffectiYe. Based on an accurate 
study of the Comparative Anatomy of all parts of the body, 
Huxley brought forward very significant proof that, in 
every anatomical respect, the differences 1ctween the highest 
and the lowest Apes are greater than the corresponding 
differences between the highest Apes and Man. He there-
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fore restored Linnreus's order of Primates (exclurling the 
Bats), and divided it into three different sub-orders, the 
first of which is formed by the Semi-apes (Lemu1·ida), the 
second by the true Apes (Simiadce), and the third by Men 
(..d. nthropidce).161 

Yet, if \Ve proceed logically and without prejudice, in 
accordance with the principles of scientific reasoning, we 
find, on the basis of Huxley's own law, this division in
adequate, and must go considerably further. As I first 
showed in lSGG, in treating this question in my Generelle 
Morphologie, ·we are fully justified in taking at least one 
important step further, in assigning to l\Ian his natural 
place in one of the divisions of the Ape-order. All the 
characters distinctive of this one division of the Apes are 
present in Man, while they are absent in other Apes. We 
are, therefore, not justified in forming a distinct order for 
Man apart from the true Apes. 

The order of the true Apes (Simice), the Semi-apes being 
excluded, has long been divided into two natural main 
groups, which, among other points, are distinguished by 
their geographical distribution. Those of one division 
(Hesperopitluxi, or Western Apes) live in the New World, 
in America. The other division, to which Man belongs, is 
that of the Heopitheci, or Eastern Apes; these live in the 
Old World, in Asia, Africa, and, formerly, in Europe. All 
the Apes of the Old World, all Heopitheci, share, in common 
with Man, all those characteristics to which special promin
ence is justly given, in distinguishing these two groups of 
Apes, in zoological classification; among these characteristics 
the structure of the teeth is most prominent. The objec
tion is at once evident that the teeth are, in a physiological 
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sense, much too subordinate a part of the body to justify so 
great a weight being attached to their structure in so im
portant a question. There are, however, good reasons for 
this prominent consideration of the structure of the teeth; 
and it is with perfect correctness and propriety that sys
tematic zoologists have, for more than a century, given 
special weight to this character in systematically dis
tinguishing and arranging the mammalian orders. The 
number, form, and disposition of the teeth are transmitted 
much more accurately within the respective orders of the 
mammals than are most other zoological characteristics. 
The structure of the human teeth is well known. In matu
rity there are 32 teeth in our jaws, and of these 32 teeth, 
8 are front-teeth, 4 canine-teeth, and 20 molar-teeth. The 
eight front-teeth or incisors (dentes incisivi), which are 
situated in the centre of the jaws, exhibit characteristic 
differences in the upper and lower jaw. In the upper the 
inner incisors are larger than the outer; in the lower jaw, 
on the contrary, the inner incisors are smaller than the 
outer. Next to these, on each side, both in the upper and 
lower jaw, is a corner-tooth, which is larger than the in
cisors, the so-called eye-tooth, or canine (dens caninus). 
Bometimes this tooth becomes very prominent in Men, as in 
most Apes and many other Mammals, and forms a sort of 
tusk. Finally, next to this, on each side, and in each jaw, 
are situated five back-teeth, or molar-teeth (dentes rnolans), 
of which the two foremost (the bicuspid teeth) are small, 
have but a single fang, and are subject to the change of 
teeth, while the three hinder molars are much larger, have 
two fangs, and do not appear till after the temporary tet>th 
have been shed (so-called "grinders"). The Apes of the 
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Old World have exactly this human structure of the teeth,
all Apes which have as yet been found, either living or as 
fossils, in Mrica, Asia, and Europe. All Apes of the New 
World, on the contrary, all American Apes, have an extra 
tooth on both sides of each jaw; this is a biscupid tooth. 
Thus they have six back-teeth on both sides of each jaw,
in all, thirty-six teeth. This characteristic difference be
tween the Eastern and ·western Apes has been so constantly 
transmitted within the two groups, that it is of the greatest 
value to us. A small family of South American Apes does, 
indeed, appear to form an exception in this respect. The 
pretty little Silk Apes, or Marmosets (Hapalida), namely, to 
which the Brush-monkey (Midas) and the tufted Marmoset 
(Jacch~~s) belong, have but five back-teeth in each half of 
the jaw, instead of six, and, accordingly, seem to approach 
nearer the Eastern Apes. But on closer observation it 
is found that, like all the Western Apes, they have the 
three biscupids, and that the hindmost grinder has been 
lost. Thus this apparent exception confirms the value of 
the distinction. 

Among the other marks by which the two main groups 
of the Apes are distinguished, the structure of the nose is 
specially important and prominent. In all Old World Apes 
the structure of the nose is the same as in Man; namely, a 
comparatively narrow partition of the two halves, so that 
the nostriL'> are directed downwards. In a few Eastern Apes, 
the nose projects as prominently and is as characteristically 
formed as in Man. We have already called attention, 
in this respect, to the remarkable Nose-ape (Semno
pithecus. nasicus), which has a well-curved and long nose 
(Fig. 202). Most of the Eastern Apes have, it is true, a. 
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somewhat flatter nose, as, for instance, has the white-nosed 
Sea-cat ( Oe1·copithwus petau1·ista, Fig. 203); yet in all the 
partition of the nose is narrow and thin. On the contrary, 
all American Apes have a different nasal structure. In 
them, the partition is peculiarly broadened and thickened 
below, and the wings of the nose are not developed, in con
sequence of which the nostrils are not below, but are 
turned outwards. This characteristic difference in the 
E:tructure of the nose has also been so accurately trans-

FIG. 202.-Head of Nose-ape (Semnopithecus?tasicus). 
FIG. 203.-The white-nosed Sea-cat (Cercopithecus petaurista). 

mitted in both groups, that, on account of it, the Apes of 
the New World have been called Flat-nosed (PlatyThinm), 
and those of the Old World Narrow-nosed (Cata?·hintf!). 

The former are, on the average, inferior in organization. 



THE EVOLlTTIO~ OF MAN. 

The division of the order of Apes into two sub-orders, 
the Platyrhi'YICJ3 and the Cata1·hin03, is, on account of the 
constant hereditary characters, now generally accepted by 
zoologists, and receives much support from the geographical 
distribution of the two groups between the New and Old 
Worlds. From th1s follows the direct inference, V8ry im
portant in its bearing on the Phylogeny of Apes, that, from 
the primawal common parent-form of the Ape-order, two 
diverging lines branched out at a very early period, one of 
which spreaJ. over the New World, the other over the Old. 
It is certain that all the Flat-nosed Apes, on the one hand, 
are descendants of a common parent-form, and, on the other 
hand, all the Narrow-nosed Apes frmn another. 

An inference concerning our own pedigree may be drawn 
from this. 1bn has exactly the same characters, the same 
peculiar formation of the teeth and nose, as all the 
Catarhinm, and is as thoroughly distinguished by these 
characteristics from the Platyrhinm. We are therefore com
pelled, in classifying the Primates, to assign to Man a place 
m the Narrow-nosed group. The bearing of this on our 
tribal history is, that Man is immediately related ·in blood 
to the apes of the Old World, and may be traced from a 
parent-form common to all other Catarhinre also. Man is 
a genuine Narrow-nosed Ape in his whole structure and 
in origin, and has descended from some unknown, extinct 
Catarhine form in the Old World. On thP- other hand, the 
Apes of the New World, the Flat-nosed group, constitute a 
diverging branch of our family tree, and stand in no near 
genealogical relation to the human race. 

We have now reduced the circle of our nearest allies 
to the small group, containing c;_omparatively few forms, 
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which is represented by the sub-order of the Narrow-nosed, 
or Eastern Apes. Finally, the question ·which now re
mains to be answered is-what position in this sub-order 
must be assigned to Man, and whether other inferences as 
to the structure of our immediate ancestors may be drawn 
from this position. The comprehensive and acute researches 
into the Comparative Anatomy of Man and the various 
Catarhinre, which Huxley has recorded in his work on the 
"Evidence as to Man's Place in Nature," are of the greatest 
value in furnishing the answer to these important questions. 
The inevitable conclusion is, that the difference between 
l\fan and the highest Narrow-nosed Apes (the Gorilla, Chim
panzee, Orang) is slighter in every respect than the corre
sponding differences between the highest and the lowest 
Catarhines (the Sea-cat, Macaque, Baboon). Even within 
the small group of the Tail-less man-like Apes (A nth?·o
poides) the several genera do not differ less from each other 
than they do from Men. This is seeo by a glance at the 
skeletons represented here, as arranged by Huxley (Figs. 
204-208). If the skull, or the vertebral column, together 
with the rib-system, or the anterior or posterior members, 
are compared ; or if the comparison is extended to the 
muscular system, the circulatory system, the brain, etc., 
a candid and unprejudiced examination always results in 
the same conclusion, that Man does not differ more fi:om 
the higher Catarhines than the extreme forms of the latter 
(for example, the Gorilla and Baboon) differ from each 
other. \V e can, therefore, complete the important propo
sition already quoted from Huxley: We may take what
ever system of organs we will,-the comparison of their 
modifications within the ranks of the Catarhinre leads us 
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to one and the same conclusion : that the anatomical dif
ferences that distinguish :fiian from the most highly developed 
Catarhime (the Orang, Gorilla, Chimpanzee), are not so great 
as those which separate the latter from the lowest Catarhinru 
(Sea-cat, Macaque, Baboon). 

We must, therefore, consider the proof complete, that Man 
is descended from other Narrow-nosed Apes (Cata1·hinm). 
Although future researches into the Comparative Anatomy 
and Ontogeny of the existing Catarhines, as well as of their 
fossil relatives, promise us various new details, yet no 
future discovery can ever overthrow that important pro
})Ositi~n. Our Catarhine ancestors must, of course, have 
passed through a long series of varied forms, before Man 
finally developed as the most perfect form. The following 
must be considered as the most important advances by 
which this "Creation of Man," his differentiation from the 
most nearly allied Catarhine Apes, was effected: Habituation 
to upright carriage and, in connection with this, the greater 
-differentiation of the anterior and posterior limbs; also, the 
-development of articulate speech and its organ, the larynx; 
and lastly, and especially, the more perfect development of 
the brain and its function, the soul; sexual selection must 
l1ave exerted an extraordinarily important influence, as 
Darwin has conclusively proved in his celebrated work on 
.sexual selection.162 

With reference to these advances, we may, among our 
Catarhine ancestors, distinguil:lh at least four important 
ancestral stages, marking prominent epochs in the great 
historical process of the origin of Man. As the nineteenth 
stage in the human pedigree, next to the Semi-apes, we may 
place the oldest and lowest Catarhine Apes, which developed 
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from the former by the formation of the charr:.cteristic 
catarhine head, and by the peculiar modification of the 
teeth, the nose, and the brain. This oldest parent-form of 
the whole Catarhine group must, certainly, have been 
thickly covered with hair, and must have had a long tail; 
was, in fact, a Tailed Ape (JJ!enocerca, Fig. 203). They· 
were already in existence during the earlier part of the 
Tertiary Epoch (during the Eocene Period), as is shown by 
fossil remains of Eocene Catarhines. .Among extant Tailed 
Apes, the Slender Apes (Semnopitheci) are perhaps most 
nearly related to this parent-form.163 

As the twentieth stage in the human pedigree, next to 
these Tailed Apes, we must rank the Tail-less man-like Apes 
(.A.nthropoicles), under which name the most highly de
veloped Catarhines, those most nearly related to Man, have 
been grouped. They originated from the Tailed Catarhines, 
by the loss of the tail, the partial loss of their hairy cover
ing, and the further development of the brain, the latter 
being indicated in the preponderating development of the 
brain-skull over the facial skull. At the present time but 
few forms of this remarkable family are in existence; they 
are distributed into two different groups, an African and an 
Asiatic group. The Mrican Man-like Apes are limited to 
the western part of tropical Africa, but are probably dis
tl·ibuted over Central Africa in several species. Only two 
species are well known: the Gorilla (Pongo go1·illa, or 
GoTillc6 engina), the largest of all Apes (Fig. 207); and the 
smaller Chimpanzee (Pongo tTogloclytes, or Engeco t?·oglo
dytes), which may be seen in several zoological gardens· 
(Figs. 206, Plate XIV. Figs. 1, 2). Both the Afi-ican Man
like Apes are black in colour, and like their countrymen, 







IL'\ .. ECKEL'S EVULL:TltJ:'-1 OF ~lA:\. 

2. Gorill ... 

t himpanzee. 

3· Orang. 
+· :\egro. 





.MAN-LIKE APES. I8I 

the Negroes, have the head long from back to fi.-ont (doli
chocephalic). The Asiatic Man-like Apes are, on the con
trary, mostly of a brown, or yellowish brown colour, and 
have the head short from back to front (brachycephalic), 
like their countrymen, the Malays and Mongols. The 
largest Asiatic Man-like Ape is the well-known Orang, or 
Orang-outang (Fig. 128), which is indigenous in the Sunda 
Islands (Borneo, Sumatra), and is brown in colour. Two 
species have recently been distinguished: the great Orang 
(Saty1·us Omng; Fig. 205, Plate XIV. Fig. 3), and the small 
Orang (Saty1·us mo1·io). A genus of smaller Anthropoid" 
(Fig. 204), the Gibbons (Hylobates), live on the main-land 
of Southern Asia and on the Sunda Islands; from four to 
eight different species of these have been distinguishell. 
Neither of these living Anthropoids can be indicated as the 
Ape absolutely most like Man. The Gorilla approaches 
nearest to Man in the structure of the hand and foot, the 
Chimpanzee in important structural details in the skull, 
the Orang in the development of the brain, and the Gibbon 
in that of the thorax. It is evident that no single one of 
these existing Man-like Apes is among the direct ancestors 
of the human race ; they are all the last scattered remnants 
of an old, catarhine branch, once numerous, from which the 
human race has developed as a special branch and in a 
special direction. 

Although Man (Homo) ranks immediately next to this 
anthropoid family, from which he doubtless directly origin
ated, yet the Ape-men (Pithecanthropi) may be inserted 
here, as an important intermediate form between the two, 
and as the twenty-first stage in our ancestral series. In the 
"Natural History of Creation" (vol. ii. p. 293), I have 
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applied this na1;ne to the speechless Primitive :Men (Alali), 
who made their appearance in what is usually called the 
human form, that is, having the general structure of Men 
(especially in the clifferentiation of the limbs)-but yet 
being destitute of one of the most important qualities of 
:Man, namely, articulate speech, as well as of the higher 
mental development connected with speech. The higher 
differentiation of the laryn:s: and of the brain occasioned by 
the latter, first gave rise to the true ":Man." 

Comparative Philology has recently shown that the 
present human language is polyphyletic in origin, that 
several, and probably many, different original languages 
must be recognized, as having developed independently from 
each other. The history of the development of languages 
also teaches us (its Ontogeny in every child, as well as its 
Phylogeny in every race), that the actual rational lan-
6'1lage of men developed gradually, only after the body 
had developed into the specific human form. It is even 
probable that the formation of language did not begin till 
after the differentiation of the various species, or races of 
men, and this presumably occurred in the beginning of the 
Quaternary Epoch, or the Dilnvial Period. The Ape-men, 
or Alali, were therefore probably already in existence 
toward the close of the Tertiary Epoch, during the Pliocene 
Period, perhaps even as early as the Miocene Period.161 

Lar:-.tly, the genuine or speaking human being (Homo) 
must be considered as the twenty-second and final stage 
in our animal pedigree. Man originated from the pre
ceding stage in ·consequence of the gradual improvement 
of inarticulate animal sounds into true human articulate 
speech. Only very uncertain conjectures can be formed as 
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to the time and place of this true "Creation of }.{an." 
It is probable that Prim:::eval l\Ian originatetl during the 
Diluvial Epoch, in the torrid zone of the Old W orlJ, either 
on the continent of tropical Asia or Africa, or on an earlier 
continent which has now sunk below the surface of the Indian 
Ocean, and which extended from Eastern Mrica (Madagas
car and Abyssinia) to Eastern Asia (the Sunda Islands 
and Eastern India). In my " Natural History of Creation " 
(Chapter XXIII. and Table XV.), I have already fully 
Jiscussed thP- important evidence as to the fonner existence 
of this large continent, called Lemuria,and how the distribu
tion of the various species and races of men probably took 
place from this " Paradise " over the surface of the earth. 
In the same place, I have also fully cliscusc;ecl the inter
relations of the various races and species of the human 

race_l'lii 



TABLE XXII. 

SISTEMA'fiC SURVEY OF THE PEIUODS IN 'l'HE TRIBAL HISTORY OF TilE 

HUMAN RACE. 

(Compare Table VIII., vol. i. p. 402.) 

FIRST MAIN PERIOD IN TRIBAL HISTORY. 

The Plastid Ancestors of Man. 

The form of the ancestors of man is equal to the simple individual of the 
first order, a single plastid. 

First Stage: Moneron Series (Fig. 163, p. 46). 
The ancestors of man are single, living, simple cytods, 

Second Stage: Amceba Series (Fig. 167 p. 53). 
The ancestors of man are single, living, simple cells. 

SECOND MAIN PERIOD IN TRIBAL HISTORY. 

The many-celled Primitive Animal Ancestors of Man. 

The ancestors of man consist of a closely-united society of many homo
geneous cells; hence their form-value is that of individuals of the second 
order, of Idorgana. 

Third Stage: Synamceba Series (Fig. 170, p. 55). 

The ancestors of man are many-celled primitive animals of the simplest 
kind : solid masses of simple, homogeneous cells. 

Fourth Stage: Planooa Series (Figs. 172, 173, p. 60). 

The ancestors of man are many-celled primitive animals of a character 
like that of the Magosphre;-a and certain planula-larvrn, of equal rank with 
the ontogenetic Blastula or Blastosphre1·a; hollow spheres, the wall of which 
consi~ts of a single stratum of ciliated cells. 
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THIRD l\IAIN PERIOD IN TRIBAL IIISTORY. 

The Invertebrate Intestinal Animal Ancestors of Man. 

The ancestors of man have the form-value of individuals of the third 
order, of inarticulate individuals. The body encloses an intestinal cavity 
with a mouth, and consists at first of two primary germ-layers, afterwards 
of four secondary germ-layers. 

Fifth Stage: Gastrrea Series (Figs. 174-179, p. 65). 

The ancestors of man have the form-value and structure of a Gastrula. 
The body consists merely of a simple primitive intestine, the wall of which 
is formed of the two primary germ-layers. 

Sixth Stage: Chordonium Series (Figs. 184-188, p. 80-90). 

The ancestors of man are worms : at first, primitive worms, allied to th() 
Tl!?·bellaria,; afterwards worms of higher rank, Scolecida; finally, notochord
animals with the organization of the ascidian larvre. The hodyis composed 
of four secondary germ-layers. 

FOURTH MAIN PERIOD IN TRIBAL HISTORY. 

The Vertebrate Ancestors of Man. 

The ancestors of man are vertebrates, and their form-value is, therefore, 
that of an articulated individual, or a chain of metamera. The skin-sensory 
layer is specialized into the horn-plate, medullary tube, and primitive 
kidneys. The skin-fibrous layer has divided into the leather. plate, primitive 
vertebroo (muscular plate and skeleton-plat,e), and the notochord. From 
the intestinal-fibrous layer originates the heart with the main blood-vessels 
and the fleshy intestinal wall. From the intestinal-glandular layer, the 
epithelium of the intestinal tube is formed. The formation of metamera is 
constant. 

Seventh Stage: Acrania Series (Fig. 189; Pl. XI. Fig. 15). 

The ancestors of man are skull-less vertebrates, like the extant Amphi
oxus. The body already forms a chain of mctamera, several primitive 
vertebroo having separated off. The head is not yet entirely distinct from 
the trunk. The medullary tube has not separated into brain-bladders. The 
heart is very simple, without chambers. The skull is still wanting; as are 
also the jaws and limbs. 
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Eighth Stage: Monorhina Series (Fig. 190; Pl. XI. Fig. 16). 

The ancestors of man are jaw-less skulled animals (resembling the 
developed Myxinoides and Petromyzontes). 'l'he number of the metamera is 
increasing. The bead is becoming more distinctly differentiated from the 
trunk. The anterior end of the medullary tube swells into a bladder-like 
structure and forms the brain, which is soon differentiated into five brain
bladders. .At the sides of these appear the three higher organs of sense. 
The heart is divided into auricle and ventricle. The jaws, limbs, and 
swimming-bladder are still wanting. 

Ninth Stage: Ichthyoda Series (Figs. 191, 192; Pl. XII. and XIII.). 

The ancestors of man are fish-like skulled animals : first, Primitive 
Fishes (Selachii), then mud-fishes (Dipnet!sta),thcn gilled Batrachians (Sozum). 
The ancestors belonging to this Ichthyoda stage develop two pairs of limbs: 
a pair of anterior limbs (pectoral fins) and a pair of posterior limbs (ventral 
fins). 'l'he gill-arches are formeil between the gill-openings, ancl from them 
are formed the first pair of jaw-arches (upper and lower jaws). The 
swimming-bladder (lungs), liver, and pancreas grow from the intestinal 
canal. 

Tenth Stage : Amniota Series (Figs. 195-208; Pl. XIV). 

The ancestors of man are amnion-animals or gill-less vertebrates: first, 
Primitive amniota (Protamnia), then Primitive mammals (Monot?-ema); next, 
:Pouched animals (Marstopialia) ; then Semi-apes (Prosimiw), and, lastly, 
Apes (S!1n<m). The ape-ancestors of man are first tailed Oata1·hini, then 
tail-less Catarhini (Anth1·opoides), then speechless .Ape-men (Alali), and at 
last genuine, speaking men. The ancestors belonging to this amnionate 
series develop an amnion and allantois, and gradually «cqnire the o.am. 
malian structure, and at last the specific human form. 
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TABLE XXIII. 

Systematic Survey of the Phylogenetic Classification of :i'lf.a=als. 

I. { Cloacal { First Animals 
Sub-cl.LSB of (Jlonotrem.a, or 
{f!ammnls Omithodelphia) 

1. Primitive 1\fnmmnls 
2. Beaked ..i.nimnls 

P'romammulia 
Omithostoma 

II. { Pouched { Second Animals 
Sub-clas~ of (Ma1·supialia, ·or 
[f!ammals Didelphia) 

3. Herbivorous Pouched Animals 
4. Carnivorous l'ouched Animals 

Botanophaga 
Zoophaga 

III. 
Third 

Snb·class of 
£f!ammals: 
Placental 
Mammals 
(Place-ntal ia, 

or Jlono
delj>hia) 

• 

p~~~~~21 ( 5. Hoofed Animals f Rinp;le-hoofed 
Mammals with- T::ngulala 1 Double· hoofed 

out Decidua, with 6. 'Yhale-like ' . 
Tufted Placenta Animals ) R0.rc?\' s 

Indecidua Cetamo1:pha l \\ ltues 
Vi!liplacentalia 

III. (b) 7. Pseudo-hoofed 
Placental { Anunals 

Mammals with Chelophom 
Decidua, with 

Girdle _Placenta s. Beasts of Prey 
.Deciduata Ca1'1z.assia 

ZonoplacentaUa 

l Rock Conies 
l Elephants 

{Land Beasts of 
) prey 
)lllarine Beasts 
t prey 

f 

fFingcrerl. animals 
9 Semi-apes Long-rooted 

· P'rosimice Flyin(')" Lemur 
{Lemu~·s 

G . u A . { Squirrel species 
10. nawmQ Til- Mouse ~pecies 

ill. (c) mals . Porcupine species 
Placental Rodentta Hare :-t1ecie::; 

Peri$$odactyla. 
A1·tio<lJ.ctyla 

St1'e11ia 
Cetacea 

La:rnnungia 
PTobosci<lea 

Ca1·ni'cora 

Lepto laci!Jla 
..llacrolarsi 
Pte11opWura 
B1·achytarsi 

Sciu1·om.orp/r..::. 
1Jlyom01:phu 
Hystrichomo1·pha 
Lagomorpha 

·Mammals with J . . . 
Decitlna, with \ ll. Toothless { D1ggmg arumals E.ffodientia 

Discoid Placenta E<lentata Sloths Bmdypoda 
JJcctdtwta ?. 1 . . 

1 
,1•. c hl 

Discoplacentalia l L.. nsect-~aters ~th cecum Menotyp a 
lnsecttvora Without Ccecum Lipotyphla 

13. Flying Animals j Flying Foxes Pterocynes 
Chiroptera ( B<lts .l'.rycterides 

14. Apes {Flat-nosed Platyrhinre 
J:ihnim Narrow-nosed Apes Cata1·hin<.~ 
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TABLE XXIV. 

Pedigree of Jian~mals. 

iRan 
Homines 

Elephants I 
P1·oboscidea Bats 

Rock Conies I Man-like Apes Nycterides 
Lamnungta 1 Antlwopoides I Sea beasts of prey 

I ( I Flying Foxes Pinnipedia 
---,----- Narrow-nosed Apes Pterocynes j 

False-hoofed Cata1·hinw Jfl)!ing <animals 
1 

Chelophom l'lat-nosed Apes I Chiroptera Land beasts of prey 

I Platy1·hinw Carnh·ora 
, I I Flying Lemnrs 1 

(li)nnlning <Zttttmals Ptenopleura :l!lmsts of 1Jtt~ 
Rodentia ~pes I Carnassia 

I 
Fingered animals Simire ...____,.___ I 

Whales Leptodactyla I Lemurs I Insect-eaters 
Cetacea I B?·achyta,·si Long-footed Insectirora 

I . I ~Mac?·ot1arsi I 
Sea-Col% I 
Sirenia I Toothless 

~MI)a!c,frrmil)! ___.-v-______..- Edentata I 
Cetomorpha I I l ------------8-'e_m_l_. __ a_p-es-------------

I., Prosimire 
1t!oa~tu \e!H:ma.ll 

Ungulata 
!!lr:ibuous \! nima! 

I 
~it!; out Jllrril!Ua: 

Indeciduata 
I 

~lacmtal <ttnintals 
Placentalia 

Decidus..:3. 

Herbivorous Pouched Animals I Carnivorous Pouched At:imtJ& 
JJ[arsupialia botanophaga Marsupialia zoophaga 

I I 
:tlloucl)cb <ttnimals 

Beaked Animals Marsupialia 
Ornithlstoma I 
~ 

Primitive llfammals 
Promanvm.alia 

Ql;!oacal <ttnima Is 
Monotrema 
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TABLE XXV. 
Pedigree of Apes. 

ffian 
Homo 

I 
'i!pc~lil;r !fla:n 

Alalus 

bhimpanzee 
Engeco 

I 

Gorilla 
Gorilla 

I 
Orang-Outang 

Satyrus 

'Zlsiatic 
:liRa:~!Htc \!pes 

...,.-·--1 

Gibbor 
Hylobat~ 

l 
I 

I 

:!JRa:~!iftc 'ZllJCS .... T, .. Nose Apf.'l 
Tall Apes Nasalis 

Semnn~ith~r.ns \ 

k Apes 
palida Clutch.tails L-y Labidrerca 

Flap.tails 
.Aphyocerca 

I 
pes of ~rln ~llllotlll 

Flat-nosed 
Pla tyr hinoo 

I 

I Sea Cat '---.....---_) 
I Oerr.opithecus 

l l I 
BaboorJl 

f!!f""<7·ho1110 

·-----------.r-------------~ 
~ailcll l!jJCS 

Menocerca 
I 
I 

'!pes of ®ll! ~ot!ll 
Narrow-nosed 

Catarhinw 

I 
I 

~---------~---
. .J 

'Zlpcs 
Simioo 

! 
.$£nti~l!pcs 
Prosimiw 



CHAPTER XX. 

THE HISTORY OF THE EVOLUTIO:N OF '})HE EPIDERMIS 

AND THE NERVOUS SYSTEM. 

Animal and Vegetative Organ.systems.-Original Relations of these to the 
'rwo Primary Germ-layers.-Sensory Apparatus.-Constituents of 
Sensory Apparatus: originally only the Exoderm, or Skin-layer; after
wards, the Skin-covering specialized from the Nerve-system.-Double 
Function of the Skin (as a Covering and as Organ of Touch).-Onter 
Skin (Epidermis) and Leather-skin (Coriurn).-Appendages of the Epi
dermis: Skin-glands (Sweat-glands, Tear-glands, Sebaceous Glands, 
Milk-glands); Nails and Hair.-The Embryonic Wool-covering.-Huir 
of the Head and of the Beard.-Inflnence of Sexual Selection.-Armnge
ment of the Nerve-system.-Motor and Sensory NetTes.-Centrul 
Marrow : Brain and Dorsal Marrow.-Constitution of the Humo.n Brain : 
Large Brain (Cerebrwrn) and Small Brain (OerebeUum).-Oomparative 
Anatomy of the Central Marrow.-Germ-history of the Medullary-tube. 
-Separation of the Medullary-tube into Brain and Dorsal Marrow. 
-Modification of the Simple Brain-bladder into Five Consecutive Brain-
bladders: Fore.-brain (Large Brain, or Cerebtum), Twixt-brain ("Centre 
of Sight"), Mid-brain ("Four Bulbs"), Hind-braiu (Small Brain, or Cel·e
bellum), After-brain (Neck Medulla).-Various Formation of tho Five 
Brain-bladders in the various Vertebrate Ciasses.-Development of 
the Conductive Marrow, or" Peripheric Nervous System." 

"Hardly any part of the bodily frnme, then, could be found better 
:Jalculated to illustrate the truth that the structural differences Letweeu 
Man and the highest Ape are of less value than those between the ~ighest 
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organs , hilt I shall be compelled to explain the ontogenetic 
and the phylogenetic origin of the organs simultaneously; 
for the further we penetrate into the details of organic 
development, and the more minutely we study the origin 
of the separate parts, the more clearly do we see how 
inseparably the evolution of the germ is connected with 
that of the tribe. The Ontogeny of the organs is intelligible 
and explicable only through their Phylogeny; just as the 
germ-history of the entire body (the "person ") is rendered 
intelligible only by the history of the tribe. Each germ
form is determined by a corresponding ancestral form. This 
is as true of the parts as of the whole. 

In endeavouring, with the help of this fundamental law 
of Biogeny, to obtain a general view of the main features in 
the development of the separate organs of man, we must, in 
the first place, consider the animal, and then the vegetative 
organ-systems of the body. The first main group of organs, 
the animal organ-systems, is formed by the sensory apparatus, 
together with the motor apparatus. To the former belong 
the skin-covering, the nervous system, and the organs of the 
senses. The motor apparatus consists of the passive organs 
of movement (the skeleton) and the active organs (the 
muscles). The second main group of organs, the vegetative 
organ-system, is formed by the nutritive and the repro
ductive apparatus. To the nutritive apparatus belongs 
especially the intestinal canal with all its append:;tges, 
together with the vascular and renal systems. The repro
ductive apparatus includes the various sexual organs (the 
germ-glands, germ-ducts, organs of copulation, etc.). 

In earlier chapters (IX. and X.) it has been stated that 
the animal organ-systems (the instruments of sensation and 
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of movement) proceed especially from the outer primary 
germ-layer, from the skin-layer. The vegetative organ
systems, on the other hand (the instruments of nutrition and 
reproduction), proceed principally from the inner primary 
germ-layer, from the intestinal layer. This radical contrast 
between the animal and the vegetative spheres of the body 
is, it is true, by no means absolute either in man or in the 
higher animals; on the contrary, many separate parts of the 
animal apparatus (e.g., the intestinal nerve, or sympathetic) 
originated from cells which have proceeded from the ento
derm ; and, on the other hand, a large part of the vegetative 
apparatus (e.g., the mouth-cavity, and probably the greater 
part of the urinary and sexual organs) is formed of cells 
which are originally derived from the exoderm. Moreover, 
in the bodies of all the more highly developed animals, the 
most heterogeneous parts are so intermixed and blended 
that it is often extremely difficult to assign its true source 
to each one of the constituent parts. But, on the whole, we 
may assume as a certain and important fact, that in l\Ian, 
and in all high animals, the greater part of the animal organs 
must be referred to the skin-layer, or exoclerm; the greater 
part of the vegetative organs to the intestinal layer, or 
entoderm. For this reason, Baer called the fOTmer the 
animal germ-layer, the latter, the vegetative germ-layer 
(C£ vol.i. pp. 53 anc1196). Of course, in making this important 
a.':!!mmption, we pre-suppose the correctness of Baer's view, 
according to which the skin-fibrous layer (the "flesh 
stratum" of Baer) must have originated (phylogenetically) 
from the exoderm, and, on the other hand, the intestinal
fibrous layer (Baer's "vascular layer") from the entoderm. 

This influential view, which is yet much disputed, is, we 
VOL. II. 0 
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T.ABLE XXVI. 

Systematic Survey of the Organ. Systems of the Human Body. 

• (N.B.-The origin of the separate organs from the four secondary germ. 
layers is indicated by the Roman numerals (I.-IV.) : I. Skin-sensory layer; 
II. Skin-fibrous layer; III. Intestinal-fibrous layer; IV. Intestinal-gland. 
ular layer.) 

( 

A. 
Sensory 

Apparatus 
Sensorium 

B. 
Motive 

Apparatus 
Locomotorium 

c. 
Nutritive 

Apparatus 
JOutritorium 

r
l. Skin~covering {Outer !:>kin 

(De,.ma) Leather skin 

2. Centro.1l nerve· {Brain 
system Spinal marrow 

I . . {Brain nerves ~ 3. Pcn?hcnc nerve- Spinal nerves 
1 system Intestinal nerves 

I I 
Organ of touch (skin) 
Org,m of taste (tongue) 4 · ~nsc-organs . Or!'an of smell (nose) 

l (Or galla sensuum) Organ of sight (eye) 
Organ of hearing (ear) 

{

5. ll!uscle • system {Skin muscles 
(a.cttve motive Sl~etet n m scles 
organs) :~ro. 0 u 

6. Skeleton-system {Vertebral column 
(passivemotivc Skull 
organs) Limb skeleton 

7. Intc!'.tinal system { Digc~th·e organ 
(Ga.ste1·) Ue~pimtory organ 

I 
Body cavity 

8. Va~cular system Lymph vessels 
(Organa. ci1·cu-

lationis) Blood vessels 
Heart 

a . . . Unnnry clucts 
9. Ren I system {Kidneys 
(OTgana unna> 'a) Urinary blnuder 

1-1 r rSexunl glands 
> I (I. Ovary) !::: (II. Testes) 
< D. ::;exual ducts 
t1lReproduotive 10. Sexuo.l organs ~ (I. Oviduct) 
i;1 Apparatus 1 (Orgaruuaualia) l(II. Seed duct) > Pro_pagaumum 

Copuwtory organs 
(I. Sheath) 
(II. Peui.;) 

Epidermis, I. 
Corium, II. 

Encephalon } 
llledulla spinalis L 

Nervi cerebrales, I. + II. 
Nervi spinales, If. 
Sympatheticus,li.+ III. 

Org. !actus l 
Org. gustus 
Org. olfnctus j I. 
Org. visus 
Org. auditus 

+II. 

1\fusculi cutane ) 
.M. skeleti 

Verlebrarium IL 
cr~mium 
Sk. extt·emitatum 

0. digestiva. } 
O.respiratoria III.+IV. 

Creloma, U. + III. 
Vasa lympha·} 

tica II.+Ill. 
V. sanguifera 
Cor, III. 

Renes } .) 
Ureteres I. (r +II. 
Urocystis, III. + IV. 

Gonades 
(I. Ovaria) III.+ IV.(?' 
(II. Testt·s) I. + II. (:) 
Gonophori 
(I. Oviduc. } 

tus) I.(l) + IL 
(II. Sperma-

ductus) 
Copulativa} 
(I. V•gina) I. + IL 
(II. l'euis) 
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think, securely founded on the Gastrula-that most impor
tant of all the germ-forms of the animal kingdom-which 
we find recurs in similar form in the germ-history of the 
most different classes of animals. This significant germ
form points unmistakably to a parent-form (the Gastnea) 
common to all animals, the Protozoa alone excepted ; in 
this long extinct parent-form the entire body of the animal 
consisted throughout life of the two primary germ-layers, as 
is yet the case, for a short time, in the Gastrula. In the 
Gastrrea the simple skin-layer did actually represent all the 
animal organs and functions, and the simple intestinal layer, 
on the other hand, all the vegetative organs and functions; 
potentially, this is even yet the case in the Gastrula. 

In studying the development of the first important 
part of the animal sphere, the sensory apparatus, or sen
sorium, we shall now find how >vell adapted this Gastrrea 
Theory is to explain, not only in a morphological but 
in a physiological sense, the most important facts in the 
history of evolution. This sensory apparatus consists of two 
very distinct parts, having, apparently, nothing in common: 
in the first place, the external skin-covering (Dm·ma), 

together with its appendages, the hair, nails, sweat-glands, 
etc. ; and, secondly, the nervous system, situated internally. 
The latter includes the central nervous system (brain and 
spinal chord), the peripheric brain-nerves and medullary 
nerves, and finally, the organs of sense. In the fully 
-developed vertebrate body these two main constituents of 
the sensorium are entirely separate; the skin lying entirely 
-externally on the body, while the central nervous system 
is within, and quite separate from the former. The two 
are connected merely by a portion of the peripheric nerve-
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system and of the sense-organs. And yet, as we already 
know from the germ-history of man, the latter is developed 
from the former. Those organs of our body which discharge 
the highest and most perfect functions of animal life-those 
of sensation, volition, thought--in a word, the organs of 
the psyche, of mental life-arise from the external skin
covering. 

This remarkable fact, considered in itself alone, seems so 
wonderful, inexplicable, and paradoxical, that the truth of the 
fact was simply long denied. The most trustworthy embryo
logical observations were met with the erroneous statement 
that the central nerve-system develops, not from the outer 
germ-layer, but from a special cell-layer lying underneath 
this. The ontogenetic fact would not, however, yield; and, 
now that Phylogeny bas thrown light on the subject, the 
fact seems perfectly natural and necessary. When we 
reflect on the historic evolution of mind and sense activities, 
we must necessarily conceive the cells, which accomplish 
these, as originally situated on the outer surface of the 
animal-body. Such externally placed elementary organs 
coulu alone directly receive and deal with impressions from 
the outer world. Afterwards, under the influence of 
natural selection, the complex cell-masses which had become 
especially " sensitive" gradually withdrew into the shelter of 
the interior of the body, and there laid the first foundations 
of a central nervous organ. As differentiation advanced, 
the distance and distinction between the external skin
covering and the central nervous system detached from this, 
became continually greater, and finally the two were per
manently connected merely by the conductive peripheric 
nerves. 
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This view is fully confirmed by the results of Comparative 
Anatomy. Comparative Anatomy shows that many lower 
animals possess no nervous system, although, in common 
with higher animals, they exercise the functions of sensation, 
volition, and thought. In the Primitive Animals (P~·otozoa), 
which do not even form germ-layers, of course the nervous 
system, like the skin-covering, is wanting. Even in the 
second main division of the animal kingdom-in the ~Ietazoa 
or Intestinal Animals-there is at first no nervous system. 
The funcilions of these are performed by the simple cell
layer of the exoderm, which the lower Intestinal Animals 
have inherited directly from the Gastrrea (Fig. 209, e). This 
is the case in the lowest Plant Animals (Zoophyta), the Gas
trreads, Sponges, and the lowest Hydroid Polyps, which are 
but little higher than the Gastn:eads. Just as all the vege
tative functions of these are performed by the simple intes
tinal layer, so all the animal functions are discharged by 
the equally simple skin-laye:~;. The simple cell stratum uf 
the exoderm is, in these, skin-covering, motive apparatus, 
and nervous system simultaneously. 

Most proMblythe nervous system was also wanting in a 
large proportion of those Primitive Worms (A1·chelm,inthes) 
which were developed directly from the Gastrreads. Even 
those Primitive Worms in which the two primary germ-layers 
had already split into the four secondary germ-layers (Plate 
V. Fig. 10), seem not to have possessed a nervous system 
distinct from the skin. The skin-sensory layer must, even in 
these long-extinct Worms, have been at once skin-covering 
and nerve-system. Bnt ah·eady in the Flat Worms (Platel
minthes ), and especially in the Gliding Worms ( TuTbella1·ia) 
which of all existing forms approach nearest to the Primitive 
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Worms, we find an independent nerve-system, distinct and 
separate from the outer skin-covering. This is the "upper 

.... 

Fw. 209.-Gastrnla of Gastrophysema (Gu'3trre::ul-clnss). 
Fro. 210.-Transverse section through an embryonic Earth-worm : hs 

skin-sensory layer; hm, skin-fibrous layer; rlj, intestinal-fibrous layer; dd, 
intestinal-glandular layer; a, intestinal cavity; c, body-cavity, or D"''loma; 
n, nerve-ganglia; u, primitive kidneys. · 

FIG. 211.-A Gliding Worm (Rhabdo~relvm). From the brain or upper 
throat ganglion (g) nerves (n) radiate to,var,Js the skin (f), the eyes (au), 
the organ of smell (na), and the mouth (m) : h, testes; e, ovaries. 
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throat ganglion," situated above the throat (Fig. 211, g; Plate 
V. Fig. 11, m). The complex central nervous system of all 
higher animals has developed from this simple rudiment. 
In the higher ·worms, e.g., the Earth-worms, according to 
Kowalevsky, the earliest rudiment of the central nervous 
system (Fig 210, n) is a local thickening of the skin
sensory layer (hs), which afterwards becomes entirely 
detached from the horn-plate. Even the medullary tube of 
Vertebrates has the same origin. From the germ-history 
of Man, we already know that this medullary tube, the 
commencement of the central nervous system, originally 
develops from the outer skin-coyering. 

Let us now turn aside from these very interesting 
features in evolution, and examine the development of the 
later human skin-covering, with its hairs, sweat-glands, etc. 
Physiologically, this outer covering (de1·ma, or tegnnwntum) 
plays a double part. The skin, in the first place, forms the 
general protective covering (inteumnentt~?n co1nmnne) which 
covers the whole surface of the body, and protects all other 
parts. As such, it, at the same time, effects a certain ex
change of matter between the body and the surrounding 
atmospheric air (perspiration or skin-breathing). In the 
second place, the skin is the oldest and most primitive 
sense-organ, the organ of t-::mch, which effects the sensation 
of the surrounding temperature and of the pressure or re
sistance of bodies with which it cowes in contact. 

The human skin, like that of all higher animals, consist~'. 
essentially of two distinct parts; of the outer-skin, and of 
the underlying leather-skin. The outer-skin (epidm·mis) 
consists only of simple cells, and contains no blood-vessels 
(Fig. 212, ab ). It develops from the first of the secondary 
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germ-layers from the skin-sensory layer, and, directly, from 
the horn-plate of the latter. The leather-skin (cm·iurn), on 
the contrary, consists principally of connective or fibrous 

Fm. 212.--IInman skin 
in perpendicular section 
(after Ecker), much en
larged : a, horny stratum of 
outer-skin (epidermis) ; b, 
mucous stratum of outer
< kin ; c, papilloo of the 
leather-skin (c01·ium); d, 
blood-vessels of the latter; 
e, .f, excretory ducts of the 
sweat.glands (:J) ; h, fat
globules of the leather-skin; 
i, nerve, passing above .\nt{) 
a touch-body. 

tissue, contains numerous blood-vessels and nerves, and has 
a diffprent origin. . It develops from the outer stratum of 
the second secondary germ-layer, from the skin-fibrous layer. 
The leather-skin is much thicker than the outer-skin. In 
its deeper part, the " subcutis," lie many masses of fat-cells 
(Fig. 212, h). Its upper part, the true "cutis," or papillary 
layer, forms, over nearly the >Yhole surface of the body, a 
number of microscopic cone-shaped warts, or papillre, which 
fit into the overlying epidermis (c). These touch-warts, or 
~ensory papillre, contain the most delicate of all the sensory 
)rgans of the skin, the "cor1~~~~cula tactt~s:' Other papillm 
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contain merely the terminal loops of the nutritive blood
vessels of the skin (eel). All these different parts of the 
leather-skin originate, by differentiation, from the cells, origi
nally homogeneous, of the leather-plate, the outer lamella 
of the skin-fibrous layer (Fig.ll~,hp1·, vol. i. p. 352; Plates IV. 
and V., l; Figs. 65-69, hj, p. 277).166 

Analogously, all the constituent parts and appendages of 
the outer-skin ( epide1·mis) originate, by differentiation, from 
the homogeneous cells of the horn-plate (Fig. 213). At a 

FIG. 213.-Cells of the enter-skin (epidormi.•) of 
a. human embryo of two months. (After Koelliker.) 

very early period, the simple cell-layer 
of this horn-plate splits into two llis
tinet strata. The inner, softer stratum 
(Fig. 212, b) is called the mucous layer; 
the outer, harder stratum (c~), the horn-layer of the outer
skin. The surface of this horn-layer is continually worn 
out and thrown off; new cell-strata, produced by the 
growth of the underlying mucous layer, take its place. 
Originally the outer-skin forms an entirely simple cover 
over the surface of the body. Mterwards, however, sundry 
appendages develop from this both internally and ~
ternally. The internal appendages are the skin-glands; 
the sweat-glands, the sebaceons glands, etc. The extemal 
appendages are hair, nails, etc. 

The glands of the skin-covering are at first merely 
solid plug-shaped growths of the outer-skin (epidermis), 
which penetrate into the underlying leather-skin (co?'ium) 
(Fig. 214 1 ). A canal afterwards forms inside these solid 
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plugs (2 , 3 ), either owing to the softening and breaking 
up of the central cells, or as the result of a fluid internally 
secreted. Some of these skin-glands remain unbranched, as 
for instance, the sweat-glands (e,j, g). These glands, which, 
secrete the sweat, are of great length, their ends forming a 
coil; they never branch, however; and the same is to be 
said of the glands which secrete the fatty wax of the ears . 

.1!-. FIG. 214.-Rudiments of tear-glands 
from a human embryo of four months. 
(After Koelliker.) 1. Earliest rudiment the 
shape of a simple, solid plug. 2 and 3. Fur
ther developed rudiments, which branch 
and become hollow : a, a solid offshoot; 
e, cell-covering of the hollow offshoot; j, 
rudiment of the fibrous covering, which 
afterwards forms the leather-skin round 
the glands. 

most other skin-glands give out 
shoots and branches, as, for in
stance, the tear-glands, situated 
on the upper eyelid, which secrete 
the tears (Fig. 214), and also the 

sebaceous glands, which produce the fatty sebaceous matter 
and generally open into the hair-follicles. The sweat 
and sebaceous glands occur only in Mammals. The tear
glands, on the contrary, are found in all the three classes of 
Amnion Animals, in Reptiles, Birds, and Mammals. They 
are not represented in the lower Vertebrates. 

Very remarkable skin-glands, found in all Mammals, 
and in them exclusively, are the milk-glands (glandulcs 
mmmnales, Figs. 215, 21G). They supply milk for the 
nourishment of the new-born Mammal Notwithstanding 
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their extraoru.inary size, these important organs are merely 
large sebaceous skin-glands (Plate V. Fig. lG, mel). The 
milk is produced by liquefaction of the fatty milk-cell~ 
within the branched milk-gland pouch (Fig. 215, c), ju. t 
as the sebaceous matter of the skin, and the fatty matter 
of the hair are produced by the breaking up of fatty 
sebaceous cells within the sebaceous skin-glands. The 
excretory passages of the milk-glands enlarge into sac-like 
milk-ducts (b), ·which again become narrower (a), and open 
through from sixteen to twenty-four minute apertures, into 
the nipple of the breast. The first rudiment of this large 
and complex gland is a very simple conical plug in the 

FIG. 215.-The breast of the female in section : c, grape-like glandular 
lobules ; b, enlarged milk-ducts; a, narrow excretory ducts, opening through 
the breast-nipple. (After H. Meyer.) 

FIG. 216.-Milk-glands of a new-born child: a, original central gland; 
b, smaller, and c, larger branches of the latter. (After Lanv,er.) 
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<luter-skin (epiclennis), which extends into the leather-skin 
(co1·ium), and there branches. In the new-born child it 
consists merely of from twelve to eighteen radiating lobules 
(Fig. 216). These gradually branch, the excretory passages 
bl3come hollow, and a large quantity of fatty matter collects 
between the lobules. Thus is developed the prominent 
breast of the female (m,wnmn), on the summit of which 
rises the nipple (m,a?n?nilla), adapted for being sncked.167 

The nipple does not appear until after the milk-gland 
is ah·eacly formed; this ontogenetic phenomenon is very 
intereating, because the more ancient Mammals (the parent
forms of the entire class) had no nipples. In them, the milk 
simply emerged through a plane, sieve-like perforated spot 
in the abdominal skin, as is even now the case in the lowest 
-extant Mammals, the Beaked Animals (Monotremata; p.14G). 
On account of this character these animals may be called 
...d.rnasta (without nipple). In many of the lower mammals 
there are numerous milk-glands, situated at various points of 
the Yentral siue. In the human female there is usually only 
a. pair of milk-glands, placed on the point of the breast, as in 
Apes, Bats, Elephants, and some other :M:ammaL'l. Occasion
ally, however, even in the human female two pairs of breast 
glands (or even more) appear, lying one behind the other; 
this must be regarded as a reversion to an older parent
form. Sometimes these glands are well developed even in 
the male, and are capable of being sucked, though as a rule 
they exist in the male sex only as rudimentary organs with
<m t function. 

Just as the skin glands originate as local growths of 
the outer skin in an inward direction, so the appendages 
()f the skin, called hair anti nails, originate as local growths 



of the outer skin in an outwn.r1l direction. The nails (un
gues), which arc important protective fonnn.tions o\·er th(} 
hind stuface of the most sensitive parts of our limbs-the 
tips of the fingers anu toes-are horny pro(lncts of the 
epidermis, common to us with the Apes. In their place, 
the lower :Mn.nunals generally possef>s claws, and the 
Hoofed Animals (U11g~data) hoofs. The parent-form of 
!fammals undoubtedly had claws, such as appear in a. 
rudimentary state in the Salamander. The hoofs of the
Hoofed Animals and the nails of Apes and of :Man originated 
from the claws of more ancient Mammals. In the human 
embryo the first rudiment of the nails first appears (between 
the horn-layer and the mucous layer of this outer skin) 
in the fourth month. Their edges do not, however, project 
until the end of the sixth month. 

The most interesting and important appendages of the 
outer skin are the hairs, which, on account of their peculiar 
structure and mode of origin, must be regarded as Yery 
characteristic of the whole Mammalian class. Hairs, it is 
true, appear widely distributed in many lower animals, e.g., 
in Insects and Worms. But these hairs, like those of plants, 
are thread-like processes of the outer smface, and differ 
from Mammalian hairs in their characteristically finer 
structure and in their mode of development. Hence Oken 
rightly called Mammals "hairy animals." The hairs of 
Man, as of all other Mammals, consist simply of epidermic 
cells peculiarly differentiated and arranged. In their first 
state, they appear in the embryo as solid plug-shaped pro
cesses of the epidermis which penetrate into the underlying 
leather-skin (corium), as do the sebaceous and the sweat 

' glands. As i.n tbe latter, the simple plug consists originally 
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-of the ordinary epidermic cells. Within this a firmer 
central cellular mass of conical shape soon forms. This 
increases considerably in length, detaches itself from the 
surrounding cellular mass, the " root-sheath," and finally 
makes its way to the outside, appearing above the outer 
surface as & hair-stem. The deepest part, buried in the 
skin, the· hair follicle, is the root of the hair, and is sur
rounded by the root-sheath. In the human embryo the 
first hairs make their appearance at the end of the fifth 
()r in the beginning of the sixth month. 

During the last three or four months before birth the 
human embryo is usually covered by a thick coating of deli
cate woolly hairs. This embryonic wool-covering (lanugo) 
is often lost during the last weeks of embryonic life, and, 
at any rate, soon after birth, when it is replaced by the 
thinner permanent hair-covering. These later permanent 
hairs grow out of hair follicles which are developed from 
the root-sheaths of the deciduous woolly hair. In the 
human embryo, the embryonic woolly hair usually covers 
the entire body, with the exception of the palms of the 
hands and the soles of the feet. These parts remain bare, 
just as in all Apes and most other Mammals. Not un
frequently the woolly coat of the embryo differs considerably 
in colour from the later permanent hairy covering. Thus 
for instance, it sometimes happens in our own Indo-Ger
manic race that fair-haired parents are shocked to find 
their children, at their first appearance, covered by a dark 
brown, or even black, woolly covering. It is only after this 
has been shed, that the permanent fair hair, which the 
child inherits from its parents, makes its appearance. 
Occasionally the dark hair is retained for several weeks, 
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Qr even months, after birth. This remarkable woolly 
covering can only be explained as an inheritance ±i·om our 
primordial long-haired ancestors, the Apes. 

It is equally worthy of note that many of the higher 
Apes resemble .M:an in the thin coat of hair which covers 
certain parts of their body. In most Apes, especially in 
the higher Catarhines, the face is nearly or even quite bare, 
or is covered with hairs as thin and as short as those of 
Man. In these Apes also, just as in Man, the hair on the 
back of the head is usually distinguished by its length, 
and the males often have much beard and whisker. (Cf. 
Fig. 202, p. 175). In both cases this masculine adornment 
has been acquired in consequence of sexual selection. 
In some Apes the breast and the inner sides of the joints 
are very thinly covered with hair-far less abundantly than 
is the back and the outer sides of the joints. On ·the other 
hand, we not unfrequently see the shoulders, the back, and 
the outer sides of the limbs thickly covered with hair in 
men of Indo-Germanic or Semitic race. It is a well-known 
fact that in some families abundant hair on the body is 
hereditary, as is the relative vigour and character of the 
hair-growth of the beard and head. These great differences 
in the total and partial hairiness of the body, which appear 
very striking not only when we compare different races of 
man, but even when we compare many families belonging 
to the same race, are very simply explained by the fact 
that the entire hairy covering of },!Ian is a rudimentary 
organ, an unused inheritance, which has been transmitted 
from the more hirsute Apes. In this matter, Man resembles 
the Elephant, Rhinoceros, Hippopotamus, Whale, and other 
Mammals of various orders which have also entirely or 
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partially lost their original coat of hair in consequence of 
adaptation.168 

The form of Adaptation which has degraded the growth 
of hair on most parts of the human body, while preserving 
it, or even greatly developing it, on certain pa1ts, was, in all 
probability, sexual selection. As Darwin has very clearly 
sho'Tn in his work on " The Descent of Man," sexual selec
tion has had especially gTeat influence in this respect. In 
consequence of the male Anthropoid Apes, in selecting a 
partner, preferring those females which were least hairy, 
and in consequence of the females preferring those suitors 
which were distinguished by peculiarly fine beard or head
hair, the general hirsuteness of the body was gradually 
degraded, while the beard and the hair of the head were 
advanced to a higher degree of perfection. Climatic con
ditions, and other ci.rcumstances unknown to us, may, 
however, also have promoted the loss of the hairy coat. 

In proof of the assertion that the hairy covering of 
Man is directly inherited from the Anthropoid Apes, we 
find, according to Darwin, a curious evidence in the direc
tion, otherwise inexplicable, in which the rudimentary 
hairs lie on our arms. Both on the upper and on the 
lower arm the hairs are directed towards the elbow, where 
they meet at an obtuse angle. Except in Man, this striking 
arrangement occurs only in the Anthropoid Apes, the Gorilla, 
Chimpanzee, Orang, and several species of Gibbons. In 
other Gibbons the hairs of both the lower and the upper arm 
are directed towards the hand, as in other Mammals. This 
remarkable peculiarity of Anthropoids and of Man can 
only be explained on the assumption that our common ape
like ancestors were accustomed, as they are even now, 
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during rain, to bring their hands together over their heads, 
or over a branch overhanging their heads. The reverse 
direction of the hairs, when the anr.s were in this position 
caused the rain to run off. Thus, even yet, the direction 
of the hairs on our lower n.nn testifies to this advantageous 
habit of our Ape-ancestors. 

If the skin and its appendages are minutely examined, 
Comparative Anatomy and Ontogeny supply many similar 
important "records of creation," showing that they are 
directly inherited from the skin-covering of the Ape. We 
obtained our skin and hair by inheritance, immediately 
from Anthropoid Apes, these from the lower Apes, which, 
in turn, inherited the same parts from lower Mammals. 
This is also true of the other great organ-system which 
is developed from the skin-sensory layer-of the nervous 
system and the sensory organs. This very highly deYeloped 
organ system, which performs the highest vital functions
those of the mind-we have inherited immediately from 
the Apes, and mediately from Mammals of a lower order. 

The human nervous system, like that of all other 
Mammals, is, in its developed condition, a very complex 
apparatus, the anatomical arrangement and the physiological 
activity of which may, in general terms, be compared to a 
telegraph system. The central marrow (mecl~tllc~), or cen
tral nervous system, represents the principal station, the in
numerable" ganglion cells" (Fig. 7, vol. i. p. 129) of which are 
connected with each other and with numerous very delicate 
conducting lines by their branched processes. The latter 
are the peripheric" nerve fibres," distributed over the whole 
surface of the body ; these, together with their terminal 
apparatus, the sense-organs, etc., constitute the "conductive 

VOT, H. J> 
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marrow," the peripheric nerve-system. Some, as sensory 
nerve-fibres, convey the sensations of the skin and of other 
sense-organs to the central medulla; others, as motor nerve
fibres, transmit the impulses from the central marrow to the 

mn::;clcs. 

FIG. 217.-Human embryo 
of three months, in natural 
size, seen from the dorsal side; 
the brain and dorsal marrow 
exposed (after Koelliker) : It, 
hemispheres of the cerebrum 
(fore-brain) ; m, "four.bulbs" 
(micl.hrain) ; c, small braill 
(hind-brain, or cm·euellton). 
Below the latter is the 
three-cornered "neck-meclulh" 
(after-brain). 

FrG. 218.-Ccntral marrow 
of a human embryo of four 
months, in natural size, seen 
from the dorsal side (after 
Koelliker) : h, large hemi
Epheres; ·v, "four-bulbs;'' c, 
small brain; 1no, neck-medttlla. 
Below tbis the dorsal medulla 
(marrow). 

The central nervous system, or centml marrow (med~tlln 
eentn~lis), is the actual organ of mental activities, in the 
stricter sense. vVhatever view is taken of the intimate 
connection between this organ and its fm1ctions, it is, at 
leaf't, certain that those of its special activities which we 
call sensation, volition, and thought, are in man, as in all 
the higher animals, inseparably connected with the normal 
development of this material organ. Hence we must neces
sarily take a deep interest in the history of the development 
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of this organ. As it alone can give Uti the most important 
information as to the nature of our "mind," it commands 
our most earnest attention. For if the central marrow 
develops in the human embryo exactly as in the embryos 
of all other :Mammals, then the development of the human 
mental organ from the same central organ of other Mammals 
and, more remotely, from that of lower Vertebrates, cannot 
he questioned. It is, therefore, impossible to dispute the 
enormous significance of these phenomena of development. 

In order to appreciate these rightly, a few words must 
first be :;aiel as to the general form and anatomical construc
tion of the developed central marrow in l!Ian. Like the 
central nervous system of all other Skulled Animals (Ora
niota), it consists of t·wo distinct parts: firstly, of the brain 
or the medulla of the head (encephalon, or 'Ynedulla ca-
1'itis), and, seconcliy, of the spinal marrow (medulla spi
nalis). The former is enclosed in the bony skull, or" brain 
case," the latter in the bony vertebral canal, which is com
posed of a consecutive series of vertebrre, shaped like signet 
rings. (Of. Plate Y. Fig. 16, ?n.) From the brain proceed 
twelve pairs of head nerves, from the spinal marrow thirty
one pairs of medullary or spinal nerves for the remainder 
of the body. The spinal marrow, when examined merely 
anatomically, appears as a cylindrical cord with a spindle
shaped swelling in the region of the neck c~t the last of the 
neck-vertebrre) and another in the lumbar region (at the 
first lumbar vertebra, Figs. 217, 218). At the swelling at 
the throat the large nerves of the upper limbs pass off from 
the spinal marrow, and those of the lower limbs from the 
swelling in the lumbar region. The upper end of the spinal 
marrow passes through the neck-marrow (medulla oblon-
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gatrr) into the brain. The spinal marrow appears indeed to 
be a dense mass of nervous substance; but along its axis 
passes a very narrow canal, which is continued in front 
into the larger cavities of the brain, and which, like those 
cavities, is filled with a clear fluid. 

The brain forms a censiderable mass of nen·ous sub
stance, of very complex, minute structure, which occupies 

FIG. 219.-Human brain, 
seen from the lm1·er side. 
(After H. Meyer.) Above (in 
front) is the large brain 
(cetebmm), with extensively 
branched furrov>s ; below (be
hind) is the small brain (cm·e
bellum), with narrow parallel 
furrows. The Roman numbers 
indicate the roots of the twelve 
pairs of brain nerves in order 
from front to back. 

the greater part of the skull-cavity; it is roughly distin
guishable into two main parts-the large and small brain 
(cm·ebr·nm and cenbell1~1n). The former is situated in 
front and over the latter, and its surface exhibits the well
known characteristic convolutions and furrows (Figs. 219, 
220). On its upper surface it is divided by a deep longi
tudinal slit into two lateral halves, the so-called "great 
hemispheres," which are connected by means of a bridge, or 
"cross-piece" (cm·pus ccdlosnm). A deep transverse fissure 
separates the large brain ( ceTebrum) from the small brain 
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(cere bell U11t ). The latter is ::;ituatetl more posteriori y antl 
inferior!:·, and shows on its outer surface e·1ually numerous 
furrow;;, \Yhich are, howe,·er, much finer and more regular, 

FIG. 220.-llnman brain, seen from the left side. (After H. Meyer.) The 
furrows of the large brain are indicated by large, thick lines, those of the 
small brain by finer lines. Below the latter the neck-marrow is visible. jl-j3, 
frontal eon>olntions; Ce. a Ce. p, central convolutions; R, fissure of Rolan
dus; S, Syl>ian fissure; T, temporal or parallel fissure; Pa, parietal lobe; An, 
the annectant convolutions; PO, parieto.occipital fissure; Su, supra-marginal 
convolution; IP, intra-parietal fissure; t, tempore-sphenoidal convolution. 

and behYeen them are curved ridges (Fig. 219, lower part). 
The small brain is also divided into two lateral halves by a 
longitudinal furrow; these are the "small hemispheres," 
which are connected at the top by a worm-like cross-piece, 
the" brain-worm" (verrnis), and at the bottom by a bridge 
(pons mrolii; Fig. 219, VI.). 

Comparative Anatomy and Ontogeny show, however, that 
in Han, ail in all other Skulled Animals, the brain originall/ 
consists not of two but of five distinct parts lying one 
behincl another. These originally appear in the embryo of all 
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Skulled Animals (Omniotc~), from the Cyclostomi and Fiehes 
up to Man, in exactly the same form, as five bladders 
placed one behind the other. Alike in their first rudiments, 
they, however, differ in their further development. In Man 
and all higher Mammals the first of these five bladllers, the 
fore-brain, develops so excessively that, when mature, it 
forms, both in size and weight, by far the greater part of the 
\vhole brain. To it belong, not only the great hemispheres, 
bnt also the bridge (corpt~s callos~m), which connects these 
two, the olfactory lobes, from which proceed the nerYes of 
smell, and most of the processes lying on the roof and floor 
of the great lateral cavities of the two hemispheres; such, 
for instance, as the large streaked bodies (corpon~ striutn). 
On the other hand, the "centres of sight," which lie be
tween the streaked bodies, belong to the second main part, 
which develops from the twixt-brain; and to the same part 
belong the third brain ventricle (which is single) and the 
processes known as the "funnel" ( infunclibtLlton ), the 
gray mass, and the" cone" (concwiwrn). Behind these, and 
between the large brain and the small brain, we find a little 
mass, composed of two pairs of bosses, and called the "four 
bulbs," on account of two superficial furrows -which cross 
each other at right angles, thus quartering the whole mass 
(Figs. 217, m, 218, v). Though these "four bulbs" are very 
insignificant in Man and the higher Mammalia, they 
constitute a distinct part of the brain, the third, or mid
brain, which is, on the contrary, especially well deYelopecl 
·in the lower Vertebrates. The next or fourth part of the 
brain is the hind-brain, or small brain (cerebellum), in the 
strict sense of the term, with its single middle process, 
the "worm" (vermis), and its two lateral parts, the "small 
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hemispheres" (Figs. 217, c, 218, c). Behind this comes, finally, 
the fifth and last part, the "neck-marrow" (me<hdht oblol~

gata, Fig. 218, 11w ), which includes the single fourth brain 
ventricle aJHl the atljoining processes (pyramitb, olives, and 
restiform bo1lies). The neck medulla passes directly Jown 
into the spinal marrow. The narrow central canal of the 
~-;pinal marrow extends into the wider "fourth ventricle " of 
the neck medulla, which is rhomboidal in shape, and the 
t!oor of which forms the "rhomboid groove." From this 
proceeds a narrow cluct, called the "aqueduct of Sylvius," 
which leads through the "four-bulbs" into the third ven
tricle, situated between the two "centres of sight;" and 
this cavity in turn is connected with the pair of lateral 
casities wl1ich lie right and left in the largo hemispheres. 
AU the cavities of the central marrow are, therefore, directly 
connected together. IIJ.cli viclually all these parts of the brain 
which we have enumerated have an mfinitely complex, 
minute structure, which we cannot now study, and which 
hardly bears on our subject. This wonderful brain-struc
ture, as it occurs only in Man and the higher Vertebrates, is 
of the highest importance, simply because, in all Skulled 
Animals (Oraniotct), it develops from the same simple rudi
ments, from the five brain-bladders already enumerated. 
(Cf. Plates VI. and VII.) 

Before we direct our attention to the individual develop
ment of the complex brain from this series of simple 
bladders, we will, in order to understand the matter more 
clearly, glance for a moment at those lower animals which 
have no such brain. Even in the skull-less Vertebrates, in 
the Amphioxus, there is no real brain. In this case the 
whole central marrow is merely a simple cylindrical cord 
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traversing the body longitudinally, and terminating in front 
almost as simply as at the other end: it is a simple medul
lary tube (Plate XI. Fig. 15, m). We found, however, that 
the rudiment of the same simple medullary tube occurs in 
the ascidian larva (Plate X. Fig. 5, m) and in the same cha
racteristic position, above the notochord. Moreover, when 
closely examined a small bladder-like swelling may be seen 
at the fore end of tho medullary tube in these two closely 
allied animals ; this is the :first indication of a separation of 
the medullary tube into brain (rn1) and spinal marrow (m"). 
\Yhen, however, we consider the undeniable relationship of 
the .Ascidia to the rest of the Worms.- it is evident that the 
simple central marrow of the former exactly answers to the 
simple nerve-ganglion which, in the lower Worms lies above 
the throat (pha?·ynx), and which has, therefore, long been 
called the "upper throat ganglion " (ganglion pha?·y11geurn 
su,peTit~s ). In the Gliding Worms ( T1wbella1·ia) the whole 
nerve system consists merely of this simple ganglion, which is 
situated on the dorsal side of the body, and from which nerve
threads radiate to the different parts of the body (Fig. 2ll,gn ). 
This upper throat ganglion of the lower Worms is evidently 
the rudiment from which the more complex central marrow 
of the higher animals has developed. .An elongation of the 
upper throat ganglion along the dorsal side gave rise to 
the medullary tube, which is characteristic of Vertebrates 
and the young forms of .Ascidia alone. On the other hand, 
in all other animals, the central nerve system has de
veloped in a very different manner from the upper throat 
ganglion; in .Articulated .Animals (A?·tlwopoda) especiaJly, 
the latter has developed into a throat (pha,ryngeal) ring, 
w.ith a ventral marrow; this is the case, also, in the articu-
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lated Ringed Worms (A nnelicla) and the Star-animals (I!J'clti
nodeJ'?JW), which originated from Arthropods. The Soft
boJied Animals (1lfollusca) also have a throat ring, which i. 
quite unrepresented in Vertebrates. Only in Y crtchratc. 
the central marrow developed along the dorsal side, while 
in all other animals which have been named it developed 
along the ventral siJe of the body.169 

Descending below the \Vorms we £nJ very many 
animals which are entirely without a nen~e-system, and in 
which the functions of that system are performed simply by 
the outer skin-covering-by the cells of the skin-layer, Ol' 

exoderm. This is the case in many low Plant Animal" 
(Zoophyta), for instance, in all Sponges, and in the common 
fresh-water Polyp, the Hydra. It was also undoubtedly the 
case in all extinct Gash·reads. In all Primitive Animah· 
(P1·otozoct) the nerve-system is, of course, unrepresented, for 
these have not as yet attained to the development of germ
layers. 

In considering the individual developm<mt of the nerve
system in the human embryo, we must first of all start from 
the important fact already mentioned, that the first rudi
ment of the system is the simple medullary tube, which 
detaches itself from the outer germ-layer along the middle 
line of the lyre-shaped primitive germ. Vir e found (Figs. 
85-87, vol. i. p. 298) that the rectilineal primitive groove, or 
dorsal furrow, first arises in the centre of the lyre-shaped 
germ- disc. On each side of this rise the two parallel dorsal 
or medullary swellings. The free margins of these bend to
wards each other, coalesce, and form the closed medullary tube 
(Figs. 88-93, vol. i. pp. 300-309). At first this tube lies directly 
under the horn-plate; it is, however, afterwards situate 
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FrGs. 221-223.-Lyre-shaped (or sole-shaped) germ-shield of a Chick, in 
three consecutive stages of evolution, seen from the dorsal surface: about 
twenty times enlarged. Fig. 221, with six pairs of primitive vertebroo. 
The brain a simple bladder (hb). The medullary furrow is wide open from 
the point x, very wide at z. mp, Marrow (or medullary) plates; sp, side
plates; y, boundary between the thron,t cavity (sh) and the head-intestine 
<~·d). F;g. 222, with ten pairs of primitive vertebrre. The brain consists of 
three bladders: t•, fore-brain; m, mid-brain; h, hind-brn,in. c, Heart; dv, 
yelk-veins. The medullary furrow is wide open behind (z). mp, Marrow
plates. Fig. 223, with sixteen pairs of primitive vertebrre. The brain 
consists of five bladders: v, fore-brain; z, twixt-brain; m, mid-brain; h, 
hind-brain; n, after-brain. a, Eye-vesicles; g, ear-vesicles; c, heart; d-~, 
.Yelk-veins; ntp, marrow-plate. u1v, primitive vertebrre. 
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quite internally, the upper c1lges of the primitiYc Ycrtchral 
plates, which penetrate, from right aiHl left, in Letwecn the 
horn-plate and the merlullary tube, uniting aLoYe the latter, 
and thus completely embedding it in a closecl canal. As 
Gegenbaur most aptly remarks, "This gradual embetlrling 
in the interior of the body must be rcgar•lcd as an inci<knt 
acquired in connection with progressive differentiation, anrl 
with the conse<1uent higher capacity, by which the most 
important organ of the system is secured in its interior." 

To every thoughtfnl and unprejudiced man it must 
appear an extremely important aml pregnant fact, that our 
mental organ, like that of all other Skulled .Animals ( CfJ'Ct

n iotn ), commences in the same way and in exactly the same 
simple foxm in ·which this organ remains for life in the 
lowest Vertebrate, the .Amphioxus (vol. i. p. 420, Fig. 151; 

Plate XI. Fig. 15, m). In the Cyclostomi, that is, in the stage 
aboYe the .Acrania, the anterior extremity of the cylindrical 
medullary tube begins to extend, at an early period, in the 
form of a pear-shaped bladder, which is the first distinct 
rudiment of a brain (Plate XI. Fig. 16, ?n:t). For the central 
medulla of Vertebrates thus first distinctly differentiates 
into its two main sections, the brain (?n1) and the spinal 
marrow (m,2). The first faint indication of this importa~t 
differentiation is discoverable in the .Amphioxus, perhaps 
even in the .Ascidian larva (Plate X. Fig. 5). 

The simple bladder-like form of the brain, which is 
retained for a considerable time in · the Cyclostomi, also 
appears at first in all higher Vertebrates (Fig. 221, hb). In 
the latter, however, it soon disappears, in consequence of 
the separation of the sin1ple brain-bladder, by transverse 
contractions of its circumference, into several consecutive 



220 THE EVOLUTIO:N OF :\rAN. 

parts. Two Qf these contractions first appear, and con
sequently the brain forms three consecutive bladders (Fig. 

3 2. .. 

4 .. 

Fras. 224-226.-Centra: mar
row of human embryo in the 
seventh week, two em. long. 
(After Koelliker.) Fig. 226, 
view of the whole embryo from 
the dorsal side; the brain and 
dorsal marrow laid bare. Fig. 
225, the brain and upper pare 
of the dorsal marrow from the 

left side. Fig. 221, the brain from above: v, fore-brain; z, twixt-brain; 
m :mid-brain; h, hind-brain; n, after-brain. 

222, v, m, h). The first and third of these three primitive 
bladders then again separate by transverse contractions, 
each into two parts, and thus five consecutive bladder-like 
divisions are formed (Fig. 223 : cf. also Plate V. Figs. 
13-lG; Plates VI. and VII., second cross-line). These five 
fundamental brain-bladders, which re-occur in the same form 
in the embryos of all the Skulled Animals (Craniata), were 
fu·st dearly recognized by Baer, who understood their true 
importance and distinguished them, according to their rela
tive positions, by very appropriate names, which are still in 
general use: I., fore-brain (v); II., twixt-brain (z); III., mid 
brain (m,); IV., hind-brain (h); and V., after-brain (n). 

In all Skulled Animals, from the Cyclostomi to l\'Ian, 
the same parts, although in very various forms, develop 
from these five original brain-bladders. The first bladder, 
the fore-brain (p?'otopsyche, v), forms by far the largest part 
of the so-called" great brain" (ce?·eb?·urn); it forms the two 
great hemispheres, the olfactory lobes, the streaked bodies 
(corpora striatn ), and the cross-piece ( CO?'J>tl,S wlloswn ), 
together with the "arch" (jo1·nix). From the second 
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bladder, tho twixt-lJrain (tltJuiopsyche, c,) proceed primarily 
the "centres of sight'' and the other parts which surround 
the so-called "third brain-ventricle," also the "funnel" 
(infnnclibt~lLwn), the "cone" (conw·iwn), etc. ThC' third 
bladder, the mid-brain (mesopsyche, ?n), furnishes the small 
group of the "four bulbs," together with the "aqnellnct of 
Sylvius." From the fourth bladder, the hind-brain (l!'t.Cla

psyclte, h), the greater part of the . o-callecl "little hrain" 
(cei·ebellum) develops; the central "worm" (vennis), and 
the two lateral "small hemispheres." The fifth hla(lJer, 
finally; the after-brain (epipsyche, n), forms the neck
marrow, or the "elongated marrow" (medulla obloilgata), 
together with the rhomboid grooYc, the pyramids, oliYes, etc. 

The very highest importance must certainly be ascribed 
to the fact, seen in Comparative Anatomy and Ontogeny, 
that the brain is originally formed in exactly the same way 
in the embryos of all Skulled Animals (Cmniota), from the 
lowest Cyclostomi and Fishes, to Apes and Man. In all, 
the first rudiment of the brain is a simple bladder-like 
expansion at the anterior extremity of the medullary tube. 
In all, the five bladders are formed from this simple bladder
like expansion, and in all, these five primitive brain
hladders develop into the permanent brain, with its many 
complex anatomical arrangements, which afterwards appear 
in such extremely diverse forms in the various vertebrate 
classes. On comparing the mature brain of a Fish, an 
Amphibian, a Reptile, a Bird, and a Mammal, it is hardly 
conceivable that the several parts of these forms, so ex
tremely different, both internally and externally, may be 
traced back to one common condition. And yet, all these 
va.rious brains of Craniota have originated from exactly the 
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same rudimentary form. vV e need only compare the em
bryos of these various classes of animals at corresponding 
stages of development, in order to assure ourseh·es of thiH 
fundamental fact. (Cf. Plates VI. and VII., second cross
line.) 

~ 
~ 

FIG. 227.-Brains of three embryonic Skulled Animals in vertical longi
tudinal sections: A, of a Shark (Heptancla;s); B, of a Snake ( Coluber); 0, of 
a Goat (Capra); a, fore-brain; b, twixt-brain; c, mid-brain; d, hind-brain; 
e, after-brain; s, primitive fissure of the brain. (After Gegenbanr.) 

FIG. 228.-Brain of a Shark (Scyllium) from the dorsal side: g, fore
br:J.in; h, olfactory bulbs of the fore-brain, which soncl bhe large olfactory 
nerves to the large nose capsules (o); d, twixt-brain; b, n,'d-brain (behind 
it, the insignificant rudiment of the hind-brain); a, after-:n-ain. (After 
Busch.) 

FIG. 229.-Brain and dorsal marrow of a Frog: A, from the dorsal side; 
B, from the ventral side; a, olfactory bulbs, in front of the fore-brain (b) ; 
i, funnel at the base of the twixt-brain; c, mid-bmin; d, hind-brain; s, 
rhomboid groove in the after-brain; rn, dorsal marrow (very short iu the 
frog); m', root-processes of the spinal nerves; t, fibre at the end of the 
dorsal marrow. (After Gegenbaur.) 
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A thorough comparison of the corresponding stages of 
development in the br.ain in the various Skulled Animals 
( Cmniota) is very instructive. If it is applied to the whole 
series of skulled classes, the following extremely interest
ing facts soon become evident: in the Cyclostomi (Myxi
noicles and Pet?'O?nyzontes), which, as we have seen, are 
the lowest and earliest Skulled Animals, the whole brain 
remains for life at a very low and primitive stage of 
development, through which the embryos of the other 
Skulled Animals pass very rapidly; the five original 
sections of the brain arc Yisible throughout life in an almost 
unmodified form. But eYen in Fishes, an essential and 
important transformation of the five bladders takes place;. 
it is evidently from the brain of the Primitive Fishes 
(Selachii; Fig. 228), that, on the one side, the brain of the 
other Fishes, and on the other, the brain of the Amphibians 
and also of the higher Vertebrates, must be traced. In 
Fishes and Amphibians (Fig. 229), the central part, the 
mid-brain, and also the fifth section, the after-brain, are 
especially deYeloped, while the first, second, and fourth 
sections remain far behind. In the higher Vertebrates, the 
exact reverse is the case, for in these the first and fourth 
sections, the fore and hind brains, develop pre-eminently; on 
the other hand, the mid-brain remains very small, and the 
after-brain is also much smaller. The greater part of the 
"four-bulbs" is coYered by the large brain ( cm·eb1·u?n) and 
the after-brain by the small brain (cerebellum). Even 
among the higher Vertebrates themselves, numerous grada
tions occm· in the structure of the brain. From the Am
phibians upward, the brain, and with it the mental life, 
develops in two different directions, of which the one is 
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carried out in Reptiles and Birds, the other m 1\f&mmals. 
The latter are especially distinguisaed by the very charac
teristic development of the first section, the fore-brain. In 

FIG. 230.-Brain of Rabbit: A, from the d01·sal side; B, from the 
ventral side; lo, olfactory lobules; I., fore-brain; h, hypophysis at the base 
of the twixt-brain; III., mid-brain; IV., bind-brain; V., after-brain; 2, optic 
nerve; 3, motor nerve of the eye; 5-8, fifth to eighth nerves of the brain. 
In A, the upper surface of the right large hemisphere (I. ) is remO'I·ed, so 
that the streaked bodies ( CO>jJora st;·iata,) can be seen in its side chamber 
(ven~;-iwlus latemlis). (After Gegenbaur.) 

Mammals alone (Fig. 230) does this "great brain " develop 
to such an extent, that it eventually covers all the other 
parts of the brain from above. 

There are also remarkable differences in the relative 
positions of the brain-bladders. In the lower Skulled 
Animals the five brain-bladders are at first situated one 
behind the other in the same plane. If the brain is re
garded from the side, a straight line may be drawn through 
all the five bladders. But in_ the three higher vertebrate 
classes, in the Amnion Animals (Arnniota), a noticeable 
curving of the rudimentary brain takes place, simultaneously 
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with the head and neck curving of the whole body, owing 
to the fact that the whvle upper dorsal surface of the brain 
grows much faster than the lower ventral surface. The 
result is that the brain is so curved that its parts are after
wards situated thus: the fore-brain lies quite in front and 
below, the twixt-brain somewhat higher and over it, while 
the mid-brain lies highest of all and p~:ojects fmthest for
ward; the hind-brain is situated lower, the after-brain yet 
further back and below. This disposition occurs only in 
the three classes of the Amniota, in Reptiles, Birds, and 
Mammals. (Of. Plates I., VI., and VII.) 

Though, in general features of growth, the brains of 
.Mammals correspond with those of Birds and Reptiles, yet 
striking differences very soon appear between the two. 
In Birds and Reptiles (Plate VI. Figs. Hand 0), the mid
brain (rn) and the central part of the hind-brain develop 
considerably. In :Mammals, on the other hand, these parts 
remain small, and instead, t.he fore-brain begins to grow 
so rapidly that it covers the other bladders from in front 
and above. As it constantly gr<;>WS further back, it even
tually covers the whole of the rest of the brain above, 
and also encloses the central part from the sides This 
process is of the greatest importance, because this fore-brain 
is the organ of the higher mental activities,-because in it 
are accomplished those functions of the nerve-cells, the sum 
of which is generally designated as the mind, or the "spirit" 
in the narrower sense. The highest activities of the animal 
body, the wonderful manifestations of consciousness, the 
complex phenomena of the activities of thought, have their 
seat in the fore-brain. It is possible to remove the great 
hemispheres of a :Mammal, piece by piece, without killing 
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the animal, thus proving that the higher mental activities, 
consciousness and thought, conscious volition and sensation, 
may be destroyed one by one, and finally entirely anni
hilated. If the animal thus treated is artificially fed, it 
may be kept alive for a long time; for the nourishment of 
the entire body, digestion, respiration, the circulation of the 
blood, secretion, in short, the vegetative functions, are in 
no way destroyed by this destruction of the most important 
mental organs. Conscious sensation and voluntary motion, 
the capacity for thought and the combination of the various 
higher mental activities, have alone been lost. 

This fore-brain, the source of all these most wonderful 
nervous activities, reaches that high degree of perfection only 
in the higher Placental Animals (Placentalia); a fact which 
explains very clearly why the higher Mammals so far excel 
the lo-wer in intellectual capacity. While the "mind" of the 
lower Placental Animals does not exceed that of Birds and 
Reptiles, we find among the higher Placentalia an uninter
rupted gradation up to Apes and Man. Accordingly, their 
anterior brains show surprising differences in the degree of 
perfection. In the lower Mammah, the surface of the great 
hemispheres (the most important part) is entirely smooth 
and even. The fore-brain, too, remains so small that it 
does not even cover the mid-brain above (Fig. 230). One 
stage higher, and this ~q,tter is indeed entirely covered by 
the excessive growth of the fare-brain; but the hind-brain 
remains free and uncovered. At last, in Apes and in Man, 
the fore-brain covers the hind-brain also. A similar gradual 
advance may also be traced in the development of the 
peculiar furrows and protuberances which are so charac
teristically prominent on the smface of the large brain 
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(ce1·ebrum) of higher Mammals (Figs. 219, 220). If the 
brains of the various mammalian groups are compared with 
reference to these convolutions and furrows, it appears that 
their gradual development is entirely proportionate 'Nith 
the development of the higher intellectual activities. ~fuch 

attention has recently been devoted to this particular 
branch of the Anatomy of the brain, an~l very striking 
individual differences have been found even within the 
human race. In all human individuals distinguished by 
peculiar ability and great intellect, these swellings and 
furrows on the surface of the great hemispheres exhibit a 
much greater development than in common average men; 
while in the latter, again, they are more developed than in 
Cretins and others of unusually feeble intellect. There are 
also similar gradations in the internal structure of the fore
brain in ~Iammals. The great cross-piece (c01J.JnS cc~llosum), 
especially, the bridge between the two great hemispheres, 
is developed only in Placental Animals. Other arrange
ments, for example, in the structure of the lateral cavities, 
which seem primarily to be peculiar to Men as such, re
appear only in the higher species of Apes. It was long 
believed that Man had some entirely peculiar organs in the 
great brain ( ce1·ebrum ), which are wanting in all other animals. 
But close comparison has shown that this is not the case, 
but that rather the characteristic qualities of the human 
brain exist in a rudimentary state even in the lower Apes, 
and are developed to a greater or less degree in the higher 
Apes. Huxley, in his important and much-quoted book, 
" Evidence as to Man's Place in Nature" (1863), has shown, 
most convincingly, that within the Ape-series the differences 
in the formation of the brain are greater between the 
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higher and lower Apes than between the higher Apes and 
Man. This statement is, indeed, equally true of all the 
other parts of the body. But the fact that it is true of the 
central marrow is especially important. This does not 
become fully evident unless these morphological facts are 
considered in connection with the corresponding physio
logical phenomena; until we consider that every mental 
activity requires for its complete and normal exercise the 
complete and normal condition of the corresponding brain
structure. The extremely complex and perfect active 
phenomena within the nerve-cells, summed up in the word 
"mental life," can no more exist without their organs in 
the vertebrates, including man, than can the circulation of 
the blood without a heart or blood. As, however, the 
central marrow of Man has developed from the same 
medullary tube as in all other Vertebrates, so also must the 
mental life of :Man have had the same origin. 

All this is of comse true of the conductive marrow, or 
the so-called "peri ph eric nervous system." This consists 
of the sensitive nervous :fibres which convey the impressions 
of sensation from the skin and the organs of the senses in 
a centripetal direction to the central marrow ; as well as 
of the motor nervous :fibres, which, reversely, convey the 
movement~ . of volition from the central marrow, in a cen
trifugal direction to the muscles. By far the greater part 
of these peripheric conductive nerves originates from the 
skin-fibrous layer, by peculiar local differentiation of the 
Tows of cells into the respective organs. 

The membranous coverings and blood-vessels of the 
central marrow are identical in origin with the greater part 
of the conductive marrow; these membranous coverings 
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are the inner membrane (pia mateT), the central membrane 
(meninj_' c~mchnoides), and the outer membrane (clul'(( 
mater). All these parts are developed from the skin-fibrom; 

layer. 

TABLE XXVII. 

SYSTEMATIC SURVEY OF THE MOST BIPORTAN1' PERIODS IN THE PHYLOGENY 

oF THE HuMAN SKIN-COVERINGS. 

I. Fi1·st Periorl,: Skin of Gastrrearl,s. 

The entire skin-covering (including the nervous system, not yet differ
entiated from it) consists of one simple layer of ciliated cells (exoderm, or 
primary skin-layer); as it is at the present day in the gastrula of the 

.Amphioxus. 

II. Seconrl, Period: Skin of Primitive TI'orms. 

The simple exoderm of the Gastrooad has thickened and split into two 
distinct layers, or secondary germ-layers: the skin-sensory layer (rudiment 
of the horn-plate and nerve-system) and the skin-fibrous layer (rudiment of 
the leather skin (co1·ium), the muscle-plate and the skeleton-plate. The 
skin is potentially both covering and mind. 

Ill. Thi1·d Period: Skin of Oho1·donia. 

The skin-sensory layer has differentiated into the horn-plate (epidermis), 
and the central marrow (upper throat ganglia) separated from it; the latter 
elongates into a medullary tube. The skin-fibrous layer has differentiated 
into the leather plate (corium) and, below this, the skin-muscular pouch (as 

in all Worms). 

IV. Fotwth Periorl,: Skin of Acrania. 

The horn-plate yet fQrms a simple epidermis. The leather-plate is fully 
differentiated from the muscle and skeleton plates. 



THE EVOLUTION OF MAN. 

V. Fifth Petiod: Sldn of Cyclostoma. 

The outer-skin remains a simple, soft mucous layer of cells, but forms 
one-celled glands (cup-cells). The leather-skin (wrium) differentiates into 
rutis and sub-cutis. 

YI. Sixth Period : Skin of Primitive Fishes. 

The outer skin is still simple. The leather skin forms placoid scales or 
small bony tablets, as in the Selachii. 

VII. Seventh Period,: Skin of Amphibia. 

The outer skjp. differentiates into an outer horn-layer, and an inner 
mucous layer. The ends of the toes are covered with horny sheaths (first 
rudiments of claws or nails). 

VIII. Eighth Period: Skin of Mammals. 

Tht> outer skin forms the appendages characteristic of Mammals only; 
hair, and .sebaceous, sweat, and milk glands. 

TABLE XXVIII. 

SYSTEMATIC SURVEY OF THE )!QST IMPORTANT PERIODS IN THE PHYLOGENY 

OF THE HUMAN NERVOUS SYSTEM. 

I. First Period,: Med,ulla of Gastrread,s, 

The nerve system is not yet distinct from the skin, and, together with 
the latter, is represented by the simple cell-stratum of the exoderm, or 
primary skin-layer; as it is at the present day in the gastrula of the 
.Amphioxus. 

II. Second Pe.·iod: Medittlla of P1·imitive Worms. 

The central nerve system is yet, at first, a part of the skin-sensory layer, 
and afterwards consists of a throat medulla, a simple nerve-ganglion lying 
above the throat ; as it is now in the lower Worms : the upper throat
ganglion. 
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III. Thiril, Period : ]JJedt~lla. of Ohm·donia. 

The central nerve system consists of a simple medullary tube, an 
elongation of the upper throat ganglion, which is separated from the intes
tine by a notochord (chorda do1·salis). 

IV. Fou1·th Period : Medulla of Acrania. 

The simple medullary tube differentiates into two parts : a head, and a 
dorsal part. The head medulla resembles a small, pear-shaped, simple 
swelling (the primitive brain, or first rudiment of the brain) on the anterior 
extremity of the long cylindrical spinal marrow. 

V. Fifth Period: Medulla of Oyclostoma. 

The simple, bladder-like rudiment of the brain divides into five con
aecutive brain-bladders of simple structure. 

VI. Siwth Period : Medulla of Primitive Fishes. 

The five brain-bladders differentiate into a form similar to that now 
permanently retained by the Selachii. 

VII. Seventh Period: Medulla of Amphibia. 

The differentiation of the five brain-bladders progresses to that structure 
which is now characteristic of the brain in Amphibia. 

VIII. Eighth Period: Medulla of Mammals. 

The brain attains the characteristic peculiarities distinctive of Mammals. 
The following may be distinguished as subordinate stages of development ; 
1, the brain of Monotremes ; 2, the brain of Marsupials; 3, the brain of 
Semi-apes; 4, the brain of Apes; 5, the brain of Man-like Apes; 6, the 
brain of Ape-men; and 7, the brain of Man. 
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T ABLE XXIX. 

Systematic Survey of the Evolution of the Skin-covering aud 
Nerve System. 

XXIX. A. Survey of the Evolution of the Skin-covering. 

Skin 
(Deo·ma, 

or 
Int<gwnentunt) 

r lHorn-layer of the outer I Hair 

j 
Outer-skin skin .Nails 

(Epide1'1nis) (Stmtum coma<m) Sweat glands 
Product of the Skin- Mucou• layer of the Tear ghuul; 

sensory-layer outer skin Sebaceous glands 
~ (Stmtum mucosum) d\Iilk glamls. 

(
Fibrous layer of the{Connectn·e tiSSue 

Leathe_r-sldn leather ski~ i'~~u\~5:1~f~sue 
(Corwm) . l (C<ttLs) Biood-Yes,els 

Product of the Skm- Fatt! layer of the leather Papillre of taste and 
fibrous -layer skm . nerves of the 

l (Subcut.s) leather skin 

XXIX. B . Survey of the Evolution of the Central Marrow. 

Central Marrow, 
or 

Central Nerve 
System 

(Psyche, or .Afedulla 
Centralis). 

Product of the 

Skin-sensory 
layer 

Medullary 
coverings 
(Meninges) 

I. Fore-brain 
( f'7·otopsyche) l

Grent hemispheres 
Olfactory lobules 
Lateral chambers 
Streaked bodies 
Arch 
Cross piece 

Bernisplu:ene cereb1·i 
Lobi olj"acto1·ii 
Ventriculi laterales 
CoTpora st1·iata 
Fornix 
Co1·pus callosum 

II. Twixt-brain 
(De<ttopsyche) 

{
Centre of sight 
Third chamber 

Thalami optici 
of the Ve1ztriculus terl ius < brain 

lPineal body 
Funnel 

.[
Four bulbs 

III . 1\Iid-bra.in Aqueduct of Sylvius 
(_Mesopsyche) LBrain stalks 

I\'. Hind-brain 
(Metapsyche) 

V . After-brain 
(Epipsyche) 

VI. Dorsalll1arrow 

r Small hemispheres 
-i Brain worm 
l Brain bridge 

rPyramids 

i Olh·es 
Restiform bodi~s 
Fourth chamber of the 

L brain 

.Notopsyche 

Cona1·ium 
Infundibulum 

Cm]Jus bigeminum 
.Aqu~ductus Sylt•ii 
Pedu-nculi cerebri 

Hernisphcc1·re ce1"ebelli 
T"eTm.is ce1·eOelli 
Pons Varolii 

Corpora, py•·amidalia 
C01-po1·a olit.·aria 
Cm'Pm'a 1·est([ormia 
Vent1"iculus quart us 

.Med••lla spina lis 

!Enveloping . mem- 11. Soft medullar:v skin Pia mate1· 
bm~.e~, Wlth the 2. Central medullary skin .A1·achnoidea 
nutnt~ve bloo~l- 3. Hard medullary skin Dura 1n.ate1· 
vesseL of the bram (Products of the skin-fibrous layer) and spmal cord 



CHAPTER XXI. 

DEVELOPMENT OF THE SENSE-ORGANS. 

Origin of the most highly Purposive Sense-organs by no Preconceived 
Purpose, but simply by Natural Selection.-The Six Sense-organs and 
the Seven Sense-functions.-All the Sense-organs originally Developed 
from the Outer Skin-covering (from the Sl-in-sensory Layer).-Organs 
of the Pressure Sense, the Heat Sense, the Sexual Sense, and the 
Taste Sense.-Structure of the Organ of Scent.-The Blind. Nose-pits 
of Fishes.-The Nasal Furrows change into Nasal Canals.-Separation 
of the C::avities of the Nose and Mouth by the Palate Roof.-Strncture 
of the Eye.-The Primary Eye Vesicles (Stalked Protuberances from . 
the Twixt-brain).-Inversion of this Eye Vesicle by the Crystalline 
Lens, separated from the Horn-plate.-Inversion of the Vitreous Body. 
-The Vascular Capsule and the Fibrous Capsule of the Eyeball.-Eye
lids.-Structure of the Ear.-The Apparatus for Perception of Sound: 
Labyrinth and Auditory Nerve.-Origin of the Labyrinth from the 
Primitive Ear Vesicles (by Separation from the Horn-plate).-Conduct
ing .Apparatus of Sound: Drum Cavity, Ear Bonelets, and Drum Mem
brane.-Origin of these from the First Gill-opening and the Parts 
i=ediately round it (the First and Second Gill-arch).-Rudimentary 
Outer Ear.-Rudimentary Muscles of the Ear-shell. 

"Systematic Physiology is based especially upon the history of develop
ment, and unless this is more complete, can never make rapid. progress; for 
tne history of development furnishes the philosopher with the materials 
necessary for the secure construction of a system of organic life. Hence 
anatomical and physiological researches should be prosecuted more from the 
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point of view of development than is now the case; that is, we should study 
each organ, each tissue, and even each function simply with the view of 
determining whence they have arisen."-EMIL HuscHKE (1832). 

THE sense-organs are undeniably among the most important 
and most interesting parts of the human body ; through 
their activity alone we recognize the objects in the world 
around us. "~ihil est in intellectu, quod non prius fuerit in 
sensu." They are the true springs of our mental life. In no 
other part of the animal body can we point to such extremely 
delicate and complex anatomical contrivances, co-operating 
for a definite physiological aim; and in no other part of the 
body do these wonderful and very apt contrivances seem, at 
first, to indicate a premeditated creative design so conclu
sively. Hence it is that, in accordance with the receivell 
teleological view, it has been customary to admire the so
called "wisdom of the Creator" and the "purposive con
trivances of His Creation" especially in this matter. But 
on more mature consideration it will be observed that the 
Creator, according to this conception, does after all but play 
the part of an ingenious mechanic or of a skilful watch
maker ; just, indeed, as all these cherished teleological 
conceptions of the Creator and His Creation are based on 
childish anthropomorphism. 

We admit that at first sight this teleological explana
tion seems to afford the simplest and fittest interpretation 
of these very apt contrivances. If the structure and func
tions of the very highly developed sense-organs are alone 
regarded, it seems as though their origin is hardly explic
able e~cept on the assumption of a supernatural creative 
act. But it is exactly on this point that the history of 
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evolution proves most clearly that this received conception 
is radically false. The history of evolution convinces us that 
the highly purposive and admirably constituted sense organs, 
like all other organs, have developed without premeditated 
aim ; that they originated by the same mechanical process 
of Natural Selection, by the same constant interaction 
of Adaptation and Heredity, by which all the other pur
posive contrivances of the animal organization haYe been 
slowly and gradually evolved during the " Struggle for 
Existence." 

Like most other Vertebrates, Man possesses six distinct 
organs of sense, which accomplish seven distinct sensations. 
The external skin-covering accomplishes the sensation of 
pressure (resistance) and of temperature (warmth and cold). 
This is the earliest, the lowest, and the least differentiated 
organ of sense; it is distributed over the entire surface of 
the body. The other sensorial activities are localized. The 
sexual sense is limited to the skin-covering of the external 
sexual organs, just as the sense of taste is limited to the 
mucous membrane of the mouth-cavity (tongue and palate), 
and the sense of smell to the mucous membrane of the 
nose-cavity. Special mechanical contrivances of great com
plexity exist for the two highest and most differentiated 
organs of sense, the eye for the sense of sight, and the ear 
for that of hearing. 

Comparative Anatomy and Physiology show that in the 
low animals specialized sense-organs are entirely wanting, and 
that all sensations are transmitted through the outer surface 
of the skin-covering. The undifferentiated skin-layer, or exo
derm, of the Gastrrea is the simple cell-layer from which the 
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differentiated sense-organs of all Intestinal Animals (JJfetazoa ), 
and, therefore, of all Vertebrates, originally developed. Start
ing from the consideration that necessarily only the most 
superficial parts of the body, those immediately exposed to 
the outer world, could have accomplished sensations, we 
should be justifieu in conjecturing a p1·im·i that the organs of 
sense also owe their origin to the same part. This is, indeed, 
the fact. The most important part of aU sense-organs 
develops from the outermost germ-layer, from the skin
sensory layer ; in part, directly from the horn-plate, and, in 
part, from the brain, the foremost section of the medullary 
tube, after this has separated from the horn-plate. On 
comparing the individual development of the various organs 
of sense, we see that at first they make their appearance in 
the simplest conceivable form: only very gradually does 
that wonderful perfect structure develop by which the 
higher sense-organs eventually become the most remarkable 
and the most complex mechanisms of the entire organiza
tion. All organs of sense are, however, originally merely 
portions of the external skin-covering, in which sensorial 
nerves are distributed. Even these nerves were originally 
homogeneous and undifferentiated in character. Gradually, 
by division of labour, the various functions or "specific 
energies" of the different sensorial nerves developed. Simul
taneously the simple terminal expansions of these sense 
nerves in the skin-covering developed into extremely com
plex organs. 

The important bearings of these historic facts upon the 
just appreciation of mental life will readily be perceived. 
The whole philosophy of the future will assume another 
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+'orm as soon as Psychology has gained an accurate know
ledge of these genetic facts, and has made them the basis of 
its speculations. 

If the psychological teachings, published by the best
known speculative philosophers, and still generally received, 
are impartially studied, the simplicity with which the authors 
bring forward their airy metaphysical speculations, regardless 
of all the significant ontogenetic facts by which their 
doctrines are clearly refuted, cannot fail to cause great sm
prise. And yet the history of evolution, in conjunction 
with the rapidly advancing Comparative Anatomy and 
Physiology of the sense-organs, affords the only safe founda
tion for the natural theory of the mind. 

With reference to the terminal expansions of the 
sensory nerves, the human organs of sense may be distri
buted into three groups, corresponding to three different 
stages of development. The first group includes those 
sense-organs, the nerves of which distribute themselves 
simply in the free surface of the skin-covering (organs of 
the sense of pressure, of heat, and of the sexual sense). In 
the second group, the nerves distribute themselves in the 
mucous membrane of cavities, which are originally groo,'es 
or inversions of the skin-covering (organs of taste and of 
smell). Finally, the third group is constituted by those 
very highly developed sense-organs, the nerves of which 
distribute themselves ovc:r an internal vesicle detached from 
the skin-covering (organs of sight and hearing). This 
remarkablE: genetic relation is represented in the following 
table:-
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Three GJ·oups. 

( 

A. Sense-organs in I 
which the ter
minal expansions 1 
of the nerves are< 
distributed in the I 
outer skin-cover
in g. 

L 

Sense.organs. 

I. Skin-covering 
(outer skin, or 
epidemtis, and 
leather - skin, 
or corium) 

II. External 
sexual parts 
(penis and cli
toris) 

B. Sense-organs in rl III. Mnconsmem-
which the ter- brane of the 
ruinal expansions month -cavity 
of the nerves are-< (tongue and 
distributed over I palate) 
inverted grooves IV. Mnconsmem-
of th~ outer skin- brane of the 
covermg. l nose-cavity 

C. Sense-organs in r
1 which the ter-

minal expansions J y E 
of the nerves are · ye 
dist_ributed over~ VI. Ear 
ves1cles sepa-
rated from the 
extert;tal skin-\ 
covermg. L 

Sense-mrvts. 

I. Skin nerves ·} Sense of pressure 
(nervi ctttanei) Sense of warmth 

II. Sexual nerves 3. Sexual sense 
(nervi pudendi) 

III. Taste nerve 
(nervus glosso
pha>·yngeus) 

IV. Olfactory 
nerve 
(n. oljactorius) 

'\--. Sight nerve 
(n. optiws) 

VI. Ear-nerve 
( n. acousticus) 

4. Sense of taste 

5. Sense of smell 

6. Sense of sight 

7. Sense of hear. 
ing 

Of the developmental history of the lower organs of 
sense I have but little to say. The development of the skin
covering, which is the organ of the sense of pressure (sense 
of touch) and of warmth, we have ah·eady traced (p. 209). 
I need only add that in the leather skin (co1·iu1n) of Man, 
as of all higher Vertebrates, innumerable microscopic sense
organs develop, the direct relations of which to the sensa
tions of pressure or resistance, of warmth and of cold, are 
not yet ascertained. These organs, in or upon which the 
sensitive skin-nerves terminate, are the so-called "touch 
bodies" and the "Pacinian bodies." named after their dis-
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coverer, Pacini. Similar bodies are also found in the organs 
of the sexual sense, in the penis of the male and in the 
clitoris of the female; these are processes of the integument, 
and the development of which we shall consider presently, 
in connection with that of the other organs of generation. 
The development of the organ of taste, the tongue and the 
palate, we will also consider presently, in connection with 
that of the intestinal canal, to which these parts belong. 
To one point, howeYer, I will now call particular attention, 
viz., the mucous membrane of the tongue and palate, in 
which the taste-nerve terminates, is also in its origin a port: on 
of the external skin-covering. For, as we found, the entire 
mouth-cavity originates, not as a part of the actual intes
tinal canal, but as a groove-like inversion of the external 
skin (vol. i. p. 338). Its mucous membrane, therefore, is 
formed, not from the intestinal layer, but from the skin
layer, and the taste-cells on the upper surface of the tongue 
and palate arise, not from the intestinal-glandular layer, 
but from the skin-sensory layer. 

This is equally true of the mucous membrane of the 
organ of smell, the nose. The history of the development 
of this sense-organ is, however, of far higher interest. 
Although the human nose, externally viewed, seems simple 
and single, yet in Man, as in all higher Vertebrates, it 
consists of two perfectly distinct halves, of a right and a left 
nasal cavity. These two cavities are entirely separated by 
a vertical partition, so that the passage into the right nasal 
cavity lies only through the right nostril, and into the left 
cavity only through the left nostril. Posteriorly the two 
nasal cavities open separately through the two posterior 
nasal apertures into the head of the pharynx, so that the 
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pharynx may be entered without touching the cavity of the 
mouth. This is the passage by which air is usually inhaled; 
the mouth being shut, it enters the pharynx, and thence 
pa~ses through the windpipe into the lungs. Both nasal 
cavitie:;; are separated from the mouth-cavity by the hori
zontal bony palate roof, to the back of which the soft 
palate and the uvula is attached, like a hanging curtain. 
In the upper and hinder portion of both nasal cavities the 
olfactory nerve extends over the mucous membrane, which 
lines these parts. This is the first pair of brain nerves, 
which issue from the skull-cavity through the sieve bone. 
Its branches extend partly over the partition wall, and 
partly over the inner side-walls of the nasal cavities, to 
which are attached the "shells," or spongy bones of the 
nose-complex bony structures. These "shells" are much 
further developed in many of the higher l\Iammals than 
in Man. In all Mammals there are three of these " shells" 
in each of the two nasal cavities. The sensation of smell 
is produced by a current of air, containing odoriferous 
matters, passing over the mucous membrane of the cavities, 
and there coming in contact with nerve-ends. 

The peculiar characters which distinguish the olfactory 
{)rgan of Mammals from that of lower Vertebrates, are 
represented in Man. In all specific points the human nose 
exactly resembles that of the Catarhine Apes, some of which 
indeed possess an entirely human external nose (see face 
<Jf the Nose-ape, Fig. 202, p. 175). The first rudiment of the 
olfactory organ in the human embryo does not, however, 
:show any signs of the fine form of the future catarhine 
nose. Indeed, it first appears in the same form which 
persists for life in Fishes ; in the form of two simple pits, 
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or grooves in the skin of the upper surface of the head. In 
all Fishes two of these mere blind nose-pits are found in 
the upper surface of the head ; sometimes they are situated 
at the back, ncar the eyes, sometimes near the snout, or, 
again, near the mouth-opening (Fig. 191, n, p.113). They are 
lined by mucous membrane in folds, over which the end 
branches of the olfactory nerves spread. 

In this its original condition the double nose of all 
Ar..phirhina (p. 101) is entirely unconnected with the pri
mitive mouth-cavity. The connection, however, begins to 

FIG. 231.-Heacl of a Shark (Scyl
liU1n), from the ventral side : m, mouth 
opening; o, nose grooves, or pits; r, 
nasal furrow; 1'1, nose-flap in its 
natural position; n', nose-flap turned 
up. (The dots are openings of mucous 
oncts.) (After Gegenbaur.) 

appear even m some Primitive Fishes (Selachii); a super
ficial skin-furrow extends on each side from the nose-groove 
down to the adjacent corner of the mouth. This furrow, 
the nasal channel, or furrow (Fig. 231, 1'), is of great sig
nificance. In many Sharks (e.g., Scyllium) a special process 
of the frontal skin, the nasal flap, or "inner nasal process," 
overlaps the nasal fmrow (n, n'). Opposite to this the outer 
edge of the furrow rises and forms the "outer nasal process." 
In Dipneusta and Amphibia these two nasal processes meet 
over the furrow and coalesce, thus forming a canal, the 
" nasal canal." There is now a passage from the external 
nasal groove through this canal directly into the mouth-

VOLn R 
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cavity, which ln.tter was developed independently of the 
groove. In the Dipneusta and the lower Amphibia the 
internal opening of the nasal canal lies well forward (behind 
the lips) ; in the higher Amphibia it lies further back. In 
the three highest vertebrate classes, the Amniota, the 
pril':nary mouth-cavity is separated by the formation of the 
horizontal palate roof into two perfectly distinct cavities, 
the superior (or secondary) nasal cavity, and the inferior 
(or secondary) mouth-cavity. The nasal cavity is also 
separated by the vertical partition into two distinct halves, 
into a right and a left nasal cavity. 

Comparative Anatomy thus still shows us simultaneously, 
in the ascending series of the double-nostrilled Vertebrates, 
from Fishes up to Man, all the various stages of deYelop
ment of the nose which the very highly developed olfactory 
organ of the higher Mammals has passed through succes
sively in the different periods of its tribal history. The 
first rudiment of the organ of smell in the embryo of l\Ian 
and in that of all the higher Mammals, makes its appearance 
in the same entirely simple form which is retained throughout 
life by the nose of Fishes. At a very early stage, and 
while no trace of the characteristic facial structure of Man 
is yet visible, a pair of small grooves appear on the front 
of the head, and before the primitive mouth-cavity; these 
were first discovered by Baer, and by him properly enough 
named "olfactory gTooves" (" Riechgruben," Figs. 232, n, 
233, n). These primitive nasal grooves are quite separate 
from the primitive mouth-cavity, or mouth indentation, 
which, as we found, likewise makes its appearance as a 
groove-like indentation of the external skin-covering, in 
front of the blind anterior extremit.v of the intestinal canal 
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This pair of nasal groO\'es, as well as the single mouth 
groove (Fig. 235, m), is lined by the horn-plate. The 

oJ' 

FIG. 232. FIG. 233 . FIG. 231.. 

.2.. 
t1l 

FIG. 235. FIG. 236. 

Fros 232, 233.-Heacl of an embryonic Chick, on the third clay of 
incubation: 232·, from the front; 233, from the right side. n, Nose-rudi
ment (olfactory grooves); l, eye-rudimimt (sight-grooves); g, ear-rudiment 
(auditory grooves); v, fore-brain; gl, eye-slits; o, upper jaw proceas; ~,, 

lower jaw process of the first gill arch. 
FIG. 234.-Head of an embryonic Chick, on the fourth day of incubation, 

from below : n, nose-groove ; o, upper jaw process of the first gill arch ; 
~~, lower jaw process of the same; k", second gill-arch; sp, choroidal fissure 
of the eye; s, throat (pharynx). 
. FIGs. 235, 236.-Two heads of embryonic Chicks: 235, at the end of the 

fourth clay; 236, at the encl of the fifth clay of incubation. The letters as in 
Fig. 234. .Additional letters are in, inner, and an, outer nasal process; nj, 
nasal furrow; st, frontal process; m, mouth-cavity. (A.fter Koelliker.) 

.All these figures are proportionately enlarged. 
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original separation of the nasal groove from the mouth 
groove is, however, soon interrupted, for the frontal process 
(Fig. 235, st, Rathke's "Nasenfortsatz der Stirnwand ") 
is immediately formed above the mouth groove. Right and 
left the edges of this process project in the form of two 
lat~·al processes : these are the inner nasal processes, or 
nasal flctps (Fig. 235, in). On each side, opposite to these 
rises a parallel ridge between the eye and the nasal grooYe. 
These ridges are the outer nasal processes (Rathke's "Nasen
dacher," Fig. 235, an). Between the inner and outer 
nasal process a channel-like depression thus extends on 
each side from the nose groove toward the mouth groove 
(m), and this channel is, of ~;ourse, the same nasal furrow 
or channel which we found in the Shark (Fig. 231, 1·). As 
the two parallel edges of the inner and the outer nasal 
processes bend towards each other and coalesce above the 
nasal channel, the latter becomes a small tube-the primitive 
"nasal canal." In this stage of its Ontogeny, therefore, the 
nose of :M:an and of all other Amnion Animals consists of 
two small narrow tubes-the "nasal canals "-leading from 
the outer surface of the frontal skin into the simple pri
mitive mouth-cavity. This transient condition resembles 
the permanent condition of the nose in Dipneusta and 
Amphibia. (Of. Plate I., Frontispiece, with explanation.) 

Specially significant in the modification of the open nasal 
channel into the closed nasal canal, is a plug-shaped forma
tion, which extends from below up to the lower extremities 
of both the nasal processes on each side, and unites with 
them. This is the upper jaw process (Figs. 232, o, 236, o, 
Plate I., o). Below the mouth groove lie the gill arches, 
which are separated from one another by the gill openings 
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(Plates I., VI., and YII., k). The first of these gill arches, at 
present the most interesting to us, ·which we may call the 
jaw arch, develops the jaw-skeleton ofthe mouth (Plate I., ·u ). 
A small process first grows out from the base of the front 
gill-arch: this is the upper jaw process. The first gill-arch 
itself develops a cartilage on its inner side, called aftef· it'l 
discoverer, "Meckel's cartilage," on the outer surface of 
which the lower jaw forms (Figs. 232, ~~. 236, 1.~). The upper 
jaw process forms the principal part of the entire framework 
of the upper jaw, viz., the palate bone and the wing bone. 
On its outer side the upper jaw bone, in the narrower sense, 
afterwards arises, while the middle portion of the upper jaw 
skeleton, the twixt jaw (intermaxillary bone) develops 
from the anterior portion of the frontal process. (See 
development of the face in Plate I.) 

In the further characteristic development of the face in 
the three higher Yertebrate classes, the two upper jaw pro
cesses are of the highest importance. From them proceedR 
the palate roof, the important horizontal partition which 
grows into the simple primitive mouth-caYity, separating 
it into two quite distinct cavities. The upper cavity, 
into which the two nasal cavities open, now develops into 
the nasal cavity-a respiratory air passage and an olfactory 
organ. The lower cavity, on the other hand, forms, by itself, 
the permanent secondary mouth-cavity (Fig. 237, m)-the 
digestive food passage and the organ of taste. Both the upper 
smell-cavity and the lower taste-cavity open at the back into 
the throat (pha1·ynx). The palate roof, separating these two 
cavities, is formed by the coalescence of two lateral portions 
-of the horizontal plates of the two upper jaw processes 
(palate-plates ; Fig. 237, p ). When these do not perfectly 
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adhere in the middle line, the result is a permanent longi
tuclinal cleft, through which there is an open passage from 
the mouth-cavity directly into the nasal cavity. The so-

FIG. 237.- Diagra=atic trans¥erse secbon 
through the mouth and nose cavity. While the 
palate-plates (p) separate the original mouth-cavity 
into the lower secondary mouth-cavity (m) and the 
upper nasal cavity, the latter is parted by the ver
tical partition wall of the nose (e) into two distinct 
halves (n, •n). (After Gegenbaur.) 

called "wolf's jaws" are thus caused. The "hare-lip" and 
"split lip" is a slighter degree of this arrested develop
ment.116 

Simultaneously with the horizontal partition of the 
palate roof, a vertical wall by which the single nasal cavity 
is divided into two, a right and a left cavity, develops 
(Fig. 237, n, n). This vertical partition of the nose (e) is 
formed by the middle part of the fi·ontal process: above 
this gives rise by ossification to the vertical lamella of the 
sieve bone (cubiform plate), and below the great vertical 
bony partition wall-the "plough-share" ( vome1·), and in 
front to the twixt-jaw (os inte1·1naxillcwe). Goethe was 
the first to show that in Man, just as in all the other Skulled 
Animals, the twixt-jaw appears as an independent bone 
between the two halves of the upper jaw. The vertical 
partition wall of the nose finally coalesces with the horizontal 
palate roof. The two nasal cavities are now as entirely 
separate from one another as from the secondary mouth
cavity. These tlu:ee cavities open, however, at the back 
into the pharnyx, or jaw-cavity. 
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The doublc-nostrilled nose has now attained the structure 
characteristic of Man in common with all other Mammals. 
Its fmther development is very easily intelligible : it is 
limited to the formation of internal and external processes 
of the •valls of l>oth nasal cavities. ·within the cavities 
de.-clop the "nose shells," spongy bony structures, over which 
the olfactory mucous membrane spreads. The first brain 
nerve, the olfactory nerve, with its delicate branches, passes 

.FIGS. 238, 239.-Upper part of the body of a human embryo (16 mm. in 
length) during the sixth week: Fig. 238, from the left side; Fig. 239, from 
the front. The origin of the nose in two lateral halves, 
originally separate, is still plainly visible. The nose and 
upper lip are disproportionately great in comparison with 
the rest of the face, especially with the lower lip. 
(After Kollman.) 

Fro. 240.-Face of a human embryo of eight weeks. 
(After Ecker.) Cf. Frontispiece, Plate I. Fig. Mr
illnr. 
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fi·om the large brain through the roof of both nasal cavitieR 
into the cavities, and extemls over the olfactory mucous 
membrane. At the same time, by inversion of the nasal 
mucous membrane, the minor caYities of the nose, which are 
afterwards filled with air, and which communicate directly 
with the two nasal cavities, arise (frontal cavities, cavitie:; of 
the sphenoid bone, jaw cavities, etc.). In this special stag-e 
of development they occur only in J\Iammals.171 

The external nose is not developed until long after all 
these essential internal parts of the olfactory org-an have 
been formed. The first trace in the human embryo appear~ 
at the end of the second month (Figs. ~38-240). Any 
human embryo during the first month shows that origioolly 
there is no trace of the external nose. It afterwards grows 
out from the anterior nasal portion of the primitive skull. 
The form of nose which is characteristic of M:an docs not 
appear till a period far later. 1Iuch stress is usually 
laid on the shape of the external nose as a noble org-an, 
occurring exclusiYely in Man; but there are Apes which 
have very human noses, as, for instance, the N oscd Ape 
already mentiont)d. On the other hand, the external nose, 
the fine shape of which is so extremely important to the 
beauty of the facial structure, possesses in certain inferior 
races of Man a shape anything but beautiful. In most 
Apes the extemal structure of the nose remains undeveloped. 
Especially remarkable is the important fact already cited 
that it is only in the Apes of the Old World, in the Cata
rhines, that the nasal partition wall (septum,) remains as 
small as it is in :Man; in Apes of the New World it widens 
considerably at the base, so that the nostrils open outward::; 
(Platyrhini, p. 175). 
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TABLE XXX. 

8YSTD!ATIC SURVEY OF THE CHIEF PHYLOGDIETIC 8UGES OF THE 

Hl')!.\::\' Kosr:. 

Pi;·st Sla:re: ]';ose of the eatliet l'l'imitire Fishes. 

The no~c is formed by a pair of simple skin-grooYes (uosc-pits) iu tht> 
outer surface of the head (like those which are now pennancntly retained 
by the lower Selachians). 

Seconcl Stage : Nose of the more recent Primith·e Fishes. 

Each of the two blind nasal grooves becomes connected by a furrow 
(nasal-furrow) with one end of the mouth (as is yet permanently the case in 
the higher Sclachians). 

Thircl Stage: Nose of the Di1meusta. 

The two nasal furrows change, in consequence of the coalescence of their 
eugcs, into closed canals (primary nose-canals), which open at their front 
ends, "·ithin the soft eclges of the lip, into tho primary mouth-cm·ity; as is 
yet 1~crmanently tho case in the Dipncusta ancl the earlier lower Amphibia 
(Sozolmtnchia). 

Fourth Stage: Nose of Am11hibia. 

The inner openings of the nasal canals penetrate further back into the 
primary mouth-cavity, so that they arc surrounded by bard bony portions of 
the jaw (as is yet permanently the case in the :lighcr Amphibia). 

Fifth Stage: .Yose of the l'rotamnia. 

The primitive mouth-cavity, into "hich both nasal canals open, separates, 
in consequence of the formation of a horizontal partition (the palate-roof), 
into an upper nasal cavity and a lower (secondary) mouth-cavity. 'rho 
formation of the spongy bones of the nose commences (as in the earlict' 
Amnion Animals). 

Sixth Stage: 11-ose of the ea1·lie1· lliamrnals. 

The simple nose-cavity separates, in consequence of the development of 
a vertical partition wall (the "plough," vomm·), into two distinct nose-cavities, 
each of which is occupied by one of the nasal canals (as is yet the case in all 
Mammals). The spongy nose-bones differentiate. 

Seventh Stage: Kose of the more ?'ecent l!Iammals. 

Within both nose-caYities the development of the spongy bones proceeds 
further, and an external nose begins to form. 

Eighth Stage: 11-ose of the Catw·hine Apes. 

The internal and the external nose attain the full development ex
clusively characteristic of Catarhine Apes and of Man. 
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The history of the development of the eye is equally 
remarkable and instructive. For although the eye, owing 
to its exquisite optical arrangement and wonderful struc
ture, is one of the most complex and most nicely adapted 
organs, yet it develops, without a preconceived design, from 
a very simple rudiment in the outer skin-covering. 

J,. 

FIG. 241.-The human eye in transverse section: a, protecti>e membrane 
(sclerot·ica); b, horn membrane (co?·nea); c, outer membrane (conjunctiva); 
d, circular veins of iris; e, vascular membrane ( cho?·oidea); J; ciliary 
muscle; g, co?'Dna cilia1·is; h, rainbow membrane (i,·is); i, optic nerve 
(n. opticus); k, anterior limit of the retina; Z, crystalline lens (lens C?'ljstal
lina); rn, inner cover of the horn membrane (water membrane, membrana 
Descemeti); n, pigment membrane (pigmentosa); o, 1·etina; p, "petits.canal;" 
q, yellow spot of the 1·etina. (After Helmholtz.) 

When fully developed, the human eye IS a globular 
capsule (the eyeball, bulbus, Fig. 2-H). This lies in t.he 
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bony orbit of the skull, surrounded by protective fat aml 
by motor muscles. The greater part of this eyeball is 
occupied by a semi-fluid, clear gelatinous substance, the 
vitreous body (corpns vitreum). The crystalline lens 
(Fig. 241, Z) is embedded in the anterior surface of the 
vitreous bolly. It is a lentil-shaped, bi-convex, transparent 
body-the most important of ~he light-refracting media of 
the eye. Among these media is, in addition to the lens 
and vitreous body, the aqueous humour (hmnm· aqueus, at 
m, in Fig. 2-H), in front of the lens. These three pellucid, 
light-refracting media-the vitreous body, the crystalline 
lens, and the aqueous humour-by ·which the rays of light, 
incident on the eye, are refracted and concentrated, are 
enclosed in a firm globular capsule consisting of several 
different membranes, comparable with the concentric layers 
of an onion. The outer ancl thickest of these forms the 
white protective membrane of the eye (sclerotica, ct). It 
consists of :firm, compact white connective tissue. In front 
of the lens a circular, very convex, transparent plate, re
sembling a watch glass, is inserted in the white protective 
membrane; this is the horny membrane (cornea, b). On 
its outer surface the horny membrane h; covered by a very 
thin coating of outer skin (epicle1·mis); this coating is 
called the connecting membrane (conju1wtivct); it extends 
from the horny membrane over the inner surface of both 
eyelids-the upper and lower folds of skin which on closing 
the eyes are drawn together over them. At the inner 
corner of our eye there is, as a sort of rudimentary organ, 
the remnant of a third (inner) eyelid, which, as the " nic
titating membrane," is highly developed in the lower 
Vertebrates (V'Ol. i. p. 110). Below the upper eyelid are lodged 
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the tear-glands, the secretion of which keeps the surface 
of the eye smooth and clean. 

Directly under the protective membrane is a delicate 
dark-red, highly Yascular membrane, the vascular mem
brane (choToidea, e), and within this the retina (o), which 
is a dilatation of the optic nerve (i). This latter is the 
second brain nen-e. It extends from the "centre of sight" 
(the second brain-bladder) to the eye, penetrate:;; the outer 
coats of this, and then extends, as the retina, between the 
yascular membrane (cho1·oidea) and the vitreous body 
(CO?"J>US vitTetW?,). Between the retina and the vascular 
membrane lies another very delicate membrane, which 
is commonly, but wrongly, considered as part of the latter. 
This is the black pigment membrane (pigmentosn, lamina 
pigmenti, n), or the "black carpet" (tapett&m nigrum). 
It consists of a single layer of beautiful hexagonal cells 
accurately joined together and filled with black pigment 
granules. This pigment membrane lines, not only the inner 
surface of the actual vascular membrane, but also the pos
terior surface of its anterior muscular prolongation, which, 
as a circular ring-like membrane, covers the edge of the lens, 
and prevents the penetration of lateral rays. This is the 
well-known "rainbow membrane" (i1·is, h), which is differently 
coloured in different persons (blue, gray, brown, etc.). This 
"rainbow membrane" is the limit towards the front of 
the Yascular membrane. The round hole in the iris is the 
pupil, through which the rays of light pass into the interior 
of the eye. Where the iris proceeds from the edge of the 
actual vascular membrane, the latter is much thickened and 
forms a beautiful ciliated crown (co1·ona ciliaris, g), which 
surrounds the edge of the lens with about seventy large, 
and many smaller rays. 
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In the embryo of .Man, as in that of all other Amphi
rhina, two pear-shaped vesicles grow out laterally, at a very 
early period, from the foremost part of the first brain
bladder (Fig. 223, n, p. 218). These bladder-like protuberances 
are the primary Jye-vesicles. At first they are directed 
outward and forward, but they soon make their way further 
downward, so that after the specialization of the fiye brain
bladders, they lie at the base of the twixt-brain. The 
internal spaces within the two pear-shaped vesicles, which 
soon attain a considerable size, communicate through their 
hollow stalks with the cavity of the twixt-brain. Their 
outer coYering is formed by the outer skin-covering (horn
plate and leather-plate). Where, on each side, the latter 
comes directly in contact with the most curved portion of 
the primary eye-vesicles, a thickening (l) arises, and at the 
same time a groove-like indentation (o) in the horn-plate 
(Fig. 242, 1). This groove, which we will call the lens groove, 
changes into a closed sac, the thick-walled lens vesicle (2, Z), 
owing to the fact that the edges of the groove coalesce above 

k---~r.·r. 
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FIG, 242.-Eye of an embryonic Chick in longitudinal section (1, of a 
germ after sixty-five hours of incubation; 2, of a somewhat older germ; 
~'of. a germ four days old): h, horn-plate; o, lens groove; l, lens (in 1, 
1t _still _forms part of the epidermis, while in 2 and 3 it has separated); re, 
thic~emng of the horn-plate at the point from which the lens separated; 
gl, VItreous body; r, retina; u, pigment membrane. (After Remak.) 
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it. Exactly as the medullary tube originally separates from 
the outer germ-layer does this lens-sac separate fi,om the 
horn-plate, in which it originated. The space within this 
sac is aftenvards entirely filled by the cells of its thick wall, 
and the solid crystalline lens is thus formed. The latter is, 
therefore, purely a formation of the epidermis. Together with 
the lens the small fragment of the leather-plate (co1·iurn) 
lying below the lens separates from the outer skin-covering. 
This small piece of the leather-skin very soon forms a highly 
vascular sac round the lens (capst~la 'Vctscnlosa lentis). 
Hs anterior portion at first covers the pupillary orifice, and 
is then known as the pupillary membrane (membrana 
pupillm·is). Its back portion of the same membrane is called 
the " menobrcma capsulo-pupillaris." This "vascular lens 
capsule, which merely serves to nourish the growing lens," 
afterwards entirely disappears. The later, permanent lens 
capsule eontains no vessels, and is a structurelcss secretion 
of the lens cells. 

As the lens thus separates from the horn-plate and 
grows inward, it must necessarily indent the adjoining 
primary eye-vesicles from without (Fig. 2-:1<2, 1-3). This 
process may be compared to the inversion of the germ-mem
brane vesicle (blastula), which in the Amphioxus and in 
many low animals gives rise to the gastr~la (vol. i. p.l92). In 
both instances the inversion. of one side of the closed vesicle 
proceeds until finally the i1mer, inverted portion :.ouches the 
outer, uninverted portion of the wall of the vesicle, so that 
the cavity disappears. Just as in the gastrula the former 
part changes into the intestinal layer (entodenna), and 
the latter into the skin-layer (exoderma), so in the inverted 
primary eye-vesicle the retina develops from the former 
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(inner) part (Fig. 242, 1'), and the black pigment membrane 
('w) from the latter (the outer, uninverted part). The hollow 
stalk of the primary eye-vesicle changes into the optic 
nerve. 

The lens (l) which enacts so important a part in this 
inverting process of the primary eye-vesicle, lies at first 
directly upon its inverted part, that is, on the retina (1•). 
Y ery soon, however, the two separate, a new body, the 
vitreous body (co1pt~s vitreum,, gl), coming in between them. 
While the lens-sac is detaching itself, and the primary eye, 
-vesicle is being inverted from without, another inversion 
simultaneously proceeds from beneath-from the superficial 
portion of the skin-fibrous layer, i.e., from the leather-plate 
of the head. At the back of the lens and below it, a ledge-like 
process of the leather-plate arises (Fig. 243, g), which inverts 
the primary eye-vesicle (now shaped like a cup) from below, 
and presses in between the lens (l) and the retina (1·) 
Thus the primary eye-vesicle assumes the form of a hood. 
The opening of this hood, answering to the face, is covered 
by the lens ; but the opening, through which the neck 
would pass, answers to the indentation through which the 
leather-skin passes in between the lens and the retina (the 
inner wall of the hood). The space within this secondary 
eye-vesicle is almost filled by the vitreous body, which 
answers to the head wrapped in this hood. The hood itself 
is, properly speaking, double : the inner hood itself is the 
retina, and the outer one, directly sunounding the former, 
is the pigment membrane. The comparison with a hood 
renders this process of inversion, which is sometimes hard 
to explain, more clearly understood. The rudiment of the 
vitreous body (cO?']JUs vitnum,) is at first very incon-
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'>i\lerable (Fig. 2-:1::3, g), and the retina disproportionalJy 
thick. As the former expands, the latter becomes much 
thinner, till at last the retina appears only as a very delicate 

FIG. 243.-Horizontal transverse 
section through the eye of a human 
embryo of four weeks; 100 times 
enlarged (after Koelliker) : t, lens 
(the dark wall of which is equal to 
the diameter of the central cavity); 
g, vitreous body (connected with the 
leather-plate by a stalk, g') ; v, vas
cular loop (penetrating through the 
stalk (g') into the vitreous body be
hind the lens); r, retina (inner, 
thicker, inverted lamella of the 

primary eye-vesicle) ; a,, pigment membrane (outer, thinner, uninverted 
lamella of the same); h, intermediate space between the retina and the 
pigment membrane (remnant of the cavity of the primary eye-vesicle). 

coat of the thick, almost globular vitreous body, which fills 
the greater part of the secondary eye-vesicle. The outer 
layer of the vitreous body changes into a highly vascular 
capsule, the vessels of which afterwards disappear. 

The slit-like passage through which the rudiment of the 
vitreous body grows from below in between the lens and 
the retina, of course causes a break in the retina and the 
pigment-membrane. This break, which appears on the inner 
surface of the vascular membrane as a colourless streak, has 
been inaptly called the choroidal cleft, though the true 
vascular membrane is not cleft at all at this point (Fig . 
.234, sp, 235, sp, p. 243). A thin process of the vitreous body 
passes inward on the under surface of the optic nerve, which 
it inverts in the same way as the primary eye-vesicle was 
:inverted. The hollow cylindrical optic nerve (the stalk of 
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the primary eye-vesicle) is thus transformed into a channel, 
opening down ward. The inverted lower surface attaches 
itself to the uninverted upper surface of the hollow stalk, so 
that the hollow space within the stalk, forming the com
munication between the cavity of the twixt-brain and of 
the primary eye-vesicle, now disappears. The two edges 
of the channel now grow downward toward each other, 
enclose the band-like process of the leather-plate, and 
coalesce beneath it. Thus this process now lies within the 
axis of the solid secondary optic nerve. It develops into 
a cord of connective tissue carrying the central blood-vessel 
of the retina (vasa centmlia retinm ). 

An entirely fibrous covering, the fibrous capsule of the 
eye, now finally forms round the outside of the secondary 
eye-vesicle and its stalk (the secondary optic nerve). It 
originates from the head-plate, from that part of the skin
fibrous layer which immediately encloses the eye-vesicle. 
This fibrous covering takes the form of a completely-closed 
globular sac, which surrounds the whole ball of the eye, and 
on the outer side of this, grows in between the lens and the 
horn-plate. The globular wall of the capsule soon separates, 
by fission of the surface, into two distinct membranes. The 
inner ·membrane becomes the choroidea, or vascular layer; 
in front it forms the ciliated crown (coTona ciliaris) and 
the iris. The outer membrane, on the other hand, become& 
the white enveloping, or protective membrane (sclerotica), 
and, in front, forrus the transparent horny mem brano 
(cornea). The rudiments of all the essential parts of the 
eye are now formed, and its further development is only in 
details, in the complex differentiaticn and combination of 
the several parts. 

VOL. II. s 
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System::ttic Suxvey of the Development of the Human Eye. 

I. ~y~tematic Survey of those parts of the Human Eye which develop from the first of the 
Secondary Germ-layers, the Skin-sensory Layer. r ""m • '" , .... , 1. Optic nerve JYen:us opticu& 

eye-vesicle 

A. 2. Inner (inverted) part of 2. Retina Reti11a 
l'roducts of the the primJ.ry eye-

ve:::iC18 
Marrow-plate 3. Outer (uuin\·erted) part 3. Scrten, or pig- Pi[;me'fltO!~a (lamiJ;a 

of the primary tye- ment-coat p gm~~tti) 
vesicle r v ··"· ., •• w ••• 

4. Crystalline lens Lens C'ryslallina 

B. 
the horny plate 

5. Outer epidermic skin 5. Connective mem ... Conjunctiva Products of the brane 
Horn-plate 6. Inverted portions of the 6. Tear-glands Glandalre lacrymalos 

i'pidcrmic si(in 

U. Systematic SurYey of thos~ parts of the Human Eye which develop from the second of the 
Secondary Germ-layers, tbe Skin-fibrous Layer. 

(1, s. Ledge-like process of 7. Vitreous body Cm'Pus vitreum 

J '"' =mm '" "' 8. va~cular mem- (.apsala 1XZBCtt'usa 
lower siJe of the pri- brane of the co1puris vilrei 
mary eye-vesicle vitreons body 

c. 9. r,ontinnation of the 9. Central vessels of Vasa cent,-alia 
J>roJ.ucts·of the corium process the retina 1·etinre 

Leather-plate 1 10. Pupillary membrane, 10. Vnscnl.\.r m :->m- Capsula l'a 'Culosa 
with its capsule br.me of the len lis CJ'YElalliJI(a 

lens 

\. 11. Folds of the leather 11. Eyelids ra'pebrre 
skin (corium) 

12, 13. Vascubr mem- 12. Vascular mem- Clw,·oilea { .... ,, '" .,. br.tne 
D. ba U (caps 11la vas- 13. Rainbow mem- b·is 

Prod~tcts of the culosa bzdbi)) brane 

Skull-plate 14-,15. Fibrousm€-mbrane 14. Prokcti1·e mcm- Sclerotica 
of the cyeb.zll (cap- broute 
aulafibroia buLUi) 15. llurey membrane Cl>nua 
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The most important fact in this remarkable process of 
eye-development is the circumstance that the optic nerve, 
Hte retina, and the pigment-membrane originate trom a 
part of the brain, from a protuberance of the twi:xt-brain, 
while the crystalline lens, the most important rct',acting 
medium, develops from the outer skin (epidet·mis). From 
the outer skin-the horny lamina-originates also the 
delicate connecting memln·ane (conjunctiva) which after
wards envelopes the outer surface of the eyeball. The tear
glands proceed, as branched processes, from the conjunctiva 
(Fig. 214, p. 202). All the other parts of the eye originate 
from the skin-fibrous layer; the vitreous body and the 
vascular lens-capsule from the leather-plate, the choroid 
coat with the iris, and the protective membrane (scle1·otica) 
with the horny membrane (cornea) from the head-plates. 

The outer protective organs for the eye, the eyelids, are 
merely simple folds of skin, which, in the human embryo, 
appear in the third month. In the fourth month the upper 
eyelid adheres to the lower, and the eye then remains 
covered by them till birth. (Plate VII. Fig. lff m., R m., 
etc.) The two eyelids usually again separate shortly before 
birth, but sometimes not till after. Our skulled ancestors 
had, in addition to these, a third eyelid, the nictitating 
membrane, which was drawn over the eye from the inner 
corner. Many Primitive Fishes (Selachii) and Amnion 
Animals yet retain this. In A pes and in Man it has atrophied, 
and only a small remnant of it exists in the inner COTner of 
the eye as the " crescent-shaped fold," as a useless "rudi
mentary organ." (Cf vol. i. p. 109.) Apes and Man have 
also lost the " Harder gland," opening below the nictitating 
membrane, which appears in other Mammals, and in Birds, 
Reptiles, and Amphibians. 
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The ear of Vertebrates develops in many ir11 1Jortant 
points similarly to the eye and nose, but yet iJL other 
respects very differently.172 The organ of hearing of the 
developed human being resembles that of other Mammals 
in all essential particulars, and is especially similar to that of 
Apes. As in the latter, it consists of two principal parts, an 
apparatus for the conveyance of Hound (external and middle 
ear) and an apparatus for producing the sensation of sound 
(internal ear). The outer ear opens in the ear-shell (concha 

Fro. 244.-Anditory organ of man (left ear, seen from the front; natural 
size) : a, ear-shell: b, external ear-canal; c, drum, or tympanic membrane; 
d, cavity of drum1 e, ear-trumpet; j, g, h, the three ear honelets U hammer. 
g, anvil; h, stirrup); i, ear-pouch (ut1iculus); k, the three s~~i-circula; 
canals; l, ear-sao (sacculus); m, snail (cochlea); n, auditory nerve. 

a~t1·is), situated at the side of the head (Fig. 224, a). From 
this the outer ear-canal, which is usually about an inch lono-o• 
leads to the inRide of the head (b). The inner end of this 
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tube is cloRed by the well-known tympanic membrane 
or drum (tympanum); a thin membrane of oval form (c), 
placed in a vertical position, but slightly inclined. This 
membrane separates the outer ear-canal from the so-called 
cavity of the drum (cavum tyrnpani). This is a small 
cavity enclosed in the petrous part of the temporal bone, 
which is filled with air and connected by a special tube with 
the mouth-cavity. This tube is somewhat longer, but much 
narrower than the outer ear-canal; it leads inward and 
forward in an oblique direction from the inside wall of the 
tympanum and opens behind the inner nostrils (or Choana) 
into the upper part of the cavity of the throat (phary'flx). 
This canal is called the Eustachian tube (tuba Eustachii). 
Tt equalizes the pressure of the air in the tympanic 
cavity, and the outer atmospheric air which enters by 
the ear canal. Both the Eustachian tube and the tympanic 
cavity are lined by a thin, mucous membrane, which 
is a direct continuation of the mucous membrane of the 
throat. Within the tympanic cavity are the three bonelets 
of the ear, which, from their characteristic shape, are called 
the hammer, the anvil, and the stirrup (Fig. 244 j, g, h). 
The hammer (f) lies furthest outward, just within the 
tympanic membrane; the anvil (g) is wedged in between 
the two others, above the hammer, and further in than the 
hammer; and, lastly, the stirrup (h) lies next to the anvil 
toward 'the inside, and touches with its base the outer wall 
of the internal ear, or the auditory sac. .All these parts of 
the middle and external ear belong to the sound-conducting 
apparatus. Their principal office is to convey the waves of 
sound from without through the thick side-wall of the head, 
to the internal ear. In Fishes these parts are entirely unre-



THE EVOLUTION OF MAN. 

presented. In them, the sound-waves are conveyed directly 
through the wall of the head itself to the internal ear. 

The inner apparatus, that which produces the sensation 
of sound, receiving the sound-waves thus conveyed to it, 
consists in Man, as in all other Vertebrates (with the single 
exception of the Amphioxus), of a closed auditory sac filled 
with fluid, and of an auditory nerve, the ends of which are 
distributed over the wall of this sac. The vibrations of 
the waves of sound are conveyed by that medium to those 
nerve-ends. In the auditory fluid (endolymph), which 
fills the labyrinth, and opposite the places at which the 
auditory nerves enter, are some small stones, composed 
of a mass of microscopic calcareous crystals (otoliths). The 
organs of hearing of most Invertebrates have essentially 
the same construction. In them, also, it usually consists of 
a closed sac filled with fluid, containing otoliths, and having 
the auditory nerve distributed over its wall. But while in 
Invertebrates the auditory vesicle is usually of a very 
simple spherical or oval form, in all Amphirhina, on the 
contrary, that is, in all Vertebrates above the Fishes up to 
Man, it is distinguished by a very characteristic and singular 
form known as the auditory labyrinth. This thin membra
nous labyrinth is enclosed in a bony envelope of the same 
form, the osseous labyrinth (Fig. 245), >vhich lies within the 
petrous bone of the skull. The labyrinth in all Amphirhina 
is divided into two sacs. The larger sac is called the 
auditory pouch ( ub·im..dus ), and has three curved appendages, 
called the semi-circular canals (c, cl, e); the smaller sac is 
called the auditory sac (saccul1ts), and is connected with a 
peculiar appendage, which in Man and the higher Mammals 
is distinguished by a spiral form, like the shell of a snail, and 
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hence is called the "snail " ( cochlec~, b). On the thin wall 
of this delicate membranous labyrinth, the auditory nerve, 
which passes from the after-brain to the labyrinth, is dis
tributed in a very complex manner. It divides· into two 
main branches, the nerve of the cochlea, and the nerYe of 
Yestibule, for the remaining part of the labyrinth. The 
former seems Rpecially to determine the quality of the sonn(l 
heanl, the latter its quantity. The nerve of the cochlea 

Fm. 245.-The bony labyrinth of the human enr 
Ocft side) : a, vcsti bule ; b, each lea; c, upper semi
circular canal; d, posterior semi-cire-ular canal; e, 
outpr semi-circular canal; ],fenestra ovalis; g, fenestra 
rotun<la. (From :Heyer.) 

tells us the pitch and quality of sounds, the nerve of the 
vestibule their strength. 

The first rudiment of this extremely complex organ of 
hearing is very simple in the human embryo, as in those 
of all other Skulled Animals (Craniata); it is a groove-like 
depression of the outer skin (epidermis). At the back of the 
head, near the after-brain, at the upper end of the second 
gill-opening, a little wart-like thickening of the horn-plate 
arises on each side (Figs. 2-±6, A, fl; 248, g). This deepem 
into a small groove, and separates from the outer-skin, just 
as does the lens of the eye. (Cf. p. 253.) A small vesicle 
filled with fluid, the primitive ear-vesicle, is thus formed 
on each side, immediately below the horn-plate of the back 
part of the head; this is also called the "primary laby
rinth " (Plates VI. and VII.). As this separates from its 
original site, the horn-plate, and gro·ws inward and down
ward in the skull, it changes from a globular to a pear
shaped form (Figs. 246, B, lv; 240. o). The outer part has 
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In lower Vertebrates, this develops into a peculiar cavity 
filled with calcareous crystals, which in some Primitive 
Fishes (Selachii) remains permanently open, and opens 
ahove on the skull (ductus endolymphaticus). In Mam
mals, on the contrary, the appendage of the labyrinth 
atrophies. In these, it is of interest only as a mdimentary 
organ, which has no longer any physiological significance. 
Its useless remnant traverses the osseous wall of the petrous 
bone in the form of a narrow canal, and is called the aque
duct of the vestibule ( aqumductus vestibuli). 

Only the inner and lower part (extended like a bladder) 
of the detached ear-vesicle develops into the differentiated 
and extremely complex structure which is afterwards known 
as the 'secondary labyrinth." This vesicle separates at a 
very early stage into an upper, larger section, and a lower, 
smaller section. The former gives rise to the ear-pouch 
(uh·iculus) with ·the three semi-circular canals; from the 
latter proceeds the ear-sac (sacculus) with the "snail" 
(coclilea, Fig. 246, c). The three semi-circular canals 
originate as simple pocket-like processes from the ear
pouch (Fig. 246, E, cse and csp). In the centre of each of 
these processes, the two walls coalesce, and separate them
selves from the utricle, while their extremities still commu
nicate with its cavity. In all Double-nostrils (AmphiThina) 
there are three semi-circular canals, as in Man, while of the 
Cyclostomi the Lampreys have but two, and the Myxinoides 
but one (p. 103). The highly-developed structure of the 
"snail" (cochlea), which is one of the most delicate and 
admirable products of adaptation in the mammalian body, 
originally develops very simply as· a bottle-like process 
frorn the ear-sac (sacculus). A'3 Hasse has shown. the 
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various stages in its ontogenetic development still exist 
permanently side by side in the ranks of the lower V erte
brates.173 Even in Monotremes the snail-like spiral curving 
of the cochlea is not present; it is exclusively characteristic 
of the other Mammals and Man. 

The auditory nerve (ne?'v·us acusticus), or the eighth 
brain-nerve,-one of the main branches of which distributes 
itself over the "snail " (cochlea), the other over the other 
parts of the labyrinth,-is, as Gegenbaur has shown, the 
sensory dorsal branch of a spinal brain-nerve, the motor 
ventral branch of which is the motor nerve of the facial 
muscles (nervus facialis). Phylogenetically it has, there
fore, originated from an ordinary skin-nerve, and is, conse
quently, of wholly different origin from the optic and 
olfactory nerves, which represent the two direct processes 
of the brain. In this respect the organ of hearing diffe1 s 
essentially from the organs of sight and of smell. The 
auditory nerve originates from the cells of the head-plate; 
therefore, from the skin-fibrous layer. From this also 
develop all the membranous, cartilaginous, and bony cover
ings of the ear-labyrinth. 

The development of the apparatus for the conveyance o:£ 
sound, situated in the middle and external ear of Mammals, 
is entirely distinct from that of the apparatus of auditory 
sensation. It must be regarded, phylogenetically as well as 
ontogenetically, as an independent, secondary formation, 
which only afterwards connects itself with the primary 
internal ear. Its development is, however, not less in
teresting, and is equally clearly explained by Comparative 
Anatomy. In all Fishes, and in the yet lower Vertebrates, 
there is no special apparatus for the ccnveyance of sound, 
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T A. B L E X X X II. 

SYSTEMATIC SuRVEY OF THE CHIEF STAGES IN THE DEVELOPMENT 
OF THE HUMAN EAR. 

I. First Stage. 

The auditory nerve is an ordinary sensitive skin-nerve, which, during the 
d i fferenliation of the horn-plate, appears at a certain point on the skin of 
the head. 

II. Second Stage. 
Tbe differentiated place of the horn-plate, at which the auditory nerve 

appeared, forms a small special auditory groove in the skin, which has an 
outer orifice in the appendage called the "labyrinth." 

III. Thi1·d Stage. 
The auditory groove has detached itself from the horn-lamina, and forms 

a small closed auditory vesicle filled with fluid. The 'labyrinth-appendage" 
becomes rudimentary (Aqureductt£s vesttb ttl i). 

IV. Fourth Stage. 
The auditory vesicle differentiates into two connected parts, the ear-

pouch (utriculus) and the ear.sac (sa.cculus). Each of the two vesicles 
receives a special ma,in branch of the audit11ry nerve. 

V. Fifth Stage. 
Three semi-circular canals grow from tl1e ear-pouch (as in all Amphi

rhina). 
VI. Sixth Stage. 

The" snail" (cochlea) grows from the ear-sac in Fishes and Amphibia; 
it is very insignificant, and is only developed as an independent part in the 
Amniota. 

VII. Seventh Stage_. 

The first gill-opening (the blow-hole of Selachians) changes into the 
tympanic cavity and the Eustachian tube; the former is externally closed 
by the tympanic membrane (Amphibia). 

VIII. Eighth Stage. 
The small bones of the ear (ossicula, auditus) (the hammer (ma,lleus) and 

anvil (inws) from the {il·st gill-arch, the stirrup (stapes) from the second) 
de>elop from parts of the first and second gill-arches. 

IX. Ninth Stage. 

The external ear is developed, together with the bony ear-canal. The 
shell of the ear is pointed and momb!P. (as in most lower :Mammals). 

X. Tenth Stage. 
Tbe ear-~hell, with its muscles, becomes disused and a rudimentary 

organ. It is no longer pointed, but, on the cont.-ary, has a curved rim with 
a small ear-flap (as in Anthropoid Apes and :Men). 
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TABLE XXXIII. 

Systematic Survey of the Development of the IIuman Ear. 

I. Survey of the parts of the Internal Ear. (Apparatus perceptive of sound.) 

A. 
Products of the 

Horn-plate 

B. 
Prod nets of the 

Head-plate 

( 1. Stalk of the primary I ear-vesicle 

< 2, 3. Upper part of the 
p.imary ear-vesicle 

l ~. 5. Lower part of the 
ptimary ear-vesicle 

{

6. Auditory nerve 
7. Bony covering of the 

membranous laby4 

rinth 
8. Bony covering of the 

whole internal ear 

I. Aqueduct of the 
vestibule ( liuc
tus endoLynt
phaticus) 

2. Ear-pouch 
3. Three semi-circu

lar, or curvtd 
canals 

4. Ear-sac 
5. "The snail" 

6. Auditory nerve 

7. Osseous labyrinth 

8. " The stony bone" 

.Aqucrductus vestiiwfi 
s. Recessus la1Jy1·iulhi 

Ulriculus 
Canales semi-ci1·cu .. 

lans 

SaccuTJU 
Cochlea 

Neruus acusticu3 

Labyrinthus os.eu1 

Ospetrosum 

II. Survey of the parts of the Intermediate and External Ear. (Apparatus for the 
conveyance of souud.) 

c. 
Products of the 

first 

Gill-opening 

n. 
Products of the 

first two 

Gill-arches 

E. 
Product of the 

Head-plate 

F. 
Product of the 

Skin-covering 

{ .. '""" """ •. ·~ gill-opening 

10. Central p •rt of the first 
gill-opening 

u. Closed part of the first 
gill-opening 

ru·~ ~· ,, the 
second gtll-arch 

13. Upper part of the first 
gill-arch 

H. Central part of the first 
gJll-arch 

{ 15. Tympanic circle 
(Annu!us tympanicu1) 

{

16. Circular membranous 
fold at the closed part 
of the first gill
opening 

9. Eustachian tube Tuba Eusta.chii. 

10. Tympanic cavity 
(Intelior of the 

Cavum tympan• 

drum) 
11. Tympanic mem- .Membrana tympani 

brane (Head of 
the drum) 

12. Stirrup (First Stapa 
bonelet of the 
ear) 

13. Anvil (Recond Incus 
bonelet of the 
ear) 

14. Hammer (Third .MalleUI 
bonelet of the 
ear) 

15. Bony outer audi- .MIJllfUI au.ditoriut 
tory passage osseu1 

16. Ear-shell Ccncha auril 

U. Rudimentary ear- .Musculi conchi8 
musclea 



DEVELOPMENT OF THE EAR. 

no external and middle ear; in these animals there is only 
a labyrinth, an internal ear, situated within the skull. The 
tympanic membrane, its cavity, and all the connected parts 
are umepresented. The middle ear first develops in the 
Amphibian class, in which a tympanic membrane, a tym
panic cavity, and an Eustachian tube are first found. All 
these essential parts of the middle ear develop from the first 
gill-opening, with its surrounding parts, which in the Pri
mitive Fishes (Selachii) remains through life as an open 
blow-hole, situated between the first and second gill-arches. 
In the embryos of higher Vertebrates it closes in the centre, 
the point of concrescence forming the tympanic membrane. 
The remaining outer part of the first gill-opening is the 
rudiment of the outer ear-canal. From the inner part 
01-iginatcs the tympanic cavity, and further inward, the 
Eustachian tube. In connection with these, the three bone
lets of the ear develop from the first two gill-arches; the 
hammer and anvil from the first, and the stirrup from 
the upper end of the second gill-arch_l74 

Finally, as regards the external ear, the ear-shell (concha 
auTis), and the outer ear-canal, leading from the shell to thE!' 
tympanic membrane-these parts develop in the simplest 
way from the skin-covering which borders the outer orifice 
of the first gill-opening. At this point the ear-shell rises in 
the form of a circular fold of skin, in which cartilage and 
muscles afterwards form (Fig. 238, p. 247). This organ is 
also limited to Mammals. Among them, it is originally 
wanting only in the lowest division, in the Beaked Animals, 
(]}fonot1·emc~). In the others, on the contrary, :it appears 
in very different stages of development and partly also of 
atrophy. The ear-shell has atrophied in most aquatic 
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Mammals. Most of these have even lost it entirely; this 
is so, for example, in the Sea-cows and Whales, and most 
Seals. On the other hand, in the great majority of Pouched 
Animals (Ma1·supiulia) and Placental Animals (Placentalia), 
the ear-shell is well developed, receives and concentrates the 
waveR of sound, and is provided with a highly-developed 
muscular apparatus, by means of which it can be turned 
ti·eely to all sides, and at the same time can be changed in 
t'orm. Every one must have noticed how strongly and freely 
our domestic Mammals, Horses, Cows, Dogs, Rabbits, etc., 
can" prick" their ears, erect them and-turn them in different 
directions. Most Apes yet retain the power of doing this, 
and our ancient Ape progenitors could also do it. The more 

.. 

FrG. 250.-Rudim.entary ear.muscles on the human skull: a, npward 
muscle (m. attollens); b, forward muscle (m. att?·ahens); c, backward muscle 
(m. ,·et,.ahens); d, larger muscle of the helix (m. helicis major); e, smaller 
muscle of the helix (m. helicis minor); j, muscle of the tragus (m. tragicus) ;
g, muscle of th!l antitragus (m. antitragicus). (After H. Meyer.) 

recent Ape ancestors, common to Men and to the Anthropoid 
Apes (Gorilla, Chimpanzee, etc.), discontinued the habit of 
moving their ears, and hence the motor muncles gradually 
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became rudimentary and uFJelefls. We still, however. possess 
them (Fig. 250). A. few individual men can even move their 
ears forward or backward a little by the use of the forward 
muscle (b) and the backward muscle (c); and by long 
practice these motions can be gradually increased. On the 
other hand, no man is able to erect the ear-shell by the 
upward muscle (a), or to change its form by the little inner 
muscles of the ear (d, e, j, g). These muscles, which were 
very useful to our ancestors, have become entirely un
important to us. This is equally true of Anthropoid Apes. 

We also share only with the higher Anthropoid Apes
the Gorilla, Chimpanzee, and Orang-the characteristic form 
of our human ear-shell, especially the rolled edge, the helix, 
and the ear-flap. The lower Apes, like all other Mammals, 
have pointed ears without the helix, and without ear-flaps. 
Danvin has, however, shown that in some men a short, 
pointed process, not occurring in most individuals, is per
ceptible at the upper part of the folded rim of the ear. In 
some few individuals, this process is very well developed. 
It can only be explained as the remnant of the original 
point of the ear which, in consequence of the folding of the 
edge of the ear, has been bent forward and inward. 
(Cf. the similarly folded ear in the embryo of the Pig 
and Cow, Plate VII. Fig. H III. and 0 III.) On carefully 
comparing the ear-shells of Man and of the various Apes in 
this particular, we find that they form a connected series of 
retrograde steps. In the common catarhine ancestors of the 
Anthropoids and of :M:an, this retrogTession began with the 
folding down of the ear-shell. In consequence of this, the 
ear-edge was formed on which that significant corner 
appears, the last trace of the free prominent point of the ear 



THE EVOLl;TION OF UA.N. 

in our older Ape ancestors. Thus it is possi;_,le even here, 
with the help of Comparative Anatomy, to trace this human 
organ from the similar but more highly-developed organ of 
the lower Mammals, with certainty. At the same time, Com
parative Physiology shows us that this organ is of more 
or less high physi.ological value to the latter, while in 
Anthropoids and Man it is a useless rudimentary organ. 
Men with their ears cut off can hear as well as they did 
before. The conveyance of sound is not affected by the loss 
Df the ear-shell. This explains the great diversity in the 
form and size of the ear-shell in different persons; it shares 
this high degree of variability with other rudimentary 
organs.m 



CHAPTER XXII. 

DEVELOPMENT OF TilE ORGANS OF 1\WTION. 

The Motive .Apparatus of Vertebrates.-These are constituted by the 
Passive and Active OL·gans of Motion (Skeleton and Mnscles).-Tho 
Significance of the Internal Skeleton of Vertebrates.-Strnctnre of tbe 
Vertebral Column.-Formation and Number of the Vertebr!B.-The Ribs 
and Breast.bone.-Germ-history of the Vertebral Column.-The Noto. 
ch01·d.-The Primitive Vertebral Plates.-The Formation of the MeLa
mera.-Cartilaginons and Bony Vertebrm.-Intervertebral Discs.
Read-skeleton (Skull and Gill-arches).-Vertebral Theory of the Skull 
(Goethe and Oken, Huxley and Gegenbanr).-Primitive Skull, or 
Primordial Crauium.-Its Formation from Nine or Ten Coalescent 
:Metamera.-The Gill-arches (Ribs of the Head).-Bones of the Two 
P11irs of Limbs.-Development of the Five-toed Foot, adapted for 
Walking, from the Many-toed Fin of the Fish.-The Primitive Fin 
of the Selachians (Archipterygium of Gegenbanr).-Transition of the 
Pinnate into the Semi-pinnate Fin.-Atrophy of the Rays or Toes
of the Fins.-Many-fingered and Five-fingered Vertebrates.-Com
pm~son of the Anterior"Limbs (Pectoral Fins) and the Posterior Limbs 
(Ventral Fins).-Shoulder Girdle and Pelvis Girdle.-Germ-history of 
the Limbs.-De1·elopment of the Muscles. 

"In forming his estimate of my entire theory, the reader may begin with 
the details and examine the fundamental facts on which I base my con
clusions. But it is equally necessary to connect the detached facts, and 
estimate their bearing on the whule. He who in the world of organisms sees 
only disconnected existences, in which some organic similarities appear as 

VOL. II. T 
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accidental coincidences, will remain a stranger to the results of this 
investigation; not merely because he does not comprehend the conclu
sions, but principally because the significance of the facts on which they 
are grounded, escapes him. A fact in itself is no more a scientific result, 
than a mere collection of facts is a science. That which makes a science 
of these facts, is their combination by that organizing mental faculty which 
determines the relations of the facts to each other."-KAJ~L GEGEliBAUH 

(1872). 

AMONG those features of tl1e organization which are specially 
characteristic of the vertebrate tribe as such, the peculiar 
anangement of the motive apparatus, or "locomotorium," 
undoubtedly occupies a principal place. As in all the 
higher animals, the active organs of motion, the muscles, 
form the most important part of this apparatus ; these are 
the fleshy bands which, by means of their peculiar contrac
tibility, of their power of contracting and shortening, move 
the various parts of the body, and thus change the position 
of the entire body. The arrangement of these muscles is, 
however, entirely peculiar in Vertebrates, and differs from 
the arrangement common to all Invertebrates. 

I:t most lower animals, especially in Worms, we find 
that the muscles form a simple, thin flesh-layer immediately 
below the outer skin-covering. This "skin-muscle pouch" 
is most intimately connected with the skin itself, and the 
same feature occurs in the tribe of the Soft-bodied Animals 
(klollusca). In the great group of the Articulated Animals
CA. rthTopoda ), in the· Crab, Spider, Centipede, and Insect
classes, we a] so find a similar feature, but with the difference 
that in these the skin-covering forms a hard coat of mail; 
an inflexible skin-skeleton, formed of chitine, a11-d often of 
carbonated chalk. This outer chitinous coat of mail is 
jointed in a great variety of ways both on the trunk and 
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on the limbs of Articulated Animals, and the muscular 
system, the contractile fleshy bands of which are attach0d 
to the inside of the chitinous tubes, is correspondingly 
jointed in an extremely varied manner. The case is exactly 
reversed in Vertebrates. In these alone an internal hard 
skeleton develops; an inner cartilaginous or bony frame 
to which the fleshy muscles are externally attached, and in 
which they find a firm support. This bony frame forms -a 
combined lever-apparatus, a passive apparatus of motion. 
The hard parts vf this, the arms of the lever, or the 
bones, are moored against each other by the active movable 
muscular bands, as by hawsers. This admirable locomotive 
apparatus, and especially its firm central axis, the vertebral 
column, is quite peculiar to Vertebrates, on account of which 
the whole group has long been called that of Vertebrates. 

This internal skeleton, notwithstanding the similarity of 
its first rudiment, has, however, developed so variously anJ 
characteristically in the different vertebrate classes, and in 
the higher classes forms so complex an apparatus, that 
Comparative Anatomy finds one of its richest mines in this 
feature. This was recognized as long ago as the beginning 
of the century by the older Natural Science, which at once 
seized these very welcome materials with peculiar pleasure. 
That science also, which is now called in the higher and 
more philosophical sense, "Comparative Anatomy," has 
reaped its richest harvest from this field. The Comparative 
Anatomy of the present clay has studied the skeleton of 
Vertebrates more thoroughly, and revealed the laws of its 
formation more successfully, than has been the case with 
any other system of organs of the animal body. Here the 
well-known and oft-quoted passage, in which Goethe 
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summed up the general result of his investigations in M or
phology is especially appropriate: 

"All forms have a resemblance; none is the same as another, 
And their chorus complete points to a mystical law.""' 

Now that, by the Theory of Descent, we have discovered 
this " mystical law," have solved this "sacred enigma," now 
that we can explain the similarity of forms by Heredity, 
and their dissimilarity by Adaptation, we can find no 
weapon in the whole rich arsenal of Comparative Anatomy 
which defends the truth of the Theory of Descent more 
powelfully than the comparison of the internal skeletons 
of the various Vertebrates. We may, therefore, expect 
a p1·iori that such comparison is of special importance in 
our History of the Evolution of Man. 'l'he inner vertebrate 
skeleton is one of those organs as to the Phylogeny of 
which Comparative Anatomy affords us conclusions far 
more important and deeper than those to be gained from 
its Ontogeny.176 

More than any other system of organs, the internal 
skeleton of Vertebrates, when studied comparatively, clearly 
and immediately impresses the observer with the necessity 
of the phylogenetic connection between these allied and yet 
very varied forms. A thoughtful comparison of the bony 
frame of Man with that of other Mammals; and of these 
again with that of lower'Vertebrates, is alone sufficient to 
afford conviction of the true tribal relationship of all 
Yertebrates. All the separate parts of which this bony 
frame is composed appear in other Mammals, in a great 

• "Aile Gestalten sind ahnlich, doch keine gleichet der andern; 
Uud so deutet der Cbor auf ein geheimes Gesetz.'' 
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variety of forms indeed, but yet in the same characteristic 
arrangement and relative position; and if the comparison 
of the anatomical conditions of the skeleton is carried out 
below Mammals, we can prove that a direct and uninter
rupted connection exists throughout between these various 
forms which are apparently so utterly unlike, and can 
finally be traced from a most simple, common, fundamental 
form. These facts alone must fully convince every ad
herent of the Theory of Development that all Vertebrates, 
including 1'11an, must be traced from a single common 
parent-form, from a Primitive Vertebrate; for the mor
phological features of the inner skeleton, and of the mus
cular system which stands in the closest correlative rela
tions to it, are of such a kind that it is quite impossible 
to conceive a polyphyletic origin, a descent from several 
different root-forms. It is impossible, on mature reflection, 
to accept the theory that the vertebral column with its 
Yarious appendages, or the skeleton of the limbs with their 
variously differentiated parte:;, could have originated on 
several occasions during the course of the earth's history, 
and that, consequently, the various Vertebrates must be 
referred in various lines of descent from Invertebrates. 
Indeed, it is exactly in this point that Comparative Anatomy 
and Ontogeny irresistibly drive us to the monophyletic 
conclusion, that the human race is a very recent offshoot 
of the same gTeat single trunk, from branches of which all 
other Vertebrates have also sprung. 

In order to obtain a view of the outlines of the develop
ment of the human skeleton, we must first take a general 
survey of its arrangement in the developed Man. (Cf. 
Table XXXIV. and Fig. 251, the human skeleton from the 
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TABLE XXXIV. 

Systematic Snr>ey of the Arrangement of the Human Skeleton. 

A. Central Skeleton, or Axial Skeleton. Spine . 

.A.a. Vertebml Bodies and Upper A1·ches, 

J. Skull l 1 a. Pre-vertebral skull 
(Cranium) 2 b. Vertebral skull 

( 7 Neck -vertebrre 
2. Vertebral [12 Che•t ,. 

column < 5 Hip , 
(Columna 1 5 Vertebrreofthesacrum 

t>ertebralis) l 4 ,. ,. ,. tail (coccyz) 

.A.b. Luwer Veo·tebml.tlrches . 

{ 
1. Products of the gill- P•·od<ICta a1·cuum 

arclles bTanchialium. 

{ 
2. Ribs and breast- Costru et •te>·num 

bone 

----------------------~---------------------·-

B. Bones connecting the Extremities. 

B.a. Bones connectl:ng the .Ante1·ior Limbs: 
Bones of the Shoulder. 

1. Shoulder-blade Scapula 
(2. Primitive key-bone J.Jroc01·acoidesf) 
(3. Raven bone. Coracoides t) 
4. Collar-bone, or key-bone Clavicula 

B. b. Bones connecting the Lower T.imbs: 
Bones of the Pelvis. 

1. Intestinal bone 
2. Pubic bone 
3. Hip-bone 

Os ilium 
Os pubis 
Os iljchi 

C. Jointed Skeleton of the Limbs. 

C. a. Skeleton of the Fore Limb$. 

I. FIRST DIVISION~ UrP£R ARM. 
I. Upper arm bone H11nurus 

II. S&COND DrvisiOll : LowER An>I. 

2. Spoke-bone Radius 
3. Ell-bone L1na 

III. Tnmo Drvrsro:;: HAND. 
ill . .tl. Wrist Carpus 

Original parts. Modified parts. I 
{

a. Radical = Scaplwid-:um 
b. Inrermedium :::::. Lu1.1atum 
c. Ulnar = TJ~iquetrum 
[d. Central = Intermedium tl 

' e. Carpal I. = Trapeziuw-,. 
{ f. ., II. = ~Prapezoides 
, t :: w: + v. ~ z::~~~~~~ 
III. B. Palm of tbe Hand 
Ill. C. Fh·~ Fingers 

( !4 bones 

Jfetaca1pus (5) 
])igiti 
Pltala11ges) 

C. b. Skeleton of the Hind Limbs. 

I. FlRST DIYISION: THIGH. 

1. Thigh-bone Fem«r 

II. SECOND DIVISIO::< : LEG. 

2. Shin-bone ~l'ibia 
3. Calf-bone Fibula 

III. Tm11o DIVISION : Foo1'. 
III. Ankle Ta1·sus 

Originnl parts. Modified parts. 

{

a. Tibinl 
b. Intermedium 
e. Fibular 
d. Central 

{

e. Tarsal I. 
f. , II. 
fl. , III. 
h. , IV.+ V. 

III. B. Sole of the Foot 
Ill. C. Five Toes 

(14 bones 

} = .Astragalus 

= Calca'neu.s 
:::::: J'l:avicula,·e_ 
:::::: C!uneifon/4 

= 
:::::.Ouboi~ 

l. 
II. 

Ill. 

.tlfelata1'Sus (5) 
DlfJiti 
Phalanges) 

--------
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FIG. 251. FIG, 252, 



280 

FIG. 253.
Human vertebral 
colnmn (in an up. 
right position; 
from the right 
side). (After H. 
Meyer.) 

THE EVOLUTIO:N OF MAN. 

right side (without arms); Fig. 252, the 
entire skeleton from the front.) In .Man, 
as in all other Mammals, the skeleton is 
primarily distinguishable into the axial 
skeleton, or spine, and the skeleton of the 
appendages, or the bony frame of tho limbs. 
The spine consists of the vertebral column 
and of the skull; the latter being the pecu
liarly modified anterior part of the former. 
The ribs are the appendages of the vertebral 
column; the tongue-bone (os lingum), the 
lower jaw, and the other products of the 
gill-arches, are those of the skull. The 
skeletons of the two pairs of limbs, or ex
tremities, are composed of two different 
parts : of the bony frame of the actual, pro
minent extremities, and of the inner girdle 
skeleton, by which the limbs are attached 
to the vertebral column. The girdle skele
ton of the arms (or fore limbs) is the 
shoulder girdle; the girdle skeleton of the 
legs (or the hind limbs) is the pelvic 
girdle. 

The bony vertebral column in human 
beings (columna ve1·teb1·alis, or veTteb'~"a
'riurn, Fig. 253) is composed of thirty-three 
or thirty-four circular pieces of bone, which 
lie one behind the o~her (one above the 
other in the usual upright position of 
man). These bones (veTtebTm) are sepa
rated from each other by elastic cushions, 
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the in"(;ervertebral discs (ligarnenta inte1·veTteb1·cdia), and 
at the same time, are connected by joints, so that the 
entire vertebral column forms a firm and solid axis, which 
is, ·however, flexible and elastic, capable of moving freely 
in all directions. In the various regions of the trunk, 
the vertebrre differ in form and connection, so that the 
following are distinguished in the human vertebral colulllil, 
beginning from above: seven neck-vertebrre, twelve breast
vertebrre, five lumbar-vertebrre, five cross-vertebrre, and 
four to five tail-vertebrre. The uppermost, those directly in 

FIG. 254.-Third neck-vertebra of man. 
FrG. 255.-Sixth breast. vertebra of man. 
FIG. 256.-Second lumbar-vertebra of man. 

contact with the skull, are the neck-vertebrre (Fig. 254), 
and are distinguished by a hole found in each of the 
two lateral processes. There are seven neck-vertebrre in 
Man, as in nearly all other Mammals, whether the neck 
is long, as in the Camel and the Giraffe, or short, as in the 
Mole and the Hedgehog. The fact that the number of these 
neck-vertebrre is always seven,-and there are but few 
exceptions (explicable by adaptation),-is a strong argu
ment for the common descent of all Mammals; it can only 
be accounted for as a strict transmission from a common 
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parent-form, from some Promammal which had seven neck
vertebrre. If each animal species had been a distinct crea
tion, it would have been far more to the pmpose to haYa 
furnished the long-necked Mammalia with a larger, and tl;CJ 
short-necked with a smaller number of neck-vertebrre. The 
neck-vertebrre are immediately followed by those of the breast 
or thorax, which, in Man and most other Mammals, number 
twelve or thirteen (usually twelve). Attached to the sides 
of each breast-vertebra (Fig. 255) is a pair of ribs-long 
curved prvcesses of bone lying in and supporting the wall of 
~he thorax. The twelve pairs of ribs, with the connecting 
lntercostalmuscles and the breast-bone (ste1·nwrn) constitute 
~he breast-body (thorax, Fig. 252, p. 279). In this elastic 
and yet firm thorax lie the double lung, and between the 
two halves of this, the heart. The chest-vertebrre are 
followed by a short but massive section of the vertebral 
column, formed by five large vertebrre. These are the 
lumbar-vertebrre (Fig. 256), which bear no ribs and have 
no perforations in their lateral processes. Next comes the 
cross-bone (sacrum), which is inserted between the two 
halves of the pelvic girdle. This cross-bone consists of five 
fixed and amalgamated cross-vertebrre. Last comes a small 
rudimentary tail-vertebral column, the rump-bone (coccyx). 
This bone consists of a varying number (usually four, more 
rarely three or five) of small aborted vertebrre ; it is a 
useless rudimentary organ, retaining no physiological sig
nificance either in Man or in the Tail-less Apes or Anthro
poids. (Cf. Figs. 204-208.) Morphologically it is, howeYer, 
ve-ry interesting, as affording incontrovertible evidence of 
the descent of Man and of Anthropoids from Long-tailed 
Apeli!. For this assumption affords the only possible 
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explanation of this rudimentary tail. In the human 
embryo, indeed, during the earlier stages of germ-history, 
the tail projects considerably. (Cf. Plate VII. Fig. M II., 

and Figs. 123, s, 124, s, vol. i. p. 370.) It afterwards becomes 
adherent, and is no longer externally visible. Yet traces 
of the aborted tail-vertebral, as well as of the ruclimentary 
muscles, which formerly moved them, persist throughout life. 
According to the earlier anatomists the tail n1 the female 
human being has one vertebra more than that of the male 
(four in the latter, five in the former).177 

(!hest I (Jroo~ 
or Thil 

Number of Ve1'tebrre in 1X>rious Catarhini. 
Neck o1· tho· Lum
Trerte- 1·acic bar 
bn::e. Verte- Vtn·te .. 

sacra! reJ·~,. :ILia!. 
Yerte- b1'(:8. 

brre. bi"re. brre. 

---·---------------1---------

'rail. 
less 1

1\fan (Fig: 208) .. ............. ... 7 12 5 5 4 33 
Orang (F1g. 205) .... -......... 7 12 5 4 5 33 
Gibbon (F1g. 204) .. ....... ... .. . 7 13 5 4 3 32 
Gorilla (Fig. 207) ...... ......... 7 13 I 4 4 5 33 

.Chimpanzee (Fig. 206) ......... 7 14 4 4 5 34 
----- --1---

7 13 6 3 5 I 34 
Drill (Mo?"mon lettcophrPus) ... 7 12 7 3 8 37 f"'"''il (Mwmo. ohwo.o) ...... 

Tailed Rhesus (Imtus ?·hesus) ......... 7 12 7 2 18 

I 
46 

Sphinx (Papio sphinx) ......... 7 13 6 3 2..), 53 
Simpai (Se'llmopithecus melus) \ 7 12 I 7 3 31 60 

The number of vertebrre in the human vertebral column 
is usually thirty-three in all; but it is an interesting fact 
that this number frequently varies, one or another vertebra 
failing, or a new, supernumerary vertebra inserting itself. 
Not unfrequently, also, a rib, capable of free motion, forms 
-on the last neck-vertebra or on the first lumbar-vertebra, so 
that thus there are thirteen breast, and six neck, or four 
lumbar vertebrre. In this way contiguous vertebral in the 
different sections of the vertebral column may replace each 
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other. On the other hand, the above comparison of the 
number ofvertebrre in different tail-less and tailed Catarhines 
shows considerable fluctuations in these numbers even in 
this one family.l78 

To understand the history of the development of the 
human vertebral column, we must now study the form and 
combination of the vertebrre in somewhat greater detail. 
The main outline of each vertebra is that of a signet ring 
(Figs. 254-256). The thicker part, which faces the ventral 
side, is called the body of the vertebra, and it forms a short 
disc of bone; the thinner forms a semi-circular arch-the 
vertebral arch, which is turned toward the dorsal side of the 
body. The arches of all the consecutive vertebrre are so con
nected by thin ligaments (ligamenta irdenrurolia) that the 
space enclosed by them all in common forms a long canal. 
In this spinal, vertebral canal lies, as we have seen, the hmd 
portion of the central nervous system, the spinal marrow. 
The front part of this, the brain, is enclosed in the skull
cavity, and hence the skull itself is merely the anterior 
section of the vm-tebral column, modified in a peculiar way. 
The base or ventral side of the bladder-shaped brain-capsule 
was originally formed by a number of coalescent vertebral 
bodies, the amalgamated upper vertebral arches of which 
formed the arched or ventral side of the skull. 

While the firm, massive vertebral bodies constitute the 
true central axis of the skeleton, the dorsal arches serve to 
enclose and protect the central marrow. Analogous arches 
).lso develop on the ventral side as a protection for the 
..,horacic and abdominal viscera. These inferior or ventral 
vertebral arches, proceeding fi·om the ventral side of the 
vertebral· bod1es, form a canal in many low V ertebrate8 in, 
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which are enclosed the large blood-vessels on the under 
surface of the vertebral column-the aorta and the tail vein. 
In higher Vertebrates most of these inferior vertebral arches 
are lost or become merely rudimentary. But in the breast 
section of the vertebral column they develop into strong, 
independent bony arches, the ribs (costce). The ribs are, in 
fact, merely large vertebral arches which have become 
indepenrlent, and have broken their original connection 
with the vertebral bodies. The gill arches, of which we 
have spoken so often, are of similar origin; they are actual 
head-ribs in the strictest sense-processes which have 
actually originated from the lower arches of the skull
vertebrre, and which correspond with the ribs. Even the 
mode of connection of the right and left halves of the arches 
on the ventral side is the same in both instances. The 
chest is closed in front by the intervention, between the 
upper ribs, of the breast-bone (ste1'1vwm)-a single bone 
originating from two corresponding side-halves. The gill
body is also closed in front by the intervention of a single 
piece of bone-the copula lingualis. 

In now turning from this anatomical examination of the 
constitution of the vertebral column to the question of its 
development, I may, as regards the first and most important 
features in the evolution, refer the reader to the explanation 
already given of the germ-history of the vertebral column 
(Chap. XII., vol. i. pp. 369-378). In the first place, it is ne
cessary to recollect the important fact that in M:an, as in all 
other Vertebrates, a simple, unarticulated cartilaginous rod 
at first occupies the place of the articulated vertebral column. 
This firm but flexible and elastic cartilaginous rod is the 
well-known notochord (clwda clonalis). In the lowest Ver-
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tebrate, the Amphioxus, this persists throughout life in tlus 
very simple form, and permanently constitutes the whole 
internal skeleton (Fig.151, i,vol. i. p. 420; Plate XI. Fig.1.5), 
)3ut even in the Mantle Animals (Tumccda), the nearest 
invertebrate allies of Vertebrata, we find this same noto
chord; transitorily in the transient larval tail of Ascidia 
(Plate X. Fig. 5, ch); permanently in the Appendicularia 
(Fig. 162). The .Mantle Animals, as well as the Acrania, 
have undoubtedly inherited the notochord from a common 
worm-like parent-form, and these primawal worm ancestors 
are the Chorda Animals (Chorclonict, p. 91). 

Long before any trace of a skull, limbs, etc., appears in the 
human embryo or in that of any of the higher Vertebrates
in that early stage when the whole body is represented only 

by the lyre-shaped germ-elise--in the cen
tral line of this latter, directly under the 
primitive groove or medullary furrow, ap
pears the simple chorda dorsalis. (Cf. Figs. 
84-87, vol. i. pp. 297, 298, surface view; 
Figs. 66-70, 89-93, transverse section; also 
Plates IV., V., ch.) As a cylindrical chord ii 
traverses the longitudinal axis of the body, 
and is equally pointed at both ends. The 
cells which compose the chord (Fig. 257, b) 

Frn. 257.-Por. come, in common with all the other cells of 
tiou of notochord 
(cltorda dorsa,Us) of 
au embryo sheep : 
a, sheath ; b, cells. 
(After Koelliker.) 

the skeleton, from the skin-fibrous layer. 
They most resemble certain cartilage cells; 
a special " chordal tissue " is often said to 
exist; but this must not be regarded as 

more than a special form of cartilaginous tissue. At an 
early period the notochord envelopes itself in a structureless 
sheath (ct) as clear as glass, which is secreted by its cells. 
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This perfectly simple, inarticulate, primary axial 
skeleton is soon replaced by an articulated, secondary 
axial skeleton, called the "vertebral column." On each side 
of the notochord the primitive Yertebral bands or primitive 
vertebral plates (vol. i. p. 306, Fig. 92, uw) differentiate from 
the inner portion of the skin-fibrous layer. The inner part 
of these primitive vertebral bands, which immediately sur
rounds the notochord, is the skeleton-plate, or skeleton 
stratum (i.e., the cell-layer forming the skeleton), which 
furnishes the tissue for the rudiments of the permanent 
Yertcbral column and of the skull. In the anterior half 
of the body the primitive vertebral plate remains a simple, 
continuous, unbroken layer of tissue, and soon expands into 
a thin-walled vesicle, which surrounds the brain; this is the 
primordial skull. In the posterior half, on the contrary, 
the primitive vertebral plate breaks up into a number of 
homologous cube-shaped pieces, lying one behind the other; 
these are the several primitive vertebrm. The number 
of these is at first very small, but soon increases, as the 
germ grows in the posterior direction (Figs. 258-260, 'it'iv). 
The first and earliest primitive vertebrm are the foremost 
neck-vertebrre; the posterioT neek-vertebrm then originate; 
then the anterior breast-vertebrre, etc. The lowest of the 
tail-vertebrre arise last. This successive ontogenetic growth 
of the vertebral column in a direction from front to rear 
may be explained phylogenetically by regarding the many
membered vertebrate body as a secondary product, which 
has originated from an originally inarticulate parent-form 
by progressive metameric development, or articulation. 
Just as the many-membered ·worms (Earth-worm, Leech) 
and tho closely allied Arthropods (Crabs, Insects) originally 
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FIGs. 258-260.-Lyre-shaped germ-shield of a Chick, in three consecutive 
stages of development; seen from the dorsal side; enlarged about twenty 
times. Fig. 258, with six pairs of primitive vertebral. The brain is a sim
ple bladder (hb). The spinal furrow from re remains wide open; behind, at 
z, it is much enlarged. mp, Marrow-plates; sp, side-plates; y, limit be. 
tween the pharynx cavity (sh) and the head-intestine (vd). Fig. 259, with 
ten pairs of primitive vertebral. The brain has separated into three 
bladders: v, fore-brain; rn, mid-brain; h, hind-brain; c, heart; dt•, yelk
veins. The spinal furrow is still wide open (z). mp, Marrow-plates 
Fig. 260, with sixteen pairs of primitive vertebral. The brain has separated 
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into five bladders: t•, fore-brain; z, twixt-brain; m, mid-brain; h, hind
bruin; n, after-brain; a, eye-vesicles; g, ear-vesicles; c, heart; dv, yelk
~eins; mp, marrow-plate; uw, primitive vertebra.. 

developed from an :inarticulate worm-form by terminal 
budding, so the many-membered vertebrate body has 
ori£i·inated from an inarticulate parent-form. The nearest 
extant allies of this parent-form are the Appendicularia 
(Fig. 162) and the Ascidian (Plate XI. Fig. 14). 

As has been repeatedly pointed out, this primitive 
vertebral, or metameric structure ha.<J a very important 
Learing on the higher morphological and physiological de
velopment of Vertebrates. (Cf. voL i. p. 346.) For the articu
lation is by no means confined to the vertebral column, but 
equally affects the muscular, nervous, vascular, and other 
>;ystems. As is shown by the Amphioxus, the metameric 
structure appeared much earlier in the muscular than in 
the skeleton system. Each so-called primitive vertebra is 
in fact far more than the mere rudiment of a future verte
bra. In each primitive vertebra exists the rudiment of a 
segment of the dorsal muscles, of a pair of spinal nerve
t·oots, etc. Only the inner portion-that which lies directly 
next to the notochord and the medullary tube-is employed, 
as the skeleton-plate, in the formation of actual vertebrre. 
'Ve have already seen how these true vertebrre develop from 
the skeleton-plate of the primitive vertebrre or metamera. 
The right and left lateral halves of each primitive vertebra, 
originally separate, unite. The ventra] edges, meeting below 
the medullary tube, surround the chord and thus form the 
rudiments of the vertebral bodies; the dorsal edges, meeting 
above the medullary tube, form the first rudiments of the 
vertebral arches. (Cf. Figs. 95-08, and Pla.te IV. Figs. 3-8.\ 

Whll U 



THE EVOLUTION OF :MAN. 

J n all Skulled Animals (01·aniota), most of the soft, 
undifferentiated cells which originally constitute the 
!>kelcton-plate, afterwards change into cartilage cells, \Yhich 

FIG. 261.-Three 
breast-vcrtebrm of a 
human embryoof eight 
weeks, in l:tteral lon
gitudinal section : v, 
cartilaginous vertebral 
bodies ; li, interverte
hrnl discs ; ch, noto
ehord. (After Koel
liker.) 

secret.e a finn, elastic "intercellular sub
stance," and thus produce cartilaginous 
tissue. Like most other parts of the 
skeleton, the rudimentary vertebrro soon 
pass into a cartila2;invus condition, and, 
in the higher Vertebrates, the cartila. 
ginous tissue is afterwards replaced by 
the rigid bony tissue with its peculittr 
radiate bone-cells (Fig. 5, vol. i. p. 12() ). 
The original axis of the vertebral column, 
the notochord, is more or less compressed 
by the cartilaginous tissue which grows 
vigorously round it. In lower V mte
brates (i.e., in Primitive Fishes) a morP 
or less considerable portion of the noto
chord remains within the vertebral 

hodies. In Mammals, on the contrary, it disappears almost 
<'ntirely. In the human embryo, even at the end of the 
second month, the notochord is seen only as a thin threacl 
which passes through the axis of tho thick cartilaginous ver
tebral column (Fig. 261, ch). In the cartilaginous vertebral 
bodies themsdves, which afterwards ossify, the thin remnant 
of tho notochord (Fig. 262, ch) soon disappears entirely. A 
remnant remains, however, thronghout life in the elastiC' 
'' intervertebral discs" which develop, from the skeleton 
plate, between each pair of vertebral bodies (Fig. 261, Zi) 
In a new-born child, a large, pear-shaped cavity, filled with 
a gelatinous cell-mass, is visible in each intervertebral di:;c 
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(Fig. 263, a). This "gelatinous nucleus" of the ela'ltic ver
tebral disc becomes less sharply defined, but persds 
throughout life in all Mammals, while in Birds and Rep
tiles, even the last remnant of the nowchorJ. vanislw'. 

FTG. 262.-A breast.vertebraof the same embryo in lateral cross-section: 
cv, cartilaginous vertebral bodies; ch, notochord ; p1·, square process; 
a, vertebral arch (upper); c, upper end of rib (lower arch).· (Afte•· 
Koelliker.) 

FIG. 263.-Intervertebral disc of new-born child in cross-section' 
a, remnant of the notochord. (After Kqelliker.) 

When the cartilaginous vertebrre afterwards ossify, the firt:>t 
deposit of bone-substance (the first "bone-nucleus") in 
the vertebral bodies is formed immediately round the rern
nant of the notochord, and soon completely displaces the 
latter. A special bone kernel or nucleus is then formed in 
each half of the cartilaginous vertebral arch. It is not till 
after birth that the ossification progresses so far that the 
three bone-nuclei approach each other. The two bony 
halves of the arch unite during the first year, but it is not 
till much later, till between the eighth and the twelfth 
year, that they umte with the bony vertebral body. 

The bony skull (cranitm~,), which must be regarded as 
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the foremost, peculiarly modified section of the vertPbral 
column, develops in an exactly similar manner. Just as, 
in the spinal column, the vertebral canal envelopes and pro
tects the dorsal marrow, so the skull forms a bony covering 
round the brain; and, as the brain is merely the anterior, 
peculiarly differentiated portion of the dorsal marrow, we 
might ~onclude on a pri01'i grounds, that the bony envelope 
of the brain is a peculiar modification of that of the dorsal 
marrow. It is true, that if the developed human skull 
(Fig. 264) is considered by itself, it is impossible to under
stand how it can be mei'ely the modified anterior portion of 
the vertebral column. It is a complex, capacious bony 
structure, consisting of no Jess than twenty bones, differing 

...------------::;_~-~ widely in form and size. Seven of 
. ~" ,..-----· , ~ these skull-bones constitute the 

/ '• 
/ } . 

l;:;,. l. . .,.,__' 
spacious case which encloses the 
brain, and in which we distinguish 
the strong, massive floor of the skull 
(basis C?'ardi) below, and the 
boldly arched roof of the skull 

FIG. 261-.-Human skull, (fo1'nix CTanii) above. The other 
from lhc right side. thirteen bones form the "facial 

skull," which especially provides the bony envelopes of 
the higher sense-organs, and at the same time as the jaw
skeleton, encircles the entrance to the intestinal canal. 
ThG lower jaw (usually regarded as the twenty-firl!t 
skull-bone) is jointed to the skull-floor, and behind this, 
embedded in the roots of the tongue, we find the tongue
hone, which, like the lower jaw, has originated from the 
gill-arches, together with a portion of the lower arch, which 
originally developed as "skull-ribs" from the ventral side 
of the skull-floor. 



VERTEBRAL THEORY OF THE SKULL. 293 

Although, therefore, the developed skull of the higher 
Vertebrates, in its peculiar form, its very considerable size, 
and its complex structure, seems to have nothing in 
common with ordinary vertebrre, yet the old comparative 
anatomists at the close of the eighteenth century correctly 
believed that the skull is originally merely a series of 
modified vertebn.e. In 1790, Goethe "picked up out of the 
sand of the Jews' burying-ground among the downs near 
Venice, a dismembered skull of a sheep; he at once per
ceived that the face bones (like the three vertebrre of the 
back of the skull) are also derivable from vertebrre." And, 
in 1806, Oken (without knowing of Goethe's discovery), at 
Ilsenstein, on the way to the Bracken, "found a beautifully 
bleached skull of a hind; the thought flashed through him, 
It is a vertebral column!" l79 

For the last seventy years, this celebrated "Vertebral 
Theory of the Skull" has interested the most prominent 
zoologists; the most important representatives of Compara
tive Anatomy have exercised their ingenuity in attemptin~ 
to solve this philosophical skull-problem; and the question 
has engaged attention in yet wider circles. It was not till 
1872 that the solution was found, after seven years of 
labour, hy the comparative anatomist, who, both in the 
wealth of his real empirical knowledge and in the pro
fundity of his philosophic speculations, surpasses all other 
students of this science. Karl Gegenbaur, in his classic 
"Researches in the Comparative Anatomy of Vertebrates" 
(third part), showed that the skull skeleton of the Selachii 
is the only record which affords definite proof of the verte
bral theory of the skull. Earlier co!llparative anatomistR 
erred in starting from the developed mammalian skull, and 
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in comparing the several component bones with the separate 
parts of vertebrre; they supposed that in this way they 
could prove that the developed mammalian skull consists 
(>f from three to six original vertebrre. The hindmost of 
these skull-vertebrre was, according to them, the occipital 
bone. A second and a third vertebra were represented by 
the sphenoid bone, with the parietal bones, and by the 
frontal bone, etc. The elements of anterior skull vertebrre 
were even supposed to exist in the face bones. In opposi
tion to this view, Huxley first called attention to the fact 
that in the embryo this bony skull origim.lly develops 
from a simple cartilaginous vesicle, and that in this simple 
cartilaginous "primitive skull" not the slightes_t trace of a 
constitution of vertebrate parts is visible. This is equally 
Lrue of the skulls of the lowest and most ancient Skulled 
Animals (Cnmiota), the Cyclostomi and the Selachii. In 
these the skull retains throughout life the form of a simple 
cartilaginous capsule-of an inarticulate "primitive or 
primordial skull." If the older skull-theory, as it was 
accepted from Goethe and Oken by most comparative 
anatomists, were correct, then in these lo·west Skulled 
Animals especially, and in the embryos of the higher Skulled 
Animals, the constitution of the "primitive skull" by a 
series of" skull-vertebr::.e" would be very clearly evident. 

This simple and obvious consideration, first duly em
phasized by Huxley, indeed overturns the famous "Verte-
1rate Theory of the Skull," as held by the older comparative 
anatomists. Yet the entirely correct fundamental idea 
holds good, i.e., the hypothesis that the skull develops from 
the anterior portion of the spinal column by differentiation 
and peculiar modification, just as the brain develops from 
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the anterior portion of the dorsal marrow. But the true 
mode of empirically establishing this philosophic hypothesis 
was yet to be discovered ; and this discovery we owe to 
Gegenbaur.180 He was the first to employ the phylogenetic 
method, which, in this as in all morphological questions, 
leads most surely and quickly to the result. He showed 
that the Primitive Fishes (Selachii, Figs. 191, 192, p. 113), 
as the parent-forms of all Amphirhina, yet retain per
manently in their skull-structure that form of primordial 
skull, from which the modified skull of the higher Verte
brates, and therefore that of Man, has developed phyla
genetically. He also pointed out that the gill-arches of the 
Selachii show that their primordial skull wafl originally 
formed of a considerable number-at least nine or ten
primitive vertebrre, and that the brain-nerves, which branch 
from the base of the brain, entirely confirm this. These 
brain-nerves-with the exception of the first and the second 
pairs (the olfactory and the optic nerves)-are merely modi. 
fied spinal nerves, and, in their peripheric distribution, 
essentially resemble the latter. The Comparative Anatomy 
of these brain-nerves is one of the stro11gest arguments for 
the newer vertebral theory of the skull. 

It would lead us too far aside if we were to enter into 
the particulars of this ingenious theory of Gegenbaur, and 

I must content myself with referring to the great work 
already quoted ; in it the theory is fully demonstrated by 
empirical and r11ilosophical arguments. The same author 
has given a brief abstract in his "Outlines of Comparative 

Anatomy" (1874), the study of which it is im1~ossible to 
recommend too highly. In this work Gegenbaur indi
cates as original "skull-ribs," or "lower arches of skull-
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vertebrre," in the selachian skull (Fig. 265), the following 
pairs of arches : I. and II. are two lip cartilages, of ·which 
the anterior (a) consists only of an upper, and the inferior 
(be) of an upper and a lower piece; III., the jaw-arch, 
which also consists of two pieces on each side,-viz., the 
primitive upper jaw (os palato-qw.td?·att~m, o) and the 

Fro. 265.--Head skeleton of a Primitive Fish: n, nose.groove; eth, region 
of the sieve-bone; O?·b, eye-cavity; la, wall of ear.labyrintb; occ, occipital 
region of the primitive skull; c1•, vertebral column; a, front; be, hind lip
r:u-tilage; o, primitive upper ja.w (palato quadratum); u, primitive lower 
jaw; II., tongue-arch; III.-V l!I., first to sixth gill-arches. (.After Gegen. 
haur.) 

primitive lower jaw ('1.~); IV., the tongue arch (II.), and V. to 
X., six true gill arches, in the stricter sense of that term 
(Ill-VIII.). The anatomical features of these nine or ten 
skull-ribs, or "lower vertebral arches," and of the brain 
nerves distributed over them, show that the apparently 
simple, cartilaginous "primordial skull " of the Primitive 
Fishes originally develops from an equal number (nine at 
the least) of primitive vertebrm. The base of the skull i~ 
formed by the vertebral bodies ; the roof of the skull by the 
upper vertebral arches. The coalescence and amalgamation 
of these into a single capsule is, however, so ancient, that 
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their primordial separate condition now appears effaced hy 
the action of the "law of abridged heredity," and is no 
longer demonstrable in the Ontogeny. 

In the human primitive skull (Fig. 2GG), and in that of 

all higher Vertebrates, which has been modified, phyloge
netically, from the primitive skull of the Selachii, five con
secutive divisions are visible at a certain early period of 
development; these one might be tempted to refer to five 

FIG. 266.-Primitive skull of human 
embryo of four weeks; vertical section, 
the left half seen from the inside : v, z, 
m, h, n, the five grooves in the skull 
cavity, iu which lie the five brain. bladders 
(fore-brain, twixt-brain, mid-brain, hind. 
brain, after-brain); o, pem·-shaperl pri-
1Uary ear.vesiole ; a., eye; no, optic ner\'e; 
p, canal of the hypoph,rsist; t, cenlr:1.l 
vart of the craniallmsis. (After Koellikcr.) 

original primitive vertebral ; they are, however, merely the 
result of adaptation to the five primitive brain-bladders, 
and, like the latter, they rather correspond to a larger 
number of metamera. Th~ fact that the primitive verte
brate skull is a much modified and profoundly transformed 
organ, and by no means a primitive structure, is also evi
dent in the circumstance that its rudiment, originally a soft 
membrane, commonly assumes the cartilaginous state only 
at its base and on the sides, while it remains membranous 
at the skull-roof. Here the bones of the later bony skull 
develop in the soft membranous rudiment as an external 
bony roof, without a previous intermediate cartilaginous 
state, as in the base of the skull. Thus a great part of the 
skull~bones originally developed as roof-bones from the 
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leather-skin (c01-i-wrn), and only secondarily, come into closer 
relations with the skull. How, in Man, this most simple and 
primordial rudiment of the primitive skull develops, onto
genetically, from the head-plates, and how, in the mean
time, the anterior extremity of the notochord is enclosed in 
the base of the skull, has already been explained. (C£ 
vol. i. p. 378; Figs. 145 and 146, p. 393.) 

The main features in the history of the development of 
the gill-arches, which must now be regarded as skull-ribs, 
has been told. Of the four original rudimentary gill-arches of 
Mammals (Plates I. and VII., Figs. 232-236, p. 243), the first 
lies between the primitive mouth-opening and the first gill
opening. From the base of this gill-arch the "upper jaw 
process " develops, and this unites. in the manner already 
described, with the internal and the external nasal processes 
on each side, and forms the chief parts of the upper jaw skele
ton palate-bones, wing-bones, etc. (0£ p. 245 and 268.) The 
rest of the first gill-arch, now distinguished as the "lower-jaw 
process," forms out of its base two ear bonelets-the hammer 
( mcdlev-s) and the anvil (incus); the rest of its mass becomes 
a long strip of cartilage, called, after its discoverer," Meckel's 
cartilage." On the extemal surface of this cartilage origin
ates, as a surface-bone (formed of cellular matter from the 
leather-plate), the permanent bony lower jaw. From the 
base of the second gill-arch in Mammalia originate the 
third ear bonelet, the stirrup (stapes), and from the subse
quent parts, in order, the stirrup-muscle, the styloid process of 
the temporal bone, the styloid band, and the small horn of the 
tongue-bone. Finally, the third gill-arch becomes cartilagin
ous only at its anterior portion, and here, by the union of its 
two halves, is formed the body of the tongue-bone (copula 
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ltyoiclca) and its great horn on each side. The fourth gill
arch appears in the mammalian embryo only as a transient, 
rudimentary embryonic organ, and does not develop into 
special parts. Of the posterior gill-arches (the fifth and 
sixth pairs), which are permanent in tJ:e Primitive Fishes, no 
trace is visible in the embryo of higher VerteLrates. The 
latter have long been lost. The four gill-openings in the 
human embryo are also only interesting as transient rudi
mentary organs, which soon disappear entirely by concre
scence. The first gill-opening (between the first and second 
gill-arches) alone is of permanent importance; from it 
develops the drum, or tympanic cavity of the ear, and the 
Eustachian tube., (Cf. p. 269, and Plate I., with explan
ation.) 

Not only did Gcgenbaur, in his model" Researches into 
the Comparative Anatomy of Vertebrates," first correctly 
explain the skull and its relation to the vertebral column, 
but he also first performed the no less weighty and interest
ing task of showing the phylogenetic derivation of the 
skeleton of the limbs in all Vertebrates from one primordial 
form. Few parts of the body in the different Vertebrates 
are subjected, by adaptation to various circumstances, to 
such an infinite variety of modifications as the limbs, in 
point of size, form, and special fitness for certain purposes, and 
yet we are now able to refer them all to one common here
ditary form. Vertebrs.tes are distinguishable as regards the 
structure of their limbs into three large main groups. The 
lowest and most ancient Vertebrates, the skull-less and jaw
less classes, like all their invertebrate ancestors, had no 
paired limbs; this condition is yet represented in the Am
phioxus and in the Cyclostomi (Figs. 189, 100). The second 
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main group consists of the two classes of true Fishes, ancl of 
the Dipneusta; in these, two pairs of lateral limbs, in the 
shape of many-fingered swimming-fins-one pair of pectoral 
fins (the fore legs) and one pair of abdominal fins (hincllegs)
are originally always present (Figs. 191, 192, Plate XII). 
Finally, the third main group embraces the four higher 
vertebrate classes: Amphibia, Reptiles, Birds, and Mammals; 
in these the same two pairs of legs exist originally, but in 
the form of five-fingered feet. The digits or fingers are 
often fewer than five; sometimes, also, the feet are quite 
aborted. But the original parent-form of the entire group 
had anteriorly and posteriorly five digits (Pentaclactyli::;m, 

p. 123). 
As regards the Phylogeny of the limbs, from their 

Comparative Anatomy it appears, therefore, that the extre
mities originated in the Fishes, in the Primitive Fishes 
( Selachii), and were tra1ismittecl from these to all higher 
Vertebrates (all the A mphi1·hina ), first in the form of 
many-fingered fins, and afterwards as five-fingered feet 
(Figs. 267-272). The anterior extremity-the pectoral fin 
(or the fore leg)-is originally shaped precisely like the 
posterior extremity-the ventral fin (or the hind leg). In 
the one, as in the other, the true limb, externally promi
nent, is distinguishable from the internal, concealed girdle, 
by which the limb is attached to the spinal column-the 
shoulder-girdle above, the pelvic girdle below. 

The genuine primitive form of the paired limbs, as it 
existed in the most ancient of the Primitive Fishes during 
the Silurian Period, occurs to this day in perfect preserva
tion in the ancient Ceratodus, and very curious Mud-fish of 
Australia (p.ll9, Plate XII.). In this, both the pectoral and 
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the ventral fin is a flat, oval paddle, in which we find a 
feathered or biserial cartilaginous skeleton (Fig. 2G7). 

This skeleton consists firstly of a strong, articulated fin-rod 
or" stem" (Fig. 267, A B), which extends from the base to 
the tip of the fin, and secondly, of a double row of thin, 
feathered rays (rr), which are attached to both siJes of the 
central rod, like the pinnre of a pinnate leaf. This primi
tive fin, first recognized by Gegenbaur, and by him ~alled 
the Al'chipterygit~?n, is attached to the spinal column by 
means of a simple girdle in the shape of a cartilaginous 
arch.161 

In some Sharks and Rays, especially wl1en very young. 
this same primitive fin also occurs in a more or less modified 
form. But in most Primitive Fishes the fin is already 
essentially modified, in that the rays on one side of the stem 
are partly or altogether lost, and are retaimd only on the 
other side (Fig. 268). Hence arises the half-feathered, or 
uniserial fish-fin, inherited by the other fishes from the 
Selachii (Fig. 269). 

Gegenbaur first showed how the five-fingered leg of 
Amphibia is developed f1·om this uniserial fit: (Fig. 270) and 
is inherited by three classes of Amniota. In those Dip
neusta which were the ancestors of the Amphibia, the fin rays 
on the ot"IJ.er side of the stem also were gradually degraded 
in development, and were in a great measure lost (the light
coloured cartilages in Fig. 269). Only the four lowest rays 
(shaded in Fig. 269) were retained; and these are the four 
outer digits c ~ the foot (second to fifth digits). The first, 

or great digi ~toe), on the contrary, originated from the 
lower part oft e fin-rod. From the middle and upper parts 
of this fin-rod eveloped the long ma.in stem of the limbs 
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FIG. 267. 

FrG. 2'70. 
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FIG. 268 • 

.Iff 

FIG. 2'71. 

FrG. 269. 

FIG. 272. 
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FIG. 267.-Boues of pectoral fins of Ceratodus (Archipterygium, or 
bilateral pinnate skeleton) :. A B, series of cartilaginous p1eces forming the 
vontra! stem of the fin; ,.,.,rays of the fin. (After Gunther.) 

FIG. 268.-Bones of pectoral fin of an earlier Primitive Fish (Acanthia~). 
:Most of the -:-ays of the metlial edge of the fin (B) have disappeared ; only 
a few (R') remain. R R, rays of the lateral edge of fin; ?nt, Metnp
terygium; ms, }fezopterygium; p, Propterygillill. (After Gegeubaur.) 

FIG. 269.-Bones of pectornl fi11 of a more recent Primiti>o Fish, or 
Selachian. The rays of tbe medial edge of the fin have entirely dis
appeared. The shaded part on lhe right is that portion which de1·elops into 
the fiYe-fingcred hand of higher Vertebrates (b, the three basal pieces of 
the fin; rnt, Metapterygium; rudiment of the humerus; rns, Mezoptery: 
gium; p, Propterygium). (After Gegenbaur.) 

FIG. 270.-Bones of the fore-limb of an Amphibian: h, upper arm 
(ln·men<s); 'l", u, lower arm (1·, ntdius; u, uLna); ,., c, i, c, {•, root-bones of the 
hn11<l, first row (r, radial; i, intermediate; c, central; u, nlnary); 1, 2, 3, 4, 5, 
rout-Jones of the hand, second row. (After Gegenbaur.) 

Fra. 271.-Bones of hand of Gorilla. (After Huxley.) 
FJG. 272.-Bones of human hand, seen from the back. (After H. }feyer.) 

which is so prominent in the higher Vertebrata as the upper 
arm (or leg) (Fig. 270, r and u) and the lower arm (or 
leg, h). 

The many-fingered fish-fins thus gave rise, by a process 
of gradual reversion and differentiation, to the five-fingered 
amphibian foot, which occurs first in the Sozobranchia, and 
which, from them, has been transmitted on the one hand to 
Reptiles, and to Mammals, up to Man, on the other (Fig. 272). 
Simultaneously with the reduction of the number of the fin
rays to four, a further differentiation affected the :fin-stem or 
rod; it became transversely divided into the upper and 
lower arms (or legs), and a modification took place in the 
girdle, which in the higher Mammals originally consists, 
both anteriorly and posteriorly, of three bones. The simple 
arch of the original shoulder-girdle separates, on each side 
into an upper (dorsal) piece-the shoulder-blade (scapulct) 
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and a lower (ventral) piece; the anterior portion of the 
latter constitutes the pro-key (or collar) bone (procoracoi

deum) and its posterior part the raven-bone (coracoideum). 
The simple arch of the pelvic girdle breaks up, coiTespond
ingly, into an upper (dorsal) piece-the intestinal bone 
(os ilium,), and a lower (ventral) piece; the anterior portion 
of the latter becomes the pubic bone (os pubis) and the 
posterior portion the hip-bone (o.s ischii). Table XXXIV., 
p. 278, shows the correspondence of these three parts of 
the pelvic girdle with those of the shoulder-girdle. The 
latter, however, in the key-bone or collar-bone (clcwic1da, 
possesses a fourth, wanting in the former. (Cf. Gegenbaur.182) 

A.s in the girdle, so in the trunk of the limbs there is 
originally an absolute agreement between the anterior and 
posterior limbs. The first section of the trunk is supported 
by a single strong bone--in the anterior limbs, the upper 
arm (humerus); in the posterior, the upper leg (femttT). 
The second section, on the other hand, contains two bones
on the anterior extremity the spoke-bone (mclius, Fig. 
270, 1'), and the ell-bone (tdna, Fig. 270, u); in the posterior 
the two corresponding bones, the shin-bone (tibia) and 
calf-bone (fibula). (Cf. skeletons in Fig. 196 and Figs. 
204-208). Moreover, the subsequent small and numerous 
bones of the wrist (ca?]Jus) and of the ankle (tarsus) cor
respond; so do the five bones of the middle of the hand 
(metacarpus) and of the middJe of the foot (m.etata?'S'I.ts). 
Finally, the same is true of the five digits attached to these 
parts, which in their characteristic structure of a series of 
];one-pieces conespond in the anterior and posterior limbs. 
C'harles Martins, of Montpellier, an excellent morphologist 
has shown that, in detail, the anterior and posterior limos 
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As Comparative Anatomy thus shows that the skeleton 
of the limbs in Man is composed of the same bones, and in 
the same manner as the skeleton in the four higher verte
brate classes, we m:~.y justly infer their common descent 
from a single parent-form. This parent-form was the mnst 
anciE)nt Amphibian possessing five digits both on the fore 
and on the hind limbs. The outermost part of the limbs 
has, indeed, been very much modified by adaptation to 
various conditions of life. The diversities in this point 
within the mammalian class are enormous. The slender 
limbs of the swift Deer and the strong, springy legs of the 
Kangaroo, the climbing feet of the Sloth and the digging 
pa·ws of the Mole, the fins of the \Vhale and the wings of 
the Bat, are all instances. It will, of course, be admitted by 
all that these organs of locomotion are as diverse as possiLle 
in point of size, form, and special function. And yet the 
internal bony skeleton is substantially the same in them a]. 
In all these different forms of limbs the same characteristic 
bones are always represented in es::;entially the same strongly 
inherited combination; and here we have a weighty confirm
ation of the theory of descent, such as is hardly afforded by 
the Comparative Anatomy of any other organ. (Cf. Plate 
IV. p. 34, vol. ii. of "History of Creation.") True, in tl1e 
limbs of the different Mammals, the skeleton is suhject to 
Vi'.rious arrests of development and reversions, in addition 
to those due to special adaptation (Fig. 273). Thus, in the 
fore foot (or hand) of the Dog the first digit, or thumb, is 
aborted (Fig. 273 II.). In the Pig (III.) and the Tapir (V.) 
this digit has entirely disappeared. So, too, in the Rumi
nants (e.g., the Ox, Fig. IV.) the second and fifth digits are 
also aborted, and only the thinl and fourth are well deve-

VOL. II. X 
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loped. ·Finally, in the Horse, only one digit, the third, i:-; 
perfectly developed (Fig. VI., 3). And yet all these diverse 
fore-feet, as also the hand of the Ape (Fig. 271) and the 
human hand (Fig. 272), have originated from the same 
common five-fingered parent-form. This is proved, not only • 
by the rudiments of the aLorted digits, but also by the 
homologous disposition of the wrist-bones (Fig. 273, c'-p). 
(Vule supm, p. 124.) 

The same story is also told hy the germ-history of the 
limbs, which is originally identical, not only in all Mammals, 
Lut in all Vertebrates. However different the limbs of the 
Yarious Skulled Animals (Cmniota) afterwards appear in 
their fully developed state, they nevertheless all originate 
from the same simple rudiment. (Cf. Plates VI. and VII., 

y 

.H. 
]][ 

FIG. 273.-Skeleton of hand or fore.foot of six Mam.mah. I. },fan; II. 
Dog; III. Pig; IV. Ox; V. Tapir; VI. Horse. 1·, Radius; u, ulna; 
a, scaphoid; b, semi-lunar; c, triquetrum (cuneiform);_ d, trapezium; e, 
trapezoid ; j, capitatmn (unciform process) ; g, hamatum (unciform bone) ; 
p, pisiform; 1, thumb; 2, digit; 3, middle finger; 4, ring finger; 5, little 
finger. (After Gegenbaur.) 

\1 

s 
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vol. i. p. 3G2; f, fore-leg, b, hind-leg.) In all, the first rudi
ment of each limb in the embryo is a simple wart, or small 
knob, which grows from the side of the body between the 
dorsal and ventral sides (Figs. 119 and 120, vol. i. pp. 357, 359; 
13G and 137, pp. 381, 382). The cells composing tl,:tese knobs 
belong to the skin-fibrous layer. The outer surface is coated 
by the horn-plate, which is rather thicker at the apex of 
the protuberance (Plate IV. Fig. 5, x). The tvvo anterior 
protuberances appear at a rather earlier period than the 
two posterior. By differentiation of the cells, these simple 
rudiments develop immediately, in Fishes and in the 
Dipneusta, into fins. In the higher vertebrate classes, on 
the contrary, each of the four protuberances, in the comse 
of its development, assumes the form of a stalked plate, the 
inner portion of which being narrower and thicker, the 
outer broader and thinner. The inner portion, or the handle 
of the plate, then divides into two sections: the upper and 
lower legs (or arms). Four notches then appear in the free 
edge of the plate, and these gradually become deeper; these 
are the divisions between the five digits (Plate VIII. Fig. 1). 
The latter soon become more prominent. At first, however, 
all the five digits, both on the fore and on the hind limbs, 
are joined by a thin connecting web-like membrane; this 
recalls the original adaptation of the foot as a swimming-fin. 
The further development of the limbs from this most simple 
rudiment takes place in the same way in all Vertebrates ; 
that is, by the modification of certain groups of the cells of 
the skin-fibrous layer into cartilage, of other groups into 
muscles, yet others into blood-vessels, nerves, etc. Probably 
the differentiation of all these various tissues occurs actualh 

"' in the limbs. Like the vertebral column and the skull, the 



303 THE EVOLUTION OF MAN. 

Lony parts of the limbs are also formed at first from soft 
undifferentiated cell-groups of the skin-fibrous layer. The:-;e 
afterwards change into cartilage, and from these the per
manent bones originate by a tertiary process.184 

The development of the muscles, or the active organs of 
locomotion, is, as yet, of much less interest than that of the 
skeleton, or the passive instruments of motion. The Com
parative Anatomy of these is, indeed, of much higher im 
portance than their Embryology. But as very little attention 
has, as yet, been paid to the Comparative Anatomy and 
Ontogeny of the muscular system, we have only very 
general ideas of its Phylogeny also. The muscular system 
as a whole has developed in the most intimate reciprocal 
correlation with the bone system.185 



( 309 ) 

TABLE XXXV. 

SYSTEMATIC St:RYEY 01' THE )lOST I~!PORTANT PERIODS IN THE PHYLOGENY 

OF THE HI:MAN SKELETON. 

I. Fi1·st Period: Skeleton of the Chordonia (Fig. 187, p. 90). 

The entire skeleton is formed by the notochord. 

II. Second Pel"iod: Skeleton of the Acrania (Fig. 189, p. 91). 

A notochord-membrane, the dorsal continuation of which forms a cover
ing round the medullary tube, is formed round the notochord. 

III. Thitd Pm·iod: Skeleton of the Cyclostomi (Fig. 190, p. 103). 

A cartilaginous primordial skull develops round the anterior extremity 
of the notochord, from the notochord-membmne. An outer cartilaginous 
gill-skeleton forms round the gills. 

IV. Fo1wth Period: Skeleton of the older Selachii (Fig. 268, p. 302). 

A primitive vertebral column, with upper and lower arches (the gill
at·ches and ribs) forms round the notocllord. The remnant of the outer gill
skeleton remains with the inner. Twu pairs of limbs, with pinnate (biserial) 
skeletons, appear. 

V. Fifth Pel"iod: Skeleton of the ?no1·e reeent Selachii (Fig. 269, p. 302). 

The anterior gill-arches change into lip-cartilage and jaw.arches. The 
external gill-skeleton is lost. The skeleton of the two pairs of fins become& 
uniserial (semi-pinnate). 

VI. Sixth Pe1·iod: Skeleton of the Dipneusta (Fig. 2, Plate XII.). 

The skull becomes partially ossified ; as does the shoulder-girdle. 

VII. Seventh Pm·iod: Skeleton of the Amphibia (Fig. 270, p. 302). 

The gill-arches are modified into parts of the tongue-bone, and of tbe jaw
apparatus. On the semi-pinnate skeletons of the fins the rays diminish in 
m1mber to four, thus ~iviug rise to t.he five-toed foot. The ve1·teLral 
column ossifies. 
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VIII. Ei[Jhth Period: Skeleton of the 1J[onof1·emata (Fig. 196, p. 148). 

The vertebral column, skull, jaws, and limbs, acquire the definite 
characteristics of Mammals. 

IX. Ninth Period: Skeleton of the 11-!a?·supialia (Fig. 197, p. 152). 

The coracoid bone of the shoulder-girdle becomes atrophied, and the 
remnant ot it amalgamates with the shoulder-blade. 

X. Tenth Period: Skeleton of the Semi-apes (Fig. 199, p. 164). 

The pouch-bones, which distinguish Monotremes and l\Iarsuj.ials, 
disappear. 

XI. Eleventh Period : Skeleton of the Anthropoid Apes 
{Figs. 204--208, p. 179). 

The skeleton acquires the peculiar development shared by Mas ea
clusively with the Anthropoid Apea. 



CHAPTER XXIII. 

DEVELOPMENT OF THE I:XTES'l'INAL SYSTEM. 

The Primitive Intestine of the Gaslrula.-Its Homolugy, or Morphological 
Identity in all Animals (excepting the Protozoa).-Survey of lhe 
Structure of the Developed Intestinal Canal in Man.-'l'he Mouth
cavity.-'l'he Throat (pha>·ynro).-The Gullet (cesophagus).-The Wind
pipe (trachea) and Lungs.-'l'he Larynx.-'l'he Stomach.-The Small 
Intestine.-The Liver and Gall-bladder.-The Ventral Salivary Glantl 
(Jlanc>·eas).-The Large Intestine.-The Rectum.-'The First Rudiment of 
the Simple Intestinal 'Tube.-The Gastrula of the Amphioxus and of 
Mammals.-Separation of the Germ from the Intestinal Germ Yesicle 
(Gastrocystis).-The Primitive Intestine (Protogaster) and the After 
Intestine (l\Ietagaster).-Secondary Formation of the :Mouth and Anu~ 
from the Outer Sk'n.-Development of the Intestinal Epithelium from 
the Intestinal.glauddar Layer, and of all other parts of the Intestine 
from the Intestinal-fibrous Layer.--Simple Intestinal Pouch of the 
Lmver Worms.-Differentiation of the Primitive Intes~inal Tube into a 
Respiratory and a Digestive Intestine.-Gill-intestiue and Stomach
Intestine of the Amphioxus and Ascidian.-Origin and Significa.nce of 
the Gill-openings.-Their Disappearance.-The Gill-arches and the Jaw
skeleton.-Formation of the Teeth.-Development of the Lungs from the 
Swim-bladder of Fish.-Differentiatiou of the Stomach.-Development 
of the Liver and Pancreas.-Differentiation of the Small and Large 
Intestines.-Formation of the Cloaca. 

"Cautious people require us to confine ourselves to gathering materials, 
and to leave it to posterity to raise a scientific structure from those 
materials; because only in that way can we escape the ignominy of having 
the theories we believed in overlhrown by the advance of knowledge. The 
unreasonal.>lcness of this demand is apparent enough from the fact that 
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Comparative Anatomy, like every other science, is endless; and therefore 
the endlessness of the accumulation of materials would never allow men, if 
they complied with this demand, to reap any h1.rvest from this field. But, 
further than this, history teaches us clearly, that no age in which scientific 
inquiry has been active, Las been able so to deny itself, as, setting the goal 
of its researches in the future, to refrain from drawing conclusions for itself 
from its larger or smaller treasury of observations, and from trying to fill the 
gaps with hypotheses. It would, indeed, be a hopeless proceeding, if, in 
order to avoid losing any part of our possessions, we should refuse to 
acquire any possessions whatever."-KAHL EaN!>T BAER (1819). 

A:~roNG the vegetative organs of the human body, to the 
development of which we now turn onr attention, the intes
tinal canal is the most important. For the intestinal tube 
is the oldest of all the organs of the animal body, and 
carries us back to the earliest time of organological differ
entiation, to the first period of the Laurentian Epoch. As 
-we have already seen, the result of tl:e fil'st division of 
labour in the homogeneous cells of the earliest many-celled 
animal body must have been the formation of a nutritive 
intestinal canal. The first duty and the first need of every 
organism is self-support. This task is accomplished by the 
two functions of nutrition and of the covering of the body. 
'\Yhen, therefore, in the primreval collection of homogeneous 
cell:;: (Synarncebium), of the phylogenetic existence of which 
we yet have evidence in the ontogenetic developmental 
form of the mulberry-germ (Monda), the several members 
of the community began tO divide the work of life, they 
were first obliged to engage in two separate tasks. One 
half modified into nutritive cells, enclosing a digestive 
cavity, the intestinal canal; the other half, on the contrary, 
developed into covering cells, forming the outer cover
ing of this intestinal canal, and, at the same time, of tne 
whole body. Thus arose the first two germ-layers: the 
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inner, nutritive, or vegctatiYe layer, and the outer, covering, 
or animal layer. 

If we try to construct for ourselves an animal body of 
the simplest conceivable form, possessing such a primitive 
intestinal canal, and the two primary germ-layers forming 
its wall, the result is necessa.rily the very remarkable 
germ-form of the gastrula, which we have shown to exist 
in wonderful uniformity throughout the whole animal 

FIG. 274. -Gastrula of a Chalk-sponge (Olyntbus) : A, from outside; 
Ji, in longitudinal section through the axis; g, primitive intestine; o, primi
tive moulh; i, intestinal layer, or entoderm ; e, skin-layer, or exoderm. 

series: in the Sponges, Sea-nettles (Acalephm), Worms, 
Soft-bodied Animals (lrf ollusca ),Articulated Anin<als (A ?'thro

pocla), and Vertebrates (Figs. 174-179, p. 65). In all these 
various animal tribes the gastrula reappears in the same 
entirely simple form (Fig. 274). Its whole body is really 
merely the intestinal canal ; the simple cavity of the body, 
the digestive intestinal cavity, is the primitive intestine 
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(pTotogctste'r, g); its simple opening, the primitive mouth 
(pTotostoma, o), is at once mouth and anus; and the two 
ceil-strata which compose its wall, are the two primary 
germ-layers : the inner, the nutriti'.Te, or vegetative germ
layer, is the intestinal layer (entode?'ma, i); and the outer, 
covering layer, which, by means of its cilia, is also the agent 
of motion, is the animal layer, or skin-layer (exoclm"'na, e). 
This highly important fact, that the gastrula appears as an 
early larval condition in the individual development of the 
most varied animals, and that this gastrula always exhibits 
the same structure, and that the very differently developed 
intestinal canals of the most varied animals, arises, onto
genetically, from the sa·me extremely simple gastrula
intestine, this very important fact justifies, in accordance 
with the fundamental law of Biogeny, two conclusions, 
which involve important results, and of which one is general 
and one special. The general conclusion is an inductive 
one, and may be stated thus: The very variously formed 
intestinal canal of all the different Intestinal Animals 
has developed, phylogenetically, from one common and 
extremely simple primitive intestine, from the intestinal 
cavity of the Gastnea, that primmval common parent-form 
which is at the present reproduced, in accordance with the 
fundamental law of Biogeny, in the gastrula. The second, 
the special conclusion, which is connected with the former, 
is deductive, and may be stated thus: The intestinal canal 
in Man as a whole is homologous with the intestinal canal 
in all other animals; it has the same original significance, 
and has developed from the same rudimentary form.186 

Before proceeding to trace the history of the develop
ment of the human intestinal canal in do+ail, it will be 
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necessary briefly to get a correct illea of the more 
general comlitions of the formation of the intestinal canal 
in the developed Man. Not until this is known can the 
development of the several parts be correctly understoo<l. 
(Cf. Plates IV. and V., vol. i. p. 321.) The intestinal canal in 
the developed Man is, in all essential points, exactly similar 
in form to those of all other higher Mammals, and, especially, 
to that of the. Catarhines, the Narrow-nosed Apes of the 
Old World. The entrance to the intestinal canal is the 
mouth-opening (Plate V. Fig. 1G, o). Food and drink pass 
first through this into the mouth-cavity, in the lower part 
of which is the tongue. The human mouth-cavity is hedged 
with thirty-two teeth, attached in t'vo rows to the two jaws, 
the upper and lower. It has already been stated that the 
series of teeth is formed in Man exactly as in the Catarhine 
Apes, but differs from the corresponding part in all other 
animals (p. 173). Above the mouth-cavity is the doul!le 
nose-cavity; the two parts of this are separated by the par
tition-wall of the palate. But, as we have seen, the nasal 
cavity is not originally separated at all from the mouth
cavity, a common nasal and mouth caYity being primarily 
formed in the embryo, and this separates at a later period 
into two separate stories by the hard palate-roof: the upper 
is the nasal cavity, the lower is the mouth-cavity. The nasal 
cavity is connected with certain air-filled bony cavities; 
the jaw-cavities in the upper jaw, the frontal cavities in 
the frontal bone, and the sphenoid cavities in the sphenoid 
bone. Numerous glands of various kinds open into the 
mouth-cavity, particularly many small mucous glands and 
three pairs of large salivary glands. 

The human mouth-cavity is half closed at the back <f'y 
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the vertical curtain which we call the soft palate, and in 
the centre of the lower part of which is situated the 
uvula. A glance with the mouth open into a mirror is 
;;ufficient to show the form. The uvula is of importance, 
because it occurs only in Men and in Apes. On both sides 
of the soft palate are the tonsils (tonsillce). Through the 
gate-like arched opening situated beneath the soft palate, 
we pass into the throat-cavity (pharynx; Plate V. Fig. 
lG, sh), which lies behind the mouth-cavity. This is only 
partly visible in the open mouth when reflected in the 
muror. Into the throat-cavity a narrow passage opens on 
each side (the Eustachian tube of the ear), which leads 
directly into the tympanic cavity of the ear (Fig. 244, e, 
p. 260). The throat-cavity is continued into a long 
narrow tube, the gullet (msophagns, s1·). Through this 
the masticated and swallowed food passes down into the 
stomach. The wind-pipe (trachea, lr) also opens into the 
upper part of the throat, and leads thence to the lungs. 
The opening of this is protected by the epiglottis, over 
which the food passes. The respiratory organs, the two 
lungs (Plate IV. Fig. 8, lto), are situated, in Ma.n, as in all 
:\Iammals, in the right and left sides of the breast-cavity 
(thorax), and midway between them is the heart (Fig. 
8, h1·, hl). At the upper end of the wind-pipe (tmchea), 

below the epiglottis just spoken of, is a peculiarly differ
entiated section, the larynx, which is protected by a carti
laginous frame. The larynx is the most important organ 
of the human voice and speech, and also develops from a 

part of the intestinal canal. In front of the larynx lies the 
thyroid gland (thyreoidea), which occasionally enlarges to 
the so-called "goitre." 
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The gullet (msophagL~s) passes downward thro~1gh the 
thorax, along the vertebral column, uehind the lungs and 
the heart, and enters the ventral cavity, after penetrating 
the diaphragm. The latter (Fig. 16, z) is a membranous, 
muscular, transverse partition, which in all Mammals (and 
only in these) completely separates the chest-caYity 
(thorax, c,) from the ventral cavity (cJ. As has been said, 
this division does not originally exist; at first a common 
chest and ventral cavity, the cceloma, or the pleuro
peritonea! cavity, is formed in the embryo. It is only 
after-..vanls that the diaphragm forms a muscular, horizontal 
partition between the chest and the ventral cavities. This 
partition then completely separates the two cavities, and 
is penetrated only by separate organs passing through the 

9 

Fw. 275.-Human stomach and gall-intestine in longitudinal section: 
a, cardia (limit of the resophagus); b, fundus (blind sac of the left side) ; 
c, pylorus fold; d, pylorus valve; e, pylorm.cavity; f g h, rra!l-intestine; 
i, mouth of the gall-duct and of the pancreas duct. (After H. Meyer.) 

chest-caYity into the ventral cavity. One of the most 
important of these organs is the gullet (msopha,gus). After 
this has passed through the diaphragm into the ventral 
cavity it enlarges into the stomach in which dio·estion 

0 
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especially takes place. The stomach of an adult man 
(Fig. 275, Plate V. Fig. 16, ?ng) is an oblong sac, placc1l 
somewhat obliquely, the left side of which widens into 
a blind-sac, the base of the stomach or fundus (b), while the 
right side narrows, and passes at the right end, called 
the pylorus (e), into the small intestine. Be~ween these t\Yo 
parts of the intestine is a valve, the pyloric valve (d), which 
only opens when the food-pulp (chyme) passes from the 
stomach into the small intestine. The stomach itself is the 
most important digestive organ, and serves especially to 
dissolve the food. The muscular wall of the stomach is 
comparatively thick, and, on the outside, has strong muscle
layers, which effect the digestive movements of the 
stomach ;-on the inside, it has a great number of small 
glands, the gastric glands, which secrete the gastric juice. 

Next to the stomach follows the longest part of the 
whole intestinal c:tnal, the central, or small intestine 
(chy~ogc6steT). Its principal function is to effect the absorp
tion of the fluid mass of digested food, or the food-pulp 
(chyme), and it is again divided into several sections, the 
first of which, the one immediately following the stomach, 
is called the gall-intestine, or a twelve-finger intestine" 
(cluoclenum, Fig. 275,fg h). The gall-intestine forms a short 
loop curved like a horse-shoe. The largest glands of the 
intestinal canal open into it: the liver, the most important 
digestive gland, which furnishes the bile, or gall, and a very 
large saliv.u.ry gland, the ventral salivary gland, or pancreas, 
which secretes the digestive saliva. Both of these glands 
pour the juices they secrete, the bile and pancreatic juice, 
into the duodenum (i) near each other. In adults the liver 
is a very large gland, well supplied with blood, lying on the 
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right side immediately below the diaphragm, and separate1l 
by the latter from the lungs (Plate V. Fig. 16, lb). The 
pancreas lies somewhat further back and more to the 
left (Fig. Hi, p). The small intestine is so long that it 
has to lie in many folds in order to find room in the limited 
space of the ventral cavity; these coils are the bowels. 
They are divided into an upper intestine, called the empty 
intestine (jejtLnum ), and a lower, the crooked intestine 
(ili~~m). In this latter part lies that part of the small 
intestine at which, in the embryo, the yelk-sac opens into 
the intestinal tube. This long, thin intestine then passes 
into the large intestine, from which it is separated by a 
peculiar Yalve. Directly behind this "Bauhinian valve" 
the first part of the large intestines forms a broad pouch
like expansion, the blind intestine (ca:cum), the atrophic1l 
extremity of which is a well-known rudimentary organ, the 
vermiform process (processus veTnt~fonnis ). The large 
intestine (colon) consists of three parts; an ascending part 
on the right, a transverse central part, and a descending 
part on the left. The latter finally curves like an S, called 
the "sigmoid flexure," into the last part of the intestinal 
canal, above the rectum, which opens at the back by the 
anus (Plate V. Fig. 16, a). Both the large intestine and 
the small intestine are furnished with numerous glands, 
most of them very small, and which secrete mucous and 
other juices. 

Along the greater part of its length the intestinal canal 
is attached to the im1er dorsal surface of the ventral cavity, 
or to the lower surface of the vertebral column. It is 
fastened by means of the thin, membranous plate, called the 
mesentery, which develops dirertly under the notochord 
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from the intestinal-fibrous layer, at the point where this 
curves into the outer lamina of the siue-layer, into the 
skin-fibrous layer (Plate IV. Fig. 5, g). The curving-point 
was Jistinguished as the middle-plate (Fig. 99, rnp). The 
mesentery is, at first, very short (Plate V. Fig. 14,g); but it 
soon lengthens considerably at the central part of the intes
tinal canal, and takes the form of a thin, transparent, 
membranous plate, which has to be the more extended the 

further the folds of the intestine diverge from the place 
where they are first attached to the vertebral column. The 
l,lood-vessels, lymphatic vessels, and nerves which enter 
the intestinal canal traverse this mesentery. 

Although, therefore, the intestinal canal, in the adult 
human being forms an extremely complex organ, and 
though it shows in its details so many intricate and delicate 
structural arrangements,--into which we cannot enter 
here,-this entire structure has deYeloped, historically, 
from that simplest form of primitive intestine which 
was possessed by our gastnead ancestors, and which the 
extant gastrula now exhibits. \Ye have already shown (in 
Chapter VIII.) that the peculiar Hood-gastrula (Ampl,i
gastrula) of Mammals (Fig. 277) may be referred back 
to the original Bell-gastrula (Archigast?"'.dc~) form, which, 
among Vertebrates, is now accurately retainen solely by 
the Amphioxus (Fig. 276; Plate X. Fig. 10). 

Like the latter, the gastrula of i\Ian and of all ].Iam
mals must be regarded as the ontogenetic reproduction 
of that phylogenetic eYolution-form which we call the 
Gastrrea, and in which the whole body of the animal is 
intestine. 

The peculiar form and mode in which the complex 
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human intestinal canal develops from the simple ga::;trula 
and which is similar to that in other :Mammals, can there
fore be only correctly understood when it is considered in 
the light of Phylogeny. We must, accordingly, distinguish 

FIG. l!76.-Archigastrula of Amph:oxus (in longitudinal section): cl, 
primitive intestine ; o, primitive mouth; i, intestinal layer; e, skin-layer. 

FIG. 277.-Amphigastrul& ' of Mammal (in longitudinal section). The 
primitivlt intestine (d) and primitive mouth (o) are filled up by tht. ce~ls of 
the intestinal layer (i) ; e, skin-layer. 

bet,veen the original primary intestine ("the primitive 
intestine, or p1·otogaste1· ") of the Skull-less Anima1R 
(Acmnia), and the differentiated or secondary intestine 
(" aft.er intestine, or metagaste1· ") of the Skulled Animals 
(Cmniotu). The intestine of the Amphioxus (the repre
sentative of the AcTanic~) forms no yelk-sac, and deYelops, 
palingenetically, from the entire primitiYe intes6ne. of the 
gastrula. The intestinE> of the' Skulled Animals, on the 
other hand, has a modified, kenogenetic form of evolution, 
and differentiates at a yery early period into two different. 
parts: into the permanent secondary intestine, which alone 

VOh lL Y 
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gives rise to the various parts of the differentiated intestinal 
system, and the transient yelk-sac, which serves only as a 
storehouse of materials for the building of the embryo. 
The yelk-sac attains its greatest development in Primitive 
Fishes (Selcwhii), Bony Fishes (Teleostei), Reptiles, and 
Birds. In Mammals, and especially in Placental Animals, 
it is atrophied. The peculiar intestinal development of the 
Cyclostomi, Ganoids, and Amphibia must be regarded as 
an intermediate form, between the palingenetic intestinal 
development of the Skull-less animals, and the kenoge
netic intestinal development of the Amnion Animals (Am
niotc~).187 

We have already seen in what a peculiar way the 
development of the intestine takes place ontogenetically in 
the human embryo and in that of other Mammals. Imme
diately from the gastrula of these originates a globular 
intestinal germ-vesicle (gastrocystis), filled with fluid (Figs. 
72, 73, vol. i. p. 289). In the wall of this is formed the 
lyre-shaped germ-shield, on the lower side of whiclt, along 
the middle line, appears a shallow groove, the first rudi
ment of the future, secondary intestinal tube. 

This intestinal groove grows constantly deeper, and its 
edges curve toward each other, to grow together at last and 
form a tube (Fig. 100, vol. i. p. 333). The wall of this 
secondary intestinal tube consists of two membranes of the 
inner, intestinal-glandular layer, and of the outer, intestinal
fibrous layer. The tube is completely closed at the ends, 
having only an opening in the centre of the lower wall, 
by which it is connected with the intestinal germ-vesicle 
(Plate V. Fig. 14). The latter, in the course of development, 
becomes continually smaller, as the intestinal canal continues 
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to grow larger and more perfect. While, at first, the intes
tinal tube appears only as a little appendage on one side of 
the great intestinal germ-vesicle (Fig. 278), the remnant of 
the latter afterwards forms only a, very inconsiderable appen
dage of the great intestinal canal. This appendage is the 
yelk-sac, or navel-vesicle. It entirely loses its importance, 
and at length disappears, while the intestinal canal'1s finally 
closed at the original central opening, where it forms the 
so-called intestinal navel (Fig. 94, vol. i. p. 312). 

It has also been said that this simple cylindrical intestinal 
tube, in l\Ian as in all Vertebrates, is at first entirely closed 
at both ends (Plate V. Fig. 14), and that the two permanent 
openings of the intestinal canal-at the anterior extremity, 
the mouth, at the posterior, the anus-form only second
arily, and from the outer skin. At the fore end, a shallow 
mouth-furrow originates in the outer skin, and this grows 
toward the blind, anterior end of the head intestinal cavity, 
into which it finally breaks. In the same way a shal
low fud'ow for the anus is formed behind in the skin, 
and this soon grows deeper, and grows toward the blind 
posterior end of the pelvic intestinal cavity, with which it 
finally unites. At both extremities there is, at first, a thin 
partition between the outer skin-furrow and the blind end 
of the intestine, and this disappears when the opening is 
made.188 

Directly in front of the anus the allantois grows out of 
the posterior intestine; this is the important embryonic 
appendage which develops, in Placental Animals, and only 
in these (thus in Man too) into the placenta (Figs. 278, 279, l; 

Plate V. Fig. 14, al). In this more developed form-repre
sented in the diagram (Fig. 94,4-, vol. i. p. 312)-the int~stinal 
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canal of Man, like that of all other :Mammals, now forms a. 

slightly-curv0d, cylindrical tube, which has an opening at. 
both ends, and from the lower wall of which depend two 
sacs; the anterior navel-bladder, or yelk-sac, and the pos
terior allantois, or primitive urinary sac. 

Microscopic observation shows that the thin wall of thi::; 
simple intestinal tube and of its two bladder-like append
ages is composed of two distinct cell-strata. The inner, 
which coats the entire cavity, consists of larger, darker cells 

FIG. 278.-Ruman embryo of the third week, with the amnion an 
allantois. The great globular yelk-sac is below, the bladder-like allantois 
on the right; theTe are as yet no limbs. The germ, with its appendages, is 
enclosed in the tufted membrane (chorion). 

FIG. 279.-Hnman embryo, with amnion and allantois, in the fourth 
week. (After Krause.) The amnion (u:) lies pretty close to the body. The 
greater part of the yelk-sac (d) has been torn away. Behind this the allan
tois appears as a small pear-shaped bladder. Arms (f) and legs (b) are 
already commenced: v, fore-brain; z, twixt-brain; m, mid-brain; h, hind
brain; n, after-brain; a, eye; k, three gill-arches; c, heart; s, tail. 
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~nd is the intestinal-glandular layer. The outer stratum 
consists of lighter, smaller cells, and is the intestinal fibrous
layer. The cavities of the mouth and the anus are the onlr 
es:ceptions to this, because they originate from the oute 
skin. The inner cell-coating of the entire mouth-cavity i 
therefore furnished, not by the intestinal glandular-layer, 
but by the skin-sensory layer, and its muscular lower layer, 
not by the intestinal-fibrous layer, but by the skin-fibrous 
layer. This is equally true of the wall of the anal cavity 
(Plate V. Fig. 15). 

If the question be asked, what relation these component 
germ-layers of the primitive intestinal wall bear to the 
infinitely varied tissues and organs which we afterwanls 
find in the developed intestine, the answer is extremely 
simple. The relations of these two layers to the formation 
and differentiation of the tissues of the intestinal canal with 
all its parts, may be condensed into a single J3entence: The 
intestinal epithelium, that is, the inner, soft cell-stratum 
which coats the cavities of the intestinal canal and of all its 
appendages, and which directly accomplishes the nutritive 
process, develops solely from the intestinal-glandular 
layer; on the contrary, all other tissues and organs belong
ing to the intestinal canal and its appendages, proceed from 
the intestinal-fibrous layer. From this latter, therefore, 
originates the entire outer covering of the intestinal tube 
and its appendages ; the fibrous connective tissue and the 
smooth muscles which compose its fleshy skin: the carti
lages which support these, for example, the cartilage of the 
larynx and of the trachea; the numerous blood and lymph 
vessels which absorb nutrition from the wall of the intestine; 
in sh01:t, everything belonging to the intestine, with the 
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exception of the intestinal epithelium. From the intestinal
fibrous layer originates also the entire mesentery with all 
the adjacent parts, the heart, the large blood-vessels of the 
body, etc. (Plate V. Fig. 16). 

Let us now turn aside for a moment from this original 
rudimentary intestine of :Mammals, in order to institute a 
comparison between it and the intestinal canal of those 
lower Vertebrates and 11\r onns, which >Ve have learned to 
recognize as the ancestors of :Man. In the simplest Gliding
worm, or Turbellaria (Bhabdocmlwn, Fig. 280), we find a 
very simple intestinal form. As in the gastrula, the intes
tine in these Worms is a simple pouch with a single open
ing, which latter acts both as mouth and anus (rn). The 
intestinal pouch has, however, differentiated into two sec
tions, an anterior throat-intestine (sd) and a posterior 
stomach-intestine (cl). This differentiation becomes more 
important in the Ascidia (Fig. 281) and in the Amphioxus 
(Fig. 282), which connects the Worms with the Vertebrates. 
In these two animal forms the intestine is essentially 
identical; the anterior portion forms the respiratory gill
intestine, the posterior forms the digestive stomach-intes
tine. In both it develops, palingenetically, directly from the 
primitive intestine of the gastrula (Plate XI. Figs. 4, 10). 
But the original mouth-opening of the gastrula, or 
the primitive mouth, afterwards closes, and in its place is 
formed the later anus. In the same way, the mouth
opening of the Amphioxus and of the Ascidian is a new 
formation, as is the mouth-opening of Man, and generally, 
of all Skulled Animals (Cmniota). The secondary forma
tion of the mouth of the Lancelet is connected, as may be 
conjectured with some probability, with the formation of 
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the gill-openings, which appear directly behind it on the 
intestine. The front portion of the intestine has thus 

D 

FIG. 280.-.A simple Gliding Worm (RhabdocrehMn): m, mouth; sd, throat
epithelium; sm, throat muscle-mass; d., stomach-intestine; nc, renal ducts; 
f, ciliated outer-skin; n?n, openings of the latter ; au, eye; na, nose-pit. 

FIG. 281.-Structure of an Ascidian (seen fro:t;n the len side, as in Plate 
XI. Fig. 14). The dorsal side is turned toward the right, the ventral side to 
the left; the mouth-opening (o) is above; at the opposite, tail end, the 
ascidian has become adherent. The gill-intestine (b1·), perforated by many 
openings, extends into the stomach-intestine. The terminal intestine 
opens through the anus (a) into the gill.cavity (cl), from which the excre
ment is passed out with the· respirated water tbroagh the gill-pore, or cloaca 
opening (a'); rn, ma.ntle. (After Gegenbaur.) 
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become a respiratory organ. I have already pointed out 
how characteristic this adaptation is of Verteurates and 

Mantle Animals (Tunicota, p. 87). The 
phylogenetic origin of the gill-openings in
llicates the beginning of a new epoch in 
the tribal history of Vertebrates. 

The most important process \Ye meet 
with in the .further ontogenetic deYelopmcnt 
of the intestinal canal in the human embryo, 
is the origin of the gill-openings. At the 
head of the human ern bryo, the wall of the 
throat very early unites with the outer wall 
of the body, and four openings then form 
on the right and left sides of the neck, 
Lehind the mouth, and these lead directly 
from without into the throat-ca-vity. These 
openings are the gill-openings, and the par
titions separating them are the gill-arches 
(Figs. 116-118, vol. i. p. 356; Plates I. 
and V., Fig. 15, ks). These embryonic for
mations are very interesting; for they show 

FIG. 282.-Lancelet (Amphioxus lanceolatHs), double 
the natural size, seen from the left side (the longi
tuclinal axis is perpendicular, the mouth end above, 
the tail end below (as in Plato XI. Fig. 15) : a, mouth. 
opening, surrotmded by bristles ; b, anal opening; c, 
gill-pore (pants b1·anchialis); cl, gill-body; e, stomach; 
!, liver; g, small intestine; h, gill-cavity; i, notochorcl, 
below which is the aorta; k, aortal arch; l, main stem 
of the gill-artery ; rn, swellings on the branches of 
the latter; n, hollow vein; o, intestinal vein. 

that all the higher Vertebrates when in a very young state, 
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reproduce, in accordance with the fundamental principle of 
Biogeny, the same process which was originally of the 
greatest importance to the development of the whole verte
brate tribe. This process was the differentiation of the 
intestinal canal into two sections : an anterior, respiratory 
part, the gill-intestine, which serves only for breathing, 
and a posterior, digestive part, the stomach-intestine, which 
serves only for digestion. As we meet with this Yery 
characteristic differentiation of the intestinal tube into t\YO, 
physiologically, very distinct main sections, not only in 
the Amphioxus, but also in the Ascidian and the Appen
dicularia, we can safely conclude that it also existed in 
our common ancestors, the Chorda Animals (Clwnlonic~), 

especially as even the Acorn Worm (Balanoglossus) has 
it (Fig. 186, p. 86). All other Invertebrate Animals are 
entirely without this peculiar arrangement. 

The number of the gill-openings is still very ~arge in the 
Amphioxus, as in Ascidians and in the Acorn ·worm. In 
the Skulled Animals it is, on the contrary, very much 
lessened. Fishes mostly have from four to six pairs of gill
openings. In the embryos of Man and the higher Verte
brates also, only three or four pairs are developed, and these 
appear at a very early period. The gill-openings are perma
nent in Fishes, and afford a passage to the water which has 
been breathed in through the mouth (Figs. 191, 192, p. 113; 
Plate V. Fig. 13, ks). On the other hand, the Amphibians 
lose them partially, and all the higher Vertebrates entirely. 
In the latter, only a single vestige of the gill-openings remains, 
the remnant of the first gill-opening. This changes into a 
part of the organ of hearing; from it originates the outer 
ear-canal, the tympanic cavity, and the Eustachian tube. 
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TABLE XXXVI. 

Systematic Survey of the Development of the Human Intestinal System. 

N.B.-The parts marked thus t are processes from the intestinal tube. 

I . 
First main section 

oftbe 
Intestinal 
System: 

the Respiratory 
Intestine 

(Gill Intestine). 
PNEOGASTER, 

(Tractus 
•·•spiratorius.) 

II. 
Second main 

section of the 
Intestinal 
System: 
Digestive 
Intestine 

(Stomach Intes
tine). 

PEPTOGASTER. 

(Tractus 
<ligestivu&.) 

I, Moutll.cavity 
(Cavum oris) 

2. Nose-cavity 
(Cavum nasi) 

J 

Mouth-opening 
Lips 
Jaws 
Teeth 
Tongue 
Tongue bone 

lt Salivary glands 
Soft palate 
Uvula 

I Nose canal 
t Jaw cavities 

-( t Frontal c.:1vities 
t Ethn:oid cavity 

3. Throat-cavity Pharynx 
(Cavum pha•·yn- t Eustacbian tube 

{ 

Isthmus of the throat 
Tonsils 

gis) t Tympanic cavity 
t Brain .. appendage 
t Thyroid gland 

. u?g·cavt y . t Windpipe 4 L .1 {tLarynx 
(Cav!tmpulmoms) t Lungs 

I 
5. Anterior Intestine ~ 

(Prosogaster) l 
Gullet 
Stomach-opening 
Stomach 
Stomach exit 

6. Central Intestine 
(Mesogaster) 

( 
Gall-intestine 

tLi>er 
t Pancreas 

1
1 Empty intestine 
(t Yelk-sac, or navel

bladder) 
Crooked intestine 

7. Posterior Intestine t Vermiform process of l 
Large intestine 

t Blind intestine 

(Epigaster) the crecum 
Rectum 
Anal opening 

f~~;~ oris l ~ . 
Maxillce E'2' 
Dentes "0 f: 
Lin(Jua ~~ 
Os hyoides § ~ 
Glandulre salit·ales ::; 'i:i 
l~elunt palatinum. 1 c; ~ 
rvula "~ 

'de 
Meatus narium ~=: ~ 
Sinus maxilla1·es :a :g 
Sinusf1·ontales .:l :LJ 

Sinus ethmoidales ~ 

Isthmus faucium 
Tonsil!re 
Pha'rynz 
Tuba Eustacliii 
Cavum tympani 
Hypophysis 
Tliyreoidea 

I..arynz 
Trachea 
Pulmones 

(Esophagus 
Ca•·dia 
Stomachus 
Pylorus 

Duodenun1 
Hepar 
Pancreas 
Jejunum 
( Vesfcula ttmbil ica~ 

Us) 
fleum 

Colon 
Crectlm 
P1·ocessus 

fm·mis 
Rectum 
.Anus 

a. Urinary Intestine { (t Primitive urinary sac .Allantois) 
t Urinary tube Urethra 

(Urogaster) t Urinary bladder Urocystis 
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We have already considered this remarkable formation, ancl 
will only call attention once more to the interesting fact that 
the human middle and external ear is the last remnant 
of the gill-opening of a Fish. The gill-arches, also, which 
separate the gill-openings, develop into very various parts. 
In Fishes they remain permanently as gill-arches, carrying 
the respiratory gill-tufts; so also in the lowest Amphibia, 
but in the higher Amphibia they undergo various modifica
tions in the course of development, and in all the three 
higher vertebrate classes, thus also in Man, the tongue-bone 
(os hyoicles) and the bonelets of the ear originate from the 
gill-arches. (Cf. Plates VI. and VII.) 

From the first gill-arch, from the centre of the inner 
surface of which the muscular tongue grows, proceeds 
the rudimentary jaw-skeleton; the upper and lower jaws 
which enclose the cavity of the mouth and carry the 
teeth. The Acrania and Monorhina are entirely destitute 
of these important parts. They first appear in the genuine 
Fishes, and have been transmitted by these to the higher 
Vertebrates. The original formation of the human mouth
skeleton, of the upper and lower jaws, can thus be traced 
back to the earliest Fishes, from which we have inherited 
them. The teeth originate from the outer skin-covering 
which covers the jaws; for, as the formation of the whole 
mouth-cavity takes place from the outer germ-layer, the teeth 
must, of course, also have developed originally from the skin
layer. This can be actually proved by close microscopic 
examination of the- most delicate structural features of the 
teeth. The scales of Fishes, especially of Sharks, are, in 
this respect, exactly similar to their teeth (Fig. 283). Chus 
the human teeth, in their earliest origin, are modified fish-
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scales.188 On similar grounds we must regard the salivary 
glands, which open into the mouth-cavity, as really outer
skin (epidermic) glands, which have not developed, like the 
other intestinal glands, from the intestinal-glandular layer 
of the intestinal canal, but from the outer skin, from the 
horn-plate of the outer germ-layer. It is evident that, as 
the mouth develops in this way, the salivary glands· must 
be placed genetically in the same series with the sweat, 
sebaceous, and milk glands of the epidermis. 

The human intestinal canal is 
therefore quite as simple in its 
original formation as the primitive 
intestine of the gastrula. It also 
resembles that ofthe lowest ·worms. 
It then differentiates into t"wo sec
tions, an anterior gill-intestine, and 
a posterior stomach-intestine, like 
the intestinal canal of the Lancelet 
and the Asci dian. By the develop
ment of the jaws and gill-arches 
it is modified into a true Fish
intestine. Mterwards, however, the 
gill-intestine, which is a memorial 
of the Fish-ancestors, as such, i!'l 

FIG. 283. _Scales of a entirely lost. The parts that remain 
Shark (Centrcphorus calceus). take a wholly different form; bnt 
On eachrhomboid bone-tablet, t 'th t d' th t l . 
l · · th 1 th ki . no Wl s an mg a t 10 antenor y1ng 1n e ea er-s n, r1ses 
a small, three-cornered tooth. section of our intestinal canal thus 
(After Gegenbaur.) surrenders entirely its original 

form of gill-intestine, it yet retains its physiological func

tion as a "spirr inte.tinc; for the cxt,mely in-

___ 1 
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teresting and remarkable discovery is now made that eyen 
the permanent respiratory organ of the higher Vertebrates, 
the air-breathing lungs, has also developed from this anterior 
section of the intestinal canal. Our lungs, together with 
the wind-pipe (tmchea) and the larynx, develop from the 
ventral wall of the anterior intestine. This entire great 
breathing-apparatus, which occupies the greater part of 
the chest (thomx) in the developed J'vlan, is at first merely 
a very small and simple vesicle or sac, which grows out, 
from the intestinal canal imrnediately behind the gills, and 
soon separates into two lateral halves (Figs., 284, c, 285, c; 
Plate V. Figs. 13, 15, 16, lu). This vesicle occurs in all 
Vertebrates except in the two lowest classes, the Acrania and 
Cyclostomi. In the lower Vertebrates, however, it develops, 
not into lungs, but into an air-filled bladder of considerable 
size, occupying a great part of the body-cavity (cwloma), 
and which is of quite a different significance from the 
lungs. It serves, not for breathing, but as an hydrostatic 
apparatus: for vertical swimming movements it is the 
swimming-bladder of Fish; but the lungs of Man and of 
all other air-breathing Vertebrates develop from the same 
simple bladder-like appendage of the anterior intestine, 
which, in Fishes, becomes the swimming-bladder. 

Originally this sac also has no respiratory function, but 
serves only as an hydrostatic apparatus, augmenting or 
diminishing the specific gravity of the body. Fishes, in 
which the swimming-bladder is fully developed, are able to 
compress it, and thus to condense the air contained in it. 
The air sometimes also escapes from the intestinal canal 
through an air-passage which connects the swimming
bladder with the throat (J?haTyno;), and is expelled through 
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the mouth ; in this way the circumference of the swim
ming-bladder is diminished, and the fish becomes heavier 
and sinks. When the animal is again about to ascend, 
the swimming-bladder is distended by remitting the com-

.t, 

FIG. 284.-Inteetine of an embryonic Dog (which is represented in Fig. 
137, vol. i. p. 382; after Bischoff), from the ventral side: a, gill-arches (four 
pairs) ; b, rudimentary throat and larynx; c, lungs; d, stomach ; j, liver; g, 
walls of the opened yelk.sac, into which the central intestine opens by a 
wide aperture ; h, rectum. 

FIG. 285.-The same intestine, seen from the right side : a, lungs; b, 
sU.mach; c, liver; d, yelk-sac; e, rectum. 

1wessing force. This hydrostatic apparatus begins to be 
-transformed into a respiratory organ in the .Mud-fishes 
'(Dipneusta), the blood-vessels in the wall of the swim
ming-bladder no longer merely separating air, but also 
jnhaling fresh air, which has come in through the air
passage. This process is fully developed in all Amphibia. 
The original swimming-bladder here generally becomes a 
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lung, and its air-passage a wind-pipe. The amphibian lung 
has been transmitted to the three higher vertebrate classes, 
and even in the lowest Amphibia the lung on either side 
is as yet a very simple, transparent, thin-walled sac-as, 
for instance, in our common Water-Newts, or Tritons, and 
very like the swimming-bladder of Fishes. The Amphibia 
have, it is true, two lungs, a right and a left; but in 
many Fishes also (in the ancient Ganoids) the swim
ming-bladder is double, the organ being divided into a 
right and a left half. On the other hand, the lung of the 
Ceratodus is single (p. 119). The earliest rudiment of the 
lung in the human embryo and in the embryo of all higher 
Vertebrates is also a simple, single vesicle, which docs not 
separate till afterwards into a pair of halves-the right and 
the left lung. At a later period, the two vesicles grow con
siderably, occupy the greater part of the chest cavity, and lie 
one on each side of tbe heart; even in Frogs we find that the 
simple sac, in the course of its development, is transformed 
into a spongy body of a peculiar, froth-like texture. This 
lung-tissue develops as a tree-like, branched gland, bearipg 
berry-like appendages. The process by which the lung-sac 
was attached to the anterior intestine, which was originally 
very short, lengthens, by simple growth, into a long thin 
tube; this tube is the wind-pipe (tracheG~); it opens above 
into the throat (pha·rynx), and below divides into two 
branches which pass into the two lungs. In the wall of the 
wind-pipe ring-shaped cartilages develop, which keep the 
whole distended ; at the upper end of this wind-pipe, below 
its entrance into the throat, the larynx, the organ of voice 
and speech, develops. The larynx: occurs even in Amphibia 
in very various stages of development, and with the aid of 
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Comparative Anatomy we can trace the progressive deYelop
ment of this important organ from its yery simple rudiment 
in the lower Amphibia up to the complex and vocal appara
tus represented by the larynx of Birds and Mammals. ~ 

Though these organs of voice, speech, and air-respiration 
develop so differently in the various higher Mammals, they 
yet all arise from the same simple original rudiment
from a vesicle which grows out of the wall of the anterior 
intestine. We have thus satisfied ourselves of the interest
ing fact that both the respiratory apparatus of Vertebrates 
develop from the fore part of the intestinal canal; first, the 
primary and more primitive water-respiring apparatus, the 
gill-body, which is altogether lost in the three higher 
vertebrate classes; and, afterwards, the secondary and more 
recent air-breathing apparatus, which acts in Fishes only 
as a swimming-bladder, but as a lung from the Dipneusta 
upwards. 

\Ve must say a few words about an interesting rudi
mentary organ of the respiratory intestine, the thyroid 
gland (thyTeoicleci), the large gland situated in front of the 
larynx, and below the so-called "Adam's apple," and which, 
especially in the male sex, is often very prominent; it is 
produced in the embryo by the separation of the lower wall 
of the throat (pharynx). This thyroid gland is of no 
usc whatever to man; it is only resthetically interesting, 
because in certain mountainous districts it has a tendency 
to enlarge, and in that case it forms the "goitre" which 
hangs from the neck in front. Its dysteleological interest 
is, however, far higher ; for as ·wilhelm ~hiller of J ena. 
has shown, this useless and unsightly organ is the last 
remnant of the "hypobranchial groove," which we have 
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already considered, and which, in the Ascidia and in the 
Amphioxus, traverses the middle of the gill-body, and is of 
great importance in conducting the food into the stomach 
(vol. i. p. 420; Plate XI. Figs. 14-16, y).189 

The second main section of the intestinal canal, the 
stomach or digestive intestine, undergoes modifications no 
less important than those affecting the first main section. 
On tracing the further development of this digestive section 
of the intestinal tube, we again :find a very complex and 
composite organ eventually produced from a very simple 
rudiment. For the sake of rendering the matter more 
intelligible, we may distinguish the digestive intestine 
into three parts: the fore intestine (with the gullet and 
stomach); the middle intestine, the gall-intestine (with the 
liver and pancreas); the empty intestine (jejunum), and 
crooked intestine (ileus); and the hind intestine (large 
intestine and rectum). Here we again :find protuberances 
or appendages of the originally simple intestinal tube 
which change into very various structures. We have 
already discussed two of these appendages-the yelk-sac, 
which protrudes from the middle of the intestinal tube 
(Fig. 286, c), and the allantois, which grows out of the 
last portion of the pelvic intestine as a large sac-like 
protuberance (u). The protuberances from the middle 
of the intestine are the two great glands which open 
into the duodenum, the liver (h) and the ventral salivary 

gland. 
Immediately behind the bladder-like rudiment of the 

lungs (Fig. 286, Z) comes that portion of the intestinal tube 
which forms the most important part of the digestive 
apparatus, viz., the stomach (Figs. 284, cl, 285, b). This sac-

VOL. II. z 
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there occurs a considerable obliquity of its axis, it soon 
assumes an oblique position. The upper end lies more to 
the left and the lower end more 
to the right. The anterior end 
extends so as to form the long 
narrow canal of the gullet 
(wsophagv.s) ; below the latter, 
the blind-sac of the stomach 
(f1tnch~s) bulges· out to the left, 
and thus the later form of the 
stomach is gradually developed 
(Fig. 287, e; Fig. 275, p. 317). The 
axis, which was originally verti-

FIG. 287.-Human embryo of five 
weeks, from the ventral side ; opened 
(enlarged). The breast wall, abdominal 
wall, and liver, have been removed. 3, 
external nasal process; 4, upper jaw ; 5, 
loVi~cr ja'v; z, tongue; ·v, right, v', left 
ventricle of heart; o', left auricle of 
heart; b, origin of aorta; 1/ b" b'", 1st, 
2nd, 3rcl aorta-arches; c c' c", hollow 
vein; ae, lungs (y, lung.arteries); e, 
stomach ; m, primitive kidneys (j, left 
yelk-vcin; s, pylorus; a, right yelk
artery; n, navel-artery; ~~, navel-vein); 
a', yelk-cluct ; i, terminal intestine; 8, 
tail; 9, fore-limb 9', hind-limb. (After 
Coste.) 

cal, now inclines from a higher point on the left to a lower 
on the right, and continually acquires a more transverse 
direction. In the outer stratum of the stomach-wall, and. 
from the intestinal-fibrous layer, develop the strong muscles 
which perform tbe powerful digestive movements. In 

• 
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the inner stratum, on the contrary, innumerable mmor 
glands develop from the intestinal-glandular layer. These 
are the· peptic glands, which supply the most important 
digestive fluid-the gastric juice. At the lower extremity 
of the pouch of the stomach a valve develops, which, as 
the pylorus, separates the stomach from the small intestine 
(Fig. 275, d). 

The disproportionately long middle intestine, or small 
intestine, now develops below the stomach. The develop
ment of this section is very simple, and is essentially caused 
by a very rapid and considerable longitudinal growth. 
Originally this section is very short, straight, and simple; 
but immediately below the stomach a horseshoe bend, or 
loop, begins to appear at a very early period in the intestinal 
canal, simultaneously with the separation of the intestinal 
tube from the yelk-sac and with the development of the 
mesentery. (Cf. Plate V. Fig. 14,g, and Fig.136, vol. i. p. 381.) 
Before the abdominal wall closes, a horseshoe-shaped loop of 
intestine (Fig. 136, rn) protrudes from the ventral opening of 
the embryo, and into the curve of this the yelk-sac or navel
bladder opens (n). The thin, delicate membrane which 
secures this intestinal loop to the ventral side of the vertebral 
column, and occupies the inside of this horseshoe curve, is 
the first rudiment of the mesentery (Fig. 286, g). The most 
prominent part of the loop into which the yelk-sac opens 
(Fig. 287, x), and which is afterwards closed by the intestinal 
navel, represents that part of the small intestine which is 
afterwards called the crooked intestine (ilM&m). Soon a 
very considerable growth of the small intestine is observ
able; and in consequence, this part has to coil itself in many 
loops. The various parts of the small intestine which we 

• 
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have yet to dir;tinguish differentiate later in a Yery simple 
way; these are the gall-intestine (dnoden1~1n), which is 
next to the stomach, the long empty intestine (jejun1~m) 
which succeeds, and the jast section of the small intestine, 
the crooked intestine (ileum). 

The two large glands which we have already named, the 
liver and the yentral salivary gland, grow out, as protuber
ances, from the gall-intestine, or duodenum. The liver first 
appears in the form of two small sacs, situated right and left 
just behind the stomach (Figs. 284, f, 285, c). In many low 
Vertebrates the two liYers remain quite separate for a long 
time (in the Myxinoides for life), and coalesce only imper
fectly. In higher Vertebrates, on the other hand, the two 
livers coalesce more or less completely at an early period, 
and constitute one large organ. The intestinal-glandular 
layer, which lines the hollow, pouch-like rudiment of the 
liver, sends a number of branched processes into the investing 
intestinal-fibrous layer; as these solid processes (rows of 
gland-cells) again branch out, and as their branches coalesce, 
the peculiar netted structure of the developed liver is 
produced. The liver-cells, as the secreting organs which 
form the bile, all originate from the intestinal-glandular 
layer. The fibrous mass of connective tissue, which joins 
this great cellular network into a large compact organ, and 
which invests the whole, comes, on the other hand, from the 
intestinal-fibrous layer. From the latter originate also the 
great blood-vessels which traverse the entire liver, and 
the innumerable netted branches of which are interlaced 
with the network of the liver-cells. The gall-ducts, which 
traverse the entire liver, collecting the bile and discharging 
it into the intestine, originate as intercellular passages along 
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the axis of the solid cell-cords; they all discharge into the 
two primitive main gall or biliary ducts, which originate 
from the base of the two original protuberances of the 
intestine. In Man, and in many other Vertebrates, these 
two ducts afterwards unite, and form one simple gall-duct, 
which discharges into the ascending portion of the gall
intestine. The gall bladder originates as a hollow pro
tuberance of the right primitive liver duct. The growth 
of the liver is at first exceedingly rapid; in the human 
embryo, even in the second month, it attains such dimen
sions that during the third month it occupies by far the 
largest part of the body-cavity (Fig. 288). At first, both 

FIG. 288.-Chest and abdominal viscera of a 
human embryo of twelve weeks, in natural size. 
(After Koelliker.) The head is omitted; the chest 
and abdominal walls removed. The greater part 
of the abdominal cavity is occupied by the liver, 
from an opening in the centre of which the blind
intestine (crecum, v), with the worm appendage, 
protrudes. Above the diaphragm the heart is 
visible in the centre, with the small lungs on the 
right and left. 

halves are equally well developed; afterwards tl1e left half 
lies considerably behind the right. In consequence of the 
asymmetrical development and alteration in the position of 
the stomach and other abdominal viscera, the whole of the 
liver is eventually forced over on to the right side. Although 
the growth of the liver is, afterwards, not so excessi.-e, eyen 
at the end of gestation, it is comparatively much larger in 
the embryo than in the adult. In the latter, its weight 
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in proportion to that of the whole body is as 1 : 36; in the 
former, as 1: 18. The physiological significance of tho liver 
during embryonic life-which is very great-depends espe
cially on the part it plays in the formation of blood, and 
less on its secretion of bile. 

From the gall-intestine, immediately behind the liver, 
grows another large intestinal gland, the ventral-salivary 
gland, or pancreas. This organ, which occurs only in 
Skulled Animals, also develops as a hollow sac-shaped 
protuberance of the intestinal wall. The intestinal-glan
dular layer of the latter sends out branching shoots, which 
afterwards become hollow. The ventral-salivary gland, just 
like the salivary glands of the mouth, develops into a large 
and very complex gland shaped like a bunch of grapes. 
The outlet of this gland (dtwitLs panm·eaticus), through 
which the pancreatic juice passes into the gall-intestine, 
seems to be at first simple and single ; afterwards it is 

often double. 
The last section of the intestinal tube, the terminal 

intestine or large intestine (epigasteT), in mammalian 

embryos, is, at first, a very simple, short, and straight tube, 
opening posteriorly through the anus. In the lower V er
tebrates it retains tJ1is form throughout life. In :Mammals, 
on the other hand, it grows to a considerable size, coils, and 
differentiates into different sections, of which the forel.I(ost 

and longest is called the colon, the shorter and hinder the 
rectum. At the commence:nent of the former a valve 
(vcdmLlcL Bwnhini) forms, which divides the large intestine 

from the small intestine; behind appears a pouch-like 
protuberance, which grows larger and becomes the blind
intestine (ccecum) (Fig. 288, v). In plant-eating Mammals 
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this becomes very large, while in those which eat flesh it 
remains very small, or is entirely aborted. In Man, as in 
most Apes, the beginning of the blind intestine alone 
becomes wide ; its blind end remains Yery narrow, and 
afterwards appears only as a useless appendage of the 
former. This " vermal appendage " is interesting in dys
teleology as a mclirnentary organ. Its only importance in 
Man consists in the fact that now and then a raisin-stone, 

· or some other hard, indigestible particle of food becomes 
lodged in its narrow cavity, causing inflammation and 
suppuration, and, consequently, killing indiYicluals other
wise perfectly healthy. In our plant-eating ancestors this 
rudimentary organ was larger, and was of physiological 
value. 

Finally, we mm;t mention another important appendage 
of the intestinal tube; this is the urinary bladder (n1·o
cy.stis) with the minary tube (1wethm), which in develop
ment and in morphological character belong to the intestinal 
system. These urinary organs, which act as receptacles and 
excretory passages for the urine secreted by the kidneys, 
originate from the inner part of the allantois-stalk. The 
allantois develops, as a sac-like protuberance, from the 
anterior wall of the last section of the intestine (Fig. 286, u). 
In the Dipneusta and Amphibia, in which this blind-sac 
first appears, it remains within the body-cavity (cmloma), 

and acts entirely as a urinary bladder. In all Amniota, on 
the other hand, it protrudes considerably out of the body
cavity of the embryo, and forms the large embryonic 
"primitive urinary sac," which, in higher Mammals, forms 
the placenta. At birth this is lost; but the long allantois
stalk (1·) remains, its upper portion forming the central navel 
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band of the urinary yesicle (ligamentum 'Vesico-urnbilicale 

medium), a rudimentary organ which extends as a solid 
cord from the top of the urinary bladder to the navel. The 
lower part of the allantois-pedicle (the "twachus ") remain~ 
hollow, and forms the urinary bladder. At first, in Man, 
as in the lower Vertebrates, this organ discharges into the 
last section of the posterior intestine, and there is, there
fore, a true "cloaca," receiving l1oth urine and excrement~ 
but, among the Mammals, this cloaca is permanent only in 
the Cloacal Animals, or Monotremcs, as in Birds, Reptiles. 
and Amphibia. In all other :Mammals (.Mt~?'St~pialicL and 
Placentalin) a trans>erse partition forms at a later period, 
and separates the urinary-sexual aperture in front from the 
anal aperture behind. (Cf. Chapter XXV.) 
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EXPLANATIO~ OF PLATE !.-(FRONTISPIECE.) 

DEVELOPMENT OF THE FACE. 

The twelve figures in Plate I. represent the faces of four different 
Mammals in three distinct stages of individual evolution: Mr-Mur that of 
Man, Br-Bm of the Bat, Cr-Cm of the Cat, Sr-Sur of the Sheep. The 
three different stages of evolution have been chosen to con-espond as far as 
possible ; they have been reduced to about the same size, and nre seen from 
in front. In all the figures the letters indicate the same : a, eye; t', fore
brain; m, mid-brain; s, frontal process; k, nose-roof; o, upper ja"" process 
(of the first gill-arch) ; u, lower jaw process (of the first gill-arch) ; h, 
second gill-arch; d, third gill-arch; r, fourth gill-arch; g, ear-fissure 
(remains of the front gill-opening); z, tongue. (Cf. Plates VI. and VII., 
Figs. 232-236, p. 24-3; also Figs. 123, 124, val. i. p. 370.) 

TABLE XXXVII. 

SYSJ:EMATTC SuRVEY OF THE :uosT brPORTAXT PERIODS IN THE 

PHYLOGENY OF THE HU:.IAN INTESTINAL SYSTEM. 

I. Fi1·st Pm·iod: Intestine of Gast?-roa (Figs. 274-277; Plate V. Figs. 9, 10). 

The whole intestinal system is a simple pouch (primitive intestine), the 
-simple cavity of which has one orifice (the primitive mouth). 

II. Second Periorl : Intestine of the Scolecida (Plate V Fig. 11). 

The simple intestinal tube widens in the micldle into the stomach, and 
c~quires, at the end opposite to the primitive mouth, a second opening 
{primitive anus); as in the lower Worms. 

III. Third Period: Intestine nf Cho,·da.A?timals (Fig. 281; Plate V. Fig. 12). 

The intestinal tube clifferentiates into two main sections-the respiratory 
intestine with gill-openings (gill-intestine) in front, the digestive intestine 
with stomach-cavity (stomach-intestine) behincl; as in Asciclia. 
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IV. Fourth Pm·iocl: Intestine of Skull-less Animals (Acrania) 

(Fig. 282; Plate XI. Fig. 15). 

The gill-streaks appear between the gill-openings of the respiratory 
intestine; a liver blind-sac grows from the stomach-pouch of the digestive 
intestine ; as in the .Amphio:rns. 

V. Fifth Pe1·iod: Intestine of Cyclostoma (Plate XI. Fig. 16). 

The thyroid gland develops from the ciliated groove on the base of 
the gills (hypobranchial groove). A compact liver-gland develops from 
the liver blind-sac. 

TI. Sixth Pe1·iod: Inte!tine of p,·imitiJ:e Fishes (p. 114). 

Cartilaginous gill-arches appear between the gill-openings. The fore
most of these form the lip-cartilages and the jaw-skeleton (upper and lower 
jaw). The swimming-bladder grows from the pharynx. The ventral-salivary 
gland appears near the liver, as in Selachii. 

VII. Seventh Pe~·iod : Intestine of Dipneusta (p. 118). 

The sffimming-bladder moclifies into the lungs. The month-cavity 
becomes connected with the nose-cavity. The urinary bladder grows from 
the last section of the intestine, as in Lepidosiren. 

VIII. Eighth Period: Intestine of Amphibia (p. 126). 

The gill-openings close. The gills are lost. The larynx originates from 
the upper encl of the trachea. 

IX. Ninth Pe1·ind: Intestine of liionotremes (p. 145). 
The primitive mouth ancl nasal cavity is separated by the horizontal 

palate-roof into the lower mouth-cavity (food passage) and the upper nose
ca>ity (air passage); as in all Amnion Animals. 

X. Tenth Period: Intestine of liia?'Sllpia}s (p. 149). 

The existing cloaca is separated by a partition wall into an anterior 
urinary-sexual aperture and a posterior anal aperture. 

XI. Ele't:enth Pe1'iod: Intestine of Cataddne Apes (p. 176). 

All parts of the intestine, and especially the teeth-apparatus, acquire the 
characteristic development common to Nan and Catarhine Apes. 



CHAPTER XXIV. 

DEVELOPMENT OF 'rHE VASCULAR SYSTEM. 

Application of the Fundamental Law of Biogeny.-The Two Sides.--Heredity 
of Conservative Oxgans.-Adaptation of Progressive Organs.-Ontogeny 
and Comparative Anatomy complementary of each other.-New 
"Theories of Evolution " of Ris.-The "Envelope 'fheory" and the 
"Waste-rag Theory."-::lfain Germ and Supplementary Germ.-Forma
tive Yelk and Nutritive Yelk.-Phylogenetic Origin of the latter from 
the Primitive Intestine.-Origin of the Vascular System from the 
Vascular Layer, or Intestinal-fibrous Layer.-Phylogenetic Significance 
of the Ontogenetic Succession of the Organ-systems and Tissues.
Deviation from the Original Sequence; Ontogenetic Reterochronism.
Covering Tissne.-Connective Tissue.-Nerve-mnscle Tissue.-Vascular 
Tissue.-Relative Age of the Vascular System.-First Commencement 
of the Latter; Cceloma.-Dorsal Vessel and Ventral Vessel of Worms. 
-Simple Heart of Ascidia.-Atropby of the Heart in the Amphioxus.
Two-chambered Heart of the Cyclostoma.-Arterial Arches of the 
Selachii.-Double Auricle in Dipnensta and Amphibia.-Double Ven. 
tricle in Birds and Ma=als.-Arterial Arches in Birds and Mammals. 
Germ-history (Ontogeny) of the Ruman Reart.-Parallelism of the 
Tribal-history (Phylogeny). 

"Morphological comparison of the adult conditions should naturally 
precede the study of the earliest conditions. Only in this way can the 
investigation of the history of development proceed in a definite direction; 
it is thus provided, as it were, to see each step in the formative process in 
its true relation with the condition which is finally to be reached. Treat
ment of the history of development without preparatory stmly is only too 
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likely to lead to groping in the clark; and it not nnfrcqnently leads to the 
most unfortunate results-far inferior to those which might be established 
beyond question without any study of the history of development."
ALEXA::-!DER BRAt::-! (1872). 

IN applying to Organogeny the fundamental law of Bio 
geny, we have already afforded some conception of the 
degree in which we may follow its guidance in the study of 
tribal history. The degree differs greatly in the different 
organ-systems; this is so, because the capacity for trans
mission on one side, and the capacity for modification on 
the other, vary greatly in the different organs. Some parts 
of the body cling tenaciously to the inherited germ-history; 
and, owing to heredity, accurately retain the mode of 
evolution inherited from primmval animal ancestors ; other 
parts of the body, on the contrary, exhibit very small 
capacity for strict heredity, and have a great tendency to 
assume new kenogenetic forms by adaptation, and to modify 
the original Ontogeny. The former organs represent, in the 
many-celled community of the human organism, the con
stant or conservative; the latter, on the contrary, the 
changeable or progressive element of evolution. The mutual 
interaction of both elements determines the course of his
torical evolution. 

Only to the conservative organs, in which Heredity pre
ponderates over Adaptation, in the course of tribal evolu
tion, can we directly apply the Ontogeny to the Phylogeny, 
and can infer, from the palingenetic modification of the 
germ-forms, the primmval metamorphosis of the tribal forms. 
In the progressive organs, on the contrary, in which Adap
tation has acquired the ascendency over Heredity, ihe 
original course of evolution has, usually, been so changen, 
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vitiated, and abbreviated, in the course of time, that we 
can gain but little certain information as to the tribal
history from the kcnogenetic phenomena of their germ
history. Here, therefore, Comparative Anatomy must come 
to our help, and it often afford::; much more important and 
trustworthy disclosures as to Phylogeny than Ontogeny 
is able to impart. It is, therefore, most important, if the 
fundamental law of Biogeny is to be correctly and critically 
applied, to keep its two sides continually in view. The 
first half of this fundamental law of evolution enables us to 
use Phylogeny, as it shows us how to gain an approximate 
knowledge of the history of the tribe from that of the 
germ: the germ-form reproduces, by Heredity, the corre
spondiiJg tribal form (Palingenesis). The other half of 
the law, however, limits this guiding principle, and calls 
attention to the foresight vvith which it must be employed; 
it shows us that the original reproduction of the Phylogeny 
in the Ontogeny has been in many ways altered, vitiated, 
and abbreviated, in the course of millions of years. The 
germ-form has deviated, by Adaptation, from the corre
sponding tribal form (Kenogenesis); the greater this devia
tion, the more are we compelled to employ Comparative 
Anatomy in the study of Phylogeny. 

Perhaps in no other system of organs of the human body 
is this so greatly the case as in the vascular system (vas
cular, or circulatory apparatus), the development of which 
we will now examine. If we attempted to infer the 
original structural features of om older animal ancestors 
solely from the phenomena which the incliYidu-al develop
ment of these organ-systems, in the embryo of Man and of 
other high Vertebrates, exhibit, we should obtain wholly 
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erroneous views. By many influential embryonic adap
tations, among which the development of an extensive 
nutritive yelk must be regarded as the most important, the 
original course of development of the vascular system has 
been so altered, vitiated, and abbreviated, in the higher 
Vertebrates, that no, or very little, trace of many of the 
most important phylogenetic features are retained in the 
Ontogeny. Such explanation as is afforded by the latter 
would be entirely useless to us if Comparative .Anatomy 
did not lend its aiel, and afford us the clearest guiclanc~ in 
our search for tribal history. 

Comparative Anatomy is, therefore, especially important 
in helping us to understand the vascular system, and, 
equally, the skeleton system, so that, without its guidance, 
it is unsafe to take a single step in t.his difficult field. 
Positive proof of this assertion can be gained by studying 
the complex vascular system as explained in the classical 
works of Johannes Muller, Heinrich Rathke, and Karl 
Gegenbaur. An equally strong negative proof of the asser
tion is afforded by the ontogenetic works of Wilhelm His, 
an embryologist of Leipsic, who has no conception of Com
parative Anatomy, nor consequently, of Phylogeny. In 
1868, this industrious but uncritical worker published cer
tain comprehensive " Studies of the First Rudiment of the 
Verteurate Body," which are among the most wonderful 
p10ductions in the entire literature of Ontogeny. As the 
author hopes to attain a "mechanical" theory of develop
ment by means of a most minute description of the germ
history of the Chick alone, without the slightest reference 
to Comparative Anatomy and Phylogeny, he falls into 
errors which are unparalleled in the whole literature of 
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Biology, rich as this unfortunately i::; in errors. Only in the 
magnificent germ-history of the Bombinator by .Alexander 
Goette is incomprehensible nonsense and derision of every 
reasonable causal connection in evolution more nakedly set 
forth. (Cf. vol. i. pp. 65, 66.) His announces, as the final 
result of his investigations, " that a comparatively simple 
law of growth is the only essential in the first process of 
-evolution. .All formation, whether it consist in fission of 
layers, or in the formation of folJs, or in complete articula
tion, results from this fundamental law." Unfortunately 
the author does not say in what tlus all-embracing "law of 
.growth" really consists; just like other opponents of the 
theory of descent who substitute a great "law of evolution," 
without telling anything of its nature. From the study of 
the ontogenetic works of His, on the ot1 er hand, it soon 
becomes evident that he conceives form-constructing 
'" Mother Nature " merely as a kind of clever dressmaker; 
by cutting out the germ-layers in various ways, by bend
ing, folding, pulling, and splitting them, this clever semp
stress easily brings into existence the various forms of 
.animal species, by " development" (!). The benclings and 
foldings especially play the most important part. Not only 
the differentiation of head and trunk, of right and left, of 
<Central stem and periphery, but also the rudiment of the 
limbs, as also the articulation of the brain, the sense-organs, 
the primitive vertebral column, the heart, and the earliest 
intestines, can be shown, with convincing necessity (!) to be 
mechanical results of the first development of folds. }ffost 
grotesque is the mode in which the dressmaker proceeds in 
forming the two pairs of limbs. Their first form· is deter
mined by the crossing of four folds bordering the body, 
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"like the four corners of a letter." Yet this wonderful 
"envelope theory" of the vertebrate limbs is surpassed by 
the" waste-rag theory" (Hollen-lappen Thoorie) which His 
gives of the origin of the rudimentary organs: " Organs 
(like the hypophysis and the thyroid gland) to which no 
physiological part has yet been assigned, are embryonic 
remnants, comparable to the clippings, which in the cutting 
of a dress cannot be entirely avoided, even by the most 
economical use of the material " (!). Nature, therefore, in 
cutting out, throws the superfluous rags of tissue into the 
waste heap. Had our skull-less ancestors of the Silmian 
age had any presentiment of such aberrations of intellect 
of their too speculative human descendants, they would 
certainly have preferred relinquishing possession of the· 
hypobranchial groove on the gill-body, instead of trans
mitting it to the extant Amphioxus, and of leaYing a 
remnant of it to us, in the equally unsightly as useless 
thyroid gland. (Cf. p. 33G). 

It will probably be thought that the ontogenetic "dis
coveries" of His, which appear in a doubly comical light in 
{;Ollsequence of the accompanying display of mathematical 
calculations, can only have occasioned momentary amuse
ment in critical scientific circles. Far from it! Immedi
ately after their appearance, they were not only much 
praised as the beginning of a new "mechanical " era in 
Ontogeny, but they have even yet numerous admirers and 
adherents, who seek to spread the scientific errors of His as 
far as possible. On this account, I have felt myself obliged 
to point out emphatically the complete falsity of these 
views. The vascular system affords especial occasion for 
this; for among the most important advances which His 

VOL. II. 2 A 
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claims to have caused by his new conception of germ
history, is, according to him, his discovery that "the blood 
and tissue of the connective substance" (that is to say, the 
greatest part of the vascular system) "do not originatefi·om 
the two primary germ-layers, as do all the other organs, 
but from the elements of the ·white yelk." The latter 
is designated as "supplementary yelk, or parablast," to 
distinguish it from the "main-germ, or archiblast" (the 
germ-disc composed of the two primary germ-layers). 

The whole of this artificial development theory of His, 
and above all the unnatural distinction between the supple
mentary and the main germ, collapses like a card house 
when the Anatomy and Ontogeny of the Amphioxus, that 
invaluable lowest Vertebrate, is contemplated, which alone 
can elucidate the most difficult and darkest features in the 
development of the higher Vertebrates, and thus also of 
Man. The gastrula of the Amphioxus alone overthrows 
the whole artificial theory; for this gastrula teaches us 
that all the various organs and tissues of complete Verte
brates originally developed entirely from the two primary 
germ-layers. The developed Amphioxus, like all other 
Vertebrates, has a differentiated vascular system and 
a skeleton of "connective substance tissues " extending 
throughout its body, and yet there is in this case no " sup
plementary germ" from which these tissues can originate 
thus, contrasting with the other tissues. 

The larvre of the Amphioxus, arising from the original 
bell-gastrula (a1·chigast1·1.tlc~), in its further development, 
throws the most important rays of light also upon the diffi
cult history of development of the vascular system. In the 
first place, it answers the very important question, which 
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we have already frequently indicated, as to the origin of 
the four secondary germ-layers; it clearly sho>\'S that the 
skin-fibrous layer originates from the exodcrm, the intes
tinal-fibrous layer, on the contrary, in an analogous ma.nner, 
from the entoderm of the gastrula; the caYity thus caused 
between the two fibrous layers is the first rudiment of the 
body-cavity, or the eoolom (Figs. 50, 51, vol. i. p. 236). As the 
Amphioxus larva thus shows that the fission of the layers 
is the same in the lowest Vertebrates as in the \Vorms, it at 
the same time represents the phylogenetic connection be
tween the Worms and the higher Vertebrates. As, more
over, the · primitive vascular stems in the Amphioxus 
originate in the intestinal wall, and in this, as in the em
bryos of all other Vertebrates, proceed from the intestinal
fibrous layer, proof is afforded us that the earlier embryolo
gists were right in calling the latter the vascular layer. 
Finally, the Comparative Ontogeny of the different verte
brate classes further convinces us that the vascular layer 
is originally everywhere the same. The vascular system in 
Man, as in all Skulled Animals, forms a complex apparatus 
of cavities, which are filled. with juices, or fluids, containing 
cells. The vessels play an important part in the nourish
ment of the body; some of them conduct the nutritive 
blood fluid round in the difterent parts of the body (blood 
vessels); some collect the wasted juices and discharge them 
from the tissues (lymph-vessels). With the latter, the 
great "serous cavities" are also connected, especially the 
body-cavity, or cooloma. The heart, acting as a centre of 
motion for the regular circulation of the juices, is a strong 
muscular pouch, which contracts in regular pulsations, and 
is provided with valves, like those of a pump apparatus. 
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This constant and regular circulation of the blood alone 
makes the complex change of substance with the higher 
animals possible. 

Important as is the vascular system in the more highly 
developed and differentiated animal body, it is not, however, 
an apparatus as indispensable to animal life as is generally 
supposed. In the older theory of medicine the blood was 
regarded as the real source of life, and "humoral pathology" 
referred most disE_lases to "corrupt blood-mixture." Simi
larly, the blood plays the most important part in tLe pre
vailing, obscure conception of Heredity. Just as half-blood, 
pure blood, etc., etc., are yet common phrases, so it is widely 
believed that the transmission, by Heredity, of definite 
morphological and physiological characters from the parent 
to the child "lies in the blood." That this customary 
notion is entirely false, is easily seen from the fact that, 
neither in the act of procreation is the blood of the parents 
directly transmitted to the procreated germ, nor does the 
embryo acquire blood at an early period. As we have 
already seen, not only the separation of the four secondary 
germ-layers, but also the beginning of the most impor
tant organs, takes place, in the embryos of all Vertebrates, 
before the rudiment of the vascular systems, of the heart 
and blood, is formed. In accordance with this ontogenetic 
fact, we must, from a phylogenetic point of view, regard the 
vascular system as the most recent, the intestinal system, 
on the contrary, as the oldest formation of the animal body. 
The origin of the vascular system is, at least, much later 
than that of the intestinal system. If the fundamental law 
of Biogeny is rightly appreciated, it is possible, from the 
ontogenetic sequence, in which the various organs of the 
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animal body consecuti,·ely originate in the embryo, approxi
mately to infer the phylogenetic sequence, in which these 
organs gradually de•eloped, one after the other, in the 
ancestral line of animals. In the " Gastrrea theory " I made 
the fir:;t attempt to establish the phylogenetic significance 
of the ontogenetic sequence of the organ-systems; hut it 
must be remarked that this sequence is not alw·ays iden
tical in the higher animal tribes. In Y ertebrates, and 
therefore a~so in our own ancestral line, the organ-systems 
may be ranged according to age, in something like the 
following order: I. The skin-system (A) and the intestinal 
system (B). II. The nerve (C) and muscular systems (D). 
III. The kidney system (E). IV. The vascular system (F). 
V. The skeleton system (G). VI. The sexual system (H). 
(Cf. Table XXXIX., p. 3G7.) 

In the first place, the gastrula proves that in all animalc; 
with the exception of the Primitive Animals (Protozoa),
therefore, in all Intestinal Animals (11Ietazon),-two primary 
organ-Rystems originally arose simultaneously and fir::>t; 
these 'vere the skin-system (skin-covering) and the intes
tinal system (stomach-pouch). The first is represented, in 
its earliest and simplest form, by the skin-layer or exoderm, 
the latter by the intestinal layer or entoderm of the Gastnea. 
As we can ascribe the same origin, and, therefore, also the 
same morphological significance, to these two primary germ
layers in all Intestinal Animab, from the simplest Sponge 
to :Man, the homology of these two layers seems sufficient 
proof of the above assumption. 

Immediately after the differentiation of the two primary 
germ-layers, an inner or outer skeleton develops in many 
lower animals (e.g., in Sponges, Corals, and other Plant 
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Animals). In the ancestors of Vertebrates, the development 
of the skeleton did not take place till much later, jn the 
Chorda Animals (Chorclonic~). In them, after the skin
system and the intestinal system, two other organ-systems 
simultaneously arise; these are the nervous and the mus
cular systems. The way in which these two organ-systems 
which mutually condition each other, developed simulta
neously and independently, in reciprocal action and yet in 
opposition to each other, was first explained by Nicholaus 
Kleinenberg in his excellent monograph on the Hydra, the 
common fresh-water Polyp.190 In this interesting little 
animal, single cells of the skin-layer send fibre-shaped pro
cesses inward, which acquire the power of contraction, the 
capacity, characteristic of the muscles, of contracting in a 
constant direction. The outer, roundish part of the exo
derm cell remains sensitive and acts as the nervous element, 
the inner, fibre-shaped part of the same cell becomes con
tractile, and, incited to contraction by the former part, acts. 
as the muscular element (Fig. 293). These remarkable 
neuro-muscular cells thus still unite in a single individual 
of the first order the functions of two organ-systems. One 
step further; the inner, muscular half of the neuro-muscular 
cell (Fig. 293, m) acquires its own nucleus, and separates 
from the outer, nervous half (n), and both organ-systems 
have their independent element of form. The fission of the 
muscular skin-fibrous layer from the nervous skin-sensory 
layer in embryonic Worms confirms this important phylo
genetic process (Figs. 50, 51, vol. i. p. 236). 

These four organ-systen:.s, which have been mentioned, 
were already in existence, when an apparatus developed, 
tertiarily, in the human ancestral line, which, at. first 
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sight, seems of subordinate significance, but \Yl.ieh proves, 
by its early appearance in the anilllal series and in the 
embryo, that it must be very ancient and, consequently, of 
great physiological and morphological valnl'. This is the 
urinary apparatus, or kit1ney system, the organ-system 
which secretes ancl removes the useless fluiJs from the body. 
\Ve have already seen how soon the primitive kiL1neys 
appear in the embryo of all Vertebrates, long before any 
trace of the heart is discoverable. Conespom1ingly, \Ye alsv 
find a pair of simple primitive kidney <1ucts (the so-calle<l 
excretory ducts o·t' lymphatic vesseb) almost uni,·~Jrsallj 

diffused in the \Vorm ~ribe, which is so rich in forms. E,·en 
the lowest classes of \Yorms, which have as yet neither 
body-cavity nor vascular system, are furnished with these 
primitive kidneys (Fig. 280, nc, p. 327). It was only in 
the fourth place, after the kidney system, that the Yascular 
:system developed in our invertebrate ancestors; this is 
plainly shown in the Comparative Anatomy of 'Yorms. 
The lower \Vorms (.Acmlomi) possess no part of the vas
cular system, no body-cavity, no blood, no heart, and no 
vessels; this is the case, for example, in the comprehensive 
group of the Flat Worms (Plathelrninthes), the Gliding"\Yonns 
(Tnl'bellaria), the Sucking Worms (T;mnatoda), and the 
Tape Worms. In the higher W onns, which are therefore 
called Crelomati, a body-cavity (cmlom.c~), filled with hlood, 
first begins to form, and, side by side with this, special 
blood-vessel<; then also develop. These features have bee1 
transmitted from the Crelomati to the four higher animal 
tribes. 

These organ-systems are common to Vertebrates and to 
the three higher animal tribes, the Articulated Animals 
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(AYthropoda), the Soft-bodied Animals (Nollusca), and the 
Star Animals (Echinoclenna), and we may, therefore, infer 
that they have all acquired these, as a common inheritance 
from the Crelomati; but we now meet with a passive 
apparatus of movement, the skeleton system, which, in this 
form, is exclusively peculiar to Vertebrates. Only the very 
first rudiment of this, the simple notochord, is found in 
Ascidia, which are the nearest invertebrate blood-relations 
of Vertebrates. \V e infer from this, that the common 
ance ·tors of both, the Chorda Animals, did not branch off' 
from the \Vorms till a comparatively late period. The 
notochord is, it is true, one of those organs \Yhich appear at 
a very early period in the vertebrate embryo; but this is 
clearly due to an ontogenetic heterochronism, to displace
ment in time in the germ-history, that is, a gradual cli,.;
arrangc~ment in the original phylogenetic sequence, caused 
by embryonic adaptation. On Comparative Anatomical 
grounds it may safely be assumed, that the first origin of 
the skeleton system did not precede, but followed that of 
the kidney system and of the vascular system, although 
Ontogeny appears to indicate the contrary. 

Last of all the organ-systems, the sexual system finally 
developed, in the sixth place, in our ancestors; of course it 
must be understopd that this was last, in the senRe that the 
sexual apparatus acquired the independent form of a special 
organ-system subsequently to all the other organs. The 
simplest form, that of reproductive cells, is certainly very 
ancient. Not only the lowest \Yorms and Plant Animals 
propagate sexually, but this was also probably the case in 
the common parent-form of all Metazoa, in the Gastrrea; 
but in all these low animals, the reproductive cells do not 



AGE OF THE TISSL'ES. 

constitute special Rexnal organs in a morphological sense; 
they are rather, as we shall Roon see, simple component partH 
of other organs. 

Like tho organ-systemH of the human body, the ti~;;lte~7 
which compose these Rystems, are of different ages and of 
varying morphologien.l ,-alue. As we were justified in 
clrawin~ an inference as to the phylogenetic Hequonce in 
age of the organ-systems, from the ontogenetic sequence 
in which they successively appear in the embryo, so are
we justified in inferring the order in which the tis~mes 

originated during the course of tribal history, from the 
sequence of the stages in germ-history. The result of this 
is a phylogenetic classification (Tr~ble XXXVIII.) of the 
tissues of the human body, similar to that of the organ" 
(Table XXXIX., p. 3G7). 

The t.issues of the human body, arising by division of 
labour, the separation and the connection of the component 
cells, may be distributed, with reference to their develop
ment, in the four following distinct groups :-1, covering
tissue ( epithelh~m) ; 2, connective tissue ( connectivu?n); 3,. 
nerve and muscular tissue (neU?'O-musculum); and 4, va::>
cular tissue (vascdiwn). Of these, in accordance with the 
Gastnea theory, we must regard the covering-tissue as the 
oldest and most original form, as the actual primary or 
primitive tissue; the three other main forms must, on the 
other hand, be considered as secondary or derived forms, 
which developed at a later period from the covering-tissue ; 
the connecting-tissue first, then the neuro-muscular, and 
lastly the vascular tissue. 

The oldest and most original fonr. of tissue is, un
doubtccliy, the covering-tissue (epitheli~~m), the cells of 
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which are arranged in a simple strata-like way, and extend 
over the outer and inner surface of the body as a protective 
and secreting cover. This is proved by the simple fact that 
the formation of the tissues of the animal body begins 
with the formation of the gastrula, and that the latter 
itself consists 8olely of two simple epithelial strata, of the 
skin-layer (Fig. 274, e), and of the intestinal-layer ( i). 
Histologically, the two primary germ-layers· are simple 
€pithelia. \Vhen these, afterwards, separate into the four 
secondary germ-layers, the skin-sensory layer becomes the 
outermost of the external coverings ( dermal-epithelium) ; 
the intestinal-glandular layer becomes the innermost of the 
internal coverings (gastral-epithelium). The tissue of tho 
outer skin and of all its appendages, such as nails (Fig. 289), 

FIG. 289.-Tissue o~ the nails (flattened epithelium) : a-e, cells of the 
upper strata ; f, g, cells of the lower strata. 

FIG. 290.-Tissue of the covering of the small intestine (columnar 
Bpithelium) : a, side view of three cells (with thicker, porous borders); b, 
':lurface view of four cells. (After Frey.) 

l1airs, skin-glands, etc., arise from the skin-sensory layer. 
(Cf. Table XXIX., p. 232.) The inner covering of the intes
tinal tube and of its intestinal glands ori£inates, on the 
other hand, from the intestinal-glandular layer (Fig. 290). 
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Connective tissue (connectivtL?n) must be regarded a;; 
forming, in order of phylogenetic age, the second main 
group of tissues. This is morphologically characterized by 
the intercellular substance, which develops between the 

FIG. 291.-Jelly-like tissue from the vitreous body of an embryo of four 
months (round cells as jelly-like intercellular substance). 

FIG. 292.-Cartilage-tissue of the fibrous or netted cartilage of the ear
shell: a, cells; b, intercellular mass; c, fibres in the latter. (After Frey.) 

cells, physiologically, by the double part which it plays, 
as connecting substance and as complementary substance 
between the other tissues, as an inner supporting suustance 
and as a protective covering for the inner organs. Of the 
numerous forms and varieties of connective tissue, we regard 
the jelly-like tissue (Fig. 291; Fig. 6, vol i. p. 126), the fatty 
tissue, and the chorda tissue as the earlier; the fibrous, 
cartilaginous (Fig. 292), and bone-tissue (Fig. 5, vol. i. p. 126) 
as the more recent formations. All these various forms of 
connective tissue are products of the middle germ-layer, 
or mesoderm ; or, more accurately, of the two fibrous layers, 
of which the skin-fibrous layer is originally deriYed from 
the exoderm, the intestinal-fibrous layer from the entoderm. 

The nerve-muscular tissue (neu?'o-?nusctd'tL?n) is of much 
more recent origin than the connective tissue. If epithelial 
tissue represents a primary period in tribal history, and 
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connective tissue a secondary period, then we may cha
racterize a third, much later period, by nerve-nlllscle tissue. 

Fw. 293. 

FIG. 295. FIG. 294. 

FIG. 293.-Nerve-muscle tissue. Three cells from Hydra: 11, outer, 
nervous; m, inner, muscular part of the cells. (After Kleinenberg.) 

FIG. 29,1,.-Nerve-tissue (from a spinal nerve 1.-not): a, anterior, b, 
posterior root of the spinal nerve; d., e, fibrous nerve-stem; j, g, h, i, nerve 
cells in ganglion (f, unipolar, g, h, bipolar cells); k, l, nerve fibres. (After 
Frey.) 

FIG. 295.-Muscle-tissue. Three pieces of striped muscle fibre (a). In
terfibrons fat-cells (b). (After Frey.) 

For while in the lowest Plant .A.nimaln the body consists 
merely of covering tissue, and whiie in many other 
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Zoophytes a middle layer of connective tissue deYelops 
between the t\YO primary germ-layers, it is only in the 
most highly developed Plant .Animals that muscle and nerve 
tissue is formed. As has already been said, the latter first 
appeared as a common nerve and muscle tissue ( ?WU?'O

musculu?n, Fig. 293; cf. p. 358). It was only afterwards 
that the muscle-tissue (Fig. 295) separated from the nerve
tissue (Fig. 294). The greater part of the nerve-tissue is 
derived from the skin-sensory layer, the greater part of the 
muscle-t issue from the skin-fibrous layer. 

Vascular tissue ( vasalium) must be regarded -as forming 

. · ) • h ··-vessel from th~ .I<' I G. 296.- Vascular tissue (rasaltwn • -"- nu . , 
• b the kernels of these (" endothelmm ). 

me.sentery : a, vnsculnr cells, ' . \'" rtebratcs (equally 
FIG. 297.-Red blood cells (corpuscles) of vanous e( 129)· 5 Wntt>r-

C 1 3 pjo-eon. 4 Proteus P· ' ' 
magnified): 1, R uman ; 2, a~:,; .' (Cobi;is/ S, Lamprey (Petromy:on) 
salamander (Tnton) ; 6, Frog, 1, Fish ') 
a,, surface view; b, edge view. (After Wagner. 
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TABLE XXXVIII. 
Systematic Survey of the Sequence, according to Age, of tl1e H uma.n 

'l'issue-gronps. 
(Pbylo6enetJC Classification of Vertebrate Tissues.) 

FIRST GROUP: PRIMARY TISSUES (Epithelium). 

1. FIRST HISTOLOGICAL STAGE OF EYOLUTION. 

I. Covering-tissue (Epithelium). 

I. A. Sk!.n-cov.ering. ti~sue (Epill!el~um dermale).{~: &r:~~:l~~"o~ffr'~~;;:'is) 
Skm-la) "-' • OI Ex ode! m, of Gastrula (after- 3. 'Earliest site _of origin of the sperm· 
wards skm-sensory layer) \.cells?) 

I. B. Intestinal covering tissue (Epitl!el. gastmle). { 1. Real intestinal epithelium 
Intestinal layer, or Entoderm, of Gastrula 2. Epithelium of the intestinal glands 
(afterwards the intestinal-glandular layer) 3. (I::ar!iest site of origin of egg-cell?) 

SECOND GROUP: SECONDARY TISSUES. 
(All derived from tbe Covering-tissue, or Epithelium.) 

2. SECOND HISTOLOGICAL STAGE OF EVOLUTION. 

II. Connective-tissue ( Connectivum ). 

II A F.ll. t• c~ l . t. ) ( ft { l. Jelly-like tissue . v. 1 ~~1g-up_ tssue J..e.a c~nJunc ~va so er 2. Fatty tissu_e 
[suuoundmg] connecttve ttssue) 3. Fibrous tis~ue 

. . uppor t~tg tssue _.~."fa. s,(e e ans rmer 5. Cartil<lginous tiss e II D S t. t• em l ' z t . ) (fi {4. Chorda tissue 
[supportmg] connective tiSsue) s. Bone-tissue u 

3. 'fHIRD HISTOLOGICAL STAGE OF EVOLUTION. 

III. Nerve-muscle Tissue (Neuro.musculum). 
, . { 1 Ner'i'e·c~lls { 1. a.~Peripheric nen·e-cells (Rod-cells of 

Ill. E. Nerve-ttssu~ (Tela · a . • . the sense-organs) 
nervea).Origmalouter (Gancllon cells) l. b. Central nerve-cells (wind-cells) 
portion of the nerve- {2. a. Sheath-less nerve-fibres (pale, or 
muscle cells of the 2. Nerve-fibres medulla-less fibres) 
Exoderm (Nerve-tubes) 2. b. Sheathed nerve-fibres (dark fibres, 

with med u II a) 
Ill . .F. Muscle-tissue (Tela ( 0 { s · ·m.uscularis). Original 1. ne-?elled muscle- 1. a. m_ooth contrac~tle fibre-cells 

inner ortion of the fibres l b. Stnped contractile fibre-cells 
nerve-imscle cells of 2. :Muny-celledmuscle- 1 2. a. S~n~:lOth muscle-mas.ses 
the Exoderm fibres 1. 2. b. S"nped muscle-masses 

4. FOURTH HISTOLOGICAL STAGE OF EVOLUTION. 

IV. Vascular Tissue (Vasalium). 

{ 1
1. a. Exocoelarium (Parietal Coelom-epi· 

1. Coelarium thelium) (and secondarr site of 
IV. G. V;1Scularlining tissue (Coelom. epithe· ongm of the spe~m-cells ') . 

(Tela vasalis). Illl1er lium) 1 b. Eudocoelanum (Vtsceral coelom-epl· 
wall-covering of the thellum) (and secon~ary s1te of 
Coelom system 2_ Endothelium r ongm of the egg-cells.) 

(Vascular epithe- J 2. a. Endothellum of the lymph-vessels 
li~m) l 2. b. Endothelium of the blood-vessels 

IV. H. Lymph-tissue (Tela { 
lyntphatica). Liquid 1. Lymph (Colourless blood-cells and fluid intercellular substance) 
contents of the Coolom 2. Blood (Red blood-cells and fluid intercellular substance) 
syl)tem 
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TABLE XXXIX. 

Systematic Snr'l'ey of the Sequence, according to Age, of the Human 
Organ-systems. 

(Phylogenetic Classification of Vertebrate Organs.) 
(On the right are given the Ancestral Stages, in which the respective 

organs probably first appeared.) 

}, FIRST STAGE IN THE EVOLUTIO~ OF ORGANS. 

I. Skin and Intestinal Systems. 
The two Systems appear first, and simultaneously, in the Gastread ancestors. 

( 
.A 1. Simple exoderm Gastr.,ads 

I . .A. Skin-system .A 2. Outer skin (Skin-sensory layer) and} Worms 
(.Systema de7'nla!e) \ leather skin (Skin-fibrous layer) 

\.A 3. Outer skin, with hairs, glands, etc. 1\fammols 

I. B. Intestinal system 
(Systema gastrale) { 

B l. Simple entoderm Gastrreads 
B 2. Intestinal epithelium (Intestinal-ginn-} 

dular layer) and intestinal muscular Worms 
skin (Intestinal-fibrous layer) 

B 3. Gill-intestine and stomach-intestine Chorda-animals 

2. SECOND STAGE IN THE EVOLUTION OF ORGANS. 

II. Nerve and Muscle Systems. 
The two Systems appear first, and simultaneously, in the Primitive Worm ancestors. 

II. C. Nerve-system 
(Systema •w·vez<m) 

II. D. Muscle-system 
(Systema muscalare) 

f (} l. Upper throat ganglit\ 
1 C 2. Simple medullary tube 
( C 3. Brain and spinal marrow 

{ 

D l. Skin-mnscle pouch 
D 2. Side muscles of the trunk 
D 3. Trunk and limb muscles 

Primitive 'Vorm& 
Chorda-animals 
J'l.[onorhina 
Primitive Worms 
Acranio. 
Fishes 

3. THIRD STAGE IN THE EvoLUTION OF ORGANS. 

III. Kidney and Vascular Systems. 
The two Systems first appear, one after the other, in the Soft-worm ancestors (Sco!ecida). 

III. E. Kidney-system E2. Segmental canals Acrania? 
{ 

E l. Primitive kidney canals Scolecida 

(Sys;ema nnale) E3. Primitive kidneys l\lonorhina 
E 4. Permanent kidneys Protamuia 

'

F L Simple ccelom Scolecida 
III. F. VMcular system F2. Dorsal and ventral vessels ""orms 

(8ystema vascula•·e) ') F 3. Heart (part of the ventral vessel) Chorda-animals 
t F 4. Heart, with auricle and ventricle l!onorhina 

4. FOURTH STAGE IN THE EYOLUTION OF ORGANS. 

IV. Skeleton and Sexual Systems. 
The two Systems first appear, one after the other, in the Chordonia-ancestors. 

IV. G. Skeleton-system 
(Systema ske!eta•·e) 

IV. H. Sexual system 
(Systema seo;uale) 

f G 1. Simple notochord 
G 2. Cartilaginous primitive skull 

') G 3. Gill-arches, ribs, limbs 
\. G 4. Limbs, with five digits 

'

Hl. Simple hermaphrodite glnn~s 
H 2. Distinct testes and ovaries 

') H3. Seed-durt and oviduct 
\.H4. Phallus (penis, clitoris) 

Chorda-animal::; 
Monorhina 
Selachii 
Amphibia 
Chordn.-animai.s 
Acrania 
Selachii 
Protamnia 
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the most recent group of tis.~ucs, tl1at ·which originated lM>t. 
Under this name are included those epithelial-like tissues 
which line the closed inner cavities of the body (the coelom, 
-chest-cavity, ventral cavity, heart-cavity, blood-vessels, etc. 
(Fig. 296). In addition to this vascular carpet (emlo
thelium), the liquids containing cells, which fill these 
eavities (lymph, blood, serum, etc.), must be classed with 
this tissue (Fig. 297). All these tissues may be grouped as 
vasalia. His wrongly ascribed to them a quite different, 
~' parablastic" origin (from the nutritive yelk); they are, 
however, products of the intestinal-fibrous layer (and partly, 
verhaps, of the skin-fibrous layer). As the coeloma and the 
whole vascular system is of more recent phylogenetic origin, 
its peculiar tissues must also be more recent. 

This phylogenetic explanation of the ontogenetic suc
t:ession of the tissues and of the organ systems arising from 
them, appears to me to be sati!:lfactorily proved by Com
parative Anatomy, and by the Gastrrea theory. If it is 
correct, it discloses an interesting glimpse into the entirely 
various age of the most important constituent parts of our 
body. The human skin and intestine are, according to thi;::;, 
many thousands of years older than the muscles and nerves; 
these again are much more ancient than kidneys and blood
vessels, and the latter, finally, are many thousands of years 
older than the skeleton and the sexual organs. The com
mon view, that the vascular system is one of the most 
important and original organ-systems, is, therefore, erro
neous ; it is as false as the assumption of Aristotle that 
the heart is the first part to form in the ineubatecl chick. 
On the contrary, all lower Intestinal Animals show plainly 
that the historic evolution of the vascular Rystem did not 



RUDDIEXTARY VASCUL\Il. SYSTE)I. 

begin till a comparatively late period. K ot only all Plant 
Animals (Sponges, Corals, Hyllropolyp::;, :Mcdusm), but also 
all lower W onus (.A.cwlonti), are entirely dc:;titut.e of 
vascular system. In both groups, the fluid acquired by 
digestion is conveyed directly from the intestinal tube, 
through processes of this latter (the gastro-canals), into the 
Llifferent parts of the body. It is only in the intermediate 
and higher \Y orms that the vascular system first begins to 
develop, in consequence of the formation of a simple cavity 
(cwlomc6), or of a system of connected spaces, round the 
intestinal tube, in which cavities the nutritive fluid (blood) 
exuded through the intestinal wall, collects. 

In the human ancestral line we meet with this first 
rudiment of the vascular system in that group of \Vorms 
which we spoke of as Soft Worms (Scolecidc6; p. 85). 
The Soft \Vorms, as we said, formed a series of intermediate 
stages bJtween the lowest bloodless Primitive Worms 
(Anhelminthes) and the Chorda-worms (C'horcloni(6), which 
are already provided with a vascular system and a noto
chord. The vascular system must have begun, in the older 
Scolecida, with a very simple coelom, a "body-cavity," 
filled with blood, and which surrounded the intestinal tube. 
Its origin was probably clue to the accumulation of 
nutritive fluid in a cleft between the · intestinal-fibrous 
layer and the skin-fibrous layer. A vascular system in 
this simplest form is yetfound in the Moss-polyps (B?·yozoa) 
in the Wheel-animalcule (Rotatoria), and in other lower 
Worms. The inner, visceral, part of the wall of the coelom 
is, naturally, formed by the intestinal-fibrous layer (enclo
ccelar), the outer, parietal, part by the skin-fibrous layer 
(exoccela1·). The ccelom fluid, collected between the two, 

VOL. II. 2 ll 
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21-ay contain detached cells (lymph-cells) from either fibrous 
layer. 

A first advance in the development of this most primi
tive vascular system was accomplished by the formation of 
canals or blood-conducting tubes, which developed, inde
pendently of the creloma, in the intestinal wall, that is, in 
the intestinal-fibrous layer of the wall. These real blood
vessels, in the stricter sense, appear in very different 
form in Worms o.f the intermediate and higher groups ; 
sometimes they are very simple, sometimes very complex. 
Two primordial "primitive vessels" must be regarded as 
representing that form, which probably formed the first of 
the more complex vascular system of Vertebrates; these are 
a dorsal vessel, which passes from front to back along the 
middle line of the dorsal wall of the intestine, and a ventral 
Yessel which passes, in the same direction, along the middle 
line of the ventral walL Both at the front and at the 
back these two vessels are linked together by a loop sur
rounding the intestines. The blood enclosed in the two 
tubes is driven forward by the peristaltic contraction of 
this. 

The further development of this simplest rudimentary 
blood-vessel syr;tem is evident in the class of the Ringed 
Worms (Annelida), in which we find it in very various 
stages of development. In the first place, many trans
verse connections probably arose between the dm·sal and 
ventral vessels, so as to encircle the intestine (Fig. 298). 
Other vessels then penetrated into the body-wall and 
branched, so as to conduct blood to this part. As in those 
ancestral Worms, which we have called Chordonia, the 
front section of the intestine changed into a gill-body, these 
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vascular loops, within the wall of this gill-body, which 
passed from the v~ntral vessel to the dorsal vessel, Lccame 
modified into respiratory gill-vessels. Even at the present 
day, the organization of the remarkable Acorn-worm 
(Balanogloss'ILs) exhibits a similar condition of gill-circula

tion (Fig. 186, p. 8G ). 
A further important advance is exhibited, 

among extant \Y orms, in the Asciclia, which 
must be regarded as the nearest blood-rela
tions to our primitive Chordonia ancestors. 
In these we find, for the first time, a real 
heart, that is, a central m·gan of the circult~~ 
tion of the bloocl, by the pulsating contractions 
of the muscular wall of whit:h the Llood is 
driven forward in the vascular tubes. The 
heart appears here in the simplest form, as 
a spindle-shaped pouch which passes at both 
ends into a main vessel (Fig. 188, c. p. 90; 
Plate XI. Fig. 14, hz). The original position 

FIG. 298.-Blood.vessel system of a Ringecl Worm 
(Saenuris); front section: d, dorsal vessel; t•, veutral 
vessel; c, trans>erse connection between ~e two (en. 
larged like a heart). The arrows indicate the direction of 
the blood current. (After Gegenbaur.) 

of the heart on the ventral side, behind the gill-body of the 
Ascidian, plainly shows that it originated in a local dilation 
of a section of the ventral vessel. The alternating direc
tion of the movements of the blood, which has ah·eady been 
mentioned, is remarkable ; the heart expels the blood alter
nately through the anterior and through the posterior end. 
This is very suggestive, because in most Vl7 orms the blood 
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in the dorsal vessel moves from back to front, while in 
Vertebrates, on the contrary, it flows in the opposite direc
tion, from front to back. As the heart of the Ascidian 
constantly alternates between these two opposite directions, 
it exhibits permanently, to a certain extent, the phylogenetic 
transition between the older direction of the dorsal blood
current toward the front in Worms, and the newer direc
tion of the same toward the rear in Vertebrates. 

As in the more recent Chorda Animals, which gave 
rise to the Vertebrate tribe, the newer direction became 
permanent, the two vessels which proceeded· from the 
two ends of the heart-pouch, acquired a constant signifi
cance. The front section of the ventral vessel, since then, 
has steadily conducted the blood from the heart, acting, 
consequently, as an artery ; the hinder section of the 
ventral vessel, on the contrary, leads the blood, circulating 
in the body, back into the heart, ancl must, therefore, be 
called a vein. In reference to their relation to the two 
sections of the intestine, we may speak of the latter, more 
accurately, as the intestinal vein, and of the former as the 
gill-artery. The blood contained in both vessels, which 
alone fills the heart also, is venous blood; that is, containing 
much carbonic acid. On the other hand, the blood which 
flows from the gills into the dorsal vessel is there re
furnished with oxygen; is arterial blood. The most delicate 
branches of the arteries and veins pass i:tto each other, 
within the tissue, through a network of extremely fine 
neutral hair-vessels or capillaries (Fig. 296). 

If we now turn from the Ascidia to the nearest allied 
form, the Amphioxus, we are immediately surprised by an 
apparent retrogression in the development of the vascular 
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system. The Amphioxus, as has been stated, has no real 
heart ; Lut the blood is circulated in its vascular system Ly 
the main vascular stems themselves, which contract and 
pulsate along their whole lengi,h. (Of. Fig. 151, vol. i. p. 420.) 
A dorsal vessel (aorta), situated over the intestine, al>sorbs 
the atrterial blood from the gills and propels it through the 
body. The venous blood, in its return, collects in n. ventral 
vessel (intestinal vein), situated under the intestine, and 
thus returns to the gills. Numerous vasculftr gill-arches, 
which accomplish respiration, and absorb oxygen from the 
water and emit carbonic acid, unite the ventral vessel 
with the dorsal vessel before. As, in Ascidia, that section 
of the ventral vessel ·which also forms the heart in Skulled 
Animals (Craniate~), is already fully developed into a simple 
heart-pouch, we must regard the absence of the latter in the 
Amphioxus as the result of retrogression, as a reversion, in 
these Acrania, to the older form of vascular systt:nn, as it 
exists in Scolecida and many other \Vorms. We may 
assume that those Acrania which actually formed part of 
our ancestral line did not share this relapse, buj; rather 
inherited the one-chambered heart from the Chordonia and 
transmitted it directly to the older Skulled Animals 
(Craniata). 

The Comparative Anatomy of Skulled Animals clearly 
exhibits the further phylogenetic development of the blood
vessel system. In the lowest stage of this group, in the 
Cyclostoma (p. 102), we first meet with a real lymph-vessel 
system, side by side with the blood-vessel system, a system 
of canals which collect the colourless fluid flowing from the 
tissues, and conduct it to the blood-current. Those lymph
vessels which absorb the milky, nutritive fluid, obtained 
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directly by digestion, from the intestinal wall, and conduct 
it to the blood-current, are distinguishable as chyle-vessels, 
or "milky juice vessels." While the chyle, or milky juice, 
in consequence of the great amount of fat globules which 
it contains, appears milk white, the real lymph is colour
less. The chyle, as well as the lymph, contain the same 
colourless amceboid cells (Fig. 9, vol. i. p. 132), which are also 
distributed in the blood as colourless blood-cells (corpuscles); 
the latter contains, in addition, the much greater quantity 
of reel blood-cells (corpuscles), which gives the blood of 
Skulled Animals its red colour. The distinction, common to 
all Craniota, between lymph-vessels, chyle-vessels, and 
blood-vessels, is to be regarded as the result of a division of 
labour which took place between different portions of an 
original unitary, primitive blood-vessel system (or hmmo
lymph system). 

The heart, the central organ of the circulation of the 
blood, which exists in all Craniota, also exhibits an advance 
in structure, even in the Cyclostoma. The simple spindle
shaped heart-pouch is separated into two divisions, or 
chambers, which are divided by two valves (Plate XI. 
Fig. 16, hv, hk). The posterior division, the fore chamber 
(atriu1n, hv), absorbs the venous blood from the veins of 
the body, and discharges it into the anterior division, the 
chamber, or main chamber (vent1·iculus, hk). From here it 
is propelled by the gill-artery stem (the foremost section of 
the ventral vessel) into the gills. 

In Primitive Fishes (Selachii), an arterial stalk (bulb11B 
a?'teTio.sus), separated by valves, originates, as a distinct 
section, from the foremost end of the Yentricle. It forms 
the enlarged, hindmost end of the gill-artery stem (Fig. 
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299, cLb?·). From each side of this, from five to seven gill
arteries proceed; these rise between the gill-openings (s) 
to the gill-arches, encircle the throat, and combine above 
into a common aorta-stem, the continuation of which, 
passing backward above the intestine, corresponds to the 
dorsal vessel of Worms. As the arched arteries distribute 
themselves in a respiratory ca.pillary net over the gill
arches, they thus contain venous blood in their lower part 
(as arterial gill-arches), and arterial blood in their upper 
part (as aorta-arches). The points at which separate aorta
arches unite, which occur on the right and left sides, are 
called aorta-roots. Of an originally greater number of 
aorta-arches, only five pairs are retained, and from these 
five (Fig. 300), in all higher Vertebrates, the most im
portant parts of the arterial system develop. 

FIG. 299.-Head of an embryonic Fish, with the rudiment and the 
blood. vessel system; seen from the left side : de, Cuverian duct (point of 
union of the front aud hind main veins) ; sv, venous sinus (enlarged 
terminal portion of the Cnverian duct); a, auricle; v, main chamber; 
abr, gill-artery stem; s, gill-openings (between the arterial arches); ad, 
aorta; c'. head-artery (carotis); n, nose-groove. (After Gegenbaur.) 

The appearance of the lungs, connected with the respi
ration of air, which first occurs in the Dipneusta, is most 
important in the further developement of the arterial 



THE EVOLUTIO~ OF l\IAN. 

system. In Dipneusta, the auricle of the heart separates 
into two halves by the formation of an incomplete partition. 
Only the right auricle now absorbs the venous blood of the 
body-veins. The left auricle, on the other hand, absorbs 
the arterial blood of the lung-veins ; both auricles dis
charge in common into the simple ventricle, in which the 
two kinds of blood mingle, and are then propelled through 
the arterial stalk into the arterial arches. From the last of 
these latter spring tho lung-arteries (Fig. 301, p); these 
convey a part of the mixed Llood into the lungs, while the 
remainder is driven through the aorta into the body. 

From the Dipneusta upward, we trace a progressive 
development of the vascular system, which finally leads, 
with the loss of gill respiration, to a complete separation of 
the two parts of the double circulatory system. In Am
phibia, the pm·tition between the two auricles becomes 
complete. In their young form, these yet retain gill
respiration and the circulatory system as in Fishes, and the 
heart contains only venous blood; at a later period, the 
lungs, with their vessels, are developed also, and the main 
chamber of the heart then contains mixed blood. In Pro
tamnia and Reptiles, the ma.in chamber and the arterial 
stalk belono·ino· to it beo-in to ser)m·ate, by the formation of 

"' "' 0 

a longitudinal partition, into two halves, and this partition 
becomes complete in the higher reptiles on the one side, in 
the parent-form of Mammals on the other. The right half 
of the heart alone now contains venous blood, the left half 
only arteria.l, as in all Birds and Mammals. The" right 
auricle receives venous blood from the body-veins, and the 
right ventricle propels this through the lung-arteries into 
the lungs; from there it returns as arterial blood through 
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the lung-veins to the left auricle. and is driven through the 
left ventricle into the body-arteries. "Between the lung
arteries a~d lung-veins is situated the capillary system of 
the lesser, or lung-circulation; between the body-arteries 
and the body-veins lies the capillary system of the greater, 
or body-circulation. Only in the two highest Vertebrate 

FIG. 300.-The fi>e arterial arclws of Skulled Animals (1-5) in their 
original form : a, arte•·ial stalk; a", main stem of the aorta; c, head
artery (carotis, anterior continuation of the aorta-roots). (After Rathke.) 

FIG. 301-'l'he five arterial arches of Birds; the light portions of the 
rudiment disappear; only the dark parts are permanent. Letters as in 
Fig. 300 : s, arteries of the clavicula (sub-clavian) ; p, lung-artery; p', 
branches of the same. (Mter Rathke.) 

FrG. 302.-Tbe five arterial arches of l\fammals. Letters as in Fig. 301: 
v, vertebral artery; b, Botalli's duct (open in the embryo, afterwards 
closed). (After Rathke.) 

classes, in Birds and :Mammals, is this complete separation 
of the- two courses of the circulation perfect. :Moreover, this 
separation has taken place in the two classes independently 
of each other, as is shown by the unequal development of 
the aortas. In Birds, which are descended from Reptile~, 
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the right half of the fourth arterial arch has become the 
permanent arterial n.rch (m·cus uodw, Fig. 301). On the 
other hand, the latter has developed from the left half of 
the same arch (Fig. 302) in Mammals, which are directly 
descended from the Protamnia. 

On comparing the arterial system in the various classes 
of the Skulled Animals (C1·aniota) in its matured condition, 
it appears in very various forms, and yet it develops, in 
all, from the same primitive form. This development takes 
place in man exactly as in other Mammals; especially is the 
modification of the five arterial arches precisely the same in 
both cases (Figs. 303-300). At first, only a single pair of 

C' 

F!GS. :;03-306.-:Uctamorphosis of the five arterial arches in the human 
embryo (diagram after Rathke): ta, arterial stalk; 1, 2, 3, 4, 5, the arterial 
arches from the first to the fifth pair; ac~, main stem of the aorta; aw 
roots of the aorta. In Fig. 303, three of the arterial arches are given; in Fig, 
304, the whole five (those indicated by dots are not yet developed); in Fig. 305, 
the first two have again disappeared; in Fig. 306, the permanent arterial 
stems are represented. The dotted parts disappear. s, Sub-clavian artery; 
v, vertebral artery ; a<r, axillary artery ; c, carotid artery ( c', outer, c", 
inner carotis); p, pulmonary artery (lung-artery). 

arches develop, and these lie on the inner surface of the 
first pair of gill-arches (Figs. 147-150, vol. i. pp. 395-398; 
li'ig. 303). A second and a third pair of arches then develop 
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behind the first, and these are situateu on tte inner surface 
of the second and third gill-arches. At length, a fourth allll 
a fifth pair appear behind the third (Fig. 304); bnt while 
the latter are developing, the first two are again tlisa ppear
ing by growing together (Fig. 305). The permanent main 
arteries develop only from the three posterior arteria] 
arches (3, 4, 5, in Fig. 304), the lung-arteries from the last 
(2J; Fig. 306). (Cf. with this Fig. 302.) 

The human heart also (Fig. 314) deYelops exactly like that 
of other Mammals. We have already considered the first prin
ciples of its germ-history (vol. i. pp. 302-305, Figs. H3-147), 
which essential1y corresponds ·with its Phylogeny.l91 We saw 
that the very first rudiment of the heart is a spinclie-shapecl 
thickening of the intestinal-fibrous layer in the ventral wall 
of the head-intestine (Fig. 143, elf) This spindle-shaped 
formation then becomes hollow, forms a simple pouch, and 
separates from the place at which it originated, so that it 
then lies freely in the cardiac cavity (Figs. 145, 146). This 
pouch bends into the form of an S (Fig. 144, c), and, at the 
same time, turns spirally on an imaginary axis, so that the 
posterior part lies on the dorsal surface of the anterior 
part. The combined yelk-veins open into its posteriot· 
extremity; from the anterior extremity proceed the arterial 
arches (Fig. 150, vol. i. p. 308). 

This first rudiment of the human heart, which encloses 
a very simple cavity, corresponds to the heart of the As
ciclians, and must be regarded as a reproduction of the heart 
of the Chordonia; it now, however, separates into two, and 
then three parts, thus exhibiting for a very brief period the 
heart-structure of the Cyclostoma and of Fishes. The spiral 
turn and curve of t.C.e heart increases, and, simultaneously, 
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two shallow transverse indentations of the circumference 
appear, which externally mark the three sections (Figs. 307, 
301)). The anterior section, which 1s turned toward the 

FIG. 307.-Heart of an embryonic llaubit, from behinJ: a, yelk-veins ; 
b, auriculre; c, auricle (at?·ium); cl, ventricle ; e, artery-stalk; j, base of the 
three pairs of arterial arches. (After Bischoff".) 

FIG. 308.-Heart of the Eame embr.ro (Fig. 307), from the front: t•, 

yelk-•eius; a, auricle; w, amicular canal; l, left ventr:cle; ?', right 
venb icle; ta, artery-stalk. (Afi;er Bischoff.) 

FIG. 309.-Heart and heacl of an embryonic Dog, from the front: 
a, fore-brain; b, eyes; c, mid-brain; d, primiti>e lower jaw; e, primitive 
upper jaw; j, gill-arches; g, right auricle; h, left auricle; i, left >entricle; 
k, right ventricle. (After Bischoff.) · 

FIG. 310.-Heart of the same embryo, from behind : a, entrance of the 
yelk-veins; b, left auricular process; c, right anricnlar process; d, auricle; 
e, auricular canal; j, left "Ventricle; g, right vcntrocle; ·h, artery-stalk. 
(After Bischoff.) 

ventral side, and from which the aortal arches spring, 
reproduces the arterial stalk (bulbus a'rie1'iosus) of the 
Selachii. The central section is the rudiment of a simple 
chamber, or ventricle (vent1·ict~lus) ; and the posterior 
section, the one turned toward the dorsal side, into which 
the yelk-veins open, is the rudiment of a simple auricle 
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(at1·ium,). Tho latter, like the simple auricle of the heart 
of the Fish, forms a pair of lateral protuberances, the heart 
ears, or auricular appendages (nu1·ic~Llce, Fig. 307, b); and 
hence the indentation between the auricle and ventricle is 
called the auricular canal (canalis auTicula1·is, Fig. 308, ca). 
The heart of the human embryo is now a complete Fish 

heart. 
Corresponding exactly with the Phylogeny of the human 

heart (Table XLI), its Ontogeny exhibits a gradual tran
sition from the Fish heart through the Amphibian heart to 
the 1\Iammalian heart. Tl~e most important step in this 
advance is the formation of a longitudinal partition, im
perfect at first, afterwards complete, by which all the three 
sections of the heart are separated into a right (venous) and 
a left (arterial) half. (Cf. Figs. 309-314.) . The auricle 
(at1·i'Lm1-) is thus divided into a right and a left, auricle, each 
of which acquires its respective n.uricular process; the body
veins discharge into the right auricle (ascending and de
s~ending venc& cavce, Fig. 311, c, Fig. 313, c); the left auricle 
receives the lung-veins. Similarly, a superficial "inter
ventricular furrow" (sulc'LLS inte1·ventTiculcwis, Fig. 312, s) 
appears at an early period on the main chamber of the 
heart, the external expression of the internal partition, by 
the formation of which the ventricle is divide,J into two 
chambers, a right (venous) and a left (arterial) ventricle. 
Finally, a longitudinal partition forms, in a similar way, 
in the third section of the primitive heart, which so much 
resembles that of a Fish, in the arterial stalk, which is also 
externally indicated by a longitudinal furrow (Fig. 312, afJ. 
This separates the cavity of the artery-stalk into two 
lateral halves; the main lung artery, which opens into tho 
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FtG. 312. 

FIG. 311. FIG. 313. FiG. 314. 

FrG. 311.-Heart of a human embryo of foi1r weeks ; 1, from the front; 
2, from the back; 3, open, and with the upper half of the auricle removed ; 
a/, left auricular process; a", right auricular process; v', left ventricle; 
v", right ventricle; ao, artery-stalk; c, upper hollow vein (vena cava) (cd, 
right, cs, left); s, rudiment of the partition, between the chambers. (After 
Koelliker.) 

FIG. 312.-Heart of a human embryo of six weeks, from the front: 
r, right ventricle ; t, left ventricle; s, fru-row between the two ventricles ; 
ta, artery.stalk; aj, furrow on its surface; at the right and left are the 
two large auricular processes of the heart. (After Ecker.) 

FrG. 313.-Heart of a human embryo of eight weeks, from beh.ind: 
a', left auricular process ; a", right auricular process ; v', left ventricle ; 
v", right ventricle; cd', right upper vena cava; cs, left upper vena cava; 
ci, lower vena cava. (After Koelliker.) 

FrG. 314.-Heart of human adult, perfectly developed, from the front, in 
its natural position: a, right auricular process (below it, the right ventricle); 
b, left auricular process (below it, the left ventricle); 0, upper vena cava; 
V, lung-veins; P, lung.artery; d, Botalli's duct; A, aorta. (After Meyer.) 

right ventricle, and the aorta-trunk, which opens into the 
left ventricle. Not until all these partitions are complete, 
is the lesser, or lung-circulation, entirely distinct from the 
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greater, or body-circulation ; the right half of the heart is 
the centre of motion for the former, the left half for the 
latter. (Cf. Table XLI.) 

In the human emhryo, and in all other Amniota, the 
heart originally lies far forward on the lo·wer sicle of the 
head, as in Fishes it remains permanently ncar the throat. 
Afterwards, with the ad,Tancing development of the neck 
and chest, the heart continually moYes further back, until 
at last it is situated in the lower part of the breast between 
the lungs. At first its position is symmetrical, in the central 
plane of the body, so that its longitudinal axis corre
sponds with that of the body (Plate IV. Fig. 8). In most 
Mammals it retains this symmetrical position permanently; 
but in the Apes the axis begins to incline obliquely, and to 
move the apex of the heart to the left side. This inclination 
is carried furthest in the Man-like Apes; in the Chim
})anzee, Gorilla, and Orang, which also resemble Man in 
this oblique position of the heart. 

The germ-history of all other parts of the vascular system, 
like that of the heart, point out many and valuable facts re
garding the history of our descent. But as an acc:uate know
ledge of the complex arrangement of the entire vascular system 
of Man and other Vertebrates is required, in order to follow the 
matter sufficiently far to make it intelligible, we cannot here 
enter into any further detail.192 Moreover, many important 
features in the Ontogeny of the vascular system, especially 
in regard to the derivation of its various parts from the 
secondary germ-layers, are as yet very obscure and doubtful. 
This is true, for example, of the question as to the origin of 
the cmlom-epithelium-that is, of the cell-layer coating the 
body-cavity. Probably there is an important phylogenetic 
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distinction between the e:s:ocrelar, or the parietal crelom
epithelium, which originates from the skin-fibrous layer, and 
the endoccelar, or the visceral crelom-epithelium, which 
is derived from the intestinal-fibrous layer. The former 
is, perhaps, connected with the male germ-epithelium (the 
rudiment of the testes), the latter with the female germ
epithelium (the rudiment of the ovary). (Cf. Chapter XXV.) 

TABLE XL. 

SYSTEMATIC SURVEY OF THE :llOST I:llPORTANT PERIODS IN THE PHYLOGENY 

OF 'l'HE HV.I!AN YASCULAR SYS'l'E:K. 

I. I!'irst Periorl: Vascul<Lr System of the earlier Scolecida. 

Between the skin-covering and the intestinal wall is formed a simple 
body-cavity (creloma), or a perienteric cavity (as in the extant Bryozoa and 
other Crelomati). 

II. Second Period: V<Lscttlar Systern of the mo?·e recent Scolecida. 

The first real blood-vessels form in the intestinal wall (in the intestinal
fibrous layer), a dorsal vessel in the central line of the dorsal side of the 
intestinal tube, and a ventral vessel in the central line of its ventral side. 
The two vessels are connected by several circular vessels, encircling the 
intestine. 

III. Thi1·d Period: Vascul<Lr System of the earlier Chordonia. 

By the modification of the anterior half of the intestine into a gill
intestine, the anterior section of the ventral vessel becomes a gill.artery, 
and the anterior section of the dorsal vessel a gill-vein; between the two 
a gill capillary network develops. 

IV. Fourth Period: V<Lscular System of the more recent Cho?·donia. 

The portion of the ventral vessel, lying immecliately behind the gill. 
Intestine, enlarges to a simple heart-pouch (Ascidian). 
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V. Fifth Period: Yasmlar Sy,tem of the Acrania. 

The \'entml vessel (intestinal vein) forms, round the developing liver. 
sue, the first rudiment of a vena portoo system. 

VI. SiJJth Pe1·iod: Vascular System of the Cyclostomi. 

The siJwle.chambered heart divides into two cl1ambers; a poBterinr 
ventricle, U:d an anterior auricle. '£he lymph-vessel system develops sido 
by side with the blood-vessel system. 

VII. Seventh Period: Vascu!a,· Syst&m of the P1·imitive Fishes, or Selacl1ii. 

From the anterior section of the main chamber of the heart arises au 
artery-stalk or trunk, from "l'l"hich five (?)pairs of arterial arches proceed. 

VIII. Eighth Period: Vasculm· System of the Mud-fishes. 

From the last (fifth} pair of arterial arches the lung-arteries develop, 
as in the Dil'nensta. 

IX. Ninth Pm·iod: Vasctda1· System of Amphibia. 

The gill-arches gradually disappear with the gills. The right and left 
aortal arches remain. 

X. Tenth Pm·iod : Vaswla1· System of lliammals. 

The separation of the greater from the lesser circulation is complete. 
The right aortal arch unites ,,-ith Botalli's duct. 

TABLE XLI. 

SYSTEMATIC SURVEY OF THE MOS1' IMPO!t'J'AN'l' PElt!ODS IN TilE PHYLOGENY 

OF THE HUMAN HEART. 

I. First Period : Heart of Chordonia. 

The heart forms a simple spindle-shaped enlargement of the ventral 
vessel, wiLh an alternating blood-current (as in Ascidia). 

II. Second Pm·iod: Heart of Acrania. 

The heart is like that of Oho1·donia, but the blood-current acquires 
., constant-. direction, passing only from back to front. (Retrograded in 
.\.mlJhioxus.) 

VOL. II. 2 c 
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III. Third Pm·iod: Hea1·t of Cyclostoma. 

The heart clivicles into two chambers, a posterior auricle (at>·ium) and 

:m anterior ventricle (ventriwlus). 

IV. Fou1·th Pel'iod: Hea1·t of P1·imitive Fishes. 

From the anterior section of the ventricle is dilferentiated an artet·ial 

stalk (bttlbus a1"te1·iosus), as in all Selachii. 

V. Fifth Pe1·iod: Hea1·t of the lJiucl.fishes. 

The auricle divides, by an imperfect and inten-upted partition,. into 

a right and a left half, as in Dipneusta. 

VI. Sixth Pe>·iod: Hea1·t of Amvhibia. 

The partition between the right and left auricles becomes complete, as in 

the higher Amphibia. 

VII. Seventh Period: Hea1·t of p,·otamnia. 

The main chamber of tho heart divides, by an incomplete partition, into 

a right and a left half, as in Reptiles. 

VIII. Eighth Period: Hea1·t of lJionot?·ema. 

The partition between the right and left ventricles becomes complete, as 

in all Mammals. 

IX. Ninth Pe1·iod : Heart of llfarsupials. 

The va1ves between the auricles and ventricles (atrio-ventricular .,-a h-e.:;), 
to:;elher with the connecting filaments and papillary muscles belonging to 
them, are differeutiate11 from the muscular masses of Monotremes. 

X. Tenth Pe1·iod: Heart of .Apes. 

The main axis of the heart, lying in the central line of the body 
becomes oblique, so that the apex is turned to the left, aa in Apes and 

Man. 
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Systematic Survey of those Primiti\"c Organs which must probably be 

rcgardcrl as homologous in ·worms, Articulated Animals, Soft.bO<lietl 
Animals, and Vertebrates.•~ 

Worms 
( rermes). 

Articulated 
Animals 

(ATti<>·opoda). 

Soft-bodied 
Animals 

(Jlullusca). 

Vertebrates 
( l"c>·kbrata ). 

I. Products of the D~ffm·entiation of the Skin-sensory Layer. 

1. OutH Rkin 
( l?jJitlennis) 

2. Br.dn (upper throat~ 
ganglia) 

2. E~cretory organs 
(\niter - vessels, 
tiCgmcntnl organs; 

I. Chitinous skin 
( Efypodennis) 

2. Bnlin~upperthroat .. 
g,mglia) 

3. Shell-glands of the 
Crustacean 
(trachea of the 
Tracheata ?) 

l. Outer skin 
(Epidumio~) 

2. Bmin (uppe1 thront
g-:mglia) 

3.. Rudimentary kid
ll(',YS (Pt~imitive 
kidneys) 

I. OutPr skin 
(Epi<le•·mi.•) 

2. ~lrdullary tubr· (an
tl'rior part) 

3. Primitive kidm•v
ducts ( Proll~~,_ 
te>·es) and •rg
meutal orgauti 

II. Products of the Diffe,·entiation of the Skin-fib,·ous LayeT. 

'- Leather-skin 
(Co>·ium) 
(together\\ ilh the 
circular muscle
pouch?) 

5. Longitudinal 
mu::;clc-pouch 

6. Exoccelar innermost 
e<>ll-luyer of the 
bully-wall (also 
male germ-plate?) 

t. Leatber-skin 
(Hutliment) 

5. Trunk-muscles 

4. Leather-skin 
(Coriuw) 
(tog<·thcr with the 
muscles of the 
skiu ?) 

6. Inner trunk-muscles 

£. Exocre1ar innermost 

1

6. Exoccelar parietal 
cell-layer of the <'pithrlium of the 
body-wall (also ccclm11 (also male 
malegerm-phlle!J gc.rm-plate?) 

4. Leather-skin 
(CoTium) 
(togethor with the 
muf'cular layer of 
the skin I) 

5. Side trunk-muscles 

6. Exocrelar parietal 
E'pithdinm of the 
ccelom (al!'o male 
germ pli.ltc?) 

III. Products of the D~(feret'!tiatinn of tfte Intestinal-fibmus Layei'. 

?. Body-cnvity 
(Creloma) 

8. "E11docrelar outer
most cell-layer 
of the inte~tinal 
w,, ll (together 
with the female 
germ-plate?) 

9. Doroal ve;sel 

I~. Ventral vessel 

7. Body-cavity 
(Cre!oma) 

S. Endoccehn outer
most C('U-layer 
of the intestinal 
wall (together 
with the female 
germ-plate?) 

9. Heart 

10.--

11. Intestinal wall (ex- 11. Intestinal wall (ex-
crpt the epithe- cept the epitbe-
!ium) lium) 

IV. Products of the Diffm·~Sntiation 

7. Body-cavity 
(C'celoma) 

8. }~ndoccel;n- visceral 
epithelium of the 
cmlom (togPthcr 
with the female 
germ-plate!) 

9. Chamber of the 
heart (and mn in 
artery; 

10.--

7. l'leuro-peritooeal 
e;_IYitv 

8. Endorrebr viscernl 
epithelium of the 
crei<Jm (tog'!tJ!r•r 
with the female 
gam-plate?) 

9. Aorta (primordial) 

10. Heart (and gill
artery) 

11. Intestinal wall(ex-/11. Intestinal wall (ex-
cept the epithe- crpt the epithe-
lium) I lium) 

12. Intestinal 
Hum 

of the Intestinal-gla,nd~tlat· Laym·. 

liwn lium liwn 
epithe 112. Intestinal epithe- j 12. Inle•tiual epithe- JJI2. Intestinal epi~be-

------------~----------- --------~------------



CHAPTER XXV. 

DEYELOP!IEX'r OF THE URINARY AND SEXUAL ORGANS. 

Importance of Reproduction.-Growth.-Simplest Forms of Asexual Repro
duction: Division and the Formation of Buds (Gemmation).-Simplcst 
Forms of Sexual Reproduction: Amalgamatioll of Two Differentiated 
Cells; the Male Sperm-cell and the Female Egg-cell.-Fertilization.
Source of LoYe.-Original Hermaphroditism; Later Separation of the 
Sexes (Gonochorism).-Original Development of the Two Kinds of 
Sexual Cells from the Two Primary Germ-layers.-The }!ale Exoderm 
and Female Entoderm.-Development of the Testes and Ovaries.
Passage of the Sexual Cells into the Ccelom.-Hermaphrodite Rudiment 
of the Embryonic Epithelium, or Sexual Plate.-Channels of Exit, or 
Sexual Dncts.-Egg-duct and Seed.dnct.-Developmene of these from 
the Primitive Kidney Ducts.-Excretory Organs of Worms.-" Coiled 
Canals" of Ringed Worms (Annelida).-Side Canals o! the Amphioxt~s. 
-Primitive Kidneys of the lii~xinDides.-Primitive Kidneys of Skulled 
Animals (Craniata).- Development of the Permanent Secondary 
Kidneys in Amniota.-DeYclopment of the Urinary Bladder from the 
Allantois.-Differentiation of the Primary and Secondary Primitive 
Kidney Ducts.-The llfiillerian Duct (Egg-duct) and the Wolffian Duct 
(Seed-duct).-Chauge of Position of the Germ-glands in Mammals.
Formation of the Egg in Mammals (Graafian Follicle).-Origin of the 
External Sexual Orgaus.-·Formation of the Cloaca.-liermaph1·oditism 
inMan. 

"The most important truths in Natural Science are discovered, neither 
by the mere analysis of philosophical ideas, nor by simple experience, but 
by r,fiective expe;-ience, which distinguishes the essential from the accidental 
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in the phenomena observed, ancl thus finds principles from which many 
experiences can be derived. 'l'his is more than mere experience; it i5, 
so to speak, philosophical experience."-JoHA:>:>LS MGLLI>R (1810). 

IF we jntlge of the importance of the organ-systems of the 
animal body according to the number and variety nf 
phenomena which they present, and acconling to the 
physiological interest connected with them, we must recog
nize as one of the most impo•·ta:1t awl interesting organic 
systems, the one to the development of ·which we now, 
finally, turn; the system of the rcprocluctive organs. Just 
as nutrition is the first and most important condition of 
self-preservation of the organic individual, so by repro
duction alone is the preservation of the kind or species 
effected, or, rather, the preservation of the long series of 
generations, which in their genealogical connection form the 
sum of the organic tribe, or phylum. No organic individual 
enjoys an etemal life. To each is granted but a short 
span of tim~ for his inuividnal evolution, a brief, fleeting 
moment in the long millions of years of the earth's organic 
history. 

Reproduction in connection with Heredity has, there
fore, long lJecn regarded as, aner nutrition, the most· 
important fundamental function of the organism, anrl it is 
customary to make this a primary distinction between 
living bodies and lifeless or inorganic bodies. But this 
distinction is in reality not so deep and thorough as it at 
first appears, and as is generally assumed. For, if the 
nature of the phenomena of reproduction is closely con
sidrl·ecl, it is soon seen that it may be reduced to a more 
general quality, that of growth, which belongs to inorganic, 
as well as to organic bodies. Reproduction is a nutrition 
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and a growth of the organism beyond the individual size, 
which, therefore, raises a part of the organism to the rank 
of a whole (vol. i. p. 158). This is most clearly seen by 
observing the reproduction of the simplest and lowest 
organisms, especially of the Monera (p. 4G) and of the one
celled Amreba (p. 48). In these, the simple individual pos
sesses only the form-value of a single plastid. As soon as, 
by continued nutrition and simple growth, this has reached 
a certain size, it does not exceed that size, but falls, by 
simple division, into two similar halves. Each of these 
two halves thenceforth leads an independent life, and again 
grows, till, having reached the same limit of growth, it once 
more divides. At each of these simple self-divisions, two 
new central points of attraction for the particles of the 
body are formed, as foundations of the two new indi
viduals.194 

In many other Primitive Animals (P1·otozoa), the simple 
reproduction is accomplished, not by division', but by the 
formation of buds (gemmation). In this case, the growth, 
which prepares the way for reproduction, is not total (as in 
the case of division), but 'partial. Hence in the case of 
gemmation, the product of local growth, which, as a bud, 
forms a new individual, can be distinguished, as a young 
individual, from the parent-organism from which it 
originates. The latter is older and larger than the former. 
In the case of division, on the contrary, the two products 
are of equal age and of equal form-value. Further 
differentiated forms of asexual reproduction, connected 
with gemmation, are, thirdly, the formation of germ-buds, 
and, fourthly, the formation of germ-cells. The latter, 
howeyer, brings us directly to sexual reproduction, for which 
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the opposed differentiation of the two sexes is the conuition. 
In my Generelle .J.11017Jhologie (vol. ii. pp. 32-71), and in 
my "X atural History of Creation " (vol. i. p. 183), I 
have fully discussed the connection of these various for~ns 
of rcproLluction. 

None of the earliest ancestors of Man and of the higher 
animals were capable of the higher function of sexual 
reproduction, hut multiplied only in an asexual manner, by 
division or gemmation, by the formation of genu-buds, or of 
germ-cells, as is still the case with most Primmval Animals 
or Protozoa. It ·was not until a later period in the organic 
history of the earth, that sexual difference of the two 
sexes could arise ; and this took place at first in the 
simplest manner by the severance of two cells which 
amalgamated from the community of the many-celled 
organism. ·we may say that, in this case, growth, which is 
the condition necessary to reproduction, was attained by 
the union of two full-grown cells into a single cell which 
then exceeded its proper size ("copulation" or conjuga
tion"). At first, the two united cells may have been 
entirely alike. Soon, however, by natural selection, a con
trast must have arisen betw·een them. For it must haYe 
been very advantageous to the newly-created individual in 
the struggle for existence, to have inherited various quali
ties from the two parent-cells. The complete development 
of this progressive contrast between the two producing 
cells, led to sexual differentiation. One cell became a 
female egg-cell, the other, a male seed or sperm cell. 

The simplest form of sexual reproduction among existing 
animals, is exhibited in Gastrmads and the lower Spono·es 

. b ' 

especially the Chalk Sponges, and, also, in the simplest 
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Hydroid Polyps. In the Haliphysema (Fig. 315) and in 
the Olynthus the whole body is a simple intestinal pouch, 
which is only essentially distinguished from the gastrula by 
the fact that it is adherent by the end opposite the mouth. 
The thin wall of the pouch consists only of the two 
primary germ-layers. As soon as it is sexually mature, 
single cells of the wall become female egg-cells, others 
become ma.le Hperm-cells, or seed-cells; the former grow 
very large, as they form a considerable number of yolk
granules in their protoplasm (Fig. 181, e); the latter, on the 
contrary, by continued division, become very small, and 
modify into movable "pin-shaped" spermatozoa (Fig. 17, 
vol. i. p. 173). Both kinds of cells sever themselves from their 
birthplace, the primary germ-layers, fall either into the 
surrounding water or into the intestinal cavity, and there 
unite by amalgamation. This is the very important process 
of the fertilization of the egg-cell by the sperm-cell. (Cf. 
:Fig. 18, vol. i. p. 17 5.) 

These simplest processes of sexual reproduction, as 
exhibited at the present time in the lowest Plant Animals, 
especially in the Chalk Sponges and Hydroid Polyps, inform 
us of several extremely im.portant and significant facts; 
in the first place, we learn, that for sexual reproduction in 
its simplest form, nothing more is required than the 
blending or amalgamation of two differing cells, a female 
egg-cell and a male sperm-cell, or seed-cell. All other 
circumstances, and all the other extremely complex pheno
mena, accompanying the act of sexual reproduction in the 
higher animals, are of a subordinate and secondary charac
ter, and have only attached themselves secondarily to that 
simplest primary process of copulation or fertilization, or 
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have arisen by differentiation. But, now, if we con~i£1 •r 
·what an extraordinarily important part is ever} wher0 
played Ly the relation of the two sexes in organic natur~, 

in the vegetaLle kingdom, as ill animal 
and human life; how the reciprocal 
inclination and attraction of the sexes, 
loYe, gives the impetus of the most 
varied and remarkable processes, is, 
e\'en, one of the mol:>t important 
mechanical cause£ of the highest 
differentiation in life ;-if we consider 
this, we cannot over-estimate this re
tracing of "love" to its primitive 
~ource, to the power of attraction be
tween two differing cells. Every
'She•:e throughout animated nature 

Fw. 315.-Longitudiual section through a 
Haliphysema (Gastrreacla) The egg-cells (e) are 
enlarged epithelial cells of the entoderm (g), 
and lie frcP]y in the primitive inte3tinal cavity 
(d) : m, mouth-opening ; h, exoderm, 

the greatest results proceed from this most insignific:tnt 
cause. It is only necessary to t.hink of the part played in 
nature by the flowers, the reproductive organ of flowering 
plants ; ox· of the muHitude of vvonderful phenomena 
caused by sexual selection in animal life ; or, finally, of the 
important influence exerted by love on human life : the coa
lescence of two cells is everywhere the single, original 
11111)elling motive; everywhere this apparently trivial pro-
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ce>JS exerts the greatest influence on the development of the 
most varied circumstances. vV e may, indeed, assert, that 
no other organic process can be, even remotely, compared to 
this in extt:nt and intensity of differentiating effect. For 
is not the Semitic myth of Eve, who seduced Adam to 
knowledge, and is not the old Greek legend of Paris and 
Helen, and are not very many other famous fictions, merely 
the poetical expression of the immeasurable influence, which 
love, in connection with "sexual selection," 36 has exerted, 
ever since the ~ifferentiation of the two sexes, on the pro
gress of the world's history? All other passions that agitate 
the human breast are in their combined effects far less 
powerful than love, which inflames the senses and fools the 
understanding. On the one hand, we gratefully glorify love 
as the source of the most splendid creations of art ; of the 
noblest productions of poetry, of plastic art and of music; 
we reverence in it the most powerful factor in human 
civilization, the basis of iamily life, and, consequently, of 
the development of the state. On the other hand, we fear 
in it the devouring flame which drives the unfortunate to 
ruin, and which has caused more misery, vice, and crime, 
than all the other evils of the human race taken together. 
So wonderful i.s love, and so immeasurably important is its 
influence on mental life, on the most varied functions of the 
meJullary tube, that in this point, more than in any other, 
" :mpernatural " causation seems to mock every natural 
explanation. And yet, notwithstanding all this, the com
parative history of evolution leads us back very clearly and 
~indubitably to the oldest and simplest source of love, to 
the elective affinity of two differing cells : the sperm-cell 
and the egg-cell. 



HER~LAPHRODITIS~f. 395 

Just as the lowest Plant Animals exhibit this most 
simple origin of the complex phenomena of reproduction, 
so, in the second place, they reveal the highly important 
fact, that the earliest and most primitive sexual relation 
was hermaphroditism, and that the separation of the sexes 
originated from this only secondarily (by division of labour). 
Hermaphroditism is preYalent in lower animals of the most 
different groups; in these, each single individual, when 
sexually mature, each person, contains male and female 
sexual cells, and is, therefore, capable of self-fertilization 
and self-reproLluction. Thus, not only in the lowest Plant 
Animals just mentioned (the Gasb·reads, Chalk-sponges, 
and many Hydroicl Polyps) do we find egg-cells and 
sperm-cells united in one and the same person; but 
many Worms (for example, the Ascidians, Earth ·worms 
and Leeches), many Snails (the common garden Snail), and 
many other invertebrate animals are also hermaphrodite. 
All the earlier invertebrate ancestors of man, from the 
Gastra~ada up to the Chordonia, must also have been her
maphrodite. So, probably, were also the earliest Skulled 
Animals (Figs .. 52-56, e, h, vol. i. p. 256). One extremely 
weighty piece of evidence of this is afforded by the remark
aula fact, that even in Vertebrates, in Man as well as other 
Vertebrates, the original rudiment of the sexual organs is 
hermaphrodite. The separation of the sexes ( Gon:Jcho
?'ism ), the assignment of the two kinds of sexual cells 
to different in eli vi duals, originated from hermaphroditism 
only in the farther course of tribal history. At first, male 
and female imEviduals differed only in the possession of the 
two kinds of cells, but in other respects were exactly alike, 
as is now the ca.'3e in the Amphioxus and the Cyclostoma.. 
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Not until a later period, by the law of sexual selection, so 
brilliantly elucidated by Darwin, were develo,ped the so
called " secondary sexual characters," that is, those dif
ferences in the male and female sexes which are exhibiteJ, 

not in the sexual organs themselves, but in other parts of 
the body (for example, the beard of the man, the breast of 
the woman).36 

The third important fact, taught us by the lower Plant 
Animals, refers to the earliest origin of the two kinds of 
sexual cells. For, as in Gastrmacls, and in many Sponges and 
Hydroids, in which we meet with the simplest rudiments 
of sexual differentiation, the whole body consists throughout 
life only of the two primary germ-layers, the two kinds of 
sexual cells can, therefore, only have originated from cells 
of the two primary germ-layers. This simple discovery is 
of extreme importance, because the question of the first 
origin of the egg-cells as well as of the sperm-cells in the 
higher animals-and especially in Vertebrates-presents 
unusual difficulties. In these animals it usually appears 
as if the sexual cells developed, not from one of the t·wo 
primary, but from one of the four secondary germ-layers. 
If, as most authors assume, they do originate from the 
middle-layer, or mesoderm, the fact is clue to an ontogenetic 
heterotopism, to a disrlacement in position. (Cf. vol. i. p. 13.) 
Unless the unjustifiable and paradoxical assumption, that 
the sexual cells are of entirely different origin in the higher 
and in the lower animals, is accepted, we are compelled to 
derive them originally (phylogenetically), in the former as in 
the latter, from one of the two primary germ-layers. It must 
then be assumed that these cells of the skin-layer or of 
the intestinal layer, which must be reganled as the earliest 
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progenitors of the sperm-cells and of the l'gg-cclls, witl:
drew, (luring the separation of the skin-fibrous layer from 
the skin-sensory layer, or of the intestinal-fibrous layer 
from the intestinal-glandular layer, into the body-cavity 
CCl:'lomcL), which was in process of formation; and that 
they thus acquired the internal position between the two 
fibrous layers, which appears as their original position, 
when the sexual cells first become distinct in the vertebrate 
embryo. Other-\.vise, we should be obliged to accept the 
improbable polyphyletic hypothesis, that the origin of the 
egg-cells and sperm-cells is different in the higher and in 
the lower animals, that their origin in the forn-::er is inde
pendent of that in the latter. 

If we, accordingly, derive the two kinds of sexual cells 
from the two primary germ-layers in man as in all other 
animals, the farther question arises : Did the female egg
cells and the male sperm-cells develop from both primary 
germ-layers, or from one only? and, in the latter case, from 
which of the two ? This important and interesting question 
is one of the most difficult and obscure problems in the 
history of evolution, and, up to the present moment, no full 
and clear solution has been attained. On the contrary, 
the most opposite answers are given to it even yet by 
naturalists of note. Among the various possible solutions 
only two have been generally considered. It has been 
supposed that both kinds of sexual cells originally de
veloped from the same primary germ-layer, either from the 
skin-layer or the intestinal layer; but almost as many and 
as able observers have accepted the one as the origin as 
the other. Quite recently the Belgian naturalist, Eduard 
van Beneden, has asserted, on the contrary, that the egg-cells 
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originate from the intestinal layer, the sperm-cells from the 
skin-layer.195 In Gastneads, Sponges, and Hyclro-medn; re 
this appears really to be the case. The development of the 
sexual differences, which is so rich in results, must, ac• 
cordingly, have commenced even during the differentiation 
of the two primary germ-layers in the simplest anJ lowest 
Plant Animals; the exoderm would be the n~ a'e germ-layer, 
the entoderm, the female. If this discovery of Van Ben eden 
is established and proves to be a universal law, Biology will 
gain a most pregnant advance; for not only would all the 
contradictory ~mpiric explanations be answered, but a new 
path would be opened for philosophic reflection on one of 
the most important of biogenetic processes. 

If we now trace the Phylogeny of the sexual organs 
in our earliest Metazoic ancestors further, as it is indicated, 
at the present time, in the Comparative Anatomy and 
Ontogeny of the lowest \V orms and Plant Animals, we 
note, as the first advance, the accumulation of the cells of 
both sexes into definite groups. While in Sponges and 
the lowest Hydra-Polyps single scattered cells separate from 
the cell-layers of the two primary germ-layers, and become 
isolated and free sexual cells, in the higher Plant Animals 
and Wonns we find these same cells associated and col
lected into groups of aggregate cells, which arc, hence
forwara, called" sexual glands," or" germ-glands" (gonades). 
It is only now that we can speak of sexual organs in the 
morphological sense. The female germ-glands which, as 
such, in their simplest form constitute a mass of homo
genous egg-cells, are the ovaries (ovaria, or ooplwm; Fig. 
211, e, p. 198). The male germ-glands, which in their 
primitive form also consist merely of a mass of sperm-cells, 
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are the testes (testiculi, or o1·chiiles; Fig. 211, h). We find 
the ovaries and testes in this earliest and simplest shape 
not only in many Worms (.Annelida) and Plant Animals, 
but also in the lowest Vertebrates, in the Skull-less Animals 
(Acmnia). In the anatomy of the Amphioxus we fouwl the 
ovaries of the female and the testes of the male con:;isting 
of twenty to thirty elliptic or roundly four-cornered simple 
sacs, of small size, attached to the inside of_ the gill-cavity 
on each side of the intestine. (Cf. vol. i. p. -±25.) 

Only a single pair 'Of germ-glands, lying fal' d.own in the 
floor of the body-cavity (Fig. 316, g), exist in all Skulletl 
Animals (Craniata). The first traces of these appear in the 
ccelom-epithelium. Probably, in this case also, the male 
sperm-cells originate from the skin-layer, the female egg
cells, on the contrary, from the intestinal layer. The earliest 
traces are visible in the embryo at the point where the 
skin-fibrous layer and the intestinal-fibrous layer _meet in 
the middle plate (mesentery-plate) (Fig. 318, rnp, p. 401:>). 
At this very important point in the ccelom-wall, where the 
endoccelar (or visceral crelom-epi.thelium) merges into. the 
exocrelar (or parietal ccelom-epithelium), in the embryo of 
J\Ian and the other Skulled Animals a small aggregation of 
cells becomes visible, at a very early period, an<l this, accord
ing to \Valdeyer,196 we may call the "germ-epithelium," or 
(corresponding with the other plate-shaped rudiments of 
organs) the sexual plate (Fig. 316, g; Plate IV. Fig. 5,k). The 

cells of this germ-plate, or sexual plate (larnella sexualis) are 
essentially distinguished by their cylindrical form and by 
their chemical constitution from the other cells of the 
crelom ; they are of quite different significance from the flat 
cells of the "serous ccelom-epithelium" which line the 
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remainder of the body-cavity (ccelmnc~). Of these latter
the true coelom-cells-those which invest the intestinal 
tube and the mesentery (" encloccelar ") originate from the 

FIG. 316.-Transverse section through the pelvic region rtnd the hind 
limbs of an embryo Chick in the fourth day of incubation, enlarged aho•1t 
40 times: h, horn. plate; w, medullary tube; n, canal of the medullary 
tube; u, primitive kidneys; x, notochord; e, hind limbs; b, allantois canal 
in ventral wall; t, aorta; v, caruinal veins; a, intestine; d, intestinal
glandular layer; j, intestinal-fibrous layer; g, germ-e!1ithelium; r, dorsal 
muscles; c, body-cavity, or Coolom. (After Waltleyer.) 

intestinal-fibrous layer (in Fig. 5, Plate IV., coloured red). 
those which line the inner surface of the external wall of 
the abdomen (" er:coccela?' ") are, on the contrary, the product 
of the skin-fibrous layer (coloured blue in Fig. 5, Plate IV.); 
but the sexual cells which make their appearance at the 
boundary line between the two forms of coelom-cells, and 
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Though we must recognize the formation of the two 
kinds of sexual cells, and in their union at fertilization as 
the one essential act of sexual reproduction, yet, in the great 
majority of animals, other organs exist which also take 
part in the act of fertilization. The most important of 
~hese secondary sexual organs are the exit-ducts which 
serve to conduct the mature sexual cells out of the body, 
and, next to these, the copulative organs, which transmit 
the fertilizing sperm froiiJ. the male person to the female, 
in which the eggs are situated. These latter organs exist 
only in the higher animals of various tribes, and are far less 
widely distributed than the exit-ducts. Even these latter, 
however, are only of secondary formation, and are wantin~ 
in many animals of the lower groups. In these, as a rule, 
the mature sexual cells are simply ejected from the body. 
In some cases they pass out directly through the out':lr 
skin-covering (as in the Hydra and many of the Hy
Jroidea) ; in other cases, they enter the stomach-cavity, 
and are ejected through the mouth-opening (in Gastrreads, 
Sponges, anr: other Hydroid Polypes and Coral Animals); 
in yet (lther cases, they enter the body-cavity and 
pass out through a special aperture in the ventral wall 
(porus genitalis). The latter is the case in many Worms 
and even in a few lower Vertebrates (Cyclostoma and 
a few Fishes). These indicate the earliest condition of 
this matter as it was in our ancestors. On the other 
hand, in all higher, and most lower Vertebrates (as also 
in most higher Invertebrates) special tube-shaped exit
ducts from the sexual cells, or sexual ducts (gonopho1·i), 
are present in both sexes. In the female these convey the 
egg-cells out from the ovaries, and hence they have beP.n 
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called egg-ducts (ovidgctus, or t~&bro fallopiro). In the 
male sex these tubes convey the sperm-cells from the testes, 
and hence they are called sperm-ducts (spe?"rnaductus, or 
~asa clefenntia). 

The original, genetic condition of these two outlets 
is exactly the same in Man as in all higher Vertebrates, 
while in most Invertebrates it is entirely different; for 
while in the latter the sexual ducts develop directly from 
the sexual glands, or from the external skin, or fi·om the in
testinal canal, in Vertebrates an organ-system is employed 
for the conveyance of the sexual products; one which origin
ally had a very different significance and function-the 
kidney system, or urinary organs. The original, primary func
tion of these organs is simply to eliminate useless matter 
ti-om the body in a liquid form. The liquid product of this 
secretion is called the urine, and is discharged either directly 
through the external skin, or through the last section of the 
intestine. The tube-shaped "urinary ducts" only second
arily absorb the sexual products also and convey them out; 
they thus become "urogenital ducts" (ductus u?·ogenitales). 
This remarkable secondary combination of the urinary and 
the sexual organs into a common "urogenital apparatus," or 
"urogenital system," is highly characteristic of the higher 
Vertebrates. In the lowest of these it is, however, wanting, 
while, on the other hand, it is found in the higher Ringed 
Worms (A.nnelicla). To estimate this rightly, we must first 
glance at the comparative economy of the urinary organs 
as a whole. 

The kidney system or urinary system ( systema U?'O

lJoeticurn) is one of the earliest and most important organ
systems in the differentiated animal body, as has already 
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been incidentally mentioned. (Of. Chapter XVII.) It is 
found almost universally distributed, not only in the higher 
animal tribes, but even in the more primitive Worm tribe. 
Among the latter it even occurs in the lowest and mo~t 
imperfect known \Vorms-the Flat Worms (Plathelmintlu:s) 
(Fig. 18-±, no, p. 80). Although these acrelomatous Worms 
have no body-cavity, no blood, no vascular system, they 
always have a kidney system. It consists of a pair of 
simple or of branched canals, lined by a layer of cells, which 
absorb useless juices from the tissues and discharge them 
through an external skin-opening (Fig. 1&4, nm). Not 
only the free-living Gliding Worms (Tw·bellaTia), but also 
the parasitic Sucking Worms (T1·en1-cdocla), and even the 
still more degraded Tape Worms, which, in consequence 
of their parasitic habit of life, have lost their intestinal 
canal, are all provided with these "kidney canals "or primi
tive kidneys. Usually these canals in theW orms are called 
excretory organs, and in former times they used to be called 
water-vessels. Phylogenetically they must be regarded as 
highly-developed pouch-like skin-glands resembling the 
sweat-glands of Mammals, and, like these, developed from 
the skin-sensory layer. (Of. Fig. 210, n, p. 198, and Fig. 214, 
p. 202.) 

While in these lowest unsegmented Worms only a single 
pair of kidney ducts is present, in the higher segmented 
Worms these ducts exist in greater numbers. In Ringed 
Worms (Annelicln), in which the body is composerl of a 
great number of segments, or metamera, a pair of these 
primiti-oo kidneys (hence known as segmental organs, or 
canals) exists in each separate segment. In this case, also, 
the canals are very simple tubes, which, on account of their 
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coiled or looped form, are called "coiled canals." To the 
primary, external aperture in the outer skin, originally 
alone present, a secondary, internal aperture into the body
cavity (cceloma) is now added. This opening is provided 
with vibratory cilia, and is thus enabled to absorb the 
secretional juices from the body-cavity and to discharge 
them from the body. Now in these \V orms also the sexual 
cells, which develop in the simplest form upon the inner 
surface of the abdominal wall, pass, when mature, into the 
ccelom, are drawn into the internal, funnel-shaped ciliated 
openings of the kidney canals, and are carried out of the 
body with the urine. Thus the urine-forming "coiled 
canals," or "primitive kidneys," serve, in the female Ringed 
\Vorms, as "oviducts," and, in the male, as "sperm-ducts." 

It would of course be most interesting to know the 
condition, on this point, of the Amp~ioxus, which, standing 
midway between Worms and Vertebrates, affords us so 
much valuable information. Unfortunately this animal, 
for the present, affords no solution of this matter. At 
present we know nothing certainly as to the relation 
between the urinary and the sexual organs of the Amphi
oxus. Some zoologists assert that this animal has no 
kidneys; others regard the two long "side canals " as 
atrophied primitive kidney ducts (Fig. 152, S, vol. i. p. 423) ; 
yet others consider certain glandular epidermis-swellings on 
the inner surface of the gill-cavity to be rudimentary kidneys. 
Most probably, a great reversion has affected the original 
primitive kidney canals in the Amphioxus, amounting per
haps to their entire phylogenetic loss. 

Very interesting inferences may be drawn from the 
Vertebrates of the next sta_6e-the Monorhina, or Cyclos-
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toma. Although both orders of this class-the Myxinoides 
as well as the Petromyzontes-possess developed, urine
secreting kidneys, these organs do not in this case serve to 
carry away the sexual cells. These celL'! pass directly from 
the germ-glands into the ccelom, and are discharged through 
a posterior aperture in the abdomen. The condition of the 
primitive kidne.ys in these is, however, very interesting, and 

a 

A throws light on the complex kidney 
structure of the higher Vertebrates. 
In the first place, in the Myxi
noides (Bdellostornn) we find a long 
tube, the primitive kidney duct 
(p1·otu?·ete1·, Fig. 317, n), on each 
side. This opens internally into 
the ccelom through a ciliated funnel
shaped aperture (as in Ringed 
Worms); it opens externally through 
an opening in the outer skin. A 
great number of small horizontal 
tubes ("segmental canals," or primi-

FIG. 317.-A. Portion of kidney of Bdel
lostoma: a, primitive kidney duct (prottL· 
•·eter); b, segmental canals, or primitive 
urine canals (htbuli u?·inije't·i); c, kidney. 
vesicles (capsulw Malphigianw).-B. Por
tion of the same, much enlarged : c, kidney. 
vesicle, with the glomerulus ; d, approaching 
artery; e, retreating artery. (After Johannes 
Miiller.) 

tive urine tubes) open on its inner side. Each of the::;e 
terminates in a blind, vesicular capsule (c) enclosing a, 



THE PUIMITIVE KID~EY OF SKULLED ANL'IrALS. 407 

knot of blood-vessels (glomerultts, an arterial net, Fig. 
317,B,c). Afferent arterial branches (vasa a.ffeTentia) con
vey arterial blood into the coiled branches of the "glome
ntltGS" (d), and efferent arterial branches (vctsa effm·entia) 

again carry it out of the glomert~ltLs (e). 
In Primitive Fishes (Selcwhii) also there is a longitudi

nal series of segmental canals, which open outwardly in 
the primitive kidney ducts. The segmental canals (a pair 
in each metameron of the central part of t.he body) open, in 
this case, freely into the body-cavity, through a ciliated 
funnel (as in Ringed Worms, or Annelids). A part of this 
organ forms a compact primitive kidney, while the ro~st is 
employed in the formation of the sexual organs. 

The primitive kidney in the embryo of Man and in that 
of all other Skulled Animals (Cmniota) is first formed in 
the same simple shape which persists throughout life in 
Myxinoides, and partly in Selachii. We found this primi
tive organ in the human embryo at that early period just 
succeeding the separation in the skin-sensory layer, of the 
medullary tube from the horn-plate, and the differentiation, 
in the skin-fibrous layer, of the notochord, the primitive 
vertebral plate, and the skin-muscle plate. As the first 
rudiment of the primordial kidneys, a long thin, thread-like 
string of cells, which is soon hollowed out into a canal, 
appears in this case, on each side, immediately below the 
horn-plate ; this extends in a straight line from front to 
back, and is plainly seen in the cross section of the embryo 
(Fig. 318) in its original position in the space between the 
horn-plate (h), the primitive vertebrre (uw), and the skin
muscle plate (hpl). The first origin of this primitivs 
kidney duct is still a matter of dispute, some ontogenists 
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referring it to the horn-plate, others to the primitive ver
tebral plate, and yet others to the skin-muscle plate. Pro
bably its earliest (phylogenetic) origin is to he found in the 
skin-sensory' layer; but it very soon quits its superficial 

FIG. 318.-Transverse sectioii through the embryo of a Chick, on the 
second day of incubation: h, horn-plate; rn, medullary tube; ung, primitive 
kidney duct; ch, notochord; uw, primitiye vertebral cord; hpl, skia
fibrous layer; dj, intestinal-fibrous layer; mp, mesentery-plate, or middle 
plate (point of attachment of tLe two fibrous layers) ; sp, body-cavity 
(cceloma); ao, primitive aorta; dd, intestinal-glandular layer. (After 
Kolliker.) 

position, passes inward, between the primitive vertebral 
plates and the side plates, and finally lies upon the inner 
surface of the body-cavity. (Cf. Figs. 66-69, u, vol. i. p. 277, 
and Figs. 95-98, p. 319; also Plate IV. Figs. 3-6, u.) While 
the primitive kidney duct is thus making its way inward, 
on its inner and under side appear a large number of small 
horizontal tubes (Fig. 3UJ, a), exactly corresponding to the 
segmental canals of the 1.fyxinoides (Fig. 317, b). Like the 
latter, these are, probably, originally protuberances of the 
primitive kidney ducts (Fig. 316, u). .At the blind, inner 
end of each of the primitive urinary tubes an arterial 
glomerulus is formed, which grows into this blind end 
from within, forming a "vascular coil." The glomerulus 
to a certain extent expands the· bladder-like blind end 
of the small urinary tubes. .As the primitive urinary tubes, 
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which are, at first, very short, grow longer and uroaflcr, 
each of the two primitive kidneys assumes the form of a 
semi-pinnate leaf (Fig. 320). The urinary tubes (u) repre. 

Frn. 319.-Rndimentary primitive kidney of embryonic D0g. The pos
terior portion of the body of the embryo is seen from the ventral side, 
covered by the intestinal layer of the yelk-sac, which has been torn away, 
and thrown back in front in order to show the primitive kidney ducts w:ith 
the primitive kidney tubes (a) : b, primitive vertebral; c, dorsal medulla; 
d, passage into the pelvic intestinal cavity. (After Bischoff.) 

FIG. 320.-Primitive kidney of a human embryo: u, the urine-tubes of 
the primitive kidney; w, Wolffian duct; w', upper end of the latter {Mor
gagni's hydatid) ; m, M1\llerian duct; m', upper end of the latter (Fallopian 
hydatid) ; g, hermaphrodite gland. (After Kobelt.) 

sent the tissue and the primitive kidney duct c~v) the 
mid-rib. On the inner margin of the primitive kidney the 
rudiment of the hermaphrodite sexual gland already 
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appears as a body of considerable size. The posterior entl 
of the primitive kidney duct opens into the lower extremity 
of the last section of the rectum, so that this organ becomes 
a cloaca. But this opening of the primitive kidney duct 
into the intestinal canal must be regarded, phylogenetically, 
as a secondary condition. Originally, as is indicated clearly 
in the Cyclostoma, they issued through the external abdo
minal skin, quite independently of the intestinal canal, thus 
proving their early phylogenetic origin from the hom-plate, 
as outer skin glands. 

While in the Myxinoides the primitive kidneys per
manently retain this simple form, as they do partially in 
Primitive Fishes (Selachii), in all other Craniota it appears 
only temporally in the embryo, as the ontogenetic repro
duction of the primordial phylogenetic condition. In these 
Skulled Animals the primitive kidney, by vigorous growth, 
increases in length, and by the increase in number and the 
coiling of the urinary tubes, very soon assumes the form of 
a large compact gland, of oblong, oval, or spindle-shaped 
form, which extends longitudinally tlirough the greater 
part of the body-cavity (cceloma) of the embryo (Figs. 123, m, 
124, m, vol. i. p. 370). In this case, it lies near the middle line, 
directly under the primitive vertebral column, and extends 
from the region of the heart to the cloaca. The right and 
left primitive kidneys lie parallel and close together, being 
separated only by the mesentery, that narrow, thin lamella 
which connects the central intestine with the lower surface 
of the primitive vertebral column. Tha excretory duct of 
each primitive kidney, the protureter, traverses the lower 
and outer sicle of the gland in a posterior direction, and 
opens into the cloaca, close to the root of the allantois; at 



WOLFFIAN DODIES. 41 I 

a later period, it opens into the allantois itself (Fig. 1!3G, o, 
vol. i. p. 381). 

The primitive kidney (primordial kitlncy) in the embryo 
of Amniota was formerly called the "Wolffian botly," also 
the " Okenian body." In all cases it acts for a time as a 
true kidney, draining and secreting the useless fluids of tho 
embryonic body, and discharging them into the cloaca an<l 
then into the allantois. The "primitiYe urine " collects in 
the latter organ, and hence the allantois in the embryo of 
man and of the other Amniota acts as a real urinary bladder, 
or "primitive urinary sac ; " yet it is in no way geneti
cally connected with the primitive kidneys, but is rather, 
as we have already seen, a pouch-like protuberance of the an
terior wall of the terminal intestine (Fig. 135, u, vol. i. p. 380), 
The allantois is, therefore, a product of the intestinal layer, 
while the primitive kidneys are a product of the skin
layer. Phylogenetically we must conceive that the allan
tois originated as a pouch-shaped protuberance of the 
cloacal wall resulting from the distension caused by the 
collection in the cloaca of the primitive urir.e secreted 
by the primordial kidneys. It is, originally, a blind sac 
belonging to the rectum (Plate V. Fig. 15, hb). The true 
urinary bladder of Vertebrates, evidently, first appeared in 
Dipneusta (in the Lepidosiren), and was thence transmitted, 
first to the Amphibia, and then to the Amniota. In the 
embryo of the latter it protrudes far out of the yet unclose;l 
abdominal wall. Many Fishes, indeed, also possess a so
called urinary bladder. But this is merely a local disten
sion in the lower section of the primitive kidney ducts. 
and hence, both in origin and in constitution, is es.sentially 
distinct from the true urinary bladder. The two structure~ 
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are only physiologically comparable; they are, therefore, 
analogous, as having the same function; morphologically, 
l10wever, they are not to be compared, or are not homo-
1ogous.188 The false urinary bladder in Fishes is a pro
duct of the primitive kidney duct, therefore of the skin
layer; the true urinary bladder in Dipneusta, Amphi
bia, and Amniota is, on the contrary, a blind-sac of the 
terminal intestine, and hence a product of the intestinal 
layer. 

In all low Skulled Animals (Cmniota), without amnion 
(in Cyclostoma, Fishes, Dipneusta, and Amphibia), the 
l-~rinary organs remain in an inferior stage of development, 
in so far as the primitive kidneys (pTotonephTa), though 
much r.aodified, here act permanently as urine-secreting 
glands. In the three higher vertebrate classes, included in 
the term Amnion Animals, on the contrary, this is the case 
only for a short period during early embryonic life. The 
permanent, or secondary kidneys (1·enes, or nwtanephra), 
which are peculiar to these three classes, are very early 
<leveloped. These originate, not (as was long believed, on 
the authority of Remak) as entirely new, independent 
glands of the intestinal tube, but from the posterior section 
of the primitive kidney duct (protLweter). From the latter, 
near where it opens into the cloaca, a simple pouch-the 
secondary kidney duct-grows out, and this increases con
siderably in length forwards; from the blind, upper, or 
anterior portion of this the permanent kidney originates, 
precisely as the primitive kidney originates from the pri
mitive kidney duct. The secondary kidney duct gives rise 
to a number of small blind tubes-the secondary urinary 
tubes - and the blind capsule-shaped ends of these 
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are occupied by va:;cular cuils (uloliw·uli). The furthel" 
growth uf these tubes rci<ults in the compact sccondnrr 
kiclney, which, in 1Ian and most higher l\Iammals, acquirL"s 
the well-known bean-like form; in the lower Mammalia. 
in Birds and in Reptiles, on the other hand, it is separateLl 
into several lobes. The lower, or posterior part of thl• 
permanent kidney duct retains the form of a simple canal. 
widens, and thus forms the permanent urine duct (w·dci'r 
At first this canal, yet united with the last section of tlw 
primitive kidney duct, discl1arges into the cloaca; at a 
later period, it separates from the primitiYe kidney duct. 
and yet later from the rectum, and then it discharges intt> 
the permanent urinary bladller (vesica u1·inaria). The
latter originates from the posterior, or lower part of the
stalk of the allantois c~~?·acln~s), which widens and become .. 
spindle-shaped before opening into the cloaca. The anterior, 
or upper part of the allantois-stalk, which passes in the 
abdominal wall of the embryo to the navel, afterwards 
disappears, a useless cord-shaped remnant alone remaining 
as a rudimentary organ: this is the single urinary-bladder 
navel-cord (liga?nenhtm vesico-umbilicale ?necli'u?n). On 
the right and left of this, in the adult Man, there are two
other rudimentary organs: the lateral urinary-bladder navel
cords (ligamenta 'l:esico-umbilicalia late1·alic~). These are· 
the obsolete cord-like remnant of the former navel-arteries 
(a1·terice 'I.L?nuilicales, vol. i. p. 400; Fig. 326, a). 

Although in Man, as in all other Amnion Animals, the· 
primitive kidneys are thus very early displaced by the 
secondary kidneys, and although the latter alone afterwards 
act as urinary organs, the former are not, however, alto
gether discarded. Indeed, the primitive kidney ducts acquire 
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a high physiological significance, as they modify into ex
cretory ducts of the sexual glands. In all Amphirhina or 
Gnathostomi-therefore in all Vertebrates from Fishes up 
to Man-at a very early period, a second similar canal 
appears in the embryo at the side of each primitive kidney 
duct. This canal is commonly called, after its discoverer, 
Johannes Muller," MUller's duct" (d1wtus JJ!ullM·i), while 
the earlier, primitive kidney duct is distinguished as the 
"W olffian duct " ( cluctus Wolffii). The actual origin of 
MUller's duct is still undetermined; Comparative Anatomy 
and Ontogeny seem, however, to indicate that it proceeds 
by differentiation from the W olffian duct. It is, probably, 
most correct to say, that the original (primary) primitive 
kidney duct breaks up by differentiation (or fission) into 
two secondary, similar ducts; these are the W olffian and 

]) 

-FIG. 321.-Primitive kidneys and rndimenes of the sexool organs. A and 
B, of Amphibia (Frog larv::e); A, earlier, B, later condition. 0, of a Mam• 
-mal (embryo of Ox) : u, primitive kidneys; k, sexual glands (rudiments of 
:testes and ovaries). The primary primitive kidney duct (ug in Fig. A) 
separates (in Band 0) into the two secondary primitive kidney ducts; the 
~Iiillerian duct (m) and the Wolffian duct (ug'), which unite behind into a 
-genital cord (!I); l, groin-cord of the primitive kidneys. (After Gegenbaur.) 
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the MUllerian ducts. The la.ttcr (Fig. 320, 'W) lies imme
diately inside the former (Fig. 320 1n). Both open pos
teriorly into the cloaca. 

Obscure and uncertain as 
is the origin of the MUllerian 
and W olffian ducts, their later 
history is clear and definite. 
In all Double-nostrilled (A1n
phi1·hina) and Jaw-mouthed 
( Gnathostomi) animals, from 
Primitive Fishes up to Man, 
the W olffian duct becomes the 
seed-duct, and the Mi.illerian 
cluct, the oviduct. In each 
'.'lex only one of these is per-

FIGS. 322, 323.-Urinary and sexual 
<>rgans of an Amphibian (Water-Newt, 
.or T1'iton). Fig. 322 (A), female; 
Fig. 323 (B), male: r, ptimitive kid
ney; ov, ovary ; ocl, egg-duct and 
Rathke's duct, both formed from the 
Mullerian duct; u, primitive urinary 
oduct-acting, in man, also as seed
oduct (t•e)-Qpening below into Wolff's 
duct (t.'); ms, ovary-mesentery (me8-
~variwrn). (After Gegenbaur.) JJ 

sistent; the other entirely disappears, or leaves only a 
remnant as a rudimentary organ. In the male sex, in 
which the two W olffi.an ducts become sperm-ducts, certain 
rudiments of the Mi.illerian duct are often found, which 
we will call "Rathke's canals" (Fig. 323, c). In the female 
sex, where, on the contrary1 the two MUllerian ducts 
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become oviducts, traces of the ·w olffian ducb:. remain, and 
are known as" Gartner's canals." 

FIGs. 324- 326.-Urinary and sexual organs of an embryonic Ox. Fig 
324, of female embryo of 1;\- inch in length; Fig. 325, of male embryo 
of 2! inches in length l Fig. 326, of female embryo of 2~ inches in length : 
w, primiti'l'e kidney; wg, Wolff's duct; m, Muller's duct; m', upper end of 
he latter (opened at t); i, lower thickened end of the same (rudiment 
of uterus) ; g, genital con]; h, testes (h', lower, h", upper testis-cord) ; 
o, ovary; o', lower ovary-cord; i, groin-cord of the primitive kidney; 
d, diaphragm-cord of the primitive kidney; ?~, permanent kidneys (below 
these the S-shaped urine-duct; between the two the rectum) ; v, urine
bladder; a, navel-artery. (After Kolliker.) 

The moGt interesting facts in reference to this remark
able development of the 1Jrimitive kidney ducts and their 
union with the sexual glands are exhibited in Amphibia 
(Figs. 321-323). The first rudiment of the primitive kidney 
ducts and their differentiation into the 1hUlerian and 
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"\Volffian ducts is identical in 1oth sexes, as is the case in 
the embryos of 1tlammah (Fig. 3:21, C, Fig. 324). In the 
female Amphibia the Miillerian duct on each side develops 
into a large ovary (Fig. ~2:2, ocl), while the W olffian duct acts 
permanently as a urinary duct ('n). In the male, on the 
contrary, the 1Ii..i.llerian duct persists only as a rudimentary 
organ, without functional significance, as Rathke's canal 
(Fig. 323, c) ; theW olffian duct serves, in this case also, as a 
urinary duct, but also as a sperm or seed duct, the seminal 
tubes (ve) from the testes (t) entering the upper part of the 
primitive kidneys, and there uniting with the urinary canals. 

In Mammals these conditions, persistent in Amphibia, are 
rapidly traversed by the embryo in an early period of its 
development (Fig. 321, C). The primitive kidneys, which 
in non-amnionate Vertebrates persist throughout life as the 
urine-secretory organ, are superseded by the secondary 
kidneys. The actual primitiYe kidneys disappear almost 
entirely in the embryo at an early period, leaving but small 
traces. In the male :Mammal the supplementary testis 
(epididyrnis) develops from the upper part of the primitive 
kidney ; in the female the same part gives rise to a useless 
rudimentary organ, the supplementary ovary (paTOVC~'riu?n ). 

In the female Mammal the 1hi.llerian ducts undergo very 
considerable changes. The actunl ovaries develop only from 
its upper part; the lower part widens out into a spindle
shaped pouch, with a thick, fleshy wall, within which the 
fertilized egg develops into the embryo. This pouch is the 
womb (uterus). At first the two uteri are perfectly 
separate, and open on each side of the urine-bladder (vu) 
into the cloaca, as is yet permanently the case in the 
lowest living Mammals, the Beaked Animals ( O?·nithostorna); 
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but even m Pouched Animals (1lfcwsupialia) a connection 
forms between the two l\Ii.Hlerian ducts, and in Placental 
Animals they coalesce below with the rudimentary W olffia:~-1 

" ducts, forming with them a single 

FIG, 827.-Female sexual 
or'(ans of a Beaked .Animal 
\ OrnithoTityncll!Us, Figs. 195, 
196) : o, ovaries; t, ovicli10t; 
~, uterus; st,g, urinary sexual 
cavity (sim's u1·ogenitalis); the 
two parts of the uterus open 

"sexual cord" (junict~lt~s geni
tnlis). But the original indepen
dence of the two parts of the 
uterus, and of the two vagina 
canals which proceed out of their 
lower extremities, persists in many 
lower Placental Animals, while in 
the higher members of the same 
group, these organs gradually 
coalesce to form one single organ. 
The process of coalescence ad
vances steadily from below (or 
from behind) upwards (or for
wards). While in many Gnawing 
Animals (Rodentia, e.g., Hares and 

into this at u': cl, cloaca. Squirrels) two separate uteri open 
(After Gegenbaur.) into the vagina canal which has 

already become simple, in other Gnawing Animals, as also 
in Beasts of Prey, Whales, and Hoofed Animals (Ungulc~tc~), 
the lower halves of the two uteri are already coalescent, 
their upper halves (the so-called horns, ''corm&a") remaining 
rlistinct (" utm·us bico1·nis "). In Bats and Semi-apes these 
upper horns are very short, ·while the unified lower part 
becomes longer. Finally, in Apes, as in Man, the cohesion 
of the two parts is complete, one simple pear-shaped uterus
pouch alone remaining, and into this the oviducts open on 
each side. 
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naculurn testis) (Fig. 328, JJJ, gh); in the female, the round 
uterus-cord (Fig. 328, F, ?'). In the latter the ovaries 
migrate more or less in the direction of the small pelvis, or 

FIG. 328, !JI. FIG. 328, F. 

FIG. 328.-0riginal position of the sexual glands in the abdominal cavity 
of the human embryo (of three months). Fig. 328, JJI, male (natural size) : 
h, testis; gh, the conducting-cord of the testis; ~vg, seed-duct; b, urinary 
bladder; ~th, lower hollow vein (vena cava); nn, supplementary kidneys ; 
n, kidneys. Fig. 328 F, female (somewhat enlargcu) : •·, round uter•IS-cord 
(below this the urine-bladuer, abovo it the ovary); r', kidney; s, sup
plementary kidney; c, blind-intestine (crecwn); o, small net; om, large 
net (between the two is the stomach); l, spleen. (After Kolliker.) 

even enter this. In the male the testis quits the abdominal 
cavity altogether, passing through the groin-canal, and 
enters a sac-shaped, distended fold of the external skin
covering. The coalescence of the right and left folds 
("sexual folds") gives rise to the testis-sac (sc1·otu~n) . The 
various Mammals exhibit the various stages of this migra
tion. In the Elephant and in Whales the tel3tes descend 
very little, and lie below the kidneys. In many Gnawing 
Animals (Rodentia) and Beasts of Prey (Ca1·naTia) they 
enter the groin-canal. In most higher 1fammals they pass 
down through this into the testis-sac ; usually the walls of 
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the groin-canal coalesce. ·when, however, this remams 
open, the testes are able to descend periollically (in the rutting 
season) into the testis-sac, returning again into the abdo
minal cavity (e.g., in Pouched Animals or liiarsupialia, 

Gnawing Animal~, Bats, etc.). 
Another peculiarity of Mammals is the formation of the 

external sexual organs which, as copuJative organs, serve 
to carry the fertilizing sperm from the male into the 
female organism in the act of copulation. Organs of this 
sort are altogether wanting in most lower Vertebrates. In 
those which are aquatic (e.g., Acrania, Cyclostoma, and most 
Fishes) the eggs and sperm are simply discharged into the 
water, and their coming together is the result of some lucky 
accident which in this way brings about impregnation. On 
the other hand, in many Fishes and Amphibia which bring 
forth their young alive, there is a direct transfer of the 
;;perm from the male to the female organism ; and this is 
the case in all Amniota (Reptiles, Birds, and Mammals). In 
these animals the urinary and genital organs always open 
originally into the lower part of the rectum, which thus 
forms a "cloaca" (p. 345) ; but among Mammals the cloaca 
is permanent only in the Beaked Animals (01·nithostoma), 
'\Yhich have, on this account, been called Cloacal Animals 
(Jl!onot1'e11W, Fig. 327, cl). In all other Mammals a lateral 
partition wall develops in the cloaca (in the human embryo 
about the middle of the third month), by which the latter 
is separated into two cavities. The urinary sexual canal 
passes into the anterior cavity (sin·us urogenitcdis), and it 
is through this cav"'ity alone that. the minary and sexual 
products are discharged, while the "anal cavity," which lies 
behind it, serves merely to eject the excrement through the 
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nerves (nm·vi puclendi) which are especially roncerned in 
producing the sexual sensations (p. 238). In the male the 
phallus develops into the masculine "penis" (Fig. 320, D, e); 
in the female it becomes the much smaller "clito1·is " (Fig. 
320, C, e); only in some Apes (Ateles) does this become un
usually large. The "fore-skin" (pm3putiu1n), in both 
sexes, also develops as a skin-fold from the anterior part of 
the circumference of the phallus. In the male sexual furrow 
the lower side of the phallus receives the urogenital 
canal, and, as a continuation of the latter, modifies, by the 
coalescence of its two parallel edges, into a closed canal
the male urinary tube (1-~1·ethn~). In the female this occurs 
only in a few instances (in some Semi-apes, Gnawing Animal~ 
or Rodentia, and l\Ioles) ; as a rule th c sexual furrow remains 
open and its edges are developed into the labia minoTa. 
The labia majom of the female develops from the two 
parallel skin-folds which appear on each side of the sexual 
furrow. In the male these last folds coalesce, forming a 
closed sac, the testis-sac (sm·otum). Occasionally this 
coalescence does not take place, and the sexual furrow also 
sometimes remains open (hypospadia). In these cases the 
external male genitalia resemble the female, and this phe
nomenon has often been mistaken for hermaphroditism 
(pseudo-herma phrocli tism).197 

From this and other cases of false "hermaphroditism," 
the much less ±i·equent cases of "true hermaphroditism" are 
very distinct. This exists only when the essential organs of 
reproduction, both kinds of germ-glands, are united in one 
individual. Either an ovary is then developed on the right, 
ar:.d a testis on the left (or vice veTsa); or testes and ovaries 
are developed on both sides, one more, the other iess 
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perfectly. As we have already seen that the origin~] 

rudiment of the sexual organs is really hermaphroditic in 
all Vertebrates, and that the separation of the sexes is only 
due to a one-sided development of this hermaphroditic 
rudiment, these remarkable cases offer no theoretic diffi
culties. They very seldom, however, occur in Man and the 
higher Vertebrates. On the other hand, we find original 
hermaphroditism constant in some lower Vertebrates, as in 
some Fishes of the Perch kind (Ser1·anus), and in some 
Amphibia (Bmnbinator and in Toads). In these cases, the 
male has usually a rudimentary ovary at the upper ex
tremity of the testis ; on the other hand, the female has 
sometimes a rudimentary testis, without function. This 
also occurs occasionally in Carp and some other Fishes. 
We have already seen how the original hermaphroditism 
is maintained in the excretory ducts, in Amphibia. 

In the gtrm-history of the human urinary and sexual 
organs, the outlines of the history of human descent have 
been faithfully maintained up to the present time. We can 
trace their development in the human embryo step by step, 
in the same gradations as are exhibited, one after another, 
in the comparison of the urogenitals in Acrania, Cyclostomi, 
Fishes, Amphibians, and then further, in the series of 
Mammals, in Cloacal Animals (11Ionotrenws), Pouched 
Animals (.Mc61'Sl6p'ialic6), and the various Placental Animals. 
(Cf. Table XLIII.) All the structural peculiarities of the 
urogenitals distinCYuishino· Mammals from other Verte-

' "' 0 

brates, are also present in Man; and in all special charac-
teristics the latter resembles the Apes, and especially the 
... 1\.nthropoid Apes. As evidence that the special peculiarities 
of J\Iammals have been transmitted to Man, I will finally, 
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l:rief1y notice the sinlllar manner in which the eggs are 
iormed in the ovary. In all iiianunals, the mature eggs are 
contained in peculiar vesicles, which, after their discoverer, 
Regner De Graaf (1G77), are called the Graafian follicles. 
These were formerly regarded as the actual eggs, which 
were, however, discovered by Baer 'Within the Graafian 
follicles (vol. i. p. 55). Each follicle (Fig. 330, 0) consists of a 
round, fibrous capsule, which contains fluid and is coated by 
sevemllayers of cells. At one point this cellular layer hal:\ 
a knob-like enlargement (0, b), and, there, surrounds the 
real egg ( 0, n ). The mammalian ovary is, originally, a very 
simple oblong little body (Fig. 320, g), formed only of 
connective tissue and blood-vessels, and surrounded by a 
cell-layer (the epithelium of the ovary, or the female germ
epithelium). From this epithelium, cords of cell::; grow 
inv.-ard, into the connective tissue or "stroma " of the 
ovary (Fig. 330, A, b). Single cells of these cords increase 
in size and become egg-cells (primitive eggs, A, c); but the 
greater number of the cells remain small ancl form an 
enveloping and nutritive cellular layer (the follicle-epi

thelium) round each egg. 
in Mammals the follicle-epithelium is at first one

layered (Fig. 330, B, 1), afterwards many-layered (B, 2). In 
all other Vertebrates, the egg-cell is, indeed, enclosed in a 
permanent covering of small cells, an egg-follicle; but only 
in Mammals does fluid accumulate between the growing 
follicle-cells, and thus extends the follicle into a rotmd 
bladder of considerable size, on the inner w·all of which 
the egg lies excentrically. In this point, as in his whole 
Morphology, ltlan unmistakably imlicates his descent from 

Mammals. 
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FrG. 330, A. FIG. 330, B. 

FrG. 330, C. 
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FIG. 330.~ Development of human ovules "·ithin the female ovary.-.A.. 
\(·rtical section through the ovary of a now-born female: a, cpithl'lium of 
the ovary; b, rurliment of an egg-cord ; c, young eggs in the epithelium ; 
d, longer egg-cord with the follieks; e, group of young follicles; 1; sing!<• 
young follicle; g, blood-vessels in the connective tissue (stroma) of the 
ovary. In tho cords the young primitive eggs can be distinguished from 
the sm·rouuding cells of tho follicle by their relatively large size. (After 
Wahlcycr).-330, B. Two young follicles isolated; in 1, the cells of the 
follicle form bnt a single layer around the young primitive egg; in 2, they 
form a double layer; in 2, they begin to form the primary chm;ou (a), or 
the zona pellucida (vol. i. p. 135) .-330, C. A run,turl' human Graafian follicle: 
a, the matme egg; b, the surrounding follicle-cells; c, the epithelial cells of 
the follicle; d, the fibrous membrane of the follicle; e, its outer surface. 

The entire natural history of the human sexual organs 
IS one of the branches of Anthropology which affords the 
;-;trongest proofs of the origin of the human race from the 
animal kingdom. Each man, on lnwwing the pertinent 
facts, and without prejudice, judging these comparatively, 
can but be convinced that he is descended from lower 
Vertebrates. The general, and the more minute structure, 
the activity and the individual evolution of the sexual 
organs, is exactly the same in Man as in Apes. This is as 
true of the male as of the female, of the internal as of the 
external genitalia. The differences in this matter between 
Man and the most man-like Apes are far less than the 
differences between the various forms of Apes. As, how
ever, all Apes are undoubtedly from a common origin, this 
fact alone proves, with absolute certainty, the descent vf 
Man from Apes. 
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TAB L E X L I II. 

SYSTEMATIC SUR'\EY OF THE 1IOST biPORTAXT PERIODS IN TilE PHYI,OGENY 

01' THE LR!XARY AXD SEXUAL ORGANS OF JI1AX.1D7 

XLIII. A. First main di>ision : the sexual organs (G) and the urinary 
organs (U) are distinct. (The sexual or genital system rG) and the 
excretory or urinary system act independently of each other.) 

I. Fi1·st Periocl : Genitals and Kidneys of GastnEads. 

G. Single, scattered cells of the entoderm change into egg-cells; single, 
scatterod cells of the exoderm into sperm-cells. 

U. Special urinary organs are as yet wholly wanting. Secretion is 
performed by the cells of the exoderm. 

II. Second Pe,·iod: Genitals and Kiclneys of Pnmitive Worms. 

G. 'I'he egg-cells of the entoderm gather into groups (ovary.plates); as 
do the sperm-cells of the exoderm (testis.plates). 

U . .A. pair of simple pouch-like skin.glands (products of the skin-sensory 
layer) develop into extremely simple kidney-canals (excretory organs of the 
Flat-worms, Platelminthes). 

III. Thi1·d Pm·iocl: Genitals and Kiclneys of Scolecida. 

G. After the differentiation of the four secondary germ.layers is com
plete, the egg-cells pass from the skin-sensory layer into the skin-fibrous 
layer; the sperm-cells also pass from the intestinal.glandular layer into the 
intestinal-fibrous layer. 

U. After the formation of the coelom is completed, the blind inner ends 
of the t'l"o 1.-idney.canals (or "primitive kidney ducts") open into the body
cavity (cceloma). 

IV. Fow·th Period: Genitals and Kidneys of Ch01·clonia. 

G. The groups of egg.cells (ovarial plates) and the groups of sperm.cel!s 
(testes.platcs) meet at the boundary between the endoccelar (the visceral 
intestinal-fibrous layer of the ccelom.epithelium) and the exocoelar (the 
parietal skin-fibrous layer of the cCBlom-epithelium), so as to form the 
hermaplu·oclite glands. 

U. The primitive kidney ducts differentiate iuto an excretory allCl a 
glancluhr part. 

V. F1jth Period: Genitals and Kidneys of .Acrania. 

G. The sexes become distinct. In the female, only the ovary is de. 
veloped ; in the male, only the testes. 

U. The primitive kidney ducts remain simple (atrophied in Amphioxus). 
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VI. Sixth Period: G~nitals ancl Eiclneys of Cyr/ .. stoma. 

G. The sexual glands (numerous in Acrania) coalesce into a pait·. 
U. 1'he primitive kidney ducts send out lateral branches which n.cqni.re 

vascular coils (glomeruli) (the semi.pinnate primitive kidueys of Bddlo

stollla). 

XLIII. B. Second main division: the genital organs (G) and the urinary 
organs (U) become united. (The sexual system and the urinary system 
are united in tho '·urogenital system.") 

YII. Seventh Pe1·iod: Urogenitals of P!"imitive Fisl<es (Sclachii). 

The primary primitive kidney duct differentiates on each side, forming 
two secondary canals; the Wolffian duct, which develops into the seed-duct, 
and the Mullerian duct, which develops into the oviduct. Both genital 
dncts originally open behind the anus (Proselachii). 

VIII. Eighth Period: U;·ogenitals of Dipnegsta. 

A cloaca is formed by the union of the urogenital opening and the cavity 
of the anus. The single urinary bladdee geows out from the anterior wall of 
the rectum (Lepidosiren). 

IX. Ninth Pm·iod : Urogenitals of Amphibia. 

From the uppermost part of the primitive kidney which is in process of 
atrophy, proceeds, in the male sex, the supplementary testis; in the female 
sex, the supplementary ovary. The Wolffian duct yet acts, in both sexes, as 
a urinary canal, and, in the male, also as the seed-duct. The Mtillerian 
dnct acts in the female sex as oviduct; in the male it is a rudimentary 

organ (Rathke's dnct). 

X. Tenth Period : u,·ogenitals of Ptotcwmia. 

'l'lic atrophied primitive kidney is replaced by the permanent secondary 
kidney as the urinary organ. 'l'he urinary bladder grows out from the 
>Cutral orifice of the embryo and forms the allantois. From the anterior 
wall of tho cloaca grows the sexual protuberance (phallus), which, in the 
11 :nle, dc>elops to the penis, in the female, to the clitoris. 

XI. Eleventh Periocl : U,·ogenitals of llfonotremes. 

The lower end of the oviduct enlarges on each side to a muscular 

uterus. 
XII. Twelfth Period: U'rogen.itals of JJia;·s!'pialia. 

The cloaca is separated by a partition into an anterior urogenital opening 
apertura urogenitalis) and a posterior anal opening (a;ms). From the 
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lower ,art of the uterus the vagina.canal passes out on each side. The 
ovaries and testes begin to move downward from their place of formation. 

XIII. Thi1·teenth Period : l.hoge1titctls of Semi.apes. 

The lower parts of the Miillerian and the Wolffian ducts coalesce into 
a. sexual cord. The coalescence of the two uteri at the lower part gives 
rise to the uterus bicomis. .A pa1·t of the allantois becomes the placenta.. 

XIV. Fourteenth Pe'l'iod: U1·ogenitals of Apes. 

The two uteri coalesce throughout their entire length, forming a siDgle 
pear-shaped utems, as in ~Ian. 
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TABLE XLIV. 

Systematic Survey of the Homologies of the Sexual Organs in the two Sexes 
of Mammals. 

XLIV. A. HoMOLOGIES oF TIIE IsTER:><AL SEXUAL ORGANS. 

G. Common Ruc!iments of the 
Intc:1·nal Sexual U1·gans. 

?II. Internat .llale Pa?·ts. F. Intemat Fem4le Parts. 

1. ]\[ale genn-gland (testes-plate !. Te•ti< 
in the embryo, product of the (1llstis, or Orchis) 
skin-layer?) t 

2. Femalegerm-gland(omry-pbte, 2. (Rudimentary ovary, dis-
product of the intestinal appears,-remains in 

1. Rudimentary testis dis
appl:'a.rs,-remains in 
sume .Amphibia 

2. 0\'o.lry 
( Ovarium, or Oophoron) 

larer ?) some Amphibia) 
3. Wolffian duct (lateral primitive 3. Seed-duct 3. Gartnerian duct (rudi-

kidney duct) (Spennaductus) ment;uy canal) 
4 a. :\Ii.illeritm duct 4 a. ltatbke's duct (rudi- 4 a. Oviduct 

(Ductus .Jlliille1"i, central p1i- ment .. uy canal in I t Ot•iductus, or Tuba 
mitive kidney duct) I Amphibia) Fallopire) 

4 b. Upper part of the MUllerian 4 b. 1/ydatis Norgagni 4 b. Ilydatis Fallopire 
duct 

4 c. Loduwcetr part of the 1\H\Ilerian 4 c. Lterus mascu!inus 1 4 c. Uterus, sheath (.-agin<t) 
( l"esicttl4 prostatica) 

!>. Remnant ofthC' primitive kidney 5. Supplementary testes 5. Supplementary ovary 
(Protonepltron, corpus Wolf- (Epididy11tis) (Pa>·ova>·iu11t) 
jii) 

6. Groin ligament of the primitive 
kidney 
(Ligamentu"' p>·otonepltroin
guinale) 

~. Sexual mesentery 
(MesenteriU?n sexuale) 

6. H unteri::m guiding-cr,rd 
( Gubernavulum. Han
teri) 

7. Testis-mesentery 
I (Mesorcltiu11t) 

6. Round uterus-cord 
(Ligam.enturn .. 
•·otundttm) 

7. Omry-mesentery I (Jiesova1·iu11t) 

uteri 

XLIV. B. HO.l!OLOG!ES OF THE EXTERNAL SEXUAL ORGA:"<S. 

G. Common Rudiments of the I I Exterrwl Stxual Organs. M . Ezternal Jlale Pa1·ts. F. External Female Pa1·ts. 

8. Sexual protuberancr 
(Pha!!us) 

9. Fore-skin 
(P7"Ceputium) 

10. Sexual folds 
( Plicre genitales) 

11. Fissure between the two se::s::ual 
folds 

12. Sexual edges (edges of the 
sexual furrow) 

13. Urogenital canal 

s. Penis 

9. )fale fore-skha 
(Pnrputium penis) 

10. Testes~sac 
(Sc>·otum) 

8. Clitoris 

9. Femule fore-skin 
(Pra!putiu.m clitoridis) 

10. Labiapuden.dimajores 

11. Female Vulva 11. Seam of the testis-sac 
(Raphe scroti) 

12. Edges of the 
furrow coalesce 

sexual 
1

12. Labia pttdendi minora 

13. Ureters 
(Sinus u•·ogenita!is) 

14. Glandular appendages of 
urogenital canal 

(Urethra) 
the 14. Cowper·s glands 1

13.Antechamberoftbe't'a~na 
(Vestibulum. 1.·agintt') 

14. Burtholi's glanus 

! 



CHAPTER XXVI. 

RESULTS OF AN'l'HROPOGENY. 

Review of the Germ-history as given.-Its Explanation by the Fundamental 
Law of Biogeny.-Its Causal Relation to the History of the Tribe.
Rudimentary Organs of Man.-Dystelcology, or the Doctrine of Pur
poselessness.-Inheritances from Apes.-Man's Place in the Natural 
System of the Animal Kingdom.-1\Ian as a Vertebrate and a Mammal. 
-Special Tribal Relation of :Men and Apes.-Evidences regarding the 
Ape Question.-The Catarhina and the Platyrhina.-The Divine Origiu 
of 1\Ian.-Adam and Eve.-IIistory of the Evolution of the Mind.
Important :Mental Differences within a Single Class of Animals.-The 
Mammalian Mind and the Insect 11Iinc1.-1Iincl in the Ant and in the 
Scale-louse (Coccus).-:Mind in 1\Ian and in Ape.-The Organ of l\Iental 
Activity : the Central Nervous System.-The Ontogeny and Phy
logeny of the Mind.-The Monistic ancl Dualistic Theories of the 
Mincl.-Hereclity of the Mind.-Bearing of the Fundamental Law of 
Biogeny on Psychology.-Infiuence of Anthropogeny on the Victory of 
the Monistic Philosophy and the Defeat of the Dualistic.-Nature and 
Spirit.-Natural Science and Spiritual Science.-Conception of the 
World reformed by Anthropogeny. 

" The Theory of Descent is a general inductive law which results with 
absolute necessity from the comparative synthesis of all the phenomena of 
organic nature, and especially from tl::.3 threefold parallel of phylogenetic, 
ontogenetic, and systematic evolution. The doctrine that man has de
veloped from lower Vertebrates, and immediately from genuine Apes, is 
a special deductive conclusion, which results with absolute necessity from 
the general inductive law of the Theory of Descent. This view of 'man's 
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p~aee in nature,' cannot, we beliC',-c, be made too prominent. If the Thc01·_,, 
of Descent is correct as a whol<', then the theory that man has clc¥eloped 
from lower Vertebrates is simply an unavoidable clcclnetive conclusion from 
that general inductive law. Hence, all farther di•coveries which may in 
future enrich our knowledge of tho phyletic development of man, can only 
be confirmative of special points of that deduction, which rests on tho 
broadest inductive basis.''-Generelle J[orphologie (lSGG). 

As we have now traversed the wonderful territory of 
the history of human development, and learned its most 
important parts, it seems appropriate that, at the close of 
our travels, we should look back on the road be!Jind us, 
and, on the other hand, glance forward along the further 
path of knowledge into which our road will lead in future. 
We started from the simplest facts of the history of man's 
individual development; ontogenetic facts which can, at 
any moment, be shown and established by microscopic or 
anatomic research. The first and n~ost important of these 
ontogenetic facts is, that every man, like every other 
animal, is at the commencement of his individual existence, 
a simple cell. This egg-cell exhibits precisely the same 
structure and mode of origin as that o~ any other .Mammal. 
From this cell proceeds, by repeated division, a many-celled 
body, the mulberry-germ (m,orula); this changes into a 
cup-germ (gastnda ), and this, again, into an intestinal 
germ-vesicle (gast-rocystis). The two distinct cell-strata 
which compose its wall are the two primary germ
layers; the skin-layer (exoclenna) and the intestinal layer 
(entocleTmc~). This double-layered germ-form is the onto
genetic reproduction of that extremely important phylo
genetic parent-form of all Intestinal Animals, to which we 
have given the name Gastrrea. 

As the human germ, like that of other Intestinal Animals, 
VOL. H. 2 F 
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passes through this gastrula-form, we are enabled to trace 
its phylogenetic origin back to the Gastrrea. By tracing the 
germ-history of the two-layered germ still farther, we found 
that, by fission, four secondary layers are produced from 
the two original germ-layers. These have exactly the same 
constitution and genetic significance in Man as in all other 
Vertebrates. From the skin-sensory layer develops the 
outer skin (epicle1·mis) and the central nervous system, and, 
probably, the kidney system. The skin-fibrous layer forms 
the leather-skin (corium) and the organs of motion (the 
skeleton and muscle systems). From the intestinal-fibrous 
layer originates the vascular system and the fleshy wall of 
the intestine. The intestinal-glandular layer, finally, forms 
only the epithelium, or the inner cellular layer of the 
intestinal-mucous membrane and of the intestinal glands. 

The manner in whjch these various organic systems 
develop from the four secondary germ-layers, is, from the 
very first, exactly the same in Man as in all other Verte~ 
brates. The germ-history of each separate organ afforded 
proof that the human embryo takes exactly the same special 
direction in its differentiation and formation, which, except 
in Man, occurs only in the other Vertebrates. "Within this 
great animal tribe we then traced, step by step, and stage 
after stage, the farther development which takes place in the 
entire body as well as in all its several parts. This higher 
development takes place in the human embryo in the form 
peculiar to Mammals. Finally, we saw, that even within 
this class the various stages of phylogenetic deYelopment, 
which determine the natural classification of Mammals. 
correspond throughout to the various stages of ontogenetic 
formation through which. the human embryo passes in the 
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further course of its development. \V e were thus en a 1le(l 
to determine the place of l\Ian more definitely in the systclll 
of this class, and accordingly to esta.hlish the nature of his 
relation to the various mammalian orders. 

The course of reasoning which we adopted in explaining 
these ontogenetic facts, was simpl_y the logical carrying out 
of the fundamental law of Biogeny. In so doing we have 
constantly tried to carry out the significant distinction 
between palingenetic and kenogenetic phenomena. Palin
genesis, or "the history of inheritance," alone enauled us to 
draw direct conclusions from observed germ-forms as to the 
tribal forms transmitted by heredity. On the other hand, 
these conclusions were more or less endangered, wherever 
Kenogenesis, or "vitiated evolution," was introduced by new 
adaptations. The whole understanding of the history of in
dividual evolution depends on the recognition of this most 
important relation. We stand here on the border-line which 
sharply divides the new from the old method of scientific 
investigation, the new from the old conception of the world. 
All the results of recent morphological research drive us 
with inesistible force to the recognition of this fundamental 
principle of Biogeny, and of its far-reaching consequences. 
These are, it is true, irreconcilable with the customary 
mythological ideas of the world, and with the powerful 
prejudices engrafted into us in early youth by theosophic 
instruction; but, without this fundamental law of Biogeny, 
without the distinction between Palingenesis and Keno
genesis, and without the Theory of Descent, upon which 
these are based, we are entirely unable to understand the 
facts of organic development ; without these, we cannot 
afford the faintest explanation of any part of this great and 
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wonderful world of phenomena. But, if we recognize tl1e 
causal relation between the development of the germ and 
that of the tribe, if we recognize the true causal connection 
of Ontogeny and Phylogeny, which is cxpres<.ed in that law, 
then the wonderful phenomena of Ontogeny explain them· 
selves most simply; then the facts of germ-development 
appear but the necessary mechanical effects of the develop
ment of the tribe, conditioned by the laws of HereLlity and 
Adaptation. The inter-operation of these laws among the 
everywhere-active influences of the struggle for existence, 
-or, as we may simply say with Darwin, Natural Selection, 
-is amply sufficient to explain to us the entire process of 
germ-history by the history of the tribe. Darwin's chief 
merit lies in the fact, that by the disco,·ery of the inter
a.ction of the phenomena of Heredity and Adaptation, he 
prepared the way for a correct, logical understanding of the 
history of Evolution. 

Among the numerous and important evidences that we 
have found for the truth of this view of our development 
history, I will only call attention here once more to the 
peculiarly valuable records of creation afforded by Dystele
ology, or the doctrine of purposelessness, the science dealing 
with rudimentary organs. It is impossible to emphasize 
too often and too strongly the high morphological import
ance of those remarkaLle parts of t!1e body, which are, 
physiologically, completely worthless and useless. In every 
system of organs we find, in Man and in all higher V erte
brates, some of these worthless primreval heirlooms, which 
have been inherited from our lower vertebrate ancestors. 
Thus, fir::;t, we find on the outer surface of the body a scanty 
rudimentary covering of hair, ·which is thicker only on tbe 
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head, in the armpits, and on some other parts of the body. The 
short hairs on the greater part of the surface of our bodies are 
entirely useless, are without any physiological ::;ignificance; 
they are the last scanty remains of the much more fully 
developed hairy covering of our Ape ancestors (p. ~OS). The 
sense-organs exhibit a series of the most remarkal>le rudimen
tary parts. As we have seen, the whole external shell of the 
ear, with its cartilages, muscles, and membranes, is, in Man, 
a useless appendage, destitute of the physiological importance 
that was formerly, erroneously, attributed to it. It is the 
atrophied remnant of the pointed, freely-moving, and much 
more highly developed mammalian ear, the muscles of which 
we retain, although we can no longer use them (p. ~71 ). 
Again, we found, at the inner corner of the human eye, the 
remarkable little crescent-shaped fold, which is of no use to 
us, and is of interest only as being the last vestige of the 
nictitating membrane; of that third inner eyelid which is 
still of great physiological importance in Sharks and many 
Amnion Animals (p. 259). Numerous and interesting 
dysteleological proofs are also afforded by the apparatus of 
motion, both by the bmiy and the muscular systems. I 
will only cite the free, projecting tail of the human embryo, 
and the rudimentary caudal vertebrre developed in the 
latter, together with the pertinent muscles ; this whole 
organ is entirely useless to Man, but is of great interest M 

the atrophied remnant of the long tail of our earlier Ape 
ancestors, which was composed of numerous vertebrre and 
muscles (p. 283). From these same ancestors we have also 
inherited various bone-processes and muscles, which were of 
great use to them in their climbing life among the trees, but 
with us have fallen out of use. At various points under t!le 
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skin we also l1ave entirely unused skin-muscles; vestiges of 
the largely developed skin-muiicles of our lower mam
malian ancestors. It was the function of this " panniculus 
carnosus" to contract and wrinkle the skin, as we may see 
any day done by horses to drive away flies. We still 
posses.<; an active remnant of this great skin-muscle in the 
muiicle of the forehead, by means of which we wrinkle the 
forehead and draw up the eyebrows; but we are no longer 
able to move at will another considerable remnant of it, the 
great skin-muscle of the neck (platysma myoides). 

As in these animal organ-systems of our body, so also in 
the vegetative apparatus, we meet with many rudimentary 
organs, most of which we have incidentally noticed. I ·will 
only cite the remarkable thyroid gland (thy1·eoidea), the 
rudiment of the crop and the remnant of the ciliated groove 
(hypobranchial groove) present in Chordonia, Ascidia, and 
Arcrania, on the lower part of the gill-body (pp. 336, 353); 
also the vermiform process of the blind-intestine (cmcum) 
(p. 344). In the vascular system we find many useless 
ducts, the vestiges of disused vessels which were formerly 
active blood-channels; such, f01! instance, are the "clnctus 
Botalli," between the lung-artery and the aorta, and 
the "ductu.s venosus A1·antii," between the vena portce 
and vena cava, and many others. The numerous rudi
mentary organs of the urinary and sexual systems (p. 41.'>) 
are especially interesting. Il1ost of these are developed in 
one sex and rudimentary in the other. Thus, in the male, 
the seed-ducts form from the \Volffian ducts, of which the 
only traces remaining in the female are the Gartnerian 
canals. On the other hand, from the Mullerian ducts in the 
female are developed the oviducts aml the uterus; while in 
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the male, only the lo-wer extremities of these ducts remain, 
forming the useless male uterus (ur:sicult~ pl'ostutiw). In 
the nipples and mammary glands, the male possesses other 
rudimentary organs which, as a 1·ule, are functional only in 

the female (p. 204 ). 
A closer anatomical examination of the human hocly 

would bring to our notice a number of other rudimental',\' 
organs, all of which can be explained only by the Theory of 
Descent. They are among the most important evidences for 
the truth of the mechanical theory of nature, anJ among the 
most overwhelming proof.., against the prevailing teleological 
ideas of creation. If, in accordance -with this latter view, ~Ian 
and every other organism had been designed for his life
purpose from the beginning, and had been called iuto existence 
l>y an act of creation, the existence of these rudimentary 
organs would be an incomprehensible enigma ; it would be 
impossible to understand why the Creator should have laid 
this useless burden on his creatures in their life-journey, so 
arduous at the best. On the other hand, by means of the 
Theory of Descent we can explain their existence in the 
most simple way, and say : The rudimentary organs are 
parts of the bocly, which, in the course of centuries, 
have gradually fallen out of use; organs which performed 
definite functions in our animal ancestors, but which, in 
us, have lost their physiological importance. They have 
become useless in consequence of our adaptation to new 
circumstances, but yet are transmitted from generation to 
generation by heredity, and have only slo·w·ly atrophied. 

Like these rudimentary organs, so also all the other 
organs of our body have been transmitted to us from 
Mammals, and, immediately, from our Ape ancestors. The 
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human Lolly includes no single organ which is not in
herited from Apes; but, by means of our fundamental law 
of Biogeny, >ve can trace the origin of our several systems 
of organs yet further down to various lower ancestral 
grades. Thus, for instance, we can say that we have 
inheriterl the earliest organs of our body, the outer-skin 
(epiclel'lnis) and the intestinal canu.l, from the Gastneads, 
the nervous and muscular systems from the lower vYorms 
(.A?·cltelminthes), the vascular system, body-cavity (ccelmna), 

and blood from Soft Worms (Scolecidn), the notochord and 
the gill-intestine from Chorda Animals, the differentiated 
organs of sense from the Cyclostoma, the limbs and the 
Miillerian ducts from Primitive Fishes (Selachii), and the ex
ternal reproductive organs from Primitive Mammals (P?·o

mammal ic~). \Yhen we stated the "law of the ontogenetic 
connection of systematically allied forms," and determined 
the relative age of the organs, we saw how we could draw 
such phylogenetic conclusions as these from the ontogenetic 
succession of the organ-systems (vol. i. p. 3DO; ii. 357). 

By the help of this important law and of Comparative 
Anatomy, we were also enabled to determine definitely 
"man's place in nature," or, as we may say, to assign to 
man his position in the system of the animal kingdom. It 
is now usual, in the more recent zoological systems, to 
distribute the whole animal kingdom into the seven tribes, 
or phylc~, which are again sub-divided, in round numbers, 
into about forty classes ; and these classes into al(Jut 
two hundred orders. According to his whole organization, 
"Man is undoubtedly, primarily, a member of but a single 
tribe, that of Vertebrates; secondly, he is a member of but 
a single class, that of :Mammals ; and, thircl'y, a member 
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of lmt a single order, that of the Apes. All the character
istic peculiarities, distinguio;hing Vertebrates from the other 
six tribes, di~;tinguishing Mammals from the other forty 

classes, and distinguishing Apes from the remaining two 
hunched orders of the animal kingtlom, are also present 
in Man. Turn and twist as we may, we cannot escape this 
anatomical and systematic fact. Quite recently this Yery 
fact has led to the liveliest Jiscussion, and has occasionetl, 
especially, many disputes about the specific anatomical 
relationship of .Man to Apes. The most astounding views 
on this "ape question," or "pithecoid theory," have Leon 
uttered. It will therefore be well to examine it closely 
once more at this point, and to separab:3 the essential from 
the non-essential in it. 

We will start from the umlisputed fact, that M:an, at all 
events,-whether his Rpecial blood-relationship to Apes is 
acknowledged or denied,-is a genuine Mammal, is a Pla
cental Mammal. This fundamental truth can be so easily 
proved at any moment by investigations in ComparatiYe 
Anatomy, that it has been unanimously acknowledged since 
the separation of the Placental from the lower Mammals 
(Pouched Animals, or 1lfc6rsupialic6, and Beaked Animals, or 
o~·nitlwstmna). But, fi·om this, every logical adherent of 
the doctrine of development at once draws the conclusion, 
that man. is descended from one and the same· common 
parent-form, together with all other Placental Animals, from 
the progenitor of the Placentnlic6, just as, further, we must 
necesscwily suppose a common mammalian ancestral form 
of all the various Mammals (Placentalia), Pouched Animals, 
and Cloacal Animals (Jlfunotvemuta); but by this the great, 
all-agitating main question of man's place in nature is 
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conclusively settled, whether we a~crihc to :\fan a nen.rer or 
a more remote relation~hip to Apes. No matter "lwthcr 
Man is, in a phylogenetic Hense, a mcmUL'l' uf the Ape onler 
(or, if it is preferred, of the Primate onkr) or not, m 
any case, his direct blood-relationship to all other .Mammals, 
and especially to the Placental Mammal~:;, is estal,lished. It 
may ue that the inter-relations of the various Mammals 
are quite different from those now hypothetically assumed; 
but, in any case, the common dc~ccnt of JUan and all 
other Mammals from a common parent-form is iwlis
putaule. This primreYal, lung since extinct parent-form, 
which prouably develope<l during the Triassic Period, was 
the monotreme ancestral form of all 1\Iammals. 

If this fundamental and extremely significant principle 
is borne in mind, the "ape question" will appear to us 
in a ·wholly different light from that in which it is usually 
presented. A little reflection will bring conviction that 
this question has not the importance that has of late been 
attributed to it ; for the origin of the human race from 
a series of various mammalian ancestors, and the historical 
development of the latter from an earlier series of lo\' cr 
vertebrate ancestors, remains indubitably estaulishcd, no 
matter whether the genuine "Apes" are regarded as t1Hl 
nearest animal ancestors of the human race or not. But, 
it having become hauitual to lay the principal ·weight of 
the entire question of the origin of man on this Ycry 
"descent from Apes," I find myself compelled to return 
once more to it here, and to recall those facts in Com
parative Anatomy and Ontogeny, which conclusively settle 
this "ape question." 

The shortest way to the goal 1s the one taken l_,y 
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Huxley in his celebrated work, which we lnve so often 
quoted, on the "Evidences as to Man's Place in X ature "

tl~e way afforded by Comparative Anatomy and Ontog~ny. 
"e have to compare objectively all the several organs of 
Man with the same organs in the higher Apes, and then to 
ascertain whether the differences between the former and 
the latter are greater than the correspomling differences 
hdween the higher and lower Apes. The indubitable and 
indisputable result of this comparative anatomical investi

gn.tion which was conducted "·ith the greatc.st candour and 
accuracy, was the important law, which, in honour of it:; 
discoverer, we ha,·e named Ilnxley'.s Low; namely, that the 
phy~ical differences between the organization of ~Ian awl 
that of the most highly developed Apes known to us, are 
much smaller than the corresponrling differences between 
the higher and lower Apes .. \Ve might even define this law 
yet more exactly by excluding entirely the Platyrhina or 
American Apes as being more remote relatiYes, and limiting 
our comparison to the narrower circle of relatiws, the 
Catarhina, or Apes of the Old World. E,·en within tl1i: 
small group of Mammals, we found the differences of struc
ture between the higher and lower :Narrow-nosed ~-\pe~, for 

example between the Gorilla and the Balloon, much greatet· 
than the diff'erenees between these )Ian-like Apes and )Jan. 

"\Vhen, in addition, we now turn to Ontogeny, and when we 
find there, according to our "law m. the ontogl'netic con

nection of systematically related forms, that the mnl.H"}O"' of 
:Man and of the l\la.n-likc Ape~, are i1lentical for a longer 

period than the embryos of the highe:;t and of the lowe t 

Apes, we are certainly obliged to bring ourselves,_ ':·hcther 

\Yith a good or a bad grace, to acknowledge our on~m from 
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the Ape order. From the facts exhibited by Comparative 
Anatomy, we can undoubtedly form in imagination an 
approximate image of the structure of our ancestors during 
the older Tertiary Period; we may fill out the details as we 
will, yet this image will be a genuine Ape, and a true 
Catarhine. For Man has all the physical characters dis
tinguishing the Catyrhina from the Platyrhina. Accord
ingly, in the mammalian pedigree, we must derive the 
human race directly from the Catarhine group, and refer 
the origin of Man to the Old W oriel. For the entire group 
of the Catarhine Apes has, as yet, been confined to the Old 
World, just as the group of the Platyrhine Apes has been 
limited to the New. Only the earliest root-form, that from 
which both groups sprang, was common to them; probably 
it originated from the Semi-apes of the Old World. 

Therefore, although it is thus indubitably established as 
the result of our objective scientific inquiry, that the human 
race is directly descended from the Apes of the Olu World, 
yet we will once more state emphatically that this signifi
cant fact is not of as great importance to the main question 
of the origin of Man, as is generally supposed. For, even 
if we entirely ignore the fact or thrust it aside, this will 
not affect all that the zoological facts of Comparative 
Anatomy and the history of development have taught us 
concerning the placental character of Man. These clearly 
prove the common descent of Man and the other :Mammals. 
It is evident also, that the main question cannot be in the 
least evaded or set aside by the statement: "1\:Ian is, indeed, 
a :Mammal; but he branched off from the others quite at 
the root of the class, and has no nearer relationship with 

any other e:s.tant Mammal." At all events, the relationship 
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is eYiclcntly more or less close if ·we comparati nly examine 
the relation of the Mammalian class to the remaining forty 
classes of the animal kingdom. All Mammals, including 
-Man, are, at least, of common origin, and it is equally 
certain that their common parent-fon!lS gradually developed 
from a long series of lower V ertcbrates. 

Feeling, evidently, rather than understanding, induces 
most people to combat the theory of their " descent from 
Apes." It is simply because the organism of the Ape appears 
a caricature of Man, a distorted likeness of ourselves in a 
not very attractive form, because the customary ::esthetic 
icleas and self-glorification of Man are touched by this in so 
sensitiYe a point, that most men shrink from recognizing 
their descent fi·om Apes. It seems much pleasanter to be 
descended from a more highly developed, eli vine being, 
and hence, as is ·well known, human vanity has, from the 
earliest times, flattered itself by assuming the original 
descent of the race from gods or demi-gods. The church, 
with that sophistical distortion of ideas of which she is 

so great an adept, has mm1agcd to extol this ridiculous 
pride as Christian humility ; and those people who 
reject with haughty horror every suggestion of descent 
from lower animals, and consider themselves children of 
God, those very people are exceedillgly fond of boasting 
about their childlike humility of spirit. In most of the 
sermons deli verccl against. the progress of the doctrine 
of evolution, human vanity and conceit play throughout 
a prominent part; and, although v>e haYe inherited this 
characteristic weakness from Apes, yet we must confess to 
haYing developed it to a degree of perfection which 
completely overthrows the unprejudiced judgment of the 
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"sound understanding of man." \Ve ridicule the childish 
follies occasioned by the pride of ancestry among the 
nobility, from the splendid Midclie Ages down to our o\vn 
time, and yet no small portion of this groundless pride 
of nobility lurks in a great majority of men. Just as most 
people prefer to trace their pedigree from a decayeu baron 
or, if possible, from a celebrated prince, rather than from 
an unknown, humble peasant, so they prefer seeing the pro
genitor of the human race in an Adam degraded by the Fall, 
rather than in an Ape capable of higher development and 
progress. It is a matter of taste, and such genealogical 
preferences do not, therefore, admit of discussion. Still I 
must confess that, personally, I am as proud of my paternal 
grandfather, who was simply a Silesian peasant, as of my 
maternal grandfather, who raised himself from the position 
of a Rhenish lawyer to the highest posts in the council 
of state. And it is also much more to my individual taste 
to be the more highly developed descendant of a prinueval 
Ape ancestor, who, in the struggle for existence, had de-· 
veloped progressively from lower Mammals, as they from 
still lower Vertebrates, than the deg-raded descemlant of 
an Adam, god-like, but debased by the Fall, wlw was formed 
from a clod of earth, and of an Eve, created from a rib of 
Adam. As regards this celebrated" rib," I must here ex
pressly add as a supplement to the history of the develop
ment of the skeleton, that the number of ribs is the same in 
man and in woman. In the latter as well as in the former, 
the ribs originate from the skin-fibrous layer, and are to be re
garded phylogenetically as lower or ventral vertebrce (p. 285). 

Now I certainly hear some one say: "That may all be 
right and correct as far as the human body is concerned, and, 
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from the facts presented, it is certainly no longer to be 
doubted that tllis has actually 'developed gradually, step by 
step, from the long ancestral series of Vertebrates; but it is 
quite otherwise with the 'spirit of man,' with the human 
mind, which cannot possibly have developed in a similar 
way from the mind of lower Vertebrates.'' Let us see if the 
known facts of Comparative Anatomy, Physiology, and 
Evolution can meet this grave objection. We shall best 
gain firm ground from which to start in this matter by 
comparatively exami1ung the minds of the different Verte
brates. Side by side within the various classes, orders, 
genera, and species of Vertebrates, we find so great a variety 
of vertebral intellects, that, at first sight, one can scarcely 
deem it possible that they can all be derived from the mind 
of a common "Primitive Vertebrate." First, there is the 
little Lancelet, which has no brain at all, but only a simple 
medullary tube, the entire mental capacity remaining at 
the very lowest grade occurring among Vertebrates. The 
Cyclostomi, also, standing just above, exhibit a hardly 
higher mental life, though they have a brain. Passing on to 
Fishes, we find their intelligence, as is well known, also 
at a very low point. Not until from these we ascend to the 
Amphibia, is any essential progress in mental development 
observable. This is much greater in Mammals, although, 
even here, in the Beaked Animals ( 0Tnithostoma ), and the 
next higher class, the stupid Pouched Animals (llfan:Lpials), 
the entire mental activity is still of a very low order; but 
if we pass on from these to Placen'Gal Animals, within this 
multiform group we find such numerous and important 
steps in differentiation and improvement, that the mental 
differences between the most stupid Placental Animals (for 
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instance, Sloths and Armadillos) and the most intelligent 
animals of the same group (for instance, Dogs and Apes), 
seem much more considerable than the intellectual dif
ferences between those lowest Placentals and the Pouched 
Animals, or even the lower Vertebrates. Those ilif!'erences 
are, at any rate, much more considerable than the dif
ferences in the intellectual life of dogs, apes, and men. And 
yet all these animals are allied members of a single class.198 

This fact is shown to a yet more surprising degree in 
the Comparative Psychology of another class of animals, 
which is specially interesting for many reasons, that of 
Insects. It is well known that many Insects exhibit a 
mental capacity approxima,tely as highly developed as is 
possessed by Man only of the vertebrate group. It is needless 
to speak of the celebrated organized communities and states 
of Bees and Ants ; every one knows that very remarkable 
social arrangements occur among these, such as occur in an 
equal degree of development only in the higher races of 
men, and nowhere else in the animal kingdom. I will only 
allude to the civil organization and government among 
Monarchical bees and Republican ants, to their division 
into various orders: the queen, the drone nobility, the 
workers, the nurses, soldiers, and so on. Among the most 
remarkable phenomena in this extremely interesting field of 
life, is certainly the cattle-keeping of certain Ants, which 
tend plant-lice for the sake of their milk and regularly 
collect their honey-juice. Even more remarkable is t.he 
slave-holiling of the large reel Ants, which steal the young 
of the small black species ancl rear them to slave-labour. 
It has long been known that all these civil and social 
an•angements of the Ants were origina.ted by the systematic 
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co-operation of numerous citizens, understanding ea.ch other. 
:X umerous observations have placed the astounrlingly high 
i'ntellectual development of these little Articulated Animals 
ueyond all doubt. vVith this let us compare, as Darwin 
has done, the intellectual capacity of many lower, and, 
especially, of many parasitic, Insects. There, for examplE•, 
are the Scale Insects (Coccus) which, when mature, con,.ist 
of an entirely immov:1ble shield-shaped body attached to 
the leaves of plants. Their feet are atrophied. Their 
mouths are embedded into the tissue of the plant, the 
juices of which they suck The whole mental activity of 
this motionless female parasite consists in the enjoyment it 
derives from sucking these juices and from sexual inter
course with the unattached male. The same is true of the 
iuaggot-like female of the Twisted-wings (StrepsipLt?'a). 
which spends its whole life, wingless and ldotless, as a 
motionless parasite in the body of the wasp. There can ue 
no suspicion of any higher mental activity there: If these 
lJrutish ·parasites are compared with the mentally active 
and sensible ants, it will certainly be admitted, that tl~e 
'psychical differences between the two are much greater 
than those between the highest and lowest Mammals, 
between Beaked Animals (OTnithostoma), Pouched Animal::; 
(11Ia1'SUJ>iaUct), and Armadillos on the one hand; and Dogs, 
Apes, and Men on the other. And yet all those insects 
belong, without question, to the single class of Artlwopocla, 
just fLS all these Mammals undoubtedly belong to the single 
·class of Vertebrates ; and just as every logical adherent of 
the doctrine of evolution mcst assume a common pal;ent-
form for all those Insects, so also he must necessarily assert 
a common descent for all these Mammals. 

VOL. ll. 2 G 



450 THE EVOLUTIO~ OF 1\IA.N. 

Turning now from observing the comparative mental 
capacity of the various animals to the quefltion as to the 
organs of these functions, we receive the answer, that in all 
higher animals they are invariably connected with certain 
groups of cells, those cells which compose the central 
ne-rvous system. All naturalists, without exception, agree 
that the central nervous system is the organ of tho mental 
life of animals, and this assertion is at any time capable 
of experimental proof. If the central nervous system is 
wholly or partially destroyed, the" mind," or the psychical 
a,divity of the animal, is wholly or partially annihilated at 
i.he same time. We must, therefore, nex.t inquire what is 
tJ1e character of the mental organ in man. The undeniable 
ans'\Yer to this question has already been given. Man's 
mental organ is, in it.'l whole structure and origin, the same 
a3 that of all other Vertebrates. It originates a.'l a simplo 
medullary tube from the outer skin of the embryo, from 
the skin-sensory layer, or the first of the secondary germ
layers. In the course of it~ gradual development it passes 
through the same stages of progression in the human 
embryo as in that of all other Vertebrates, and a.'l these 
la.tter have undo~btedly a common origin, so must also the 
brain and spinal cord be of the same origin in all. 

Physiological ol)servation and experiment teaches, more
over, that the relation of the " mind" to its organ, the brain 
and spinal marrow, is exa-ctly the same in lllan as in all 
other Mammals. The former can in no case act without 
the latter; the one is connecte<l with the oth~r. as is 
mu~cular movement >v.ith muscle. Therefore, the mind can 
develop only in connection with its organ. Adherents of 
the Theory of Descent, who concede the causal connection. 
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between Ontogeny and Phylogeny, are now compelled to 
recognize the following propositions : The mind, or" psyche," 
of man has developed together with, and &S the function of 
the medullary tube, and just as even now the brain an(l 
spinal marrow develop in each human individual from the 
simple medullary tube, so the human "mind," or the mental 
capacity of the entire human race, has developed gradually, 
step by step, from the mind of lower Vertebrates. Just as 
even now in every individual of the human race the 
wonderful and complex structure of the brain develops 
step by step from exactly the same rudiment, from the 
same five simple brain-bladders, as in all other Skulled 

· Animals (Craniata), so the human mind has gradually 
developed in the course of millions of years from the mind 
of lower Skulled Animals; and as now the brain of eve1y 
human embryo differentiates according to the special type 
{)[ the Ape-brain, so also the human psyche has historically 
differentiated from the Ape-mind. 

This monistic idea will, of course, be indignantly re~ 
jeeted by most people, who accept the contrary dualistic 
vie's, which denies the inseparable connection of the brain 
and the mind, and regards "body and mind " as entirely 
.o;eparate and distinct; but how shall we reconcile this 
commonly accepted view with the facts taught by the 
history of evolution ? The dualistic view is, at least, us 
irreconcilably opposed to Ontogeny as to Phylogeny. If 
we agree with the majority of men, that the mind is a self
existent, independent being, which has originally nothing 
to do with the body, but only dwells in it for a time, and 
·which gives expression to its emotions through the bmin, 
as the piano-player through his instrument, then we must 
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suppose a period in the human germ-history, at which the 
1i1ind enters the body, enters the brain; and we must also 
s·uppose a moment at death, at which it leaves the body; 
and further, as every man inherits certain indiviclual 
mental qualities from each parent, we must suppose that 
pm'tions of the mind of each were transferred to the germ 
at the time of its procreation. A little piece of the father's 
mind accompanied the sperm-cell, a little piece of the 
mother's mind remained with the egg-cell. This dualistic 
view entirely fails to explain the phenomena of evolution. 
\V e all know that the new-born child has no consciousnesi\ 
no knowledge of itself and of the objective world. Who
ever has children of his own, and follows their mental 
development candidly, cannot possibly deny that processes 
of biological evolution are at work there. Just as all other 
functions of the body develop in connection with their 
organs, so uoes the mind develop in connection with the 
hrain. And this gradual develop !Dent of the child's mind 
is such a wonderful and beautiful phenomenon, that every 
mother and every father with eyes to see takes unwearied 
delight in observing it. The text-books of P;;ychology 
alOne are ignorant of any such development, and we are 
almost forced to the conclusion that their auth0rs them
selves never had any children. The human mind, as it is 
represented in the great majority of psychological works, 
is only the one-sided mind of a learned philosopher, who, 
indeed, knows many book10, but nothing of the process of 
eYolution, and does ll')t suspect that even his own mind has 
ueveloped. 

These same dualistic philosophers must, of course, if 
they are consistent, also assume that there was a moment 
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m the Phylogeny of the hnman mind at which this mind 
first entered the vertebrate body of man. Accordingly, at 
the time when the human body developed from the body 
Jf the Anthropoid Ape (thus, probably, in the latter part of 
the Tertiary Period), a specific human mind-element-or, as it 
is usually expressed, a" divine spark "-must have suddenly 
entered or been breathed into the brain of the Anthropoid 
Ape, and there ha,-e associated itself ·with the already 
existing Ape-mind. I need not point out the theoretic 
difficulties invoh·eLl in this conception. I will only remark 
that eYen this" divine sp:1rk," by which the mind of Man 
is said to be distinguished from that of all other animals, 
must itself be a thing capable of evolution, and has actually 
deYeloped progressively in the course of human history. 
This "divine spark" is usually understood to be "reason/' 
and is ascribed to man as a mental function distinguishing 
him from all "irrational animals." Comparative Psycho
logy, hovvever, teaches that this frontier-post between man 
and beast is altogether untenable.1D8 We must either take 
the idea of reason in its broader sense, in which case it 
1elongs to the higher Mammals (the Ape, Dog, Elephant, 
Horse), as much as to the majority of men; or we must 
conceive it in its narrower sense, and then it is lacking in 
the majority of men, as well as in most animals. On the 
whole, that which Goethe's Mephistopheles said of his time, 
is true of Man's reason to-day: 

"He might have kept himself more right 
Hadst Thou ne'er shewn to him a glimpse of heaven's light. 
He calls it Reason, but Thou seest 
Its use but makes him beastlier than the beast." 

If, therefore, we must abandon this generally preferred, 
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and, in many respects, very pleasant dualistic theory of the 
mind, as being wholly untenable, because irreconcilable 
with genetic facts, then the opposite monistic view alone 
remains to us, according to which the human mind, like 
that of any other animal, is a function of the central nervous 
system, with which it has developed in inseparable con
nection. Ontogenetically, we see this in every child ; 
phylogenetically, we must assert it in accordance with the 
fundamental law of Biogeny. In every human embryo 
the medullary tube develops from the skin-sensory layer, 
and from the anterior part of that tube the five brain
bladders of Skulled Animals (CTaniota), and from these 
the mammalian brain (at first with the characteristics of 
the lower, then with those of the higher Mammals). 
Just as this entire ontogenetic process is but a short repro
duction, occasioned by Heredity, of the same process in the 
Phylogeny of Vertebrates, so also the wonderful mental 
activity of the human race has gradually developed, step 
by step, in the course of many thousands of years, from the 
less perfect mental activity of the lower Vertebrates. And 
the evolution of the mind in each child is only a brief 
reproduction of that long phylogenetic process. 

The extraorJinary and important bearing of Anthro
pogeny on Philosophy, in the light of the fundamental prin
ciple of Biogeny, now becomes apparent. The speculatiYe 
philosophers who will take possession of the facts of On
togeny ~tnd explain them phylogenetically (according to that 
law), will introduce a greater advance in the history of 
Philosophy than has been made by the greatest thinkers of 
all previous centuries. Undoubtedly every clear and logical 
thinker must draw from the facts of Comparative Anatomy 
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and Ontogeny which have been brought forward, a mass 
of suggestive thoughts and reflections which cannot fail 
of their effect on the further development of the philo
sophical study of the universe. Neither can it be doubted 
that these facts, if properly weighed, and judged without pre
judice, will lead to the decisive victory of that philosophical 
tendency, which we distinguish, briefly, as monistic or 
mechanical, in distinction from the dualistic or teleological, 
on which most philosophical systems of ancient, mediawa!, 
and modern times are based. This mechanical, or monistic 
philosophy, asserts that everywhere the plwnomena of 
human life, as well as those of external nature, are under 
the control of fixed and unalterahle laws, that there is 
everywhere a necessary causal connection between pheno~ 
mena, and that, accordingly, the whole knowable universe 
forms one undivided whole, a" monon." It further assert~. 
that all phenomena are produced by mechanical causes 
(causm efficientes), not by pre-arranged, purposive causes 
(causm finales). Hence there is no such thing as "free
will" in the usual sense. On the contrary, in the light of 
this monistic conception of nature, even those phenomena, 
which we have been accustomed to regard as most free an1l 
independent, the expressions of the human will, appear :1!'1 

subject to fixed laws as any other natural phenomenon 
Indeed, each unprejudiced and searching test applied to the 
action of our "free-will" shows that the latter is never 
really free, but is always determined by previous causal 
conditions, which are eventually referable either to Heredity 
or to Adaptation. Accordingly, we cannot aBsent to the 
popular distinction between nature and spirit. Spirit 
exists everywhere in nature, and we know of no spirit out-
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~irle of na.ture. Hence, also, the usual distinction bebvec11 
n.ttural science anJ mental science is entirely unt9nabk. 
E''ery real science is at the same time both a natural and a 
mental science. Man is not aboYe nature, but in nature. 

The opponents of the doctrine of evolution are ve.l'y fon•l 
of branding the monistic philosophy grounded up'Jll it ns 
"materialism," by confu3ing philusophical materialism with 
t 11e wholly different and censurable ?noml materialism. 
Strictly, however, our "monism" might, as accurately or as 
inaccurately, be called spiritualism as materialism. The 
real materialistic philosophy asserts, that the vital pheno
mena of motion, like all other phenomena of motion, arc 
effects or products of matter. The other, opposite extreme, 
spiritualistic philosophy, asserts, on the contrary, that 
matter is the product of motive force, and that all material 
forms are produced by free forces entirely imlependent of 
the matter itself. Thus, according to the matcrialistie 
conception of the universe, matter, or substance, precelles 
motio:D, or active force. According to the spiritualistic cm~
cel)tion of the universe, on the contrary, actiYe force or 
motion precedes matter. Both views are dualistic, and we 
hold them both to be equally false. A contrast to both 
views is presented in the monistic philos~phy, which can as 
little believe in force without matter, as in matter withont 
force. It is only necessary to reflect on this for a time, 
from a strictly scientific standpoint, to find that on close 
examination it is impossible clearly to represent the one 
without the other. As Goethe says, "Matter can never 
exist and act without spirit; neither can spirit without 
matter." 12 

The "spirit" and "mind" of man are but forces which 
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are insal:'arably connected with the mtterial substance of 
our bcdies. Just as the motive force of our flesh is invoh-etl 
in the muscular form-element, so is the thinking force of 
our spirit involved in the form-element of the brain. Our 
spiritual forces are as much functions of this part of the 
body, as every force is a function of a matc.rial boLly. \Y u 
know of no matter which does net possess force, and, con
versely, of no forces that are not connected with matter. 
\Vhen the forces ma,nifest them>elves in tho phenomena of 
motion, they are called active forces; if, on the other hanrl, 
the forces are in a state of rest, or of equilibrium, they are 
called latent forces. 199 This is as true of inorganic natural 
snustanccs as of organic. The magnet attracting iron
filings, powder exploding, steam driving the locomotive, are 
active inoq:1nic substmc3s; they work by active force jm;t 
as does the sensitive mimosa, when it folds its leaves at a 
t,)uch,-as does the An1phioxus, when it buries itself in the 
sand,-as does man, when he thinks. Only in these latter 
cases the combination of the different forces, appearing as 
phenomena of motion, are. much more complex and much 
less easily recognized than in the former cases. 

Anthropogeny has led us to the conclusion that even in 
• the entire history of the evolution of man, in the hi3tory of 

the germ, as well as in that of the tribe, no other actinl 
forces have been at work, than in the rest of organic and 
inorganic nature. All the forces at work there can be 
redu~ecl at last to growth-to that fundamental function of 
eYolu tion by which the forms of inorganic, as well as of 
orga:1ic bodies, originate. Growth, again, itself rests on the 
attraction and repulsion of like and unlike particlcs.194 It 
has given rise to Man and to Ape, to Palm and Alga, to 



458 THE EVOLUTION OF ~IAN. 

crystal and water. Hence the evolution of man has taken 
place according to the same "eternal, immutable laws," 
as has the evolution of any other natural body. 

It is true that the prejudices that stand in the way of 
the general recognition of this "Natural Anthropogeny" 
are even yet intensely powerful; otherwise the ancient 
stl·ife between the various philosophical systems would 
already have been decided in favour of "Monism." But 
it can be foreseen with certainty that a more general 
acquaintance with genetic facts, will gradually destroy 
those prejudices and bring about the victory of the 
natural idea of ":Man's Place in Nature." The fear is 
often expressed in opposition to this view that it will cause 
a retrogression in the intellectual and moral development 
of man; but, on the contrary, I cannot withhold my conYic
tion, that the Yery reverse will be true, that by it the pro
gressive development of the human spirit will be advanced 
in an unusual degree. At all events, I hope and trust that 
I have, in these chapters, affo~·ded convincing proof that 
the only way to attain a true scientific knowledge of the 
human organism, is by employing the method which we 
must acknowledge to be alone correct and successful in the 
study of organic nature,-by following the course of the 
History of Evolution. 2~ 
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RElYIARKS AND REFERENCES TO LITERATURTh". 

1 (vol. i. p. 2). Anthropogeny (Greek)=History of the E,olu
tion of Man; from Anthropos ( avBpw7ro<;) =man, and genea ( ('EI'Ecl) 

=Evolution history. There is no especial Greek word for "tho 
history of evolution ; " in its place is used either yevea ( = de
scent), or yovlta ( = generation). If goneia is preferred to 
genea, the word must be written Anthropogony. The word 
"Anth1·opogony," used first by Josephus, means, however, only 
"the generation of man." Genesis (ylvE<n<>) means" origination, 
or evolution; " therefore .Antlwopogenesis = " the evolution of 
man." 

2 (i. 3). Embryo (Greek)= germ (:p.{Jpvov). Really T6 lvT6, 
~., yarnp6> f3p!Jov (Eust.), i.e. the unborn germ in the mother's 
body (Latin £cetus, or, better, fetus). In accordance with this 
original sense, the term embryo should only be applied to those 
young organisms which are still enclosed in the egg-coverings. 
(Cf. "Generelle Morpbologie," vol. ii. p. 20.) Inaccurately, how
ever, various free-moving young forms of low animals (!arne) 
are often spoken of as embryos. Embryonic life ends at birth. 

3 (i. 5). Embryology (Greek)= Germ-science, from embr.>on 
(£p.f3pvov) =germ, and logos (Aoyo<>)=science. Evon now the 
whole history of the evolution of the individtial is erroneously 
called "embryology." For corresponding with the term 
"embryo" (see note 2), by "embryology," or "embryogony," 
should only be understood " the history of the evolution of the 
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individual within the egg-coverings." As soon a~ the organif>m 
has left there, it is no longer a real "embryo." 'l"i1e later changes 
of this form the subject of the science of Metamorphoses, or 
Jietamorplwlogy. 

4 (i. 5). Ontogeny (Greek) = "germ-history," or "tho 
history of the evolution of the indLVLLlual;" from ovra=indi
viduals, and genea (y•v•a) =history of evolution. (Cf. note 1.) 
Ontogeny, as the "history of the evolution of the iudi1'idnal," 
embraces both Embryology and Metamorphology (not.e 3).
" Generelle .i\Iorphologie," vol. ii. p. 30. 

5 (i. 5). Phylogeny (Greek)= tribul history, or "the pa
lreontological history of evolution;" from phylon ( rpDA.ov) =tribe, 
and genoa ( y•v•a) =history of evolution. The phylon includes 
all organisms connected by blood, which are descended from a 
common typical parent-form. Phylogeny includes Pal<£ontology 
and Genealogy.-" GenereUe Morphologic," vol. ii. p. 305. 

6 (i. 6). Biogeny (Greek)= the history of the evolution o£ 
organisms or of living natural bodies in the widest sense. 
( Genea tu bi u.) {3{os =life. 

7 (i. 6). 'rhe fundamental law of Biogeny. Cf. my "General 
Hi>:> tory of the Evolution of Organisms"(" Generelle Morphologic," 
1866, vol. ii.), p. 300 (Essays on the causal connect.ion of biogenetic 
and phyletic evolution); also the "Monograph of Chalk 
Sponges"(" Monographic der Kalksehwamme," ltl72, vol. i. 471); 
also my "Natural History of Creation." 

8 (i. 10). Palingenesis (Greek) =original evolution, from 
palingenesia (r.aA.wy£Vw·{a) = new-birt.h, renewal of the former 
cour~e of evolution. 'rherefore, Palingeny = inherited history 
(from r.aA.tv=reproduced, and y•v•ct=history of evolution). 

9 (i. 10). Kenogenesis (Greek)= modified evolution, from 
kenos ( KEV<J>) =strange, meaningless; and genea ( y•v•a) =history 
of evolution. The modifications introduced into Palingenesis 
by Kenogenesis are vitiations, strange, meaningless additions to 
the original, true course of evolution. Kenogeny = vitiated 
history. 

10 (i. 12). Latin definition of the fundame'Il.tal law of 
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)3io;;eny: "0:1to_;·rncsis summarium vel rccapitulatio est plty
logeneseos, tanto integrius, quanto hereclitate palingencsis con
servatur, tanto minus integrum, qnanto :ulaptatione kenngenrsis 
iutroclucitur." Cf. my "Aim~ and Methods of Recent. History 
of E,·olution" (" Ziele und "'\Vegc cler Heutigeu Entwickel ungs
geschichte," p. 77. Jena, 187G). 

11 (i. 17). Mecb.-mical n,ncl purposive causes. Mechanical 
natural philosophy asst1mes th~t throughout nature, in orgn,nic 
as well as in inorganic processes, only non-purposive, mechanical, 
necessarily-working causes exist ( causce e.fficientes, mecJ,anism, 
ca>~sality) On the other hand, vitalistic natural philosophy 
asserts that the latter are at work only in inorganic processes, 
which in certain other, pn rposi ve, special causes are at work, 
conscious or pnrposi >e causes, working for a definite end ( cansce 
finales, Yitalism, Tdeulo;;y). (Cf. "Generelle Mot·phulugie," 
vol. i. p. 01.) 

12 (i. 17). Monism and Dnn,lism. Unitary philosophy, or 
Monism, is neither extremely c-~aterialistic nor extremely spit·it
ualistic, but resembles rather a union and combination of these 
opposed principle,;, in that it conceiYes all nature as one wl:ole 
and nowhere recognizes • any bnt mechanical causes. Binary 
philosophy, on the other hand, or D nnli;o;m, regards nature allll 
spirit, matter and force, inm·5anic and organic nature as distinct 
and independent existmces. (Cf. vol. ii. p. 456) 

13 (i. 2Q). Morphology and Physiology. Morphology (as 
the science of forms) and Physiology (as the science of the 
functions of organisms) are imleed connected, but co-ordinate 
sciences, inclrpemlent 0f each other. The two toget.hcr constitute 
Biology, or the "science of organisms." Each has its pecnlia!' 
methods and aids. (Cf. "Generelle :Morphologic," vol. i. pp. 
17-21.) 

14 (i. 24). Morphngeny and Physiogeny. Biogeny, or the 
"history of tbe evolution of organisms," up to the present time 
has been almost exclusively Morpl1ogeny. Just as this fir;;t, 
opens the way to a true know ledge of organic forms, so will 
Physiogeny afterwarJs make a true recognition of functions 
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possible, by discovering their historic evolution. Its future 
promises to be most fruitful. Cf. " Aims and Methods- of the 
Recent History of Evolution"(" Ziele und Wege der Heutigen 
Entwickelnngsgeschichte," pp. 92-lil8. Jena., 187G). 

15 (i. 27). Arist.otle. Five books on the generation and 
evolution of anima,ls ( -;r£pl twwv y£vi<rw>). 

16 (i. 28). Parthenogenesis. On "virginal generation," 
or the "immaculate conception" of Invertebrates, especially of 
Articulated Animals (Crustacea, Insecta, etc.), see Siebold, 
"Remarks on Parthenogenesis among Arthropoda" (" Beitriige 
znr Parthenogenesis der Arthropoden." Leipzig, 1871). Georg 
Seidlitz, "Parthenogenesis and its Relation to other Forms of 
Generation in the Animal Kingdom " ("Die Parthenogenesis uncl 
ihr Verhaltniss zu den iibrigcn ZeugnngR-Arten im Thierreich." 
Leipzig, 1872). 

17 (i. 34). The Preformation-theory. This theory is, in 
Germany, usually called" Evolutions-theorie," in distinction from 
t.he "Epigenesis-theorie." As, however, in England, France, and 
Italy, the latter is, on the contrary, nsually called the theory of 
c>olntion, evolution and epigenesis being used as synonymous 
terms, it appears bett.er to call the fo;:mer "the theory of pre
formation." Recently Kolliker has called his "theory of hetero
genous generation " "Evolutionism" (note 47). C£. preface, 
P· XXX. 

18 (i. 37). Alfred Kirchhoff, "Caspar Friedrich Wolff, his 
Life and Teaching in the Science of Organic Evolution."
" Jenaische Zeitschrift fi'tr Naturwissenschaft," 1868, vol. iv, 
p. 193. 

19 (i. 43). Part of the writings left by Wolff have not yet 
been published. His most imporbtnt works are the dissertation 
for the degree of doctor, Theoria gene1·ationis (1759), and his 
model treatise " 'de formatione intestinornm " (on the formation 
of the int€stinal canal).-" Nov. Comment. Acad. Sc. Petropol.," 
xii. 1768; xiii. 1769. Translated into German by Meckel. 
Halle, 1812. 

20 (i. 51) Christian Pander," Historia metamorJ:!hoseos, quam 
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ovum incubatum prioribus quinque diebns subit." Vicebcrgi, 
1817. (Dissertatio inauguralis.) "Contributions toward the 
history of the evolution of the chick within the egg." (" Beitriige 
zur Entwickelungsgeschichte des Hiihnchens im Eie." Wiil'Z
bnrg, 1817.) 

21 (i. 52). Karl Ernst Baer, "On the Evolution of Animals. 
Observations and Reflections" ("Ueber Entwickelungsgeschichte 
rler Thiet'e. Beobachtung und Reflexion." 2 vols. Konigsberg, 
18:37~1837). In addition to this chief work, cf. "Story of the 
Life and Writings of D1·. Karl Ernst Bacr, told by himself" 
(" Xachrichten iiber Leben nnd Schriften des Dr. Karl li:rnst 
B:ter, mitgetheilt von ihm selhst." Petersburg, 1865). 

22 (i. GO). Albert Kolliker. His "History of the Evolution of 
:\Ian and the Higher Animals" (" Entwickelungsgeschichte des 
}Ienschcn und der hoheren Thiere "). 'l'he 2nd (corrected) edition, 
1876, contains (pp. 28-40) a catalogue of ontogenetic literature. 
011 the newer contributions to this, cf. the "Jabresberichte 
ii.ber die Leistungen und Fortschritte der Medicin" (Berlin), by 
Vircbow and Hirsch (the" History of Evolution," by Waldeyer); 
also the "Jahresberichte uber die Fortscbritte der Anatomic UMl 
Physiologic," by Hofmann and Schwalbe (Leipzig); the" History 
of Evolution," by R. Hertwig and Nitsche. Most of KowaleY
sky's researches are contained in the ":Memoires de l'Academie 
imperiale de St. Petersburg" (from the year 186G). Others are 
published in Max: Schultze's "At·chiv ffu mikroskopische 
Anatomic," and in other periodicals. 

~3 (i. 60). Theodor Schwann, "Microscopic Researches int<) 
the Identity in Structure and Growth of Plants and Animl,l.ls" 
(" Mikroskopiscbe Untersuchungen uber die Uebereinstimmung 
in der Structur und \V achsthum der Thiere und Pflanzen." 
Berlin, 1839). 

24 (i. 69). Ernst Haeckel, the Gastr::ea Theory, phylogenetic 
classification of the animal kingdom and homology of the germ
layers.-" J enaische Zeitschrift fiir N aturwissenschaft," vol. viii. 
187-!, pp. 1-56. 

25 (i. 75). Ernst Haeckel, "The History of Creation." 
London, 1876. 
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26 (i. 81). Fritz Sehulb1e, "K<tnt aud Darwin." A con
tribution to the histm-y oE the science of evolntion. Jena, 187;), 

27 (i. t:ll). Immanuel Kant, "Critique of Teleological Re:t
son" (" Kritik der teleologischen Urtheilskraft "). 1790. § 7-1 
and § 79. Cf. also my "History of Creation," vol. i. p. 103. 

28 (i. 83). Jean La.marck, "Philosophie Zoologique, ou 
Exposition des Cousi<lerations relatives a l'histoire naturelle des 
animaux," &tc. 2 Tomes. Paris, 1809. Nouvelle edition, revue 
et prcccd6e d'une introduction biographiqne par Charles Martins. 
Paris, 1H73. 

29 (i. 88). Wolfgang Goethe on :Morphology (zur Morpho
logic). The formation and re-formation of organic bodies. On 
Goethe's morphological studies, cf. Oscar Schmidt ("Goethe's 
Verhaltniss zu den organischen N<tturwissenschRften." J en a, 
1853). Rudolph Virchow, "Goethe as a Naturalist" (Berlin, 
1861). Helmholtz, "On Goethe's Natural Scientific "Works" 
(Brunswick, 1865). 

30 (i. 96). Charles Darwin. His chief work is " On the 
Origin of Species by moans of Natural Selection " (18.'i9). 

31 (i. 99). Darwin and Wallace. The general outlines of 
the thcor.r of sell'ction were discovered independently by Darwin 
and Wallace. It does not, however, follow that the service~ 

of the latter in furthering the science of evolution are at all 
comparable with those of the former. As many opponents of 
Darwin, especially the English ,Jesuit J\Iivart, have recently 
endeavoured to exalt Wall ace at the expense of Darwin, and to 
depreciate the latter, I take this opportunity of expressly assert
ing that Dm·wiu's services are very far the greater. 

32 (i. 101). Thomas Huxley. In addition to the works 
mentioned in the text,, the following populnr works are especially 
to be recommended: "On Our Knowledge of the Causes of 
Phenomena in Organic Nature," and the "Elementary Phy
siology" (1871). 

33 (i.101). Gustav Jaeger," Zoological Letters" ("Zoologische 
Briefe." Vienna, 18'16), and tb<:J "Text-book of General Zoology" 
(" Lebrbuch der Allgemeinen Zool;:~ie." Stuttgart, 1875). 
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34 (i. 101). Friedrich Rolle, "Man, his Descent and Morality 
represented in the light of the Darwinian Theory, and on the 
basis of Recent Geological Discoveries'' (" Dcr Mensch, seine 
Abstammung und Gesittung im Lichte der D.1rwin'schen Lehre," 
etc.). Frankfort, 1866. 

35 (i. 102). Ernst Haeckel, "Generelle Morphologic dcr 
Organismen." General outlines of the science of organic formR, 
mechanically shown in accordance with the theory of descent a!'! 
reformed by Charles Darwin. Vol. i, "General Anatomy ; " 
vol. ii., "General History of Evolution." Berlin, 1866. 

36 (i. 103). Charles Darwin, "The Descent of :M:an, and 
Selection in Relation to Sex." 2 vols. London, 1871. 

37 (i. 108). Karl Gegenbanr, "Outlines of Comparative 
Anatomy"(" Grundziige der vergleicbenden Anatomic." Leipzig. 
2nd ed., 1870). "Elements of Comparative Anatomy"('' Grundriss 
der vergleichenden Anatomie." 3rd (improved) edition, 1874). 

38 (i. 114). Migration-theory. Moritz Wa:;ner, "The Dar~ 
winian Theory and the Law of Migration of Organisms" ("Die 
Darwin'sche Theorie und das Mi ;rations-gesetz der Organ• 
ismen." Leipzig, 1868). August Weismann, "On the lnfluenca 
of Isolation in the Formation of Species" (" Ueber den Eillfluss 
der Isolirung auf die Artenbidung." Leipzig, 1871). 

39 (i. 116). Carus Sterne," Evolution and Dtssolution" ("Wer
den und Vergehen "). A popular history of the evolution of 
nature as a whole. Berlin, 1876. Agassiz a "founder" of 
natural science. " Gegen wart." Berlin, 1876. 

40 (i. 117). Ernst Haeckel, "The Chalk-sponges" ("Die 
Kalkschwamme; Calcispongien oder Grantien." Berlin, 1872). 
A monograph and an attempted solution of the problem of the 
origin of species. Vol. i., "Biology of Chalk-sponges;" vol. ii., 
" Classification of Chalk-sponges; " vol. iii., "Atlas of Chalk. 
sponges" (with 60 plates). 

41 (i. 124). On the lndivid11ality of Cells and recent reformf! 
in the cell-theory, cf. my" Individualitiitslehre," or" Tectologie" 
(" Generelle :Morphologic," vol. i. pp. 239-274). Rn.doH 
Virchow, "Cellular Pa_thobgie." 4th edition. Bedin, 1871. 
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42 (i. 130). "The Plastid-theory and the Cell-theory."
"·,Jenaische Zeitschrift fiir Naturwissenschaft," 1870, vol. v. p. 
492. 

43 (i. 138). Gegenbaur, "On the Structure and Evolution of 
Vertebrate Eggs with Partial Yelk-cleavage."--" Archiv f. Anat. 
n. Phys." 1861, p. 491. 

44 (i.153). Ernst Haeckel, "On Division of Labour in Nature 
and Human Life," in the collection of Lectures by Virchow• 
Holtzendorf, 1869. Sect. 78. 2nd edition. 

45 (i. 160). Monogony (Generatio neulralis). On the variou-s 
forms of asexual reproduction (Schizogony, Sporogony, etc.), cf. 
"Generelle Morphologie," vo1. ii. pp. 36-58. 

46 (i. 160 ). Amphigony (Gene ratio sexual is). On the various 
forms of sexual reproduction (Hermaphroditism, Gonochorism, 
etc.), see " Generelle hlorpb.ologie," vol. ii. pp. 58-69. 

47 (i. 168). Fitful evolution and gradual evolution. The 
tl~eory of fitful evolution has recently been developed especially 
by Kolliker, who, under the title of heterogeneous generation, 
-opposes it to gradual evolution as maintained by us (" Zeitschr. 
f. \Vissens. Zoo!.," vol. xiv. 1864, p. 181, and" Alcyonaria," 181:2, 
pp. 384--415). This theory is distinguished by assuming entirelt; 
unlmown causes for the "fitful evolution of species," a so-called 
"great law of evolution" (an empty word indeed!). On the 
contrary, we see, with Darwin, in the facts of Heredity and 
Adaptation sufficient known (partly inner, partly external) 
physiological causes, which explain the gradual evolution of 
species under the influence of the struggle for existence. 

48 (i. 170). Immaculate Conception never occurs in the 
vertebrate tribe. On the other baud, parthenogenesis frcq ucntly 
occurs among Articulated Animals (.ArthJ·opocla) (note 16). 

49 (i. 171). Fertilization of Flowers by insects. Charles 
Darwin on "The various contrivances by which British and 
Foreign Orchids are fertilized by Insects." Hermann Miiller on 
"The Fertilization of Flowers by Insects, and the correlative 
adaptations of both" ("Die Befruchtung dcr Blumen durch 
Insecten und die gegenseitigen Anpassungcn Beider "). A con-
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tribution to onr knowledge of causal connection m organic 
nature. Leipzig, 1873. 

50 (i. 178). The Process of Fertilization bas been very 
variously viewed, and was formerly often l"egarded as au 
entirely mysterious process, or even as a supernatural miracle. 
It now appears no more " wonderful or supernatural" than the 
process of digestion, of muscular movement, or of any other 
physiological function. For the ea.rlier views, c£. Leucb,rt, 
Article "Zeugung" (generation) in R. Wagner's "Dictionary 
of Physiology," 1850. 

51 (i. 179). Monm·ula. The simple, very transient, kernel
less condition, which we briefly call the "monerula," and, in 
accordance with the fundamental law of Biogeny, regat>d a,s 3 

palingenetic reproduction of the phylogenetic Moneron parent
form, appears to vary to some extent in different organismB, 
especially in the matter of duration. In those cases in which 
it no longer occurs, and in which the kernel of the fertilized 
egg persists wholly or partinJly, we may regard this phenomenon 
as a later, kenogenetic curtailment of Ontogeny. 

52 (i. 181). The Plasson of the monerula appears, mor
phologically, a homogeneous and structureless substance, like 
that of the Jl.ioneron. This is not contradicted by the fact that 
we ascribe a very complex: molecular structure to the plastidules, 
or "plasson-molecules," of the monerula; this latter will 
naturally be more complex: in proportion as the crganism which 
it ontogenetically constitutes is higher, and as the ancestral 
series of that organism is longer, in proportion as the preceding 
processes of Heredity and Adaptation are more numerous. 

53 (i.182). The Fundamental Significance of the Parent-cell, 
or cytula, as the foundation-stone of the young organism in the 
course of development, can only be rightly appreciated, if tbe 
part taken in its constitution by the two gener&ting cells is 
rightly appreciated, the part taken by tne male sperm-cell and 
by the female egg-cell. 

54 (i. 183). The One-celled Germ-organism, like the aot of 
fertilization from which it results, has been very va1·iously 



NOTES. 

viewed. C£. on this subject, in addition to the four important 
works, here quoted, by Auerbach, Biitschli, Hertwig, and Stras
burger, the most recent annals of the progress of the history of 
evolution (Waldeyer in Virchow-Hirsch's "Jahresboricllten," 
Berlin; Hertwig in Hofmann-Schwalbe's "Jahresberichten," 
Leipzig). 

55 (i. 185). Protozoa and Metazoa. Cf. vol. i. p. 248; ii. 9g. 
The Protozoa and Metazoa arP. genetica-lly and anatomically so 
very distinct, that the former, as Protista, may even be excluded 
entirely from the animal kingdom, and may be rega-rded as a 
11eutral intermediate kingdom between the plant and animal 
kingdoms.-" Generelle Morphologic," vol. i. pp. 191-230. .Ac
cording to this view the Metazoa alone are really animals. 

56 (i. Ul6). The Unity of the Z Jogenetic Conception, resn1t
ing from the Gastr.I!a-theory, has as yet not been destroyed by 
the numerous atb1cks directed against that theory: for none of 
these attacks have succeeded in substituting anything positi>c; 
by pure negation no advance can be made in this dark and 
difficult subject. 

57 (i. 187). The Egg-cleavn,ge a,nd Gastrnhtion of Man, as 
represented diagram.matically in Figs. 12-17 of Phtte II., is most 
probably in no essentiaJ way different from that of the Rabbit, 
which bas as yet been most closely examined in tbis point. 

58 (i. 188). Ernst Ha~ckel, "Arabian Cumls " (" Arabischc 
Korallen"). ".A Journey to the Coral Banks of the Red Sea, and 
a Glimpse into the Life of Coral .Animals. A popular lcctmi'. 
with scientific explanations." With 5 coloured plates, and 20 
woodcuts. Berlin, 1876. 

59 (i. 18~1). TheN umber of the Segmcntella, or cleavage
cells, increases, in the original, pure forms of pn.lingenctic egg
cleavage, in regular geometric progression. nut the point to 
which this proceeds varies in the various arcl1iblaRtic animals, 
so that the Uonlla, as the final result of tbe cleavage-process, 
consists sometimes of 3~, sometimes of 64, sometimes of 1~8 

cells, and so on. 
60 (i. 18:l). The 'Mulberry-gerlll., or Morula. The seg-
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mentella, or cleavage-cells, which constitute the Morula at the 
close of palingeuetic egg-cleavfl-ge, generally appear entirely 
similar, with morphological difference in ~ize, form, or con
stitution. This does not, however, hinder the fact that these 
cells hn.ve separated, even during cleavage, into animal and 
vegetable cells, have differentiated physiologically, as is indicated 
in Fig-s. 2 and 3, Plate II., as probable. 

61 (i. 189). The Bladuer-germ of Archiblastic Animals 
(blastula, or blct:;losphcera ), which is now commonly known as 
the germ-vesicle, or, more accurately, as the " germ-membrane 
vesicle," must not be confused with the essentially different 
"germ-veRicle" of amphiblastio mammals, which is better called 
the "intestinal-germ vesicle" (gaslrocystis). The gastrocystis 
and the blastula are still often united under the name of "germ
-...esicle, or vesictda blastodennica." C£. vol. i. p. 290. 

62 (i. 192). The Definition of the Gastrula was first 
E>stablisurd by me in 1872, in my "Monograph of Chalk-sponges" 
(vol. i. pp. 333, 345, 466). There I already gave due weight to 
the " extremely great significance of the gastrula in refet·ence 
to the general Phylogeny of the animal kingdom" (p. 333). 
" 'l'he fact that these larval forms re-occur in the most different 
animals, cannot, I think, be suffieiently estimated, and bears 
plain witness to the former common descent of all from the 
Gastrcea" (p. 345). 

63 (i. 194). The Uniaxial Outline of the Gastrula is, on 
account of the two different poles of the axis, more accm·ately 
described as a diplopolic uniaxial form (a sternometric outline: 
conoid-form, or cone). Cf. my " Promorphology " (" GenereUe 
Morphologie," vol. i. p. 426). 

64 (i. 194). Primitive Intestine and Primitive Mouth. My 
distinction of the primitive intestine and primitive mouth 
(protogaste1· and p1·otostoma) from the later, permanent intestine 
and mouth (metagaster and rnetastoma) has been variously 
attacked; it is, however, as much justified as the distinction of 
the primitive kidney from the permanent kidney, of the primitiv~ 
vertebrre from the permanent vertebrre. The primitive intestine 
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forms but a part of the permanent intestine, and the primitive 
mouth (at least in the higher animals) does not become the 
permanent mouth. 

65 (i. 196). Primitive germ-layers (blastophylla). As tbe 
two primary germ-layers (entoderrna and exoderma) originally 
form the sole histogenetic rudiment of the whole body, and as 
the rnesoclm·ma, the nutritive yelk, and all other accessory parts 
of the germ have developed only secondarily from the former, 
I consider it very important to distinguish between the primary 
and secondary germ-layers. The latter, to distinguish them 
from the former, might be called "after germ-layers" (blas
telasma). 

66 (i. 201). Unequal Cleavage and Hood-ga.strula (8eg
mentatio inreg_ualis et AmphigastTula). Next to Amphibia the 
most accessible examples for observation of unequal cleavage 
and the Arnpbigastrula are afforded by the indigenous Soft. 
bodied Animals (Moll1tsca) and Worms (Snails and Mussels, 
Earth Worms and Leeches). 

67 (i. 202). The Colour of Amphibian-eggs is occasioned by 
the accumulation of dark colouring-matter at the animal pole of 
the egg. In consequence of this the animal-cells o£ the exoderm 
appear darker than the vegetative cells of the entoderm. In 
most animals the reverse is the case; the protoplasm o£ the 
entoderm cells being usually darker and more coarsely granulated 
( vol. i. p. 197). 

68 (i. 207). Hood-gastrula o£ Amphibia. 0£. Robert Remak, 
" On the Evolution of Batrachia" ("Ueber die Entwickelung der 
Batrachier," p.126; Plate XII. Figs. 3-7). Stricker's" Manual 
of Tissues" (" Handbuch der Gewebelebre," vol. ii.. p. 1I95-
l202; Figs. 399-402). Goette, "History o£ the Evolution of 
Bornbinator" (" EntwickelungRgeschichte der Unke," p. 140; 
Plate II. Figs. 32-35). 

69 (i. 214). Hood-gastrula of Mammals. Eduard van 
Beneden," La maturation de l'amf, ]a fecondation et Jes premieres 
phases du developpement embryonnaire des Mammiferes, d'apr~s 
des recherches faites chez le lapin." Brussels, 1875. N<;, ~gun~s 
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are given with these " Communication preliminaire;" Van 
Beneden's description is, however, so clear, so thorough and care
ful, that they afford an entirely satisfactory insight into unequal 
egg-cleavage and the formation of the Hood-gastrula in Mammals. 
All other observers, who have studied the germination of 1Iam
malian eggs (among the most recent Kolliker, Rauber, anti 
Hewson may be especially mentioned), have overlooked or 
failed to recognize the important features discovered by Van 

Beneden. 
70 (i. 218). The Disc-gastrula (Disco-gastrula) of Osseous 

Fishes (Teleostei). Van Bambeke, "Recherches sur l'embry
ologie des poissons osseux." Brussels, 1875. The transparent 
Fish-eggs, in which I observed discoid cleavage (Segmentatto 
discoitlalis) and the formation of the Disc-gastrula by invagination, 
are accurately described in my article on "The Gastrula and 
Egg-cleavage of Animals " (" J en. Zeitschrift fiir N aturwis
scnschaft," 1875, vol. ix. p. 432-444; PlRtes IV., V.). On the 
Disc-gastrula of Selachii, cf. Balfour, "The Development of 
Elasmo branch Fishes."-" Journ. of Anat. and Physiol.," vol. x. 

p. 517; Plates XX., XXIII. 
71 (i. 221). Yelk-cells of Birds. The cell-like constituent 

parts, which occur in great number and variety in the nutritive 
yelk of Birds and Reptiles, as in most Fishes, are nothing less 
than true cells, as His and others have asserted. This does not 
mean that in this matter a distinct limit everywhere exists 
between the nutritive and the formative yelks, as in our oceanic 
Fish-eggs (Figs. 42, 43, note 70). On the contrary, originally 
(phylogenetically) the nutritive yelk originated from part of tLe 

entoderm. 
72 ( i. 223). Egg-cells of Birds. Notwithstanding the large 

nutritive yelk, the "after-egg" ( metovum) o£ Birds and Reptiles 
is, in form-value, a single cell. The ,-ery small, active protoplasm 
of the "tread" does, however, indeed fall far short, in volume, 
of the huge mass of the yellow yelk-ball. The bird's eggs are 
absolutely the largest cells of the animal body. Cf. note 43, and 
Eduard van Beueden, "Recherches sur la composition et lu. 
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Rignification de l'ceuf." Brus;,els, 1870. Hubert Ludwig, "On 
Egg-structnre in the Animal Kingdom" ("Ueber die Eibildung 
in Thierreiche." Wiirzbnrg, 1874). 

73 (i. 2:W). Discoidal cleavage (Segm entatio discoidalis) of 
Bird's eggs. Cf. Kolliker, "History of the Evolution of ~!an 
and the Higher Animals" (" Entwickelungsgeschichte des 1\Icn
schen und dcr hohcren Thiere." 2nd edition, 1876, pp. 69-81; 
Figs. 1G- 2l). 

74 (i. 227). Disc-gastrula (Disco-gastmlc~) of Birds. Cf. 
Rauber, "On the Place of the Chick in the System of E1·oln
tion " (" Ueber die Stellung des Hti.hnchens im Entwickelungs
plan "). Leipzig, 1876. Foster and Balfour," The Elements o£ 
Embryology." London, 1874. 

75 (i. 231). Bladder-gastrula (Pen'gasfntla) o£ Articulated 
Animals (Arthopocltt). Cf. Bobretzky, "Russian Essay on the 
Germ-history of Astacus and Palremon." Kiew, 1873. Also my 
own article on the gastrula and egg-cleavage.-" J en. Zcitschrift 
:!ti.r Naturwissenschaft." Vol. ix. pp. 444-452, Plate VI. 

16 (i. 234). The Four-layer Theory, which was first clearly 
~tated by Baer in 1837 (" Entwickelungsgeschichte der Thiere," 
val. ii. pp. 4G, 68), and which we ha>e here carried out logically, 
yet appears the only form of the germ-layer theory, which, 
on comparative observation of all higher animals, supplies a 
universal law of germination for all and at the same time meets 
the inconsistent reputations of many observers. 

77 (i. 239). Caspar :Friedrich Wolff first indicated the Four
layer Theory (note 76). Cf. the remarkable sentence, quoted at 
To!. i. p. 45, from his pregnant work on the formation of the 
iutcstina.l canal (note l9). 

78 (i. 240). The Four Main Types of Gastrulation, which 
nre diagrammatically distinguished in Plates II. and III., and in 
'fables III. a.nd IV. ( vol. i. pp. 241, 242), are of course connected 
by intermediate forms. These are transitions both between the 
.primordial and the unequal forms, and between the primordial and 
the superficial forms; similarly, the unequal form of egg-cleavage 
is.connected by twixt-forms with the discoidal forms, which latter 
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is again, perhaps, connecteu iu the same way with the superficial 
form. 

79 (i. 241). The Gastrulation of the various classes of 
animals has been far too little studied to enable us thoroughly 
to summarize the distribution of the various forms within the 
separate classes. Yet it is already evident that primordial Pgg
cleavage and the formation of the Archigastrula occur in the 
lowest classes of each tribe. 

80 (i. 243). The Rhyr.bm of egg-cleavage is by no means as 
regular as might appear from the four first examples in the five 
tables. There are, on the contrary, many variations, and not 
inft·equently an entirely irregular and very variable sequence of 
numbers occurs (especially in discoidcd cleavage). 

81 (i. 246). Definition of the Type. Cf. Gegenbaur, 
"Elements of Comparative Anatomy," 1874, p. 59. 

82 (i. 24G). Types and Phyla.. According to the prevailing 
" Type-theory," the types of the animal kingdom are pamllr·l, 
and entirely independent; according to my "Gastrrea-theory," 
on the contrary, they are divergent tribes, connected at the 
roots ; according to the view of Claus and other opponents, the 
latter is no essential distinction. 

83 (i. 248). The one-celled condition of Infusoria entirely 
forbids their morphological comparison with Metazoa. Cf. my 
article "On the Morphology of Infusoria" (" Jen. Zeitschrift 
fiir Naturwissenscbaft" 1873, vol. vii. p. 516-568). 

84 (i. 257). The axes of the Vertebrate outline. Cf. my 
"Promorpbology" (Stereometry of Organisms).-" Generelle 
Morphologic," vol. i. pp. 374-574. "Singly double-outlines" 
(fl1];leum), p. 5Hl. "Bilateral-symmet1·ioal" forms in the fourth 
signification of the word. 

85 (i.' 255 ). The Primitive Vertebrate Type, as it is repre
sented in Figs. 5~-56, 1s a hypothetic diagram, which is principally 
founded on the outline of the Amphioxus, but in which the 
Comparative Anatomy of Ascidia :md .Appendicularia on the 
one side, of Uyclostomi and Selachii on the other, 1s regarded. 
This diagram is by no means mcaut to be an "exact fi3ure," b1lt 
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ferent form. The other seven now appear to be pretty well 
_established. 

91 (i. 285). The flat germ-disc of Birds, which even now, in 
the opinion of most embryologists, represents the first starting
point in the formation of the embryo, and to which all other 
germ-forms have been referred, is, on the contrary, a late and 
much modified germ-form, ·which has arisen in consequence of 
the extension of the gastrula over the greatly enlarging nutritive 
yelk. 

92 (i. 289). Site of Fertiliz::ttion. In Man, as in other 
Mammals, fertilization of the eggs probably usually takes place 
in the oviduct: here, the eggs "·hich, at the rupture of the 
Graafian follicles, have emerged from the female ovary and 
passed ir..to the outer opening of the oviduct, meet with the 
active sperm-cells of the male seed, which, during copulation, 
penetrated into the uterus, and from there passed into the inner 
opening of the oviduct. Rarely, fertilization occurs even on the 
ovary, or not till within the uterus. (Cf. Chapter XXV.) 

93 (i. 29:3). The origin of the mesoderm in Mammals, as in 
other animals, is, at presen~, among the most obscure and con
tested points of Ontogeny. Rcmak, Balfour, and others derive 
it from the entoderm, Kolliker and others from the exoderm. 
·w aldeyer, His, and others assert that both primary germ-layers 
tn,ke part in the formation of the mesoderm. The lust assump
tion is, I believe, correct. (Cf. notes 76, 77.) 

94 (i. 297). The Germ-shield (Notaspis). The ordinary 
view, that the germ-shield ( = Remak's " Doppelschild ") is the 
earliest rudiment of the actual embryo, results in many erroneous 
conclusions. It is, therefore, necessary to point out especially 
that the germ-shield represents the first well-defined central 
dorsal part of the embryo. 

95 (i. 317). Body Wall and Intestinal WaH. The morpho
logical distinction between the hod.y wall and the intestinal wall, 
certainly primordial, is probably referable to the simple primary 
germ-layers of the Gastrooa. If the skin-fibrous layer is derived 
from the exoderm, and the intestinal-fibrous layer from the 
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entoderm, this most simply explains the progressive development 
oE this distinction, which may be traced through the series of 
"\Vorm~, and up to Vertebrates. 

()6 (i. ~:20). Palingcnetic and Keuogenetic germination. In 
tl1e germ-history of Vertebrates no clear conception o£ the 
embryological process has yet been attained, because all autbor.'l 
have started from the l1igher Vertebrates (usually from the 
Chick) and have assumed that the form of e>olution occLtrring 
in this case is original and typical. It is only since the germ
history of the Amphioxus has ta.ught us the pa.lingcnetic, really 
original form of germination of V ertcbrate organisms, that we 
have been enabled, by Comparative Ontogeny (and especially by 
t.he principles of the Gastrrea theory), rightly to understand ancl 
to explain phylogenetically the kenogenetic f~rms of germination 
of higher Vertebrates. 

97 (i. 321). The Diagrams in Plates IV. and V. a.re as simple 
and abstract as possible, in order to render the desired general 
explanation a.s eaRy as possible. 

98 (i. 3t6). Primitive Vertebrre and :Metamora. For the 
right conception of "primitive vertebral " structure it is espe
cially necessary to point out that the primitive vertebrre are 
much more than their name indicates. They must, in fact, he 
conceived as individual, consecutive sections of the trunk, 
which have arisen one after the other, as true "metamora," or 
consecutive pieces (" Generelle Morphologic," vol. i. p. 312). 
Each primitive vertebra of a Vertebrate, like each trunk-segment 
or metameron of an .Annelid or Arthropod, contains all the 
esscnlial, morphological constituent parts, characteristic of the 
corresponding animal-tribe. 

99 (i. 349). Origin of the Primitive Vertebrre. l\fy concep
tion of these as individual, morphological "consecutive pieces," 
which, like the metamora of Cestods and .Annelids, have arisen 
by terminal budding from a singlG unarticulated piece, has been 
much attacked. I therefore emphatically remark that I only 
understand this process in the widest sense. In both cases there 
is certainly a reproduction of individual, like parts, which hant 
originated (in time and space) consecutively. 
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100 (i. 361). The agreement among the germ-f0rms of 
various Mammals is instructive especially because it shows ns 
how, by diver3ity in the mode of evolution, the most diverse 
structures can originate from one and the same form. .As we 
actually see this in germ-forms, we may hypothetically assume 
the same to have occurred among tribe-forms. Moreover, 
this agreement is never absolute identity, but always only 
the very greatest similarity. Eve~ the germs of the various 
ind.i vi duals of a species a.re never actually identical. 

101 (i. 366). The law of the ontogenetic connection of 
systematically allied animal-forms has many apparent exceptions. 
'l'hese are, however, fully explained. by the adaptation of the 
germ to kenogeneti.c conditions of existence. Where the palin
genetic form of evolution of the germ has been accurately 
tra.nsmitted by l1Preclity, that law is always in force. Cf. Fritz 
l\l[iller, "Fiir Darwin" (note ll1). 

102 (i. 367). Earliest human germs. Cf. Kolliker, "History 
of the Evolution of Man"(" Entwickelungsgeschichte cles Men. 
scheu." 2nd edition, 1876, pp. 303-319). .Also Ecker, "leones 
physiologicre." Leipzig, 1859. Plates XXV.-XXXI. TLe 
earliest human germs which have yet been certainly recognized, 
were from twelve to fourteen days old, and were ouserved by 
Prof . .Allen Thomson, of Glasgow. No opportunity has ever 
occurred for the observation of earlier germs. 

103 (i. 369). Human germs of three weeks (t·wenty to twenty
one days) exhibit in their whole structure that pby logenetic stage 
of evolution which, among extant Vertebrates, is represented by 
the Cyclostomi (Lampreys and Hags, vol. ii. p. 103), and which 
must be referable to exlinct Monorhine ancestors of similar 
sf ructnre. 

104 (i. 3i0). Human germs of four weeks (twenty-five to 
thirty days), on tbe whole, exhibit in their whole structure tbat 
phylogenetic sta;;e of evolution, which is exhibited in Sharks 
and Rays, among extant V ~rtebrates, and which is referable to 
similar extinct Primitive Fish ancestors (Proselachii). Of cour~e 
this comparison is affected by var[ous kenogenetic modificatioHs 
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(bot.h heterotopic and heterochronic), just as in the former. 
(Of. note 108.) 

105 (i. 374). The nose of Nosed-apes is much more different 
from that of other Apes than from that of Man. Moreover, 
even the extreme variety and variability in the external form 
of the human nose shows how small is the morphological vahe 
of this organ, so important to the physiognomy. 

106 (i. 383). The bladder-like form of the human Allantois. 
Cf. W. Krause,." On the Allantois in Man" ("Ueber die Allan
tois des Meuschen." -"Archiv fiir Anat. u. Physiol.," 1875, p. 215, 
Plate VI.). 

107 (i. 400). The navel-cord (funicul~ts wnbilicalis), like 
the placenta, is an organ shared by Man exclusively with Pla
cental Animals. Cf. Chap. XIX. pp. 155-168, and Figs. 200, 201. 
On the more minute structure of this o1·gan, and on the special 
features of the embryonic blood-circulation, cf. Kolliker, "His
tory of the Evolution of JI.Ian." 2nd edition, 1876, pp. 319-363. 

108 (i. 401). The Kenogeny of Man. In pointing out the 
phylogenetic significance of the separate incidents and periods of 
human germ-history, and in explaining them by reference to cor
responding processes and stages in the tribal history of our animal 
ancestors, we must always bear in mind that in Man, as in all 
higher animals, the original palingenetic cause of germination 
has undergone much kenogenetic modification in consequence of 
many adaptations to the very various conditions of embryonic 
life, that it has thus been much violated and contracted. The 
higher the organism develops, the more are especially these 
earliest stages of evolution abbreviated. 

109 (i. 404). The sections of human germ-history, of which 
only four larger and ten smaller are mentioned here in reference 
to their phylogenetic significance, allow of much more division 
if their comparative Ontogeny is minutely examined. This 
phylogenetic significance may also be very well explained with 
fitting reference to kenogenetic displacements in place and time 
( vol. i. p. 13). 

110 (i. 405). Figures of human embryos in all stages ot 
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ger.:n-history were given in very beautiful detail by M. P. Erdl 
thirty years ago: " The Evolution of Man, and of the Chick in 
the Egg" ("Die Entwickelung des J\Ienschen, uud des HUhncheu~ 
im Ei." Leipzig, 1845). 

111 (i. 409). Fritz Miiller, "Fiir Darwin." Leipzig, 1S64. 
A very excellent little book, in which the modification of tbc 
fundamental law of Biogeny (with reference to the Phylogeny of 
Crustacea) are explained for the £rat time. 

112 (i. 413). The Method of Phylogeny is of the same 
morphological value as the well-known method of Geology, and 
mn.y, therefore, claim exactly the same scientific acceptation. 
Cf. the excellent discourse by Eduard Strasburger, "On the 
Importance of Phylogenetic Methods in the Study of Living 
Beings."-" Jenaische Zeitschrift fiir Naturwissenschaft," 1874, 
vol. viii. p. 56. 

113 (i. 415). Johannes Miiller, "On the Structure and Vital 
Phenomena of AmpMoxus lanceolat~•s."-Transactions of the 
Berlin Academy, 1844. 

114 (i. 415). Recent works on the Amphioxus. W. Rolph 
and E. Ray Lankester especially have recently added to our 
knowledge of the organology of the Amphioxus, Wilhelm Mi.iller 
and P. Langerhans to that of its histology. The literature of 
this subject is fully represented by W. Rolph, in his "Researches 
into the Structure of the Amphioxus" ("Untersuchungen iibcr 
den Bau des Amphioxus."-" Morpholog. Jahrb.," vol. ii. p. 87, 
Plates V. and VII.), and in P. Langerhans, "On the Anatomy of 
the Amphioxus" (" Zur Anatomic des Amphioxns."-" .Archiv. 
fiir Uikr. Anat.," vol. xii. p. 290, Plates XII.-XV.). 

115 (i. 416). Acrania and Craniata. The separation of 
Y crtebrates into Skull-less Animals (Acrania) and Skulled 
Allimals (Gran-iota), which I first indicated in 1866 in my 
"Generelle :M:orphologie," appears to me absolutely essential for 
the phylogenetic explanR.tion of the Vertebrate-tribe. 

116 (i. 428). Max Schultze, "History of the Evolution of 
Petromyzon" (" Entwickelungsgeschichte von Pet1'omyzon." Haar
lem, 1856). The Ontogeny of the Hags, which promises very 
important results, is yet., ur:.fortunately, entirely unknown. 
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117 (i. 4~0). Savigny, "Memoircs sur les Anim.aux sans 
V ertebres." Vol. ii., Ascidies, 1816. Giard, "Recherches sur 
les Synascidies."-" Archives de Zoologie Experimentale," vol. i., 
1872. 

118 (i. 435 ). Syn-ascidia and Echinoderms. The Corm-theo1·y 
of Echinoderms, which I explained in 1866 (" Generelle Mor
phologie," vol. ii. p. lxiii), and which has been much attacked as 
"paradoxical," is as yet the sole theory attempting the genetic
explanation of this remarkable group of animals. 

119 (i. 442). Kowalevsky, "History of tbe Evolution of the 
Amphioxus and of Simple Ascidians" (" Memoires de l'Acad. de 
S. Petersbourg." 7 Serie. Tom. x. and xi. 1867-8). 

120 (i. 450). The metameric structure of the Amphioxus 
which is indicated in its nerve aud muscle systems, undoubledly 
shows that the notochord exists in Vertebrates previous to theil' 
metameric structure, and consequently that it is inherited from 
llnarticul>~.ted Chorda Animals. 

121 (i. 454). The Metamorphosis of the Amphioxus, through 
which the larva passes into the adult form, is not yet fully 
known iu all its details. This does not, however, affect the 
extraordinarily important bearing of the thoroughly known, 
earliest incidents in its germination on the palingenesis of V erte
brates. 

122 (i. 455). Fertilization of Ascidia (Phallusia mammilluta), 
Eduard Strasburger, "On Cell-structure and Cell-division, with 
Studies of Fertilization." 2nd edition. Jena., 1876, p. 306, 
Plate VIII. 

123 (i. 462). Kupffcr. The tribal relation of .A scidia tc\ 
Vertebrates ('• Archiv fiir Mikros. Anat.," 1870, vol. vi. pp. 
115-170). Oscar Hertwig, "Researches into the Structure aud 
Evolution of the Cellulose Mantles of Tunicata" (" Unter;;u
chungen iiber den Bau nnd die Entwickelung des Cellulose
J\fantels der Tunicaten "). Richard Hertwig, "Contribution to 
Knowledge of Ascidian Strncture" (" Beitriige zur Kenntniss 
des B::mes der Ascidien."-" Jenaische Zeitschrift fiir Naturwis
senschaft," 1873, vol. vii.). 
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124 (i. 464). The Phylo;-enetic Importance of the Amphi
oxus cannot be too highly insisted on. Without knowledge of 
itR Anatomy and Ontogeny, the origin of Vertebrates would be 
entirely dubious, and their descent from Worms would appear 
incredible. 

125 (i. 467). The Ontogenetic Cell-pedigree, as it is repre
sented, with reference to the Ampl-.ioxus, in Table XI., probably 
holds good, in its most important features, for all Vertebrates, 
and, therefore, also for Man. For, more than any other form, 
the Amphioxus by strict Heredity has accurately retained its 
Palingenesis. This histogenetic cell-pedigree is apparently well 
established as regards most and the chief features ; on the other 
hand, it yet appears doubtful with regard to the origin of the 
primitive kidneys, the testes, and ovaries. 

126 (ii. 4). Milne-Ed wards, "Lec;ons sur la Physiologic 
Comparee," vol. ix. 

127 (ii. 6). Eternity of Organic Life. According to the 
monistic view, organic life is a further form of evolution of the 
inorganic word-processes, and had a beginning in time on our 
planet. In opposition to this, A. Fechner, among others, in his 
"Thoughts on the Creation and Evolution of Organisms," has 
stated certain opposed "kosmorganic phantasys " which appear 
entirely irreconcilable with the ontogenetic facts given here. 

128 (ii. 18). Bernhard Cotta (" Geologie der Gegenwart," 
1866; 4th edition, 1874) and Karl Zittel ("A us der Urzeit;" 
1\Iiinchen, 1875, 2nd edition) have made some excellent remarks 
on the duration and the whole course of the organic history of 
the world. 

129 (ii. 21 ). August Schleicher, "The Darwinian Theory 
and Philology " ( "Die Darwin'sche Theorie und die Sprach
wissenschaft." Weimar, 1863. 2nd edition, 1873). 

130 (ii. 25). At first sight, most polyphyletic hypotheses 
appear more simple and easy than do monophyletic, but the 
former always present more difficulties the more they are 
considered. 

131 (ii. 25). Those physiologists who desire an experi-
VOL. II. 2 I 
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mental proof of the theory of descent, merely thereby prove thetr 
extraordinary ignorance of the morphological scientific facts re
lating to this matter. 

132 (ii. 30). Spontaneous generation.-" Generelle Mor
phologic," vol. i. pp. 167-190. "Monera and Spontaneous Gene
ration."-" J enaische Zeitschrift fiir N aturwissenschaft," 1871, 
vol. vi. pp. 37-42. 

133 (ii. 33). The Absence of Organs in Monera. In saying 
that Moner:1 are "organisms without organs," we understand the 
definition of organs in a morphological sense. In a physiological 
sense, on the other hand, we may call the variable plasson
processes of the body of the Moneran the "1Jse~tdopodia " organs. 

134 (ii. 36). Induction and Deduction in Anthropogeny. 
"Generelle Morphologic," vol. i. pp. 79-88; vol. ii. p. 427. 
"History of Creation," vol. ii. p. 357. 

135 (ii. 42). Animal Ancestors of Man. The number of 
species (or, more accurately, form-stages, which are distinguished 
as "species") must, in the human ancestral line (in the course of 
many millions of years !), have amounted to many thousands; 
the number of genera to many hundreds. 

136 (ii. 47). Following Elsberg, we give the name of "plas
tidules" to the "molecules of plasson," to the smallest like parts 
of that albuminous substance which, according to the "plastid
theory," is the materiaJ substratum of all the active phenomena 
of life. Cf. my work on "The Perigenesis of Plastidules" 
(" Perigenesis der Plastidule oder W ellenzeugung der Lebens
theilchen." Berlin, 1876). This is an attempt to explain 
mechanically the elementary processes of evolution. 

137 (ii. 49). Batbybius and the free protoplasm of ocean 
depths. Cf. my "Studies on Monera and other Protista." 
Leipzig, 1870, p. 86. The most recent observations on living 
Bathybius are those of Dr. Emil Bessel, who found this form on 
the coast o£ Greenland (in Smith's Sound), at a depth of about 
550 ft. He noticed very active amceboid movements in them, 
as well as the assumption of foreign particles (carmine, etc.). 
"It consists of neaPly pure protoplasm, tinged most intensely by 
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a solution of carmine in ammonia. It contains fine gray granules 
of considerable refracting power, and besides the latter a great 
number of oleaginous drops, soluble in ether. It manifests very 
marked amceboid motions, and takes up particles of carmine, etc." 
-Packard, "Life Histories of Animals, including :Man." New 
York, 1876. 

138 (ii. 50). The Philosophical Importance of Monera in 
explaining the most obscure biological questions cannot be 
sufficiently emphasized. Monograph of Monera.-" Jenaische 
Zeitschrift fur Naturwissenschaft," vol. iv., 1868, p. 64. 

139 (ii. 54). The Nature and Significance of the Egg-cell can 
only be philosophically understood by means of phylogenetic 
examination. 

140 (ii. 58). Synamceba. Cieukowski, "On the Structure 
and Evolution of LabJTinthula" (" Uber den Bau und die Entwic
kelung der Labyrinthuleen."-.Arch. fiir Mikrosk. Anat., 1870, 
vol. iii. p. 274). Hertwig, "Microgromia Socialis."-Iuid. 

141 (ii. 61). Catallacta, a new Protista-group (l!Iagospha/ta 
planula). See "Jenaische Zeitschrift fur Naturwissenschaft," 
vol. vi., 1871, p. 1. 

142 (ii. 66). Haliphysema and Gastrophysema. Extant 
Gastrreads. See " J enaische Zeitschrift fii.r N aturwisseuschaft," 
vol. xi., 1876, p. 1, Plates I.-VI. 

143 (ii. 70). The five first stages in the evolution of the 
animal body, which are compared in Table XVII., and which 
are common to l\fan and all higher .Animals, are established 
beyond all doubt as existing in the Ontogeny of most extant 
animals. .As Comparative .Anatomy shows that corresponding 
form-stages yet exist in the system of the lower animals, we 
may assume, in accordance with the fundamental law of Biogeny, 
that similar forms existed phylogenetically as most important 
ancestral forms. 

144 (ii. 77). On the distinction of the axes, and on the 
geometric outline of the animal body, see " Promorphologie" 
(" Generelle :Morphologic," vol. i. pp. 374-574). 

145 (ii. 87). The hermaphrodite structure of our ancestral 
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series was perhaps transmitted from the Chorda Animals even as 
far as the lower stages of Vertebrate ancestors. Cf. Chapter XXV. 

146 (ii. 89). I am inclined to regard the Appendicularia as 
living Chorda Animals of the present day; they are the only 
Invertebrates permanent;T possessing a notochord, and thus, as 
by many other peculiarities, distinguished from genuine Tuni
cates. 

147 (ii. 105). Metamorphosis of Lampreys. That the blind 
Ammoccetes change into Petromyzon was known two hundred 
years ago (1666) to the fisherman Leonhard Baldner of Stras
burg; but this observation remained unrecognized, and the 
modification was first discovered by August Muller in 1854 
(" Archiv flir Anat.," 1856, p. 325). Cf. Siebold, "The Fresh
water Fishes of Central Europe" ("Die Siisswasserfische von 
Mittel-Europa," 1863). 

148 (ii. 114). Selachii as Primitive Fishes. The old disputes 
as to the systematic position and kindred of Selachii were first 
definitely settled by Gegenbaur, in the introduction to his classical 
work on" The Head-skeleton of Selachii." 

149 (ii. 118). Gerard Krefft, "Description of a Gigantic Am
phibian; " and Albert Gunther, " Ceratodus, and its Systematic 
Position."-" Archiv fli.r Naturgeschichte," 37, 1871, vol. i. p. 
321 ; also "Phil. Trans.," 1871, Part II. p. 511, etc. 

150 (ii. 129). The duration of metamorphosis of Amphibia 
varies much in the different forms of Frogs and Toads, the whole 
forming a complete phylogenetic series from the original, quite 
complete form, to the later, much shortened and vitiated heredity 
of modification. 

151 (ii. 129). "All the histological features of the Land 
Salamander (Salarnandm maculata) force the impression that it 
belongs to an entirely different epoch of terrestrial life than that 
of theW a ter Salamander (Triton), externally so similar."-Robert 
Remak (" Entwickelung der Wirbelthiere," p. 117). 

152 (ii. 130). Siredon and Amblystoma. Very various views 
have lately been expressed as to the phylogenetic significance to 
be attributed to the much-discussed modification of the Mexican 



NOTES. 

Axolotl into an Amblystoma. Of. on this subject especially 
August Weismann, in "Zeitsch. fiir wissensch. Zoologie," vol. 
xxv., Sup., pp. 297-334. 

153 (ii. 131). The Leaf-frog of Martinique (Hylodes mar
tinicensis) loses its gills on the seventh day, its tail and yelk-sac 
on the eighth day of egg-life. On the ninth or tenth day after 
fertilization the complete frog emerges from the egg.-Bavay, 
"Sur l'Hylodes Martinicensis et ses Metamorphoses." "Journal. 
de Zool. par Grevais," vol. ii. 1873, p. 13. 

154 (ii. 133). "Homo diluvii testis" = Andrias Scheuchzeri. 
" Sad bone of an ancient evil-doer ; Soften, stone, the heart of 
the new children of evil" (Diaconus Miller). Quenstedt. 
"Formerly and Now" (" Sonst und J etzt," 1856, p. 239). 

155 (ii. 133). The Amnion-structure of the three higher 
Vertebrate-classes, wanting in all lower Vertebrates, has no 
connection with the similar, but independently acquired Amnion
structure (analogous, but not homologous) of higher Articu
lated Animals (.Arthropoda). 

156 (ii. 138). The former existence of a Protamnion, the 
common parent-form of all Amniota, is undoubtedly shown by 
the Comparative Anatomy and Ontogeny of Reptiles, Birds, and 
Mammals. No fossil remains of such a Protamnion have, how
ever, yet been discovered.· They must be sought in the Permian 
or Carboniferous formation. 

157 (ii. 147). The former organisation of the Promammalia 
may be hypothetically reconstructed from the Comparative 
Anatomy of the Salamander, Lizards, and Beaked Animals 
( Omithorhynchus ). 

158 (ii. 153). The Didelphic ancestors of Man may have been 
externally very differeiJ.t from all known Pouched Animals (lvfar
supialia ), but possessed all the essential internal characters of 
1\Iarsu pialia. 

159 (ii. 163). The phylogenetic of the Semi-apes, as the 
primreval placental parent-group, is not influenced by our ignor
ance of any fossil Prosimire, for it is never safe to estimate 
palreontological facts as negative, but only as positive. 
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160 (ii. 168). On the structure of the Decidua very various 
theories have been given. Cf. Kolliker, "History of the Evolution 
of Man" (" Entwickelungsgeschichte des Menschen." 2nd 
edition, 1871, pp. 319-376). Ercolani (Giambattista), "Sul pro
cesso formativo della placenta." Bologna, 1870. "Le glandole 
otricolari del'utero." Bologna, 1868, 1873. Huxley, "Lectures 
on the Elements of Comparative Anatomy," 1864, pp. 101-112. 

161 (ii. 172). Huxley, " Anatomy of Vertebrates," 1873, 
p. 382. Previously Huxley had separated the " Primates" into 
seven families of nearly equal systematic value. (See "Man's 
Place," etc., p. 119.) 

162 (ii. 179). Darwin. Sexual selection iu Apes and Man.-
" Descent of Man," vol. ii. pp. 210-355. • 

163 (ii. 180). Man-like Holy Apes. 0£ all Apes, some Holy 
Apes (Semnopithecus) most resemble Man, in the form of their 
nose and the character of their hair (both that on the head and 
that on the beard).-Darwin, "Descent of :Man," vol. i. p. 335; 
vol. ii. p. 172. 

164 (ii. 182). Friedrich Muller ("Allgemeine Ethnographic." 
Vienna, 1873, p. 29), on the supposed age of man. Families of 
languages (pp. 5, 15, etc.). 

165 (ii. 18:3). The plate (XV.) representing the migrations, 
given in the "History of Creation," merely claims the value of 
a first attempt, is an hypothetic sketch, as I there expressly said, 
and as, in consequence of repeated attacks, I must here insist. 

166 (ii. 201). The Leather-plate. The phylogenetic distinction 
of a special leather-plate, the outermost lamella separating from 
the skin-fibrous layer, is justified by Comparative Anatomy. 

167 (ii. 204). Milk-glands. Russ, "Contributions to the 
History of the Evolution of the Milk-glands" (" Beitrage zur 
Entwickelungsgeschichte der Milchdriisen ") ; and Gegenbaur, 
"On the Milk-gland Papillre" (" Jenaischc Zeitschrift fiir 
Naturwissenschaft," 1873, vol. vii. pp. 176, 204). 

168 (ii. 208). On the hairy covering of Man and Apes, see 
Darwin, "Descent of Man," vol. i. pp. 20, 167, 180; vol. ii. 
pp. 280, 298, 335, etc. 
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169 (ii. 217). Dorsa.l side and ventral sides are homologous 
in Vertebrates, Articulated Animals (Arth1·opoda), Soft-bodied 
Animals (Jiollt~sca), and Worms, so that the dorsal marrow and 
the ventral marrow are not comparable. Cf. Gegenbaur, "J\!orph. 
Jahrbuch," vol. i. pp. 5, 6. 

170 (ii. 228). The unknown ontogenetic origin of the sym
pathetic nerve-system must probably, for phylogenetic reasons, 
be sought chiefly in the intcstinallayer, not in the skin-layer. 

171 (ii. 248). On the cavities connected with the nose, sea 
Gegenbaur, "Elements of Comparative Anatomy," p. 580. 

172 (ii. 260). The analogies in the germination of the higher 
sense organs were rightly grasped even by the earlier natural 
philosophers. The first more accurate sketches of the very 
obscure germ-history of the sense-organs, especially of the eye 
and ear, were given (1830) by Emil Huschke, of Jena (Isis, 
Meckel's Archiv, etc.). 

173 (ii. 265). Hasse, "Anatomical Studies" (" Anatomische 
Studien "), chiefly of the organ of hearing. Leipzig, 1873. 

174 (ii. 269). Johannes Rathke, "On the Gill-apparatus and 
the Tongue-bone" ("Ueber den Kiemen-apparat und des 
Znngenbein," 1832). Gegenbaur, "On the Head-skeleton of 
Selachii," 1872. (See note 124.) 

175 (ii. 272). On the Rudimentary Ear-shell of Man, cf. 
Darwin," Descent of Man," vol. i. pp. 17-19. 

176 (ii. 276). Scarcely anywhere does Comparative Anatomy 
prove its high morphological value as with reference to the 
skeleton of Vertebrates: in this matter it accomplishes much 
more than Ontogeny. There is all the more reason to insist on 
this here, as Goette, in his gigantic history of the evolution of 
Bombinator, has recently denied all scientific value to Com
parative Anatomy, and asserted that Morphology is explained 
solely by Ontogeny. Cf. my "Aims and Methods of the Recent 
llistory of Evolution " (" Ziele und W ege der heutigen Ent
wickelungsgeschichte," 1875, p. 52, etc.). 

177 (ii. 283). 'l'he Human Tail, like all other rudimentary 
organs, is very variable in point of size and development. In 
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rare cases it remains permanently, projecting freely: usually it 
disappears at an early period, as in Anthropoid Apes. 

178 (ii. 284). On the Number of Vertebrre in different Mam
mals, c£. Cuvier, "Lec;ons d' Anatomic Comparee." 2nd edition, 
tome i., 1835, p. 177. 

179 (ii. 293). On the earlier Skull-theory of Goethe and Oken, 
cf. Virchow, ''Goethe as a Naturalist" ("Goethe als Natur
forscher," 1861, p. 103). 

180 (ii 295.). Karl Gegenbaur, "The Head-skeleton of 
Selachii" (" Das Kopfskelet der Selachier"). As the foundation 
of a study of the head-skeleton of Vertebrates (1872). 

181 (ii. 301). Karl Gegenbaur, "On the Archipterygium." 
-" Jenaiscbe Zeitschrift fiir Naturwissenschaft," vol. vii. 1873, 
p. 131. 

182 (ii. 304). Gegenbaur, "Researches into the Comparative 
Anatomy of Vertebrates" ("Untersuchungen zur Vergleichen
den Anatomic der Wirbelthiere "). Part I. Carpus and Tarsus 
(1864). Part II. The shoulder girdle of Vertebrates. Pectoral 
fins of Fishes (1866). 

183 (ii. 305). Charles Martins, "Nouvelle comparaison des 
membres pelviens et thoraciques chez l'homme et chez les 
mammiferes."-" Memoires de l'Acad. de Montpellier," vol. iii. 
1857. 

184 (ii. 308). Ossification. Not all bones of the human body 
are first formed of cartilage. Cf. Gegenbaur, "On Primary and 
Secondary Bone-formation, with special reference to the Pri
mordial Skull Theory."-" Jenaisch. Zeitschri£t fiir Natur
wissenschaft," 1867, vol. iii. p. 54. 

185 (ii. 308). Johannes Miiller, "Comparative Anatomy of 
Myxinoides." -"Transactions of the Berlin Academy," 1834-1842. 

186 (ii. 314) The Homology of the Primitive Intestine and 
the two primary germ-layers is the postulate for morphological 
comparison of the various Metazoa-tribes. 

187 (ii. 322). In the Evolution of the Intestine, Amphibia and 
Ganoids have, by heredity, retained the original Craniota-form 
more accurately than have Selachii and Osseous Fishes (Teleo8lei). 
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The palingenetic germination of Selachii has been much altered 
by kenogenetic adaptations. 

188 (ii. 323). On the Homology of Scales and Teeth, cf. 
Gegenbaur, "Comparative Anatomy" (" Grundriss der vergl. 
Anatomie," 1874, pp. 426, 582); also Oscar Hertwig, "Jenaische 
Zeitschrift fiir Naturwissenschaft," 1874, val. viii. On the 
important distinction of homology (morphological resemblance) 
and Analogy (physiological resemblance), see Gegenbaur, as 
above, p. 63; also my " Generelle Morphologie," val. i. p. 313. 

189 (ii. 337). Wilhelm Miiller, "On the Hypobranchial 
Groove in Tunicates, and its Presence in the Amphioxus and 
Cyclostomi."-" Jenaische Zeitschrift .fiir Naturwissenschaft," 
1873, val. viii. p. 327. 

190 (ii. 358). The Nerve-muscular Cells of the Hydra throw 
the earliest light on the simultaneous, phylogenetic differentiation 
of nerve and muscle tissue. Of. "Klemenberg, Hydra." Leipzig, 
1872. 

191 (ii. 383). The germ-history of the human heart accurately 
reproduces in all essential points its tribal history. This palm
genetic reproduction is, however, much contracted in particular 
points and vitiated by kenogenetic modifications of the original 
course of evolution, displacements partly in time, partly in place, 
which are the result of embryonic adaptations. 

192 (ii. 383). On the Special Germ-history of the Human 
vascular system, cf. Kolliker, "History of the Evolution of Man" 
("Entwickelungsgeschichte des Menschen." 2nd edition,l1876); 
also Rathke's excellent work on Ontogeny. 

193 (ii. 387). The Homologies of the Primitive Organs, as 
they are here provisionally described in accordance with the 
Gastrrea-theory (note 24), can only be established by further co
operation between Comparative Anatomy and Ontogeny. Of. 
Gegenbaur on Comparative Anatomy (" Grundriss der verglei
chenden Anatomie "). 

194 (ii. 390). The Mechanism of Reproduction. As the 
functions of reproduction and of heredity, connected with re
production, are referable to growth, so the former as well as the 
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latter are finally Axplicable as the results of the attraction and 
rejection of homogeneous and heterogeneous particles. 

195 (ii. 397). Eduard van Beneden, "De la Distinction origi
nelle du Testicule et de l'Ovaire." Brussels, 1874. 

196 (ii. 399). On the Original Hermaphrodite Structure of 
Vertebrates, cf. W aldeyer, " Ovary and Egg" ("Eierstock und 
Ei," 1872, p. 152); also Gegenbaur (" Grundriss der vergleichen
den Anatomie," 1874, p. 615). On the origin of the eggs from the 
ovary-epithelium, cf. Pfliiger, "On the Ovaries of Mammals and 
Man" (" D'ie Eierstocke der Saugethiere und des Menschen," 
1863). 

197 (ii. 423). On the special germ-history of the urinary and 
sexual organs, cf. Kolliker, "History of the Evolution of Man." 
On the homologies of these organs, see Gegenbaur (" Grundriss 
der vergleichenden Anatomie," 1874, pp. 610-628). 

198 (ii. 448). Wilhelm Wundt, "Lectures on the Human and 
Animal Mind" (" V orlesungen iiber die Menschen- und Thier
seele." 1863). W. Wundt, "Outlines of Physiological Psy
chology" ("Grundziige der Physiologishen Psychologic," 1874). 

199 (ii. 457). On Active (actual) and Latent (preteritial) 
forces, cf. Hermann Helmholtz, "Interoperation of Natural 
Forces" ("Wechselwirkung der Naturkrafte," Part II., 1871). 

200 (ii. 45 i"). "Anthropology as Part. of Zoology."-" Generelle 
Morphologic," vol. ii. p. 432. "History of Creation," vol. i. 7; 
¥01. U. 3~7. 

• 
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A 

AcALEPR£, ii. 73, 92 
Acmlomi, ii. 75, 92 
Acorn-worms, ii. 86 
Acrania, i. 116 ; ii. 97 
Adam's apple, ii. 336 
Adaptation, i. 158 
After.birth, i. 400 
Agassiz, thoughts on creation, i. 116 
Air-tube (trachea), ii. 330, 333 
Alali, ii. 182 
Allantois, i. 380; ii. 135, 411 
Alluvial period, ii. 12 
A:masta, ii. 146, 204 
Amnion, i. 314, 386 
--- animals, ii. 120, 133 
--- sheaths of, i. 387 
·---water, i. 314 
Amniota, ii. 120, 133 
Amceba, i. 142; ii. 152 
---false feet of, i. 142 
Amceboid egg-cells, i. 144; ii. 53 
----movements, i. 142; ii. f3 
---- states, ii. 56 
Amphibia, ii. 120, 122 
Amphigastrula, i. 200, 241 
Antphigonia, i. 160 
.Amphioxus, i. 413; i.i. 98 
----- blastula of, i. 443 
----body-form of, i. 417 

cells of, their pedigree, 
i. 467 

---- chorda of, i. 417 
----- distribution of, i. 415 
-----gastrula of, i. 4!1 
----- germ.layers of, i. 447 

Amphioxus, medullary tube of, i. 418 
- place of, in natural 

system, i. 416 
sexual organs of, i. 425 

----- side canals of, i. 423 
----- significance of, i. 254, 

4·27 
A?nphirhina, ii. 97, 101 
Analogy, ii. 412 
Anamnia, ii. 97, 120 
Ancestral series of man, i.i. 44, 184 
Auimalculists, i. 37 
Animal germ-layer, i. 194, 327 
--- organs, ii. 192, 194 
Anorgana, i. 156; ii. 30 
Anthropocentric conception, ii. 457 
.Anthropoids, ii. 177, 189 
Anthropolithic epoch, ii. 11, 16 
Authropozoic periods, ii. 12, 17 
A" timem,, i. 257 
Anus, i. 339; ii. 323, 345 
Anus-groove, i. 339 
Anvil (Incu.~ of car), ii. 261, 268 
Ape-men, ii. 44·, 181 
Apes, ii. 165, 189 
-- eastern, ii. 172, 189 
-- fiat.nosed, ii. 172, 189 
--narrow-nosed, ii. 172, 189 
--question as to descent of, il. 

165, 441 
-- tailed, ii. 172, 189 
--western, ii. 172, 189 
Aorta, i. 265; ii. 378 
---roots of, ii. 375 
-- stem of, ii. 375 
Aortal arches, ii. 375, 378 
Appendicula1·ia, i. 459; ii. 90 
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Archelminthes, ii. 76 
Anhigastrula, i. 198, 241 
.Archilithic epoch, ii. 9, 19 
Archipterygium, ii. 301 
A.rchizoio periods, ii. 9, 11 
Area germinativa, i. 292 
-- opaca, i. 296 
-- pell>tcida, i. 296 
Aristotle, i. 27 ; ii. 368 
---- epigenesis, i. 29 
---- heart formation, ii. 368 
---- his history of evolution, 

i. 27 
Arm, lower, ii. 278, 304 
-- upper, ii. 278, 304 
A.?·te·riw omphalo-mesentm·icw, i. 395 
--- umbilicales, i. 400 
--- vertebmles, i. 395 
--- t•itellinre, i. 395 
Arteries, i. 393 
Artery-arches, ii. 377 
--- stalk, ii. 380 
A1·th?·opoda, ii. 92, 94 
.Articulated animals, ii. 92, 94 
Articulation in man, i. 346 
Ascidia, i. 429 ; ii. 90 
--- blastula of, i. 455 
--- chorda of, i. 456 
--- co=nnities of, i. 455 
--- gastrula of, i. 455 . 
--- gill-sac of, i. 431 
--- heart of, i. 433 
--- homologies of, i. 465, 466 
--- intestine of, i. 432 
--- mantle of, i. 430, 461 
---medullary tube of, i. 458 
--- sexual organs of, i. 434 
--- tail of, i. 456 
Ascula, ii. 68 
Atrium, ii. 374, 381 
Auditory nerve, ii. 262 
---- organ, ii. 260 
---- passage, ii. 269 
---- vesicles, ii. 262 
Auricular processes of heart, ii. 381 
Axes of the body, i. 255; ii. 77 
Axial cord, i. 301 
--rod (notochord), i. 302 
-- skeleton, ii. 280, 299 
Axis-plate, i. 299 
Axolotl, ii. 126 

B 

BAER, KARL ERNST, i. 50 
--- his germ-layer theory, i. 51 
-- his law, i. 58 
-- life of, i. 52 
-- on the bladder-like outline, 

ii. 62 
-- on the human egg, i. 55; ii. 

4-24 
-- on the notochord, i. 55 
-- on type theory, i, 54 
Balanoglossus, ii. 85 
Bathybius, ii. 49 
Batrachia, ii. 131 
Bats, ii. 169, 187 
Beaked animals, ii, 147, 187 
Bell-gastrula, i. 198 
Bilateral outline, i. 257; ii. 74 
Bimana, ii. 169 
Biogeny, i. 24; ii. 434 
----fundamental law of, i. 6, 

24; ii. 434 
Birds, ii. 120, 138 
-- gastrula of, i. 223 
Bischoff, Wilhelm, i. 59 
Bladder-gastrula, i. 229, 241 
Blastrea, ii. 61 
Blastocrewma, i. 189 
Blastoderma, i. 189 
Blastodiscus, i. 227 
Blastogeny, i. 24 
Blastophylla, i. 195 
Blastophyly, i. 24 
Blastosphrera, i. 191 
Blastula, i. 191, 242 
Blind-intestine, ii. 330, 343 
Blood-cells (corpuscles), i. 1691 ii. 

366 
--relationship, i. 112 
---vessels, ii. 370 
Bloodless worms, ii. 75 
Bonnet, i. 40 
Brain, i. 212, 232 
--- bladders of, i. 343; ii. 214 
--- parts of, ii. 212 
--- skull of, ii. 292 
Breast-body, ii. 282 
--- bone, ii. 282 
---cavity, i. 261 
--- vertebrre, ii. 282 
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nudding (gemmation), ii. 391 
Bulbus arteriosus, ii. 374 
Bulbus oculi, ii. 250 

c 
C<ENOLlTHIC EPOCH, ii. 11, 15 
Coonozoic period, ii. 15, 19 
Calf-bone, ii. 278, 30-1 
Cambrian period, ii. 9, 19 
Canalis auricula1·is, ii. 381 
Carboniferous period, ii. 10, 19 
Cardinal veins, i. 391 
Ca?'pllS, ii. 278 
Catarhinw, ii. 176, 189 
Catastrophes, theory of, i. 76 
Causw ~fficientes, i. 16, 80; ii. 455 
---finales, i. 16, 80; ii. 455 
Cav1~rn tympani, ii. 261, 270 
Cell-division, i. 12-1 
-- kernel (nucleus), i. 125 
-- state, i. 124 
--substance, i. 125 
Cells, i. 125 
--female, i. 171; ii. 392 
--male, i. 171; ii. 392 
-- theory of, i. 60, 121 
Central heartJ ii. 120 
--- medulla, ii. 210, 232 
--- nerve-system, ii. 210 
--- skeleton, ii. 280, 299 
" Centre of sight," ii. 252 
Ce1·atodus Fosteri, ii. 119 
Cm·ebellurn, ii. 212, 232 
Cerebrum, ii. 212, 232 
Cetacea, ii. 187 
Cetonwrpha, ii. 160, 187 
Chalk period, ii. 14, 19 
Chalk-sponges, i. 117 
Chick, importance cf, i. 31 
Chimpanzee, ii. 178, 180 
Chorda animals, ii. 84, 87 
--- dorsalis, i. 255, 301 
--- sheath, ii. 286 
---tissue of,•ii. 286 
--- vertebmlis, i. 255, 301 
Chordonia, i. 84, 87 
Chorioidea, ii. 252, 258 
Chorion, i. 387; ii. 158 
---- frondosum, ii. 160 
--- lmve, ii. 160 

Chorion, smooth, ii. 160 
---- tufted, ii. 160 
Chorology, i. 113 
Chyle vessels, ii. 374 
Cicat1·iwla, i. 138 
Circulo.tion in Amphioxus, i. 423 
------ Ascidia, i. 433 
------ Fi hoe, ii. 375 

germ-area, i. 397 
------ Mammals, ii. 378 
Clavicula, ii. 278, 301 
Cleavage cells, i. 185 
---- forms of, i. 242 
----of egg, i. 185, 241 
---- partial, of bircl's egg, i. 22i 
--- rhythm, i. 243 
--- superficial, i. 200, 241 
----unequal, i. 200, 2.H 
Clitoris, ii. 423, 431 
Cloaca, ii. 145, 418 
Cloacal animals, ii. 145, 187 
Coalescence, i. 16-L 
Coal period, ii. 11, 19 
Coccyx, ii. 282 
Cochlea, ii. 263, 268 
Ccelenterata, ii. 73 
Cwloma, i. 260 ; ii. 75 
Ccelomati, ii. 75, 92 
Columna vert6bralis, i. 349 ; ii. 285 
Comparative Anatomy, i. 107, 245 
Concrescence, i. 16,1, 
Conjunctiva, ii. 259 
Connective membrane of eye, ii. 25! 
·---- tissue, ii. 363 

Connectivum, ii. 361, 366 
Convolutions of brain, ii. 226 
Copulation organs, ii. 421 
Copulativa, ii. 421 
Comcoideum, ii. 278, 304 
Co1·ium, ii. 200, 232 
Cormogeny, i. 24 
Cormophyly, i. 24 
Comea, ii. 251, 258 
Costw, ii. 278, 282 
Covering tissue, ii. 361 
C•·aniota, ii. 100, 120 
Cranium, ii. 291 
Creation, i. 74, 79; ii, 183 
Crooked intestine, ii. 319, 33~ 
Cross.vertebroo, ii. 282 
Crystalline lens, ii. 253, 258 
Culture period, ii. 11 
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Curves of embryo, i. 369 
Cutis, ii. 200, 232 
Cuvier, theory of catastrophes, i. 76 
--- theory of types, i. 57 
Cyclostoma, ii. 101, 120 
Cytods, i. 103 
Cytula, i. 176 
Cytococcus, i. 176 

D 

DALTON, i. 51 
Darwin, Charles, i. 96 
--- descent of man, i. 103 
--- selection, theory of, i. 95 
--- sexual selection, i. 103 
--- Erasmus, i. 96 
Darwinism, i. 95 
Decidua, ii. 161, 165 
--- animals, ii. 161 
Decidua-less animals, ii. 161 
Deciduata, ii. 161, 187 
Deduction, i. 101; ii. 37 
Degree of development, i. 58 
Derma, ii. 232 
Descent, theory of, i. 84 
----of man, i. 104 
Devonian period, ii. 10, 19 
Didelphia, ii. 149, 187 
Differentiation, i. 152, 159 
Digestive intestine, ii. 330 
Digits, ii. 278 
Diluvial period, ii. 12, 15 
Dipnensta, ii. 115, 120 
Discogastrula, i. 219, 241 
Discoidal cleavage, i. 225, 242 
Discoplacentalia, ii. 162, 187 
Discus blastodennicus, i, 139, 226 
Doellinger, i. 50 
Dorsal furrow, i. 302 
---marrow, ii. 221 
--- swellings, i. 303 
Double-breathers, ii. 117, 120 
---nostrils, ii. 97, 101 
" Double-shield," i. 297 
Dualism, i. 17; ii. 456 
Dualistic philosophy, i. 17 
Ductus Gartnef"i, ii. 416, 431 
--- Mulleri, ii. 415, 431 
--- Rathkei, ii. 415, 431 
--- TVo{ffi,i, ii. 415, 431 
Dysteleology, i. 109 

E 

EAR, BONELETS OF, ii, 268 
-- labyrinth of, ii. 262, 268 
-- muscles of, ii. 271 
-- nerve of, ii. 266 
--lJouch (utriculus), u. 262 
--sac (sacculus), ii. 262 
-- shell of, ii. 269 
--snail of, ii. 263, 268 
-- trumpet, ii. 260 
-- vesicles, ii. 265 
-- wax, glands of, ii. 262 
Echidna, ii. 147 
Echinoderma., i. 435; ii. 92 
Egg-cell, i. 132 
----of Chick, i.139 

Bird, i. 139 
----- Mammal, i. 137 

Man, i. 137; ii. 425 
-----sponge, i. 144 
-- cleavage, i. 185, 242 
-- holoblastic, i. 215 
-- human, i. 137; ii. 421> 
-- membranes, i. 375 ; ii. 158 
-- meroblastic, i. 216 
Elbow, ii. 278, 304 
Elementary org!illism, i. 124 
Embryo of Vertebrates, i. 360 
Embryology, i. 3 
Empty intestine, ii. 319 
Encephalon, ii. 232 
Endocoolarium, ii. 366, 400 
Enteropneusta, ii. 86 
Entoderma, i. 206, 236 
Eocene period, ii. 11, 15 
Epide~·mis, ii. 200, 232 
Epididymis, ii. 417, 428 
Epigenesis, i. 39, 41 
Epigenesis, theory of, i. 39, 41 
Epithelial tissue, ii. 361 
EpitheUurn, ii. 361, 366 
Epochs, duration of, ii. 3 
Evolution of forms, i. 19 
---- of functions, i. 19 
---- history of, i. 1, 24 
---- theory of, i. 34 
Excretory organs, i. 267 ; ii. 403 
Emoccela•·ium, ii. 369, 400 
Emoderma, i. 195, 236 
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Extremities, ii. 111, 306 
Eye, ii. 250, 258 
-- connective membrane of, ii. 

251 
-- lids, ii. 259 
-- netted membrane of, ii. 252, 

258 
--protective membrane of, ii. 251 
-- pupil of, ii. 250 
--rainbow membrane of, ii. 252 
-- vascular membrane of, ii. 252 
-- vesicles, i. 357; ii. 253 

F 

FABRICIUS All AQ,UAPENDENTE, i. 31 
Face, development of, ii. 245, 346 
-- skull of, ii. 278, 294 
Fallopian canals, ii. 431 
--- hydatids, ii. 431 
Fatty layer of corium, ii. 232 
Female breast, ii. 202 
---cells, i. 171, 392 
--- copulatory organs, ii. 423 
--- excretory ducts, ii. 415, 431 
--- germ-glands, ii. 398 
---germ-layer, ii. 398 
--- milk-glands, ii. 202 
---phallus (Clitoris), ii. 423 
--- sexual organs, ii. 423 
--- sexual plate, ii. 401 
---uterus, ii. 417 
Femm·, ii. 278, 304 
Fertilization, i, 169, 176 
Fibt!la, ii. 278, 304 
Fin, central roc1 of, ii. 302 
Fin, rays of, ii. 302 
-- skeleton of, ii. 302 
Final causes, i. 16 
Fingers, ii. 278 
Fishes, ii. 109, 120 
--- fins of, ii. 111 
--- gasb·ula of, i. 219 
---scales of, ii. 331 
Five-digited foot, ii. 123 
Flat-worms, ii. 76 
Flesh, i. 259 
Flesh-layer, i. 236 
Foot, ii. 170 
Force and matter, ii. 41:6 

Forces, active, ii. 457 
---latent, ii. 457 
Formative functions, i. 15 

yelk, i. 216 
Forms, science of, i. 20 
Frog-Batrachia, ii. 131 
Frogs, ii. 131 
---egg-cleavage of, i. 203 
--- gast?·ula of, i. 207 
--- larva of, ii. 127 
--- metamorphosis of, ii. 126 
Frontal process, ii. 244 
Functions of evolution, ii. 155 
---- science of, i. 19 
Funiculus genitalis, ii. 418 
---- umbilicalis, i. 383; ii. 168 

G 

GALL-BLADDER, ii. 341 
-- ducts, ii. 341 
--intestine, ii. 317,330 
Ganoid Fishes, ii. 112, 120 
Gartnerian duct, ii. 41G, '131 
Gast?·rea, i. 232; ii. 66 
--- theory of, i. 247; ii. 195 
Gastrmads, ii. 62, 70 
Gast?·ocystis, i. 291 
Gastrodisc11s, i. 292 
Gastrula, i. 192; ii. 65 
---- Bell-, i. 198 
---- Bladder-, i. 200 
---- Disc-, i. 200 
--- Rood-, i. 200 
Gegenbaur, i. 108; ii. 96 

on Comparative Ana
tomy, ii. 96 

Gegenbaur on head-skeleton, ii. 293 
----- on theory of descent, 

i.108 
-----skull theory, ii. 293 
----- theory of limbs, ii. 299 
Genemtio spontanea, ii. 30 
" Geuerelle Morphologic," i. 102 
Geological hypotheses, i. 410 
Germ, i. 3 
Germ-area, i. 292 

dark, i. 297 
----light, i. 297 
--cavity, i. 189 
-- disc, i. 139, 226 



Germ-epithelium, ii. 401 
-- glands, ii. 398 
---history, i. 6, 2-i 
--- lo,yer, miclclle, i. 13 
--membrane, i. 189 
-- membrane vesicle, i. 189 
-- plate, ii. 401 
--point, i. 135 
-- shield, i. 297 
-- spot, i. 135 
-- vesicle, i. 179, 291 
Gibbon, ii. 178, 181 
Glacial period, ii. 11 
Glands of intestine, ii. 330 
---- skin, i. 201 
Glans phalli, ii. 422 
Glome>'lbli renales, ii. 407 
Gnathostomi, ii. 109 
Goethe, Wolfgang, i. 88 
--- his skull theory, ii. 293 
---morphology, i. 88 
--- on metamorphosis, i. 90 
--- on reason, ii. 453 
--- on specification, i. 90 
Goette, Alexander, i. 65 
Gonades, ii. 398 
Gonochorismus, ii. 69, 395 
Gonopho1·i, ii. 402 
Gorilla, i. 178, 180 
Graafian follicles, ii. 424 
Gubemacnlum Htmteri, ii. 431 

H 

HAIR, ii. 205, 232 
Hair-animals, ii. 205 
Hairy covering, ii. 206 
Haliphysema, ii. 66 
Haller, Albrecht, i. 38 
Hanel, ii. 169 
-- skeleton of, ii. 302 
Hare-lip, ii. 24.-6 
Harvey, i. 31 
Head-cap, i. 386 
--marrow, ii. 210 
--plate, i. 335 
--- ribs, ii. 298 
-- sheath, i. 387 
Heart, auricle of, ii. 381 

INDEX. 

Heart cavity, i. 394 
--- development of, ii. 385 
--- lmman, ii. 379, 382 
---mesentery, i. 39-1 
--- ventricle of, ii. 381 
Heopitheci, ii. 172 
Heredity, i. 161 
---- vitiated, i. 408 
Hermaphrodites, ii. 395 
Hermaphrodite g-land, ii. 401 
-------Vertebrates, ii. 403 
He?·mapM·oditismus, ii. 6tl, 395 
Hesperopitheci, il. 172 
Heterochronism, i. 13 
Heterotopism, i. 13 
Hind-brain, ii. 221, 232 
-- intestine, ii. 343 
-- limbs, ii. 111 
Hip.bone, ii. 278 
His, Wilhelm, i. 64 
Histogeny, i. 24 
Histology, i. 24 
Histophyly, i. 24 
Hollow-worms, ii. 76 
Holoblastic eggs, i. 215 
Hologast?·ula, i. 241 
Homology of primitive intestine, i. 

247; ii. 321 
----- of the animal tribes, ii. 

387 
------- germ-layers, i. 247 
------- sexes, ii. 431 
Hood-gastrula, i. 200, 241 
Hoofed aniiljlals, ii. 160, 188 
Horn-plate, i. 307 
Horn-stratum of Epidermis, ii. 200 
Humerus, ii. 278, 304 
Huxley, i. 101 ; ii. 294 
---- germ-layer theory, i. 67 
--- his Evidences, i. 101 
--- Man and Ape, i. 101 
---primates, law of, il. 177 
--- skull theory, ii. 294 
Hylobates, ii. 181, 189 
Hypospadia, ii. 423 

I. 

--- auricular processes of, ii. 381 

bnrACULATE CONCEPTION, i. 170 
Indecidua ii. 159'187 
Individuality, i. 123 
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Individuality of cells, i. 123 
------of mctamera, i. 318 
Indo.Gcrmanic pedigree, ii. 23 
Induction, i. 104; ii. 35 
Inorganic history of earth, ii. 5 
Insects, mental capacity of, ii. 44S 
Integmnentum, ii. 199 
Intestinal germ-disc, i. 291 

·---- vesicle, i. 291 
----head-cavity, i. 335 
Intestine, after, ii. 321 
---- blind, ii. 330 
---- crooked, ii. 319, 330 
---- digestive, ii. 330 
----empty, ii. 330 
---- middle, ii. 330 
---- stomach, ii. 330 
Im·ertebrates, i. 414 
Iris, ii. 252, 258 

J 

JAEGER, GUSTAV, i. 101 
Jaw arches, ii. 102 
-- lower, ii. 102 
·-- upper, ii. 102 
Jurassic period, ii. 14, 19 

K 

KANT, I:UUANUEL, i. 79 
Kidneys, ii. 403, 412 
Kidney system, ii. 403 
--- primitive, ii. 306, 410 
Kenogenesis, i. 12 
Kenogenetic cleavage, i. 231 
Kernel of cell (nucleus), i. 127 
Klcinenberg, Nicolaus, ii. 358 
Kulliker, Albert, i. 59, 62 
Kowalevsky, August, i. 59, 441 

LA TIYR!NTH 01' EAR, ii. 260 
Lahyrinthnhe, ii. 58 
Lamarck, Jean, i. 82 
---- his life, i. 82 
---- llfan and Ape, i. 85 
---- "_Philosophic Zoologique," 

1. 83 
VOL. II. 

£amina dermalis i. 273, :!27 
--- gastralis, i. 273, 327 
--- inodermalis, i. 327 
--- inogastralis, i. 327 
--- myxogastralis, i. 327 
--- neurodermalis, i. 327 
Lampreys, ii. 101, 121 
Lancelet, i. 253, 413 
Lankester, Ray, i. 60 
Lanugo, ii. 206 
Larynx, ii. 330 
Latebra (of bird's egg), i. 138 
Laurentian period, ii. 9, 19 
Layers (Laminm), i. 273, 327 
Leather-pl:1.te, i. 327 
--- skin, ii. 200, 232 
Leeuwenhoek, i. 37 
Leg, lower, ii. 278 
-- upper, ii. 278 
Leibnitz, i. 39 
Lemuria, ii. 183 
Lemurs, ii. 164 
Lens, ii. 251, 254 
Lepidosiren paradoxa, ii. 119 
Leptocardia, ii. 120 
Limbs, ii. lll, 306 
--- fore, ii. 302 
--- hind, ii. 306 
--- skeleton of, ii. 305 
--- theory of, ii. 305 
Linnams, Karl, i. 73 
Lip-cartilage, ii. 245 
--fissure, ii. 246 
Liver, ii. 330, 3U 
Lizards, ii. 120, 129 
Locomoto1·ium, ii. 194, 274 
Lori, ii. 163 
Lyell, Charles, i. 77 
Lymph-cells, ii. 366 
---vessels, ii. 373 

JJacuZa germinativa, i. 133 
JJagosphmm planv,la, ii. 60 
l\Iale breast, ii. 204 
-- cells, i. 171 ; ii. 392 
-- copulatory organs, ii. 423 
--excretory ducts, ii. 414, 431 
-- germ-glands, ii. 398 
-- germ-layer, ii. 398 
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Male milk-glands, ii. 204 
--phallus (Penis), ii. 423 
-- sexual organs, ii. 431 
--sexual plate, ii. 401 
-- uterus, ii. 419 
Malpighi, i. 31 
l\Ialthus, i. 98 
JJiamilla, ii. 204 
ll!amma, li. 204. 
lJiammalia, ii. 14-1, 187 
Ma=als, egg-cleavage of, i. 210 
---- gastrula of, i. 213 
---- mental ca.pacities of, ii. 

418 
1\fan-apes, ii. 178 
l\Ian tle animals, ii. 83 
!Jim·su1'obmnchii, ii. 104 
lllarsupia.lia, ii. 149, 187 
l\Iartins, Charles, ii. 304 
Materialism, ii. 456 
1\Iaternal placenta, ii. 160 
l\fatter, ii. 457 
Mechanism in nature, i. 80 
Meckel's cartilage, ii. 298 
llfedulla, ii. 211, 232 
---- capitis, ii. 211 
----- centralis, ii. 211 
----- oblongatc&, ii. 211 
---- spinalis, ii. 211 
1\Ieuullary furrow, i. 302 
---- membranes, ii. 228 

plate, i. 327 
----- swellings, i. 303 

tube, i. 305 
!JJ"eninges, ii. 228, 232 
Meroblastic eggs, 216 
Merogast1·ula, i. 241 
Mesentery, ii. 320 
llfesodm·ma, i. 236, 278 
l\Iesolithic epoch, ii. 14, 19 
Mesozoic periods, ii. 12, 14 
Metaca1-pus, ii. 278, 304 
Metagaster, ii. 321 
!J[etagast?·t~la, i. 199 
Metamem, i. 346 
l\Ietameric structure, i. 347 
]Jetanephm, ii. 412 
llfetata1'SUS, ii. 278, 304 
Metazoa (intestinal animals), i. 248; 

ii.92 
MiC?·olestes, ii. 149 
llfid.brain, ii. 221, 232 

l\Iiddle germ-layer, i. 278 
---intestine, ii. 330 
--- layers, i. 278 
--- part of foot, ii. 278, 301, 
------ hand, ii. 278, 304 
Migration, theory of, L 114 
l\Iilk, ii. 202 
-- glands, ii. 143, 202 
l\Iind, ii. 226, 447 
--activity of, ii. 210 
-- cells of, i. 129 
--development of, ii. 450 
--- heredity of, ii. 452 
!JJ ollusca, ii. 92, 94 
l\Ionads, i. 39 
Monera, i. 180; ii. 43 
JJ[onerula, i. 179 
Monistic philosophy, i. 16; ii. 456 
l\Ionocondyles, ii. 138 
llfvnodelphia, ii. 151, 187 
Monogeny, i. 160 
Monophyletic origin, ii. 277 
lJiono1·hina, ii. 101, 120 
!Jfonoto·ema, ii. 145, 187 
Monstrous evolution, i. 168 
l\Iorphogeny, i. 21, 21 
Morphology, i. 21 
l\Iorphophyly, i. 24 
Morula, i. 189 
Motor apparatus, ii. 194·, 274 
---germinative layer, i. 330 
l\Ionth, i. 338; ii. 315, 330 
--- cavity, ii. 315, 330 
--- groove, i. 338 
Mud-fishes, ii. 115, 120 
l\fnlberry-germ, i. 189 
Miiller, Fritz, i. 59, 408 
---Hermann, i.170 
---Johannes, i. 59; ii. 96, 414 
MiUlerian duct, ii. 414, 431 
Jlfuscles, i. 259; ii. 364 
ll1uscle-plate, i. 353 
--- system, ii. 308 
ll.fyxinoides, ii. 101, 120 

N 

NAILS, ii. 204·, 232 
Natural history of creation, i. 103 
---philosophy, i. 82 
Kavel, i. 315, 335 
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Xavel arteries, i. 400 
---cord, i. 384 ; ii. 168 
---mesentery arteries, i. 3D5 
--------veins, i. 399 
--- veins, i. 399 
---vesicle, i. 337, 377 
X eck curvature, i. 369 
--marrow, ii. 211, 222 
--- vertebroo, ii. 281 
Nerve-cells, i. 126 
--- system, ii. 211, 232 
Neuro-muscular cells, ii. 232·, 236' 
Nictitating membrane, ii. 259 
Xipples of milk-glands, ii. 202 
Nipple-less animals, ii. 146, 204 
Nose, i. 374; ii. 247 
--of Ape, ii.1'i5 
-- cavities, ii. 2-!5 
-- flaps, ii. 243 
-- furrow, ii. 24.4 
-- grooves, ii. 244 
-- processes, ii. 242 
-- roofs, ii. 242 
Notaspis, i. 297 
Nucleolus, i. 133 
NttcletLs, i. 125 
Nutrition, i. 158 
Nutritive yelk, i. 216 

0 

<EKOLOGY, i. 114 
Oken, Lorenz, i. 49 
Olfactory grooves, ii. 24..0 
---- nerve, ii. 239 
---- organ, ii. 239 
Ontogenesis (evolution of the genn), 

i. 12 
Ontogenetic fission of the layers, 

i. 238 
unity, i. 366 

Ontogeny, i. 5 
Oophom, ii. 398, 4-29 
Optic nerve, ii. 250 
Orang-outang, ii. 178, 181 
Orchides, ii. 399, 429 
Organic history of the earth, ii. 7 
Organisms without organs, ii. 45 
Organogeny, i. 2'1. 
Organology, ii. 192 
Organophyly, i. 24 

Organ-systems, age of, ii. 357, 367 
-------- hmnan, ii. 191 
Original cleavage, i. 198, 2H 
Omithodelphia, ii. l±5, 137 
Omithorhynchus, ii. 147 
Omithostoma, ii. 117, 187 
Os ilium, ii. 278, 30-1. 
Os ischii, ii. 278, 30~1 
Os pttbis, ii. 278, 304 
Outer skin, ii. 200, 232 
Ovary, ii. 398, 430 
--- plate, ii. 4..01 
Oviduct, ii. 403, 429 
Ovococcus, i. 183 
Ovoplasma, i. 183 
Ovula holoblast", i. 215, 241 
--- meroblasta, i. 216, 241 
Ovulists, i. 37 
Ovulum, i. 171, 183 

p 

l'achyca?·dia, i. 120 
Palate, ii. 330 
--- roof, ii. 330 
--- soft, ii. 330 
Palreolithic epoch, ii. 10, 19 
Palreontology, i. 106 
Palreozic periods, ii. 12, 13 
Palingenesis, i. 10 
Palingenetic cleavage, i. 211 
Palingeny, i. 11 
Panc?·eas, ii. 330, 343 
Pander, Christian, i. 51 
Paradise, ii. 183 
Parallelism in evolution, ii. 70 
Parent-cell, i. 176 
--- kernel, i. ] 76 
Pru·ova1·iwm, ii. 417, 431 
Pa?·thenogenesis, i. 40, 170 
Partial cleavage, i. 216, 240 
-------.:..of bird's egg, i. 22 J 
rJ.strana, Jnlia, i. 374 
Pedigree, i. 112 
---- of animals, ii. 93 

Apes, ii. 189 
cells, i. 467 
Indo-Germanic Jan. 

guages, ii. 23 
----- Ma=als, ii. 188 
-----man, ii. 23 
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Pedigree of Vertebrates, ii. 1~1 
Pelvic girdle, ii. 278, 304 
-=-:-;- ~n\e;~in~}.cavity, i. 335 
Pents, u. ':l:~o:>, 4V-L 

Pentadactylia, ii. 123, 302 
Perigastrula, i. 230, 241 
Peripheric nerve-system, ii. 228 
Permian period, ii. 10 
Pet1·omyzontes, ii. 101, 120 
Phallus, ii. 422, 431 
Phall1tsia, i. 45,1; 
Phar·ynw, ii. 316, 330 
Philology, ii 20 
---- comparative, ii. 21 
Philosophy, i. 17; ii. 456 
Phylogenesis (evolution of the tribe), 

i. 12 
Phylogenetic fission of the layers, 

i. 238 
, ____ hypotheses, i. 413 

Phylogeny, i. 5, 72 
Pbysiogeny, i. 21, 24 
Physiology, i. 20 

comparative, i. 20 
Physiophyly, i. 24 
Pig, i. 362 
Pigment-membrane, ii. 252 
Pithecanthropi, ii. 181 
Pithecoid theory, ii. 441 
Placenta, i. 383 ; ii. 155, 168 
--- disc-shaped, ii. 162, 187 
---- embryonic, ii. 160 
---- fcetalis, ii. 160 
---- girdle-shaped, ii. 162, 187 
----maternal, ii. 160 
---- utm·ina, ii. 160 
Placental animals, ii. 153, 187 
Placentalia, ii. 153, 187 
Planrea, ii. 61 
Planreads, ii. 61 
Plant-animals, 
Planula, ii. 59 
Plasson, i. 130 ; ii. 43 
Plastius, i. 130; ii. 45 
Plastid ancestors, ii. 184 
Plastid theory, i. 130 
Plastidules, ii. 47 
Plates (lamellre), i. 303 
Plathelminthes, ii. 76 
Platy1·hinre, ii. 175, 189 
Pleura-peritoneal cavity, i. 260 
Pliocene period, ii. 11, 15 

Polydactylia, ii. 123 
Pol'us gmtitalis, ii. 402 
Post-glacial period, ii. 11 
Pouch-bones, ii. 151 
Pouched animals, ii. 149, 187 
Prredelineation theory, i. 37 
Prreformation, i. 34 
------theory, i. 34 
P.rreputiwn, ii. 423, 431 
Pressure, sense of, ii. 238 
Primary axial skeleton, ii 285 
---- age, ii. 10, 11 
--- germ-layers, i. 196 
Primates, ii. 169 
Primiti>e amnion animals, ii. 133 
---- animal ancestors, ii. 184 
---- animals, or Protozoa, i. 2·18 
---- clavicula, ii. 278 
----egg (Pmtovmn), i. 134 
---- fins, ii. 303 
---- Fishes, ii: 112, 120 

1 
---- fmrow, i. 226 
---- germ-layers, i. 195 
---- groove, i. 335 
---- intestine, i. 444; ii. 313 
---- kidney, i. 306; ii. 410 
-------duets, ii. 406 
----1\Ia=al, ii. 142, 187 
---- 1\Ian, ii. 182 
---- mouth, i. 444; ii. 313 
---- skull, ii. 296 
----slime, ii. 43 
---- streak, i. 299 
---- urine-bladder, ii. 411 
---- urine-sac, i. 379; ii. 411 
---- vertebrre, i. 346 
---- >ertebral cords, i. 305 
---- vertebral plates, i. 346 
----Vertebrate (ideal), i. 256 
-------- (real), ii. 98 
----Worm, ii. 74, 80 
P1·imordial cleavage, i. 198, 2±1 
---- kidneys, i. 307; ii. 410 
----- skull, ii. 297 
----- times, ii. 9, 11 
Prochorion, ii. 157 
Procomcoideurn, ii. 278, 304 
P1·omammalia, ii. 1c±2, 187 
Pmsimire, ii. 163, 187 
P1·otamceba, ii. 46 
Pr·otamnion, ii. 133 • 
P1·othelrnis, ii. 76 
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Protogaster, i. 4 t4 ; ii. 314 
Pmtomyxa, ii. 4G 
P1·otonephm, ii. 410 
Pmtoplasma, i. 131 
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Pubic bone, ii. 278 
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Rathke, Heinrich, i. 59 
Rathke's duct, ii. 415, 431 
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Reichert, Bogulaus, i. 61 
Remak, Robert, i. 62 
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Sense of pressure, ii. 238 
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Vagina, ii. 417, 431 
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Veins, i. 393 
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---- number of, ii. 283 
Vertebral arches, ii. 284 
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Vertebrates, ii. 92 
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Vestibulum vagince, ii. 431 
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Wallace, Alfred, i. 98, 99 
Water, amount of in body, ii. 7 
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Wolffian bodies, ii. 411 
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YELK, i. 135 
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-- formative, i. 216 
-- membrane, i. 138 
--nutritive, i. 216 
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Zona pellttcida, i. 13 5 
Zonaplace:ttalia, ii. 162, 18~· 
Zoophyta, i. 246; ii. 73 
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