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PREFACE.

TIIIS book is intended to meet certain requirements
which, as the writer's experience has shown him, are
felt by students of Comparative Anatomy. It consists
of three parts; the first is an introduction, giving a
Classification of the animal kingdom, with a Zooto-
mical account of its various Sub-kingdoms and their
subordinate Divisions and Classes; the second con-
sists of descriptions of certain readily procurable spe-
cimens which illustrate in the conerete a very large
number of the systematic descriptions contained in the
introduetion; and the third contains descriptions of
figures supplementary to the descriptions of speci-
mens, and intended to aid them in furnishing that
groundwork of particular faets, without which it is
impossible to obtain any real knowledge or perma-
nent hold of general principles. The distinctive cha-
racter of the book consists in its attempting so to
combine the concrete facts of Zootomy with the out-
lines of systematic Classification as to enable the
student to put them for himself into their natural
relations of foundation and superstructure. The foun-
dation may be made wider, and the superstructure may
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have its outlines not only filled up, but even considerably
altered by subsequent and more extensive labours; but
the mutual relations of the one as foundation and of
the other as superstructure, which this book particularly
aims at illustrating, must always remain the same.

It is hoped that this work, though written with a
view chiefly to the needs of University students of
Comparative Anatomy, and with especial reference to
the application of that branch of science as an engine
for education, may in some measure meet the require-
ments of the now not inconsiderable number of persons
who are attracted to the study by seeing the important
bearings which it has upon questions not only of theo-
retical and philosophical but also of practical interest.

The amount of knowledge which is presupposed in
all persons who may use this book, may be judged of
by the following account of the short preparatory
course through which it is the rule that persons
entering for the first time upon the study of Anatomy
in the Oxford Museum should pass. The first requi-
site for a commencing student in this department of
knowledge is that he should be taught how much there
is to be observed and deseribed in a natural object,
and it has been found that such a person can have this
lesson impressed upon his mind in an excellent yet easy
way, by addressing himself with osteological specimens
actually before him to the task of verifying the state-
ments made relatively to them in some work specially
devoted to the description of them. The vertebral
column and the bones of the cranium are the specimens
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selected, and recourse is taken to human rather than
to other osteologies, inasmuch as the deseriptions they
contain are at once more intelligible to beginners, as
being couched in less technical language, and more full
and precise, and therefore more valuable for the purpose
in question, than most of the ordinarily accessible de-
scriptions of the bones of the lower animals.

Whilst the student is directed not to be dissatisfied
at any failure of his memory to retain, in the absence
of the natural object, the multitudinous details to which
a good descriptive work will have directed his attention
during his examination of it, he is warned that he must
not acquiesce in any failure of power to verify in such
an ohject, when present, the structural arrangements
which he is informed are to be seen in it.

When this portion of the preliminary course is com-
pleted, a similar study of the principal organs of animal
and vegetable life, such as the brain, the heart, the
digestive tract, the hepatic, and the renal organs, is
entered upon; preparations of these structures pre-
served so as to be accessible to manipulation, and also
microscopic specimens, being available for comparison
with such descriptions as the ordinary works on An-
thropotomy give in their chapters on Visceral Ana-
tomy.

It has been found that after this comparatively small
amount of previous preparation a student is competent
to follow such a description as is given in this work
at pp. 1—4 of a dissection of a mammal; and it is re-
commended that in all cases the study of the described
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preparation or specimen should precede that of the
accounts in the introduction of the Class and Sub-
kingdom to which it belongs, and that the study of
the Deseriptions of the Plates should be taken up only
after the attainment of a considerable familiarity with
actual specimens by the practice of dissection.

A short statement of the method which has been
adopted in the preparation of each specimen has in
most cases been prefixed to the description of it; and
thus persons who have not, as well as those who have,
access to the series in the University Museum, are en-
abled to reproduce for themselves the objects deseribed.
The specimens themselves, it will be observed, are in
the great majority of instances taken from animals
which may be found living in inland parts of this
country; and even when they have been taken from
an exclusively marine Class or Sub-kingdom, such as
the Tunicata or the Echinodermata, they are, with an
exception or two, readily procurable in places at a
distance from the sea-coast?,

Small print has been employed in the notes and in
other passages, which the student may do well to omit
when first reading this book.

In some cases, even the beginner will find it necessary

a A dissecting microscope will be required for the verification of the
Deseriptions of many of the Preparations of the Invertebrata, and in
these cases the specimens should be affixed to a loaded cork or wax
tablet, and dissected under water or spirit.  Some of these animals are
speedily killed by being placed in a glass-stoppered bottle with a few
drops of chloroform ; others by immersion in water several degrees
below ],;Do I



PREFACE. IX

to consult some of the many works referred to in the
Descriptions of the Preparations and in the Deseriptions
of the Plates: but the bibliographical references have
been added with a view rather to the wants indicated
in the words ¢ Fiir Akademische Vorlesungen und zum
Selbstudium,” so often prefixed to German works on
science, than to those of the commencing student. A
local reason for giving development to the bibliographical
portion of this work lay in the fact, that through the
well-advised liberality of the Radcliffe Trustees, one of
the best of existing scientific Libraries had been trans-
ferred to the University Museum; and much of what-
ever value this volume may possess is to be ascribed
to the happy arrangement in the way of concentration,
whereby that magnificent collection of books has been
placed under the same roof, with so much other scien-
tific apparatus of a non-literary kind.

Nine of the twelve plates deseribed in the third part
of this book, were drawn from nature by Mr. George
Crozier, formerly draughtsman to the Radcliffe Library.

The fifty specimens described in the second part were
prepared by Charles Robertson, Esq., Demonstrator of
Anatomy in the University Museum ; and the greater
part of them were exhibited by him as a ¢ Zoological
Series with Dissections in Illustration,” in the Educa-
tional Department of the Exhibition of 1862. I have
to thank him for other assistance rendered in the course
of bringing this book to completion,

To the biological teachings of Professor Huxley I
owe a larger debt than even my numerous references



X PREFACE.

to his works would indicate. 1 stand in a relation of
similar, though of less extensive, obligation to the
systematic works of Professor Gegenbaur of Jena, of
Professor V. Carus of Leipzig, of Professor Claus of
Marburg, of Professor Bronn, and of Professor Kefer-
stein of Gottingen. I have also to make acknow-
ledgment to Professors Acland, Phillips, and West-
wood of Oxford, and to Albany Hancock, Esq., of
Newcastle-upon-Tyne, for suggestions requested and
valued by me. In most cases in which other authori-
ties have been consulted upon points of importance,
special references have been given, except in the
Introduction.

GEORGE ROLLESTON.
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INTRODUCTION.

IN several different departments of research, and from many
different points of view, we are brought to see that the study of
Comparative Anatomy, while raising questions of the highest
theoretical importance, throws light at the same time upon pro-
blems of great practical interest.  Of its twofold bearings, the con-
troversies carried on at the present moment as to the Origin of
Life and as to the Ongin of Species, extending, as they do, on the
one side into the provinces of Hygiene and Therapeutics, and on
the other into yet higher regions than those, furnish two apposite
but not isolated illustrations. It is not within the scope of this
work to do more than thus glance® at such practical questions

s It may be well here to give a few instances in which light has been thrown upon
complex questions of Hygiene and Pathology in the course of investigations ap-
parently wholly dissociated from such subjects. Dr. Charlton Bastian has, in the
Philosophical Transactions for 18606, vol. 136, pt. ii., pp. 583, 384, put upon record a
most instructive account of the production of a spasmodie and ¢atarrhal affection not
altogether unlike hay fever, under circumstances, however, which appear to preclude
the possibility of any living organisms having been, as has recently been suggested,
the cause of it. This affection was invariably produced from the emanations inhaled
during the dissection of a particular Nematoid worm, the Ascaris megalocephala, from
the Horse, and this not only when the animal was fresh, but ‘after it had been
preserved in methylated spivit for two years, and cven then macerated in a solution
of chloride of lime for several hours before it was submitted to examination.” 1t would
seem certain that no morphological unit, nor even any cell-like or * eytoid’ body, can
have been at work under cireumstanees such as these. On the other hand, we have
no less an authority than Helmholtz for the coexistence of vibrios in the nasal
passazes with the presence of hay fever (Virchow's Archiv. xlvi., p. 101, Feb, 18069),
and indeed for the cansal relation of the former to the latter condition. Chauvean's
experiments, again (Revue des CoursScientifiques, Jan. 1, 1570, p. 77), shew that in the

]
fr
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as those relating to the possible modes of origination, and to the
available methods for the combating of disease; neither is it
advisable here to occupy space in pointing out at lemgth or in
detail the various lines along which the results of Comparative
Anatomy come to bear upon the more purely speculative guestions
alluded to. There are, however, certain considerations of greater or
less general interest, either as premises or as conclusions, which a

absence, if not of certain animal cells, still of certain animal © eytoids” or ‘lencocytes,’
the vaecine poison is inoperative. For the application of such investigations to actual
practice see Professor Lister's Introductory Lecture delivered in the University of
Edinburgh, Nov. 8, 186g; British Medical Journal, Dee. 4, 186g.—The vexed question
of the method in which nerves influence nutritional processes receives considerable
elucidation from the facts that not only do certain Holothurioidea (Stichopus and Colo-
chirus) possess the power of shedding off the non-museular elements of their in-
tegument as amorphous slimy matter upon irritation, but also that isolated fragments
even of their integument, in which it would appear nerve structures are contained,
possess the like power, and go through the process of self-dissolution more quickly or
more slowly in correspondence with more or less stimulation. (See Semper, Reisen
im Archipel der Philippinen, Theil. ii., Bd. i., pp. 72, 171, 172, 200.) The universally
acknowledged but often practically ignored influence of changes in the circum-
ambient medium are well illustrated by such observations as those of M. Claparitde
on the growth of Annelida (see Ann.and Mag. Nat. Hist. Ser. iii., vol. xx., p. 359,
1867), and those of Professor Wyville Thomson on the varying rate of development
of certain Echinoderm larvae (see Phil. Trans. vol. 155, pt. i, pp. 514, 515, 532)
under varying conditions of light, heat, and aeration. Dr. Charlton Bastian has
drawn attention (Linn. Soc. Trans. xxv., p. 84, 18603) to the quantity of large fat
globules often seen within the intestinal canal of free Nematodes as being  remark-
able, and also interesting in a physiological point of view, as an exemplification of the
almost direct conversion of cellulose into fat and other products.” The facts of Com-
parative Anatomy and Physiology as distinct, though not dissociated, from those of
Comparative Pathology and Experiment, are appealed to by both sides in the ques-
tions * Ueber dic Fettbildung im Thierkarper,” and that of the relations of various
kinds of food to the various exigencies of the animal body. (See Donders, Nederl.
Arch., voor Genees. en Natuurkunde, Deel, i., Utrecht, 1864 ; translated, Dublin
(iu:nrh.—rly dJournal of Medical Scienee, 1866; Lawes and Gilbert, Phil. Mug., JTI].:"'
and December, 1566 ; Voit. Zeitsehrift fiir Hin]ugiu_ Bd. v, Hft. i., PP 147-155,
1809.) For the way in which the intimate relations of the ifth nerve to the optic may
be illustrated I"j-' reference to Comparative ¢'||.||.:|.tur|1"!.‘. gsee Mooren, Ueber H}'m'm—
thische Gesichtstorungen, pp. 117-119, Berlin, 1869 ; and for numerous illustrations
of the fact that the organisms of the lower animals give answers in simple language
to what are difficult problems in Anthropotomy, see Schroeder Van der Kolk, on the
Spinal Cord and Medulla Oblongata ; New Sydenham Society’s Translation, passim,
and especially chapter vi., pp.170-178, 1859. For other points of connection be-
tween Comparative Anatomy and Practical Medicine, see * Medicine in Modern Times,
P 79-91, London, 1864,
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contemplation of the subjects here treated of with reference to
their bearings upon Classification, is caleulated to impress upon
the mind ; and these it may be well to state in a few words,

After some study of the details of Comparative Anatomy we
begin to see that the animal kingdom is divisible into a certain
number of Sub-kingdoms accordingly as the various structures or
organs subserving the functions of animal and vegetable life re-
spectively are combined with, separated from, or otherwise arranged
relatively to, each other. It is, in the next place, easy to see that
whilst in the Sub-kingdom Vertebrata, motor, nervous, vascular,
visceral, and perivisceral systems all exist in specialized and differ-
entiated forms, no such *division of labour’ 18 recogmsable in the
structural arrangements of the Sub-kingdom Protozoa ; and that,
by a further and detailed reference to the prineiple just mentioned,
we are justified in speaking of the one as the highest and the others
as the lowest of the seven animal Sub-kingdoms. It is not easy,
however, to assign to the three Sub-kingdoms known as Mollusea,
Arthropoda, and Echinodermata their relative rank éufer se ; and
the Sub-kingdom Vermes would appear to underlie each and all of
the three obliquely, rather than to be subordinated to any one of
them in particular. The Coelenterata, finally, are approximated to
the Protozoa by the low degree to which specialization has been
carried out in their organization; but they form a more than
ordinarily well-circomseribed group, which we are in no way
Justified in regarding as forming a transitional stage intermediate
between the Protozoa and the other Sub-kingdoms, from which
latter it lies far apart.

Within the limits of each Sub-kingdom the differentiation of
organs, by the assignment of them to the more or less exelusive
performance of particular funetions, is very often carried out in the
different classes to such a different extent as to allow us to speak
without violence and without hesitation of such classes as being
higher or lower in the scale of existence., Elevation in the scale
of life 1s mdirectly entailed in Sub-kingdoms which possess air-
breathing representatives, as aerial respiration renders possible a
greater activity of funetion than an organism differing in this,
though similarly constituted in all other particulars, can put forth ;
whilst the special habit of parasitism, which often renders not
merely single organs but even whole systems superfluous, and is

b2



XX Introduction.

then found to be correlated with the ecomplete or nearly complete
disappearance of such structures, must be regarded as entailing
a true morphological degradation,

Sharply eircumseribed outlines are, in the second place, as com-
monly wanting in the classifications we have to deal with as are
precisely graduated seales of dignity. The boundaries of species, of
orders, of classes, and, in more than one instance, even of sub-king-
doms, may be closely apposed not only at many single points
but even along considerable lengths and depths, so that in not a
few cases it is a matter of difficulty to decide whether a particular
organism or set of organisms shall be placed within the one or the
other of the thus complexly approximated groups,

The distances, thirdly, which intervene between the various sub-
kingdoms at their points of widest separation from each other are
exceedingly unequal. And in particular, 1t may be said that, in
gpite of recent discoveries®, it would still appear that the Vertebrate
Sub-kingdom lies at a greater distance from the group made up by
all the other Sub-kingdoms than that by which any one of these is
geparated from its nearest neighbour.

Groups, fourthly, which would be allowed on all hands to possess
the same morphological or qualitative rank are found to differ very
widely as to the numbers of the objects they severally include ;
and if, by the aid of dingrams, we represent to ourselves the quan-
titative relations which the corresponding divisions in almost any
two of the animal sub-kingdoms hold to each other as wholes of
“extension’ or of ‘denotation,” we are at onee struck by the great
inequality of size indicated by the ficures thus constituted. A
similar result would ensue upon the application of a similar process
to many non-biological classifications ; the especial significance
which these differences possess in organic classifications depends
upon two singular but suggestive facts, actual observation having
shown, firstly, that the poorer a species is numerically the more
aberrant is it ordinarily found to be from the type of the group
to which it is subordinated ; and secondly, that with a paucity
of individuals or of species, as the case may be, a similar paucity
of the localities on the earth’s surface in which they are now to be

b For a summary of these discoveries, see the Quarterly Jonrnal of :"”UI'EJ@-:{I];J'LI:M
Heience, January, 1870,
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found living is ordinarily correlated. The Ganoids amongst Fishes,
the Perennibranchiata amongst Amphibia, the Crinoids amongst
Echinodermata, and the Monotremata amongst Mammals, furnish
us with illustrations of these laws for the enunciation of which we
are indebted to Von Baer©,

A remark of the late Mr. W, 8. Macleay, to the effect that #e
character is nafwral until it has been proved to be so?, has the merit
of at once expressing tersely the necessity of constant recourse to
verification when we make deduetions from general principles, and
of drawing attention to the striking morphological fact of the
varying valve of class characters, In the face of statements as to
the eligibility of particular systems© as bases of classification, which
are only less sweeping and general than they are mutually con-
tradictory, 1t is a satisfaction to be able to quote the following
words from the writings of another English naturalist, the late
Professor Edward Forbes,—*no character, whether of structure or
form, preserves an equal value in every tribe, but varies in its im-
portance, in one group characterizing a class, in another scarcely
determining a species;’ whilst the words of Macleay should be

¢ Bee Nova Acta, xiii,, 2, p. 742 1826, or Professor Huxley’s Translation in
¢ Scientific Memoirs," pp. 180, 181, 1853.

d See Linnaean Society's Transactions, xxiii, p. 73, 1860.

¢ For the applicability of the nervous system as a basis of classification, see Cuvier,
The Animal Kingdom, English Translation, 1854, p. 31; Lacaze Duthiers, Comptes
Rendus, 1865, tom, ii., p. 8co; Blanchard, Ann. Sci. Nat., Ser. iii., tom. v, pp. 276,
376, 1846 ; Dana, Crustacea, pp. 46, 59 ; Waterhouse, Ann. and Mag. Nat. Hist,,
vol, xii., p. 300, 1843 : Frofessor Owen, Linnacan Society’s Proceadings, 1857, For
the applicability of the Reproductive, see Dana, Le., p. 62; Professor Owen, cit.
Darwin, Origin of Species, chap. xiii., p. 490, 4th ed. 1866 ; Fischer, Orthoptera,
p- 62 ; Stein, Vergleichende Anatomie und Physiologie des Insekten ; erste Mono-
graphie ; Die weiblichen Geschlechts-Organe der Kiifer, 1847, passim. For the appli-
cability of the Respiratory, see Dana, Le., p. 62.  For the value of the changes gone
through in development, see Professor Wyville Thomson, Phil. Trans., vol. 155,
pt. ii., pp. 514, 532, where attention is drawn to the power which circumstances of
light, warmth, aeration and nourishment have in modifying and hurrying over certain
stages of larval growth; Oskar Schmidt, Sitzungsbericht, Nat. Wiss. Class. Kais.
Akad, Wien. xix., p. 193, 1856; Darwin, Animals and Plants under Domestication,
vol. ii., pp. 366-368 ; Origin of Species, p. 494, iligue citata. For the value of the
motor system as a basis for L:]:t#:-iifi{:-’ltifm. in the Huh-]-:ingqlum Ef_'llinmltrrm:itu, i
EBrandt, Prodromus, 1835, For that of the Placental system in the elass Mammalia,
see Zool. Soc. Trans., vol. v., pt. 4, p. 285, 1865 ; H. Milne Edwards et Alphonse
Milne Edwards, Recherches pour servir A |'Histoire Naturelle des Mammiftres,
Livraison i, p. 18, seqq., ibique citata, 1868,
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borne in mind with reference to certain other statementsf? of even
greater generality as to the applicability or inapplicability of phy-
E{:}]ugi{'-:ﬂ differences as bases of zoological arrangements, Nnthing
is easier than to say that by the nervous, or by the reproductive,
or by the respiratory systems, or by the history of the changes
gone through in development, ¢ characters of the widest hmlrillg n
classification are furnished ;' but nothing 1s more certain, as a
verifieation of statements referred to below will demonstrate, than
that what is true of one of these bases of classification within the
limits of one Sub-kingdom, or within the limits of one Class, or even
within the limits of yet smaller groups, will not be by any means
invariably found to be true within the limits of another similar
division. Our knowledee, again, of the power which organisms
have of adjusting themselves to their environment, may incline us
to think the motor and tegumentary systems to be bad bases for
classification, as it 1s through them that the animal comes mainly
and mostly into relation with external ifluences.  Yet, if Seals
and Whales exhibit marks of their affinities to the Carnivora and
the Artiodactyla respectively, even in such matters as the cha-
racter of their placentae, the number of the bronehi in their lungs,
and, in spite of the modifications which their motor and tegu-
mentary systems have undergone, it is nevertheless true that the
specialization of the same systems in Aves and Echinodermata
appears to have entailed corresponding variations throughout the
entirety of their respective organisms, and in organs of vegetable
as well as in organs of animal life.

The facts of the varying morphological value of zoologieal dif-
ferentiae ; of the unequal quantitative extent of divisions of equal
morphological rank ; and of the unequal distances separating such
divisions, go some way towards accounting for the arbitrary way
in which the same division has had very different morphological
rank assigned to it by different classificatory writers. A pro-
visional character however must always attach itself to a greater
or smaller part of all owr classifications ; if they sueceed in pre-

f See Erichson, Entomographien, p. 1, 1840, * Dies ist ein physiologischer, kein
* zoologischer Character,” Semper, Reisen in Archipel der Philippinen, Theil. ii., Bd, i.,
p. 52 Carpenter, Foraminifera, Ray Society, p. 14, 1862 ; Herbert Spencer, Prin-
ciples of Biology, vol, i., pp. 306, 307, 1864 ; Darwin, Origin of Species, 4th ed.,
P- 490.
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senting to our minds the knowledge we possess at the passing
moment in a form which gives it compactness as to the past and
availability for use in the future, that is all which in the nature of
the case they should be regarded as doing, or expected to do, for
us. An increase in our knowledge may confirm, but it may, on
the other hand, overthrow the most perfectly symmetrical of
systems®,

8 It is not a little instructive to note that Macleay, to whom Zoology is indebted
for the ‘grand principle’ referred to above, should yet have been the inventor of
the ‘ quinary system,” with its independent but numerieally identical groups arranged
in circular series.  For the history and for illustrations of the working of this idolon
theatri, see Macleay, Horae Entomologicae, vol. i., pt. ii., p. 322, 1821 ; Swainson,
Geography and Classification of Animals, p. 202, el passim, 1835; Edward Forbes,
Starfishes, p. xvi. 1841; Milne Edwards, Ann. Sei. Nat., Ser. 1ii., tom. 1, p. 79,
1844 ; Agassiz, Essay on Classification, p. 344, 1829. DBacon’s words are singularly
appropriate in relation to these arbitrary assumptions :—* Intellectus humanus ex pro-
prietate sua facile supponit majorem ordinem et equalitatem in rebus quam invenit ;
et quum multa sint in naturid monodica, et plena imparitatis, tamen affingit parallela
et correspondentia et relativa quae non sunt. Hine commenta illa in coelestibus
omnia moveri per circulos perfectos.’ Nov. Organ, xlv. Neither are the words
of the modern poet quoted by Sir John Richardson (Introduction, Fishes, Museum
Natural History), in relation to a recent attempt to unite Fishes, Amphibia, and
Reptiles into one division, the Haematoerya, unworthy of being quoted here :—

*Our little systems have their day,
They have their day and cease to be,
They are but broken lights of Thee,
And Thou, O Lord, art more than they.'
Texxysox, In Memoriam, vi.

Striking evidence is borne to the scientific fact of the great difference which exists
between the works which are and those which are not of man’s creating, by the
singular eircumstance that of all the many metaphors which have been used to
express the general or picturesque effect produced on the mind by the study of a
system of biologieal classification, those only retain a strong hold upon the imagination
which are borrowed from natural objects ; whilst those which are borrowed from
works of art, or from productions of the arts, are at once felt to be inadequate even
when not untrue.  In illustration of this, it is sufficient to lay specimens of the two
kinds of metaphor mentally alongside of each other. In the latter we have the
divisions of the organic world compared to the steps in upward-sloping stairs ; or to a
series of columns placed upon a flight of such stairs ; or to the meshes of a net; or to
the artificial boundary-lines of neighbouring kingdoms ; the more modern and truer
comparizons we refer to are drawn from such objects as single stars, each surrounded
with its own proper atmosphere ; as aggregations of such stars in constellations ; as
trees with stems, branches, twigs and leaves ; as hills clothed with woods, and sepa-
rated by valleys dipping to various depths, and themselves bestudded with clumps



XX1V Introduction.

The above-quoted saying of Mr. Macleay’s, by suggesting the
question, * When 1s a character to be considered as proved to be
natural 7’ brings us face to face with the most distinctive pecu-
harity of zoological classification. A character is a good basis for
classification in zoology, as in every other subject, when its presence
enables us to predict the presence of many, or at least of some
other characters besides these which its name implies etymolo-
gically ; but when we are concerned with species in zoology, these
other characters must relate not only to the entirety of the or-
ganism as such, but also to the main facts of its life history.
When we class two living organisms together in the same species,
we include always among the other facts which their common
gpecific name must connote, the particular fact that it is possible
for them both to have descended from one ancestor or ancestors,
which, either direetly, or after certain stages in eyelical metamor-
phosis, they could reproduce. For eyelical self-repetition in the
way of parentage, being eminently the characteristic of living
organisms, as opposed to non-living objects, no classification of
such organisms would be either natural or valuable which did not
lay that particular part of their history in a compact and manage-
able form before the mind, whensoever evidence as to it was ob-
tainable. It is true that such evidence is by no means invariably
accessible ; and when it is not, we have only likeness to guide us
as to saying that it is more or less probable that between any two
organisms such prospective and retrospective community in parent-
age might or did exist. On the other hand, where this evidence is
forthcoming, the question of identity of species is instinctively
and at once settled in the affirmative ; even when the unlikeness
between the individuals compared may be as extreme as that
which exists between the well-known larvae of Batrachia and their
adult forms, or between the less familiar but even more strikingly
differing larvae and adults of Cirripedia, of other Crustacea, of
the Platyelminthes, and of many Hydrozoa (see infra, pp. 162,
245, 252). The theory of evolution with which Mr. Darwin’s
name is connected, asks us to deal with species in their relation

of trees; as systems of mountain-ranges, more or less connected by outliers; or,
happiest metaphor of all—as the islands of an archipelago, sometimes all but conti-
nuous through the intermediation of connecting reefs, sometimes sharply separated
by unfathomable seas,
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to genera and still higher divisions, as we deal with individuals
in referring them to particular species, and to believe that the
“secret bond’ which colligates species under larger groups, 1s
of the same genealogical character as that which we look for
always, and often find in the case of individuals. Many of the
peculiarities which attach to biological elassifications would thus
receive a reasonable explanation; but where verification is, ex hypo-
thesi, impossible, such a theory cannot be held to be advanced out
of the region of probability. The acceptance or rejection of the
general theory will depend, as does the acceptance or rejection of
other views supported merely by probable evidence, upon the par-
ticular constitution of each idividual mind to which it 1s presented.
But whether the general theory be accepted as a whole or not, 1f
must be allowed that in the face, on the one hand, of our know-
ledge of the greatness of the unlikeness, which may be compatible
with specifie identity ; and, on the other, of our ignorance of the
entirety of the geological record, the value of the special ¢ Phylo-
genies,” or hypothetical genealogical pedigrees, reaching far out of
modern periods, are likely to remain in the very highest degree
arbitrary and problematical.
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Tabular View of the System of Classification adopted in this
work, shewing the wvarious Sub-kingdoms in some of the
relations of mutual affinity and of rank which they have
been supposed to hold to each other. 1In the ecases of several
names an oblique position would have been truer to nature
than the horizontal one which they occupy in the Table. The
lines abut upon the names of the Classes or Orders by which
the several Sub-kingdoms have been regarded as connected
with each other, (Arrangement of Sub-kingdoms after
Gegenbaur.)

VERTEBRATA

(Pharyngobranchin)

; ARTHROFPODA
/ (Urustacen)

ECHINODERMATA
{(Crinoidea) ( Holothuricidea)

'

MOLLUSCA /
(Polyzoa) { Tunicata)

Y
|

L |

5,

5 e VERMES
(Annulata. Tubicolae) (Gephyrea) (Platyelminthes) (Rotifera)

COELENTERATA

‘-\.

) PROTOZOA
{mpongiadac) ( Infusoria)
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wbular View of the System of Classification adopted in this
work, giving the various Classes into which the seven Sub-
kingdoms are divided. The relative positions of the names of
the Classes indicate the relations of affinity and of rank which
each Class has been supposed to hold to the other Classes

in its own Sub-kingdom,

Mammalia
Aves
Reptilia VERTEERATA
Amphibia
Pisces

Arachnida Myriopoda Insecta
ARTHROFODA
Crustacea
Haolothurioidea Echinoidea
ECHINODEEMATA
Crincidea  Asteroidea
Cephalopoda Pieropoda
Gasteropoda
MOLLUSCA  Lamellibranchiata
Tunicata
Brachiopoda
Polyzoa
Annulata  Gephyrea
VEEMES Rotifera
Nematelminthes
Platyelminthes
{_Jl..r'nﬂ'ﬂlnrm_:
COELENTERATA Fothozon

H ydrozoa

sSpongiadae  Infusoria
PROTOZOA

Rhizopoda Gregarinae
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k, giving
arious Sub-kingdoms
those at which

the Descriptions of the Specimens; and those at which the Deseriptions
of the Figures in illustration, are to be found.

I. SUB-KINGDOM.

Allantoidea, p. xI, Subdivisions

Drvisioxs <

Anallantoidea, p. xli-xlii =

II. SUB-KINGDOM.

Mollusea Proper, pp- lxxxv-lxxxvii.
Subdivisions

Dlwmn:«:ﬂ

o

]

-

-

Molluseoidea, pp. Lexxvii-lexxviii,

[ Mavunualia
pp. xlii-xlix,

Sauropsida

p. xli.

Subdivisiond Lehthyopsida

pp. xli-xlii,

MOLLUSCA,

Odontophora

p. lxxxvii.

VERTEBRATA, pp. xxxi-lxxxv,

=Class 1. Mammalia
pp- xlii-xlix. pp. 1-12
Fl i. pp. 169-173

[Class 2, Aves
pp. xlix-lv. pp.12-29
PL ii. pp. 175-180

Clasz 3. Reptilia
pp. lv=Ixi. pp. 29-35
(Class 4, Amphibia

1. lxi=lxviii, PP. 35-40
Pl iii. pp. 181-185
&

Class 5. Pisces
pp- Lxviii-lxsxv. pp. 40-46

pp. lxxxv—ciii.

(Class 1. Cephalopoda
pp. lxxxviii-xeii.

PL xi. fig. 1

Class 2. Pteropoda
pp- xeiifi-xev,

Class 3. Gasteropoda
pp. Xcii-xeiii. pp. 47-54
Pl iv. pp.187-191

Class 4. Lamellibranchiata
.-lnn:I:m‘tnp}mm PP. Xev-xeviii. pp. 54-66
p. Xcv, i
i Pl v. pp. 1g2-198

(Class 5, Brachiopoda

pp- xeviii-e,
Pl xi. fig. 2, pp. 232-234
Class 6. Tunieata
pp. c-eci. pp. 66-71
Pl xi. fig. 3, pp. 235, 236

)

Class 7. Polyzoa
pp- ci-ciii. pp. y1-73

PL xi. fig. 4, pp. 237, 238

L
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Class 4. Rotifera
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pp- exl-cxliti. pp. 138, 129
Pl xi. fig. 6. pp. 240-243
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Class 2. Echinoidea
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1 Class 3. Asteroidea
pp. clili-eliv. pp. 141-145
.xs PP 223-229
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CHARACTERISTICS OF THE SUB-KINGDOM VERTEBRATA.

Sus-Kinepoum, Vertebrata®.

Axtmars with bilaterally symmetrical bodies, divided internally
into two perfectly distinet cavities, one of which is placed dorsally
and contains the principal nerve-centres, whilst the other contains
the organs of vegetative life. The ventrally-placed cavity of the
Vertebrata must be considered to correspond to the entire in-
terior of the body of the Invertebrata, and their dorsally-placed
avity, the cerebro-spinal canal, to be without any homologue in
the inferior Sub-kingdoms. The motor organs of Vertebrata arve
directed towards their heart, and point away from their nervous
systems, both cerebro-spinal and sympathetic ; whilst in Inverte-
brata the motor organs are developed upon the neural aspect of
their bodies. Thus the arrangement by which the heart of the
Invertebrate animal is dorsal and the nerve-system ventral in posi-

& In the account here given of the characteristics of each Sub-kingdom and Class,
a few general remarks are prefixed to a more detailed zootomical account of each
Division. In that account the various organs and systems are treated of very nearly
in the same order as that of the * Physiological Series of Comparative Anatomy con-
tained in the Museum of the Royal College of Surgeons in London,” which was fol-
lowed by Professor Acland in the arrangement of a large part of the Christ Church
Collection now contained in the University Museum. The integumentary and motor
organs are first treated of ; then the digestive, circulatory, respiratory and renal ; a
sketch of the nervous system is then interposed before the aceount of the reproductive
organs.  Objection may be taken to this method of arrangement on the ground of the
separation 1t effects between the motor and the other organs of animal life ; but this
theoretical drawback is more than compensated for by many practical advantages.
A short notice of any peculiarities in the history of Development, which it may have
seemed expedient to add, comes next in order; and in some eases an account of its
subordinate divisions is prefixed or appended to the deseription of a larger group.
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tion, is exaetly reversed in the Vertebrate; and the former may
consequently be spoken as ¢ neuropodouns,” and the latter as ¢ haema-
podous.”  In both eases the digestive tube interposes itself for
greater or smaller distances between the haemal and neural systems,
but the perforation of the nerve-system, by the anterior segments
of the digestive tube, which constitutes the nerve-collar of Inverte-
brata, finds no representation in the relations subsisting between
the principal or ecerebro-spinal nerve-centres of Vertebrata and
their digestive tube, the anterior or oral opening of which is always
directed towards the ventral, and away from the neural surface
of their bodies. The perivisceral cavity of Vertebrata never com-
municates with the blood-vaseular, though it has recently been
shown to communicate with the lymphatic system; nor is it ever
prolonged into their limbs, which possess always an internal and
segmented skeleton either of cartilage or of bone. The limbs of
Vertebrata differ further from the limbs of Arthropoda in never ex-
ceeding the number of two pairs. Externally, the Vertebrata show
no appearance of segmentation, and the segmentation which they do
exhibit internally does not affect the organs of vegetative life, but
is exemplified only in their skeleton, nerves, and muscles. The
axial portion of the internal skeleton, which separates the body of
the Vertebrate animal into a neural and haemal cavity, is not
always divided by segmentation into the structures whence the
Sub-kingdom takes its name. In the dwplhiores, the endo-skeleton
is represented simply by the rod-like aggregation of cells known as
the chorda dorsalis; by the sheath surrounding this structure ; and
by fibrous arches, which are developed above and below in con-
nection with these axial structures, and give attachment laterally
to the inter-muscular septa; but it shows no other signs of segmen-
tation except by the possession of series of mesially-arranged carti-
laginous nodules, which correspond in position to the inter-spinous
bones and fin-rays of more highly organized fish. In all other
Vertebrata, the endo-skeleton becomes definitely segmented poste-
riorly to the head, either by the development of cartilaginous neuval
arches alone, as in Petromyzon, or by the development of axial, in
addition to neural indurations. By the more or less perfect lusion,
and, ordinarily, by the caleification of these elements, the structures
known as ¢ vertebrae’ are formed.

In all Vertebrata, with the exception of duwphiorus, which is
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hence called ¢ Aeranial,” the neural canal widens considerably in the
anterior region of the body, in correspondence with the inereased
size of the neural axis it encloses, and with the organs of special
sense to which its walls give support. The superior and the central
elements of this portion of the axial skeleton make up the skull,
and are differentiated from those of the vertebral series, not only
by the greater size of the ecanal they form, but also by the fact that
they undergo no segmentation until the stage of ossification 1s
attained to. In the anterior portion, on the other hand, of the
lower of the two cavities of the body, segmentation of a character-
istic kind is established at an early period of the development of all
Vertebrata, by the formation of the vertical ©branchial fissures,’
which, in the absence of any anterior prolongations of the peri-
visceral cavity, lead directly from the exterior into the digestive
tract. The first, and in part the second of these fissures are repre-
sented permanently by the Eustachian tube, and the tympanie
cavity in all air-breathing Vertebrata possessed of these structures ;
the other fissures which are retained in relation with the gill-bearing
arches of Fish and Perennibranchiate Amphibia, are, in the higher
representatives of the Sub-kingdom, eobliterated in the course of
their development.

The integumentary system of Vertebrata may develope either a
dermal or an epidermal skeleton, or both ; and muscular fibres are
ordinarily interwoven in considerable abundance with its substance.
But these structures are never, as in Invertebrata, of primary loco-
motor importance, the more deeply-placed skeletal and muscular
systems being little less characteristie physiologically than morpho-
logically of this sub-kingdom. The jaws of Vertebrata are always
modifications of the cephalic parietes, and never, as in Invertebrata,
modifications of limbs. No vertebrate animal is aproctous; the
digestive tract has the shape of a distinet and independent tube,
except in the region of the eephalie parietes, to which, as also to
the branchial arches when present, its walls are adherent. In the
abdominal region, the digestive tube is suspended by membranous
lamellae, which are never fenestrated except as a consequence of
absorption in adult fish, but which do occasionally resemble the
membranes with similar functions in Invertebrata by possessing
muscular fibves.  The digestive tract ravely takes a direct antero-
posterior course.  Its absorbing and secreting surface is often

i
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increased by the addition to it of coecal diverticula, which may
be very numerous, and arranged in whorls in Fishes, but are never
so numerons, nor so arranged in higher Vertebrata.  Oral salivary
glands are often wanting in aquatic Vertebrata, the panecreatic are
less frequently, and the hepatic is never absent. Mieroscopic ab-
sorptive, as well as secreting glands, exist in great abundance in
the walls of the digestive tube.

With the exception of Adwmphiorus, all Vertebrata possess a
Iymphatic as well as a blood-vascular system; and the ultimate
ramifications of the former of these systems have been recently
shown to be continuous with the perivisceral or pleuro-peritoneal
cavities. The blood-vascular system, on the other hand, never
communicates either with the perivisceral or with the inter-
muscular spaces, and the efferent arteries are all but invariably
connected with the efferent veins by means of capillaries, with
walls distinet from the tissues they pass through. With the
exception of Amphioxus, in which animal we find all the main
vascular trunks endowed with contractility, all Vertebrata possess
a heart of saccular shape, consisting even when most simple of two
chambers, one of which receives the blood returned by the veins
from the system at large, whilst the other propels that blood into
the aerating organs. Thus the heart of the Vertebrata 1s a respi-
ratory, whilst that of the Invertebrate animal is a systemic heart.
The formation of refia wirabilia, by the breaking up of arteries
into plexuses, in the interstices of which no great amount of
interstitial matter is deposited, appears to be a peculiarly verte-
brate arrangement ; as 1s also the so-called  portal system,” which
appears to be formed by the development of refia mirabilia, in the
eourse of the vems returning from the chylopoletic viseera, and the
intercalation of the elements of the hepatie glands in the interstices
of the plexuses thus formed.

The blood of all Vertebrata, except Awphiowus, is ved; the
colouring matter being contained in corpuseles, which appear to
be developed from the white corpuscles which are always found in
company with them. The spleen and thymus glands are connected
like the lymphatic glands, and many other but smaller bodies of
somewhat similar histologieal character, found in the substance both
of mucous and serous membranes, with the process ol haemato-
poiesis ; and appear to be structures peculiar to Vertebrata,
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Whether the respiration of Vertebrata be aquatie or aerial, the
apparatus by whieh it is effected is always connected with the
commencement, and never, as in some Invertebrata, with the outlet
of the digestive tract. The eflerent duets, on the other hand, of the
renal organs, are usually eonfluent and always in near relation with
the anal, and also with the generative outlets. In Plagiostomous
Fishes, and in all Vertebrata above the Amphibia, a primordial as
well as a secondary kidney is developed; and in all cases, ex-
cept those of the Cyelostomi and Adwmphiorus, the renal are closely
connected either in their development, or throuchout life, with
the generative glands. When a primordial kidney, the so-called
¢ Wolffian body,” is replaced by a secondary and persistent kidney,
the provisional gland and its efferent ducts ave in the male sex
partly converted into spermatic duets, the so-called epididymis and
vasa deferentia, and partly remain as the rudimentary ¢cyst of
Morgagni,” and ¢ organ of Giraldés” of the class Mammalia ; whilst
in the female sex the primordial kidney and a certain part of its
efferent apparatus become atrophied, and are known in Mammals
as the ‘organ of Rosenmiiller’ or ¢ parovariam,” and the ¢canals
of Gaertner’ respectively ; and the remaining part of the efferent
apparatus, the so-called *duct of Miiller,” becomes the funetional
oviduct. In the males of Amphibia, where no secondary kidney
is developed, the efferent testicular ducts pass through the anterior
part of the substance of their functional kidney, which in higher
animals becomes limited to the functions of an epididymis; and
these duets are, on the distal side of the urinary gland, known as
“vasa wro-spermafica.’  The posterior part of their funectional
kidney is exclusively urinary in function, and its duects may
coalesce more or less completely before joining the (Miillerian)
duct, into which the uro-spermatic vessels from the anterior part
of the gland open; foreshadowing thus the more perfect dif-
ferentiation of these struetures which we meet with in the air-
breathing Vertebrata. Aeccording to some authorities, however,
the duct of Miiller, the parovarium, and the epididymis are deve-
loped independently of the Wolflian bodies and their duets. This
appears to be eertainly the case in Mammals

In the duphiorns, the brain can scarcely be said to exist at
all, being represented mercly by the nervous tissue surrounding
the open ventricle, which is formed by a slight expansion of

2
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the central canal of their spinal cord, and has an aggregation
of pigment granules, the rudimentary eye, placed anteriorly to
it.  The cerebro-spinal system of other Vertebrata resembles this
axial nervous cord of the dwmphiorus, in being developed from the
uppermost part of the three layers into which the germinal mem-
brane divides itgelf in the embryo, but differs from it in the great
size and complete differentiation which its anterior segments
attain to in the brain and organs of special sense. The bran
consists of three primary vesicles, the anterior one of which is
subsequently differentiated into a ¢ prosencephalon’ and ¢ dien-
cephalon,” the latter division corresponding to the parts sur-
rounding the ¢third ventricle” of anthropotomy ; the middle one
of which, or ¢ mesencephalon,” remmins undivided ; whilst the
posterior, hike the anterior, 1s ultimately distinguishable into two
portions, an anterior corresponding to the cerebellum, and a pos-
terior eorresponding to the parts bounding the posterior parts of
the ¢ fourth ventricle” of anthropotomy, or to the single ventricle
of the dwmphiorus alveady mentioned. As in the higher Mollusea,
the organs of smell, taste, sight, and hearving ave always limited
to the head; and with the exceptions of the Aduphiorws and
Cyelostomi, in which there 1s but a single nasal opening, and of
the asymmetrical Plewroneetidae, these organs always consist of
single bilaterally symmetrieal pairs.  The essential elements of
the peripherally-placed portions of the organs of special sense, are
mainly, though not exclusively, developed from the epidermie
portion of the same uppermost layer of the trifid germinal mem-
brane, whence the cerebro-spinal nerve-centres are themselves
developed.  The so-called olfactory and optie ¢ nerves’ arve direct
outgrowths of the anterior cerebral vesicle; but i all other cases
the central and peripheral factors of’ the sensory organs are brought
into connection through the intermediation of mnerves, strictly
g0 called, and developed in the middle one of the three layers of
the germinal membrane.  In the peripheral apparatus also, certain
enveloping and protecting structures, such as the sclerotic coat of
the eye, and the skeletal elements in the auditory and olfactory
organs are also productions of this intermediate layer; and in the
eye the cornea, and in part the lens, are also formed [rom it.  The
peripheral apparatus retains its typieal character as an involu-
tion of the integument in the olfactory, but loses it in the optie
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and, with the exception of the Klasmobranchii, in the auditory
organs.

Tactile sensibility is possessed in a greater or less degree by
the entire eutancons system. Special tactile organs are developed
in many Vertebrata around the region of the mouth, and in some
upon the extremities; and we find in Fishes and in the larvae of
Amphibia, an additional set of tactile organs in the structures
which constitute the system of the lateral line, and are distributed
over the walls of the head as well as along the sides of the trunk.
Taste may be loealized either in the tongue, or in the throat, or
in both: or 1s probably absent altogether, where the epithelium
covering this region becomes indurated or spinous.  The nerves,
as opposed to the nerve-centres of Vertebrata, are developed in the
middle, and not in the uppermost layer of the embryo; they are
divisible into dorsal, latero-motor, and splanchnie sets, accordingly
as they are distributed to the structures formed by the dorsal
laminae, by the ventral laminae, and by the visceral factor into
which that middle layer divides itsell, The sympathetic nervous
system is not contained within the cranio-spinal canal, and its
branches are mainly, though not exclusively, distributed to the
viscera of organie life. It consists, firstly, of bilaterally symme-
trical chains of’ ganglia arranged on either side of the thoracico-
abdominal, of the cervieal, and oeccasionally, as in osseous IFishes,
also of the caundal vertebrae: and, secondly, of certain great prae-
vertebral plexuses, partly lodged in the substanece, but for the most
part placed upon the exterior of the wviscera they supply. With
the first of these divisions are to be ranked four pairs of ganglia
developed in connection with branches of the fifth eranial nerve,
and in relation with the eephalic parietes. The entire sympathetic
system is developed out of the middle layer of the embryo, and the
greater part, if indeed not the whole of its first division, is a
dependeney of the similarly developed cerebro-spinal nerves with
which it is connected functionally and anatomically in adult life,
and which must be taken into account when the nervous systems of
Vertebrata and Invertebrata are compared with each other. Certain
ganglia developed upon the posterior roots of these spinal nerves
in the intervertebral foramina, and upon the roots of certain
cranial nerves, in or elose to eertain cranial canals, resemble the
sympathetic ganglia in structure ; but from their very obvious and
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permanent condition of dependency upon the cerebro-spinal nerves,
and also from their position, they are often ranked with these
latter nerves rather than with the sympathetic system.

Though the generative glands of all Vertebrata appear to be
hermaphrodite at certain periods of foetal life, they are, with
the exceptions of a few Fishes and Amphibians, differentiated as
either male or female organs, before the attainment of adult life,
In many Fishes, in Amphibia, and in all higher Vertebrata, the ova
are impregnated by sexual congress; parthenogenesis and meta-
genesis are entirely unknown in this Sub<kingdom, and metamor-
phosis has only been observed amongst Amphibia and in a few
lower Fishes.  In all Vertebrata, except certain osseous Fishes, the
ova are set free by dehiscence into the perivisceral cavity, whence
they are ordinarily taken up by the infundibuliform orifices of
bilateral oviduets, or as in a few Fishes left to find their way into
the cirenmambient water, through an azygos orifice in the abdo-
minal walls known as the ‘porus genitalis.” On the other hand,
vasa deferentia, directly continuous with the capsular envelope of
the testes, are found in all Vertebrata except the Adwphiorus,
the Cyclostomi, the Ganoidet, and the Eel.

The yolk of the impregnated ovum sometimes undergoes entire,
sometimes only partial segmentation. The germinal membrane
very early divides itself into three layers, from the uppermost of
which the cercbro-spinal nervous centres and the cuticular systems
are evolved ; from the lowermost the epithehal structures of the di-
gestive tube, and its glands with the exception of the parotid ; and
from the intermediate layer all the other structures of the body, the
eutis vera, the nerves, muscles, bones, and the varions vegetative
organs with the exceptions given. The first indication of the forma-
tion of the embryo 1s seen in the appearance of the ‘primitive groove ;’
by the upgrowth of the walls of which, the eranio-spinal canal and
the eerebro-spinal nervous axis are both formed as demi-canals at
first, and as closed tubes ultimately, by the intermediate, and by the
upper layers of the germinal membrane severally. The elorda dorsafis
is developed along the infero-median line of these structures; and
at a point corresponding to the level thus marked out, lamellar
prolongations are sent off' downwards, which form the walls of the
inferior eavity of the vertebrate body, and are known as the laminae
ventrales. The intestine in all Vertebrata except dmphiorus (and
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Cyelostomi and Amphibia ?) is formed by the junction to the third
layer, which has the shape of a groove open towards the yolk
cavity, of an outer fibrous covering, due to the splitting into two
portions of the ventral part of the middle layer; and by the sub-
sequent conversion of the demi-canal, thus formed, into a tube at
its two ends. The space contained between the two layers into
which the downward prolongation of the middle layer divides
itself, corresponds with the future pleuro-peritoneal cavity of the
adult Vertebrate ; and the orifice and canal of eommumnication
betwen the yolk cavity and the tube which the demi-canal is thus
converted into, correspond with the more or less transitory om-
phalo-mesenteric duet, which connects the vertebrate intestine with
the umbilicus. In no Invertebrate animals are the walls of the
perivisceral cavity thus constituted ; and in none does the intestine
ever possess any umbilicus. 1In the Admphiorns, however, (as also
in Cyelostomi and Amphibia?) the intestinal tract is said to be
formed, as it i1s in many Invertebrata, by a process of invagination
commencing at the future anus; and the larvae of certain Asci-
dians have been stated to have their nerve-centre developed similarly
to the tubular cerebro-spinal centres of Vertebrata, and to possess
within the locomotor eaudal appendage, with which they are fur-
nished in their larval condition, a strocture closely similar to the
ehorda dorsalis of Vertebrata,

In all Vertebrata, with the exceptions just mentioned, a larger
or smaller “umbilical vesicle’ is formed by the separation of a distal
or extra-abdominal portion of the yolk-sac from an intra-abdominal
moiety, at the point where the ventral laminae close upon it in the
medio-ventral line, and form the “umbiliens.” The ¢ umbilical ve-
sicle’ 1s usually ecast off when the embryo is set free from the egg ;
the part of the yolk sac which is intercepted within the abdominal
cavity, frequently persists for a considerable period after birth as
the < omphalo-mesenterie duet.’

Divisions, Allantoidea and Anallantoidea.

Vertebrata are divided into Amniota and Anamniota, accordingly
as the dermal and cuticular elements of the ventral laminae are in
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development reflected upwards from the medio-ventral line, o as to
meet along the medio-dorsal line, and form thus the foetal envelope
known as the Amnion ; or as no such envelope is superadded to the
more or less complex ones, furnished by the maternal organism,
In the Vertebrata Amniota, a second foetal envelope, the Allantois, is
always developed, originating {rom the anterior aspect of the poste-
rior extremity of the trunk as a body, which is at first bilobed and
solid, but which subsequently becomes hollow internally, and covered
externally with vascular ramifications, whereby in Reptiles and
Birds the respiration, and in Mammals both the respiration and
the nutrition of the developing embryo are provided for. From
their possession of this structure, the Amniota are also known as
‘Allantoidea ;* and as gills are never developed upon their branchial
arches, they are also called ¢ Abranchiata,” whilst the Anamniota
have in their turn the two additional names ¢ Anallantoidea’ and
¢ Branchiata,” as never developing an Allantois, at least beyond
the stage of a urinary bladder, into which its proximal portion is
converted in the higher Vertebrata, and as always developing
either deciduous or permanent gills,

Division, Allantoidea.

The Allantoidea comprise the three Classes, Mammalia, Aves, and
Reptilia, and possess the following characteristics distinguishing-
them from the Anallantoidea, in addition to those which their several
names given above connote. The axis of their basi-eranial bones
always forms a considerable angle with the axis of their vertebral
column ; the parasphenoid, which is large in the Anallantoidea, 1s
in them rudimentary, whilst the basi-occipital and basi-sphenoid are
always well ossified ; and the former is never anchylosed with any
of the anterior vertebrae, of which more or fewer are always dis-
tinguishable as cervieal, from a thoracic or thoracico-abdominal
series.  Inferiorly-placed ¢ sternal” bones ordinarily complete the
costal arches.  They never have a permanent muscular bulbus
arteriosus ; but they always have a trachea, and a secondary kidney.
They never have more than five branchial arches ; and it i1s only in
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the three most anteriorly placed of these that cartilaginous supports
have been observed to be developed.

SUB-DIVISION, Sauropsida.

The two Classes Aves and Reptilia are united into a single
provinee, that of the ¢ Sauropsida,” by the possession of the following
characteristies which distinguish them both from the other sul-
division of Allantoidea, the class Mammalia. Their integumentary
system always developes either feathers or scales: their skull is
articulated by a single oceipital condyle to the eervieal vertebrae ;
they have their ankle-joint interposed between the proximal and
distal bones of the tarsus, and not between the distal extremity of
the lower leg and the proximal tarsal bones; they have also a
single auditory ossicle, the stapes ; the malleus of Mammals being
represented by their os quadratum, and the incus by their supra-
stapedial process, Their blood corpuscles are oval and nueleated.
They never have the single aorta turning over the left bronchus,
nor a perfect diaphragm, nor a corpus callosum, nor mammae, all
of which structural arrangements arve found in all Mammals.

Division, Anallantoidea.

The Anallantoidea comprise the two Classes, Amphibia and Pisces,
and the provinee thus constituted is known as that of' the ¢ Iehthy-
opsida,” as well as by the names of ¢ Branchiata’ and ¢ Anamniota,”
given above., They differ from the Abranchiate province in the
following particulars in addition to those which their various names
imply.  Their integument never developes any epidermie skeleton,
except in a few Amphibia (see p. 35, infre), and in some Fishes the
bony structures of the cutis may cause the total or almost total
disappearance of the cuticle. The axis of the head and vertebral
column form one continuous line ; the basieranial bones are, except
in some fishes which have not an osseous skeleton, underlaid by a
large parasphenoid. The basi-oceipital may be rudimentary or
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cartilaginous, and may be connected by suture, and not by movable
articulation, with the first vertebra of the trunk. The apex of
the scapular arch, so far as it is constituted by true endo-skeletal
elements, corresponds at its first appearance to the interspace be-
tween the second and third vertebrae, marking ofl thus two cervical
vertebrae; but a cervieal region is not by any means invariably
recognisable in the adult condition of these animals; when there
are two oceipital eondyles, they are constituted by the ex-oceipitals
alone. They never possess a series of costal arches eompleted in-
feriorly by sternal bones; and it is only rarely that (in Amphibia)
there is any sternum present at all. They always possess two
aortic arches at least, and nearly invariably an aortic bulb. They
ave In many cases competent to the maturation of sexual produets,
before they attain their full size; and in the case of the Amphibian
Axolotl, before the gills characteristic of the larval or tadpole-stage
are discarded.

No Vertebrata are social, nor are any fixed to one spot. The
power of repairing injuries and mutilations is, with possibly a few
exceptions, confined to the cold-blooded Amphibia and Reptilia. As
in the two higher Sub-kingdoms of the Invertebrata, the Mollusca
and the Arthropoda, there are both air-breathing and water-breathing
representatives of this Sub-kingdom.

As in the Sub-kingdom Mollusea, so in that of Vertebrata, there
are very few animals of parasitic habit. All parasitic Vertebrata
belong to the class Pisces, and amongst these we may mention the
Myxinoids, which are not only ecto-parasitic, but penetrate even
into the abdominal cavity of other Fishes, such as the Sturgeon.
A Siluroid fish has been found to inhabit the branchial cavity of
another fish (Platystomns) of the same family ; and the invertebrate
Asterias discoidea s infested by Owybeles lwmbricoides, and certain
Holothurians by a  Fierasfer.  These latter eases, however, are
considered by Van Beneden to be instances of * commensalism’
rather than of parasitism strictly so called. See Bulletins de
I'Académie Royale de Belgique, 2™° série, tom. xxviii., no. 12,
pp. 624-626, 642, 643, ibigre cilata.

Crass, Mammalia.
Air-breathing, warm-blooded Vertebrata, in which the epidermis
developes hairs over a greater or lesser extent of the surface of the
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body, either persistently or during foetal life only, as in most of
the true Cefacea ; which are always viviparous, and always nourish
their young for longer or shorter periods after birth with the
secretion of lacteal glands. The anterior pair of limbs is never
wanting ; a perfect diaphragm always exists between the thoracie
and abdominal cavities ; the aorta is single, and bends over the left
bronchus; the red-blood corpuscles are “apyrenaematous,” or ¢ non-
nucleated.” In all Mammalia, with the exception of the Cefacea
and Sirenia, the abdominal vertebrae arve separated into a lumbar
and a sacral division, by the abutment of the iliae bones upon the
vertebrae immediately anterior to the caudal series. In the
Marsupial Peraineles, however, there may be but one ‘sacral’
vertebra, whilst in the FKdewfafa, where the ischium as well as
the iliam abuts upon the vertebral column, there may be as many
as nine, The cervical vertebrae arve, with a few exceptions, neither
more nor less than seven in number. Of these, the two first arti-
culate with each other and with the two ocecipital condyles by
synovial joints, whilst all the other vertebrae have their centra
articulated together by fibro-cartilaginous dises, in the axis of
which remnants of the chorda dorsalis are to be found. The
number of dorsal vertebrae is very frequently thirteen, but it may
vary from ten to twenty-four; that of the lumbar is very fre-
quently six or seven, but may vary from two to nine; that of the
sacral, as already said, varies from one to nine; whilst that of the
caudal varies from four, as in certain Simiadae, up to forty-six, as
in Manis Macrura. As in Sauropsida, the centres of the vertebrae
are always well ossified, but they differ from those of the cold-
blooded representatives of that division of the Vertebrate Sub-
kingdom, in being always anchylosed with the neural arch in adult
life; and from those of both Birds and Reptiles in being during
the period of growth provided with epiphyses. There are always
two occipital condyles, each of which is constituted by factors from
both basi- and ex-occipital. The lower jaw artienlates diveetly with
the squamosal element of the eranial walls, the homologue of the
os quadratum of Sauropsida having been withdrawn into the
cavity of the middle ear, where it is known as the mallens, The
lower jaw itself consists always in adult life of a single bone on
each side, which in some Mammals does, and in others does not,
anchylose with its fellow of the opposite side at the mental
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symphysis. It does not however appear to be always developed, as
usually stated, from a single centre of ossification in the membrane
covering the distal portion of the cartilage (Meckel’s) of the first
branchial arch.  In the human subject it has been observed to be
developed from as many as four centres of ossification, of which one
probably eorresponds to the dentary bone of the Crocodile, and the
other to the splemial. In the terminal segment of the limbs, the
digits never consist of more than three phalanges each, except in
the true Cefucea, which order also forms an exeeption to the rule
that the terminal digital phalanges ave always in Mammals pro-
tected by a nail, a elaw, or a hoof.

In addition to, and together with the hairs so characteristie of
this elass, and found even in some adult Cetacea upon the lips, we
find the integument developing struetures as various as the vibrissae
on the snout of Curiivora ; the seales on the body and hmbs of the

’nngoling, and on the tail of certain Rodents, and of Plilocercus
amongst fuseelivora ; the spines on many members of the two
last-mentioned orders; the horns as opposed to the horn-cores
of the hollow-horned Ruminants; and the horns of the Rhino-
ceros, The scutes of the Armadillo are exclusively dermal pro-
ductions. Glands of various kinds are found on very various parts
of the body. Some of them are known as sebaceous, sudoriparous,
lacteal and lacrymal, according to the character of their seeretion ;
whilst others, which are usually modifications of the sebaceous
type, are, according to the locality in which they are situated,
known as anal, inguinal, interungular, and preputial.  In all
Mammalia, with the exception of the Hare, Lepns timides, a layer
of adipose tissue, the panniculus adiposus, sometimes of great thick-
ness, is interposed between the enfis vere and the subjacent muscles
or bones.  The teeth, which are developments of the mucous mem-
brane continuous with the external integument, are normally limited
to the lower jaw below, and to the pre-maxillary and maxillary
bones above.  They may be absent altogether or replaced by horny
plates, as in the Oraithordyuctus,  Only a certain number of the
teeth, the so-called ¢ milk teeth,” are ever replaced in Mammalia
after being shed ; and in many Mammals no such replacement has
ever been observed.  In the Marsupials, none of which are ever
edentulous, there is only a single “dent de remplacement ;7 the one,

namely, which corresponds to the second human premolar.  In
w
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some Mammals, such as the true Cefacea, which have only a single
set of teeth, the pulp atrophies or undergoes caleification ; and a
term is thus necessarily put to the duration of the teeth, and of the
life of the animal.  In others, which are similarly ¢ Monophydont,’
as the Sloths ( Bradypoda), amongst the Brufa, the pulp is persistent ;
as it is also in the ¢ Diphyodont ” Armadillos belonging to the same
order, and in the incisors of all, in the molars of some Rodents, and
in the permanent incisors, or ¢ tusks’ of the Elephant. It is only in
the Mammalian class that teeth have been observed to be implanted
by more than a single fang, and the dentinal tissue is ordinarily
free from anchylosis with the alveolus in which the tooth 1s lodged.,
The digestive tract is always rich in interstitially-placed glands,
and of the larger glands appended to it by ducts, none are ever
wanting except the oral salivary glands in the true Celaces, and
one pair of these glands, the parotid, in the Monotrematous
FEelidia,  There is much variety from order to order, as to the
simplicity and eomplexity of the stomach, and as to the presence or
absence of intestinal coeca. 1t 1s only in the Oruithodelphia, thence
called < Monotremata,” that the generative and renal ducts arve
confluent for any great distance with the terminal segment of the
intestine, so as to form a true ‘cloaca;’ though in Marsupialia,
as also in certain Hodeatia, in Centetes amongst the lusectivora,
and in eertain Brufa, a common sphincter muscle may surround
the distal orifices both of urogenital and of the rectal tubes.

The red-blood corpuscles of Mammalia differ from those of all
other Vertebrata not only in being “apyrenaematous,” but also in
being, with the exception of those of the Camelidae, cireular. Their
heart is always quadrilocular ; their aorta always single, and bent
over the left bronchus. The valves, which 1n other Vertebrata
guard the entrance of the great veins into the right auricle, are
either absent as usual, or rudimentary as in Bradypns, Elephas,
Stmiadae.  Correlated with this structural arrangement is the
fact that in Mammals the ventricles are the first, the auricles
the second in point of time to contract in each systole. In many
Lodentia and Lusectivora, and in all Warsupialia and Moutremala,
there are two superior venae cavae. The lymphatic and lacteal
glands are always largely developed, as are also the tonsillar and
Peyerian aggregations of adenoid substance in the walls of the
digestive tube. The entrance to the larynx is always proteeted
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by an epiglottis, and with the exception of Bradypus tridactylus,
the trachea always takes a direct antero-posterior course from the
larvnx to its bifurcation. The lungs are always frecly suspended
in pleural cavities, and they are never prolonged into abdominal or
other air-sacs, A perlect diaphragm is always present. Portions
of this and of other muscles are always interposed between the
kidneys and the lower dorsal and upper lumbar vertebrae in the
region ol which they lie; and their external surfaces are, conse-
guently, not conformed, as in other Vertebrata, so as to fit into the
sinuosities of the osseous structures in their neighbourhood. The
kidneys are provided with a fibrous envelope, surrounded by a
panuiculus adiposus, the venous system of which 1s in anastomotie
connection with that of the gland; but this connection never
attains to the functional importance of a ¢renal-portal’ system.
Similar anastomoses, possessed similarly of merely morphological
importance, exist between the renal arteries, which bring to the
gland the blood upon which its secretion as well as its nutrition is
entively dependent, and certain branches of the lumbar arteries.
The substance of the gland is always differentiated into an external
cortical secretory, and an internal medullary excretory stratum.
A urogenital canal, which is only oceasionally found or rudi-
mentarily represented in other Vertebrata, is always found in
Mammals, except in the females of some Rodentic or Inseclivora,
where the clitoris forms a closed tube for the urcthra.

The cerebral hemispheres, as distinet from the corpora striata
and optie thalami which they overhie, attain a greater development
than in any other class of Vertebrata. Their external surfaces are
in many small, and in most large representatives of the Class,
convoluted, so as to allow of the ready access of blood to the sub-
stance of the hemispheres, at the same time that the amount of the
orey matter is greatly inereased. The cerebral hemispheres ave
always connected by a more or less extensive ‘corpus callosum,’
and the mesencephalon is always represented by more or less
sharply separated ¢ corpora quadrigemina.” In a few of the true
Cetacea the olfactory bulbs are absent, and in certain burrowing
Rodentia and Insectivora, the eyes may be absent or rudimentary,
but in all other Mammals the organs of special sense are all
present.  Special organs of tactile sensibility are very ordinarily
developed upon the snout, as in the Cariivora and Solidungula.
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The malleus of Mammalia, thongh limited to auditory functions,
and placed within the cavity of the middle ear, corresponds to the
os quadratwem, which carries the lower jaw of Sauropsida, being
developed out of the proximal elements of the first visceral arch,
whilst the stapes and incus hold a similar relation to the second,
and represent the columella of those animals and its supra-stapedial
appendage.

All Mammalia have a urogenital canal independent for a greater
or less length, or altogether, of the termination of the intestine;
all male Mammalia have an intromittent organ; in all female
Mammalia during the period of gestation, the blood-vessels of the
uterus come mto intimate relation with those of the feetus, and
provide thus for its nutrition aud respiration during a longer or
a shorter portion of its developmental life.

The reproductive system has furnished a basis for the division of
the Class Mammalia into the three Sub-classes, Orunithodelphia,
Didelplia, and Monodelphia.

SUB-cLass, Ornithodelphia.

The Sub-eclass, Ornithodelphia, is represented by the single order
Monotremata, and the two genera, Ornithorhynchus and Eehidna. In
these animals, as the names Monotremata and Ornithodelphia imply,
the urogenital and the rectal ecanals both open by a common cloacal
outlet, and the oviduco-uterine ducts remain distinet up to their
points of entry into the urogenital canal. In the males, however,
there is a perforated penis, which, though not continuous at its
base with the urogenital canal, can be brought into apposition
temporarily with the orifices of the vasa deferentia, so as to form a
functionally distinet sexual eanal. The mammary glands have no
nipples ; in Fedidua, the lacteal ducts open into a pouch-like invo-
lution of the integument; in the Oruithorhynchus they open upon
a plane surface; in both, the embryoes are extruded from the
uterine cavities whilst in an exceedingly immature state. In the
Mowotremata, as in Sanropsida, the coracoid reaches the sternum ;
they possess an interclavicle; and the so-called ¢ marsupial * bones,
which are ossifications of cartilages segmented off from the pubic
elements of the pelvis, and which give insertion to a portion of the
tendon of the external oblique musecle. The Fedidua is edentulous ;
the Ornithorhyunehus has horny plates in the place of teeth,
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BUB-CLASS, Didelphia.

The Didelphia are rvepresented by the single order Marsu-
pialia, which resembles the Mouolremala in the possession of
“marsupial > bones, though in few other points besides those
common to all Mammalia. The urogenital canal is much more
distinet from the rectum than in the Mowolremata, but, as is
the case also in certain Mowodelphia, the external orifices of both
canals are embraced by a common sphincter muscle. The testes
are never retained in the abdomen, as in the Oruithodelphia and
in some Monodelphia, but are suspended in a scrotum placed an-
teriorly to the pemis. The young are extruded from the utern n
an imperfect condition of development, and whilst going through
the further stages necessary for enabling them to provide for
themselves, they are attached to a long mammary nipple, which is
ordinarily contained within a marsupial pouch. The coracoid never
reaches the sternum ; true teeth are never absent ; the angle of the
lower jaw is almost always inflected.

BUB-CLA%S, Monodelphia,

The Monodelphia, which are also known as ¢ Placentalia,” differ
from the two other sub-classes in the following points: with a few
exceptions, such as the Hare amongst the Rodents, and Oryeferopus,
amongst the Brufe, their female generative canals form an azygos
eorpns wleri of greater or less length, which opens into an azygos
vagina; which, again, with the exception of Bradypws, opens
always by a single orifice into a urogemtal canal. In all Mono-
delphia the vessels of the allantois come into relation with the
vessels of the uterns, and the two sets of vessels form a placenta,
which has not been observed in the other two sub-classes.  Accord-
ingly as portions of the maternal structures come away with the
[oetal clements of the placenta at birth or not, the Monodelphia
are divided into Decideata and Now-deciduata, the former of
these groups corresponding to the Unguiculata, with the exelusion
ol Manis and probably also of Rhinoceros ; and the latter to the
Ungulate and Melice of Linnaeus.  The scrotum is never prepenial
as in Marsupials; the testes are, however, sometimes retained
within the abdomen as in Monofrewata : and in Cenleles, in which
this is the case, a tendeney to develope an inflection at the angle
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of the lower jaw is observable, so that in the organism of a single
Monodelphous animal are combined pecuharities of both the other
Sub-classes.  Marsapial bones are never present in Monodelphia.

Crass, Aves.

Air-breathing warm-blooded Vertebrata, which have epidermal
appendages of the structure of feathers, and which are always
oviparous. Their anterior pair of limbs have the shape of wings,
which are formed thus: the two digits of the ulnar side are aborted
together with their metacarpals; the remaining three metacarpals,
and the os magnum of the carpus, are fused into a single bone,
upon which three digits are carried, and which abuts proximally
upon two free carpal bones. Of these digits the middle one,
corresponding to the index finger, and the carpo-metacarpal bone,
carry the ‘primary’ quill feathers, whilst the ulna carries the
¢ secondaries,” and the humerns the ‘scapularies’ s. ¢ parapterum ’
of pterylography. Most of the peculiarities which distinguish the
Avian from the Reptilian organism, are to be correlated more or
less directly with their power of flight. The necessity for the
possession of the power of exerting great muscular force entails
the possession of warm blood; and the immobility of the dorsal,
the pliability of the cervical, and the great extent of the sacral
vertebral regions, are nearly as directly connected with the function
of flight as the great development of the sternum, whence the
muscles of flight take origin, or the conformation of the limbs upon
which they act. The warm-bloodedness or ‘homoeothermal’ character
of Birds, might appear to connect them more closely with Mam-
mals than with Reptiles ; but it will be found to be correlated with
but few distinetively Mammalian characters, beyond these which
may be expressed by saying that in both these homoeothermal
classes, the venous and arterial systems are prevented from directly
intermingling their blood by the existence of a quadrilocular heart,
and of a single systemic aorta; whilst the brain holds a more
favourable relation quantitatively to the body and to the spinal
cord ; and the spinal cord again is, with perhaps a few exceptions,
larger relatively to the body than is observed to be the ease in cold-
blooded Vertebrata of any Class.  On the other hand, the totality
of the Avian organization, with the exception of the epidermal

i
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system, as observed in existing Birds, and the fossil remains of
such transitional forms as are preserved in Advedaeoplerye on the
one side, and the Dinosaunrie on the other, show that their more
essential morphological affinities are distinetly Reptihian.  The
aberrant integument of Birds, being, as it is, by virtue of its
polished surface, an 1mperfeet radiator, and, by virtue of the layers
of air it entangles, an exeeedingly bad conductor of heat, is a
powerlul auxiliary in the economization of the heat generated by
the rapid rate at which their various functions are earried on. Both
Reptiles and Birds are favourably eonditioned for the conservation
of heat, by the semi-solid character of their excreta; and at par-
ticular seasons, as has been observed in the case of the ineubation
of the Python, Reptiles do appear to obtain the power of raising
their temperature considerably above that of the medium in which
they live. The skeleton of Birds contrasts with those of Reptiles
and Mammals generally, by its greater hardness and lightness,
and its greater readiness to form anchyloses. The cervical and
dorsal vertebrae have their centra articulated by synovial joints, in
which cartilaginous menisei are to be found. The anterior surfaces
of these centra have the procoelous appearance when looked at
it sife and from in front; but when one of these vertebrae is
removed from apposition with the one next in front of it, the
anterior surface of its centrum is seen to be saddle-shaped or eylin-
droidal transversely, whilst the posterior surface, being conformed
so as to articulate with an anterior surface of that shape, is, in
its turn, convex transversely, but concave from before backwards.
On the other hand, the oceipital condyle, at least of the more typical
Birds, is more perfectly spheroidal as retaining less trace of its
trifid composition out of the hasi-occipital and the two ex-oceipitals
than in most Reptiles. The neck vertebrae may vary in number
from nine to twenty-four, the dorsal from six to ten, of which the
four or five most anteriorly placed are ordinarily anchylosed with
each other, except where, as in the Rafitae and some of the Cari-
natae, as the Penguin, the power of flight is lost. The sacral
vertebrae vary in number from nine to twenty, the enormously
elongated ilia abutting direetly upon them without the interposition
of any saeral ribs as in Reptiles, or the separate centres of ossilfi-
cation which represent those ribs in Mammals. There are from
cight to ten caudal vertebrae, the last of which forms an fos en



Characteristics of the Vertebrata., li

charrue’ for the support of the ¢rectrices’ feathers. The two
anterior ribs having often no sternal element, the character of
“dorsal” or ‘cervieal” comes to depend upon the relation these
movably articulated appendages hold to the subjacent lung. In
the Ratifae, the osseous system of which order shows many Rep-
tillan aflinities, the cervieal ribs often remain unanchylosed for
considerable periods of their adult life. ¢ Processus Uncinati’ ave
attached by ligament or anchylosed to the dorsal ribs, with the
exception of the first and last. The largely developed sternum
aives support to the strong coracoids anteriorly, and to the ossified
sternal elements of the costal arches laterally, but it is never pro-
longed outwards at its posterior angles into costal processes as in
Reptiles. The clavicles are occasionally absent, but ordinarily form
a furculom by fusion at their anterior extremities, with which, as
also with their upper ends, elements segmented off from the cora-
coids are found to anchylose. The iliac bones extend so far forwards
as to overlap some of the ribs, so that no distinet lumbar region
exists. The ischiac and pubie bones are prolonged backwards, so
as to be approximately parallel with each other and with the long
axis of the body ; except in Rhea, the 1schia never form any sym-
physis ; nor do the pubic bones, except in Struthio Camelns. The
femur moves in the acetabulum in a dirvection parallel with that of
the long axis of the body. The fibula never reaches the ankle
joint, which is situated as in Reptiles between the proximal and
distal row of the tarsus. In adult Birds, the tibio-tarsus and the
tarso-metatarsus are each perfectly anchylosed into a single bone.
This 1s not the case in Reptiles. The external toe is never present
in Birds. The hallux is sometimes absent; when present, it is
carried upon a metatarsal articulated to the tarso-metatarsus near
its distal extremity, and consists of two phalanges. In the Ostrich,
both hallux and index are absent, as well as the fifth toe, and the
foot is reduced to the didactylous condition, though the tarso-
metatarsus retains a rodiment of the third distal articular trochlea.
Dental papillae, with eaps of dentine, have been observed in the
embryoes of Psittacidae ; in adult Birds, the digestive tract is
characterized by the absence of teeth, of lips, and of a velum
pendulum palati; and by the presence of a horny beak, and of a
muscular gizzard placed posteriorly to a glandular proventriculus.
With the absence of comminuting organs anteriorly to the gizzard,
d 2
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is correlated the width of the oesophagus, which often expands into
a crop.  The liver ordinarily econsists of two lobes, into the fis-
sure between which the apex of the heart is received. There are
always two, and sometimes three bile-ducts in Birds: they open
separately into the intestine; and on one of them a gall-bladder is
usually developed. A large and compact panereas, with two or
three ducts, is always to be found in a fold of the duodenum,
With few exceptions, two coeca are appended to the intestine at the
Junction of the ilenm to the colon ; and a third, representing the
omphalo-mesenterie duet of embryonie, and of early life subsequently
to hatching, is occasionally present at a point higher up in the
small intestine.  The urinary and genital duets ordinarily open
separately into the cloaca, but there may be a short urogenital
cavity distinet from the lower segment of the digestive tube, but
opening divectly into it.  The characters of the beak, tongue, erop,
gizzard, and cireum-oral salivary glands, vary much, in correspond-
ence with the nature of the food.

The heart is quadrilocular, and the right aurieulo-ventricular
valve muscular m all Birds, The fourth aortic arch of the right
side, instead of that of the left, as in Mammals, forms the single
systemie aorta; the fourth aortic arch of the left side 1s converted
into the subelavian artery instead of forming a second, or left, sys-
temic aorta as in Reptiles, though its homology with this latter vessel
is spoken to in many Birds, especially decipitres, by its retention of
a fibrous prolongation onwards to the functional aorta. The aorta
and ]m]nmnur}f artery have each three semnlunar valves. The aorta
divides after a very short course into three great trunks, by giving
ofl two subequal innominate arteries.  In Birds of powerful light,
these trunks are often of larger ealibre than the continuation of the
aortie trunk itself. There are always two saperior venae cavae, which
open separately from cach other, and from the vena cava inferior,
the sinus venosus having disappeared by absorption into the right
auricle.  The vena cava inferior is formed by the eonfluence of the
efferent renal veins, with which the veins from the lower extremities
are, as in Mammals, divectly continnous; though, as in Reptiles,
the blood which these latter vessels carcy can find its way also into
the kidney, forming thus a “renal portal’ system, as well as into
the liver by anastomosis with factors of the true portal system.
The trachea in Birds is always of eonsiderable length ; it is often
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tortuous, and dilated at intervals. Its eartilaginous supports form
usually perfect rings, and ave not ravely ossified. In most Birds
with the exception of the Ratifae, a lower larynx is developed upon
the junction of the trachea with the two bronehi, The bronchi
lose their cartilaginous rings when they enter the lungs, where they
dilate into membranous canals which subsequently become smaller
by giving off’ branches, and finally end by opening into air saes.
The lungs are deeply indented in eorvespondence with the ribs, but
are not otherwise lobed. 'There are nine air saes, of which one is
placed asymmetrically between the furculum and the trachea, two
in the abdomen and pelvis, four in the posterior and lateral parts of
the thorax, and one on either side of the azygos interclavicular sac.
Processes are prolonged from the anterior and posterior of these
sacs into the bones. The bones of the skull are sometimes, as in
Mammals, the only pneumatic bones; the vertebrae, humerus and
sternum come next in order as to the possession of air cavities;
whilst in some Birds all the bones of the body ave said to have been
observed to be pneumatie. The bones of the fore-arm, on the other
hand, of the lower leg, of the manus and of the foot, are often found
to retain their medulla, and to be devoid of pneumatic cavities.

The kidneys are divided into three lobes, and have their outlines
conformed to the sinuosities of the pelvie bones. There is never
any urinary bladder; the ureters open internally to the generative
ducts, either directly into a eloaca, or into a urogenital pouch of
small antero-posterior extent.

The brain is much larger relatively both to the entive body and
to the spinal cord than it is in Reptiles, and the spinal eord again
holds a more favourable relation to the entire body than in those
cold-blooded ereatures. It oecupies however a greater relative
length in the spinal canal than it does in Mammals, and in this
resembles the cord of the other Sauropsida. The cerebellum has
only rudimentary lateral lobes; its grey matter however is con-
siderable in quantity, owing to its transverse lamination. It
projects forwards so as to come into relation with the prosen-
cephalon, and, as 1t were, to displace the bigeminal hollow optie or
mesencephalic lobes on to either side of its forward prolongation.
The cerebiral hemispheres are represented by a thin shell of nervous
matter, which covers the large corpora striata, and incloses the
lateral ventricles. The corpus callosum is absent ; and the fornix
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can only be considered to be rudimentarily represented by a portion
of the inner wall of either lateral ventricle. The anterior com-
missnre is not, the posterior is largely developed. The optic thalami
are smaller than the optie lobes. Tactile sensilnlity 1s limited to the
beak. Smell and taste are lowly developed. The cochlea of the
ear is a much simpler, the tympanum a much more extensive cavity
relatively than in Mammalia. The eyes are never absent, and,
though small in the Apferye, are never rudimentary., The globe of
the eye consists of two segments, the anterior one of which is more or
less obtusely conical, whilst the posterior is spheroidal ; bony plates
inlaid in the anterior part of the sclerotica preserve the relative
conformation of the two portions. As in many lower Vertebrata,
a vascular process is prolonged from the cheroid into the interior of
the bulb. This structure is known in Birds as the ¢ pecten,” or,
from its shape in Aalifee, as the ¢ marsupium;’ and in many
grallatorial and aquatic Birds it reaches to the lens. It is absent
in Apterye.  The vitreous humour is relatively smaller than in
Mammals. Exeept in Owls and aquatic Birds, the lens 1s flat.
The ciliary muscle upon which the bird’s power of accommodating
the eye so as to obtain clear vision at very rapidly varying distances
depends, 15, in correspondence with this need, composed of trans-
versely striped muscular fibres. The muscular fibres of the iris are
of similar charvacter. A speeial muscular apparatus and a special
(Harderian) gland are developed, in relation with the third eyehd
or wmenbrana nictitaus,

As in the Sub-kingdom Arthropoda, the sexes differ much ex-
ternally ; and in the case of the Aecipitres, the females, as is so
commonly observable in that Sub-kingdom, are larger than the
males,

The testes are always retained within the abdomen anteriorly to
the kiduneys; the left is occasionally the larger of the two. The
vasa deferentia are often dilated towards their terminations, but in
neither sex ave there ever any accessory glands, distinet from and
appended to the generative canals by duets, as are the Cowperian,
the prostatie glands and the vesiculae seminales of many Mammals,
The right ovary is usually atrophied, and when it is persistent, as
in some Aecipitres, its ova do not come to maturity. In the upper
part of the oviduet the albumen, i the lower the caleareous shell of
the egg is formed.  Many young Birds ave, as are also the young
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of Chelonia and Ophidia, provided with a hard knob on their upper
mandible, for breaking through their shell when ready for hatching.
In some Birds the food-yolk is large, and the young are ordinarily
more or less entirely competent to provide for themselves when
hatched. Where the yolk is relatively small, the young are in-
competent to locomotion when hatched, and require to be brooded
upon whilst going through further stages of development. Birds
which are possessed, immediately after hatching, of the faculty of
self-help have been ealled ¢ Autophagi,” in opposition to those which
require further maternal care, and are ealled ¢ Insessores.’

Existing Dirds are divided into two orders, the flafifae, in which
the sternum has no crest and the wings are rudimentary, and
the Carinatae, In which the sternum has a crest or keel, ossi-
fied from an independent median azygos centre, and which have
powerful anterior limbs ordinarily orvganized for flight, though
sometimes not, as in the Penguins.  The former order includes only
the genera Struthio, Drowacns, Caswarivs, Apteryr, and 1s distin-
guished not only by many modifications eurtailed by the stunting
of their anterior limbs, but also by many morphologiecal points of
affinity to the cold-blooded Sauropsida, amongst which the cha-
racters of the osseous system are peculiarly striking. The Ratitae
have the barbs of their feathers disconnected, have no inferior
larynx, and no angle at the junction of coracoid and scapula. A
more perfeet diaphragm exists in them than in the Carinafae,
This latter order comprises all other existing Birds. The fossil
Arehaeopteryz appears to have differed from existing Birds by
possessing a series of eaudal vertebrae equalling the body in length,
and in having well-developed non-anchylosed metacarpals. A sepa-
rate order, that of Sewirurae, has been established for the reception
of this transitional form.

Crass, Reptilia.

Air-breathing cold-blooded Vertebrata, with epidermal strue-
tures of the character of secales, into which processes of the eufis
vera are prolonged, but which are not developed like feathers within
saccular involutions of the integument. Accordingly as bony
scutes are combined with these scales, and constitute an osscous
dermal skeleton or nof, existing Reptiles are divided info the
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two groups of Lericale and Sgwamata, the former containing
the two orders, Chelonia and Crocodiling ; and the latter the
Sawrie and the Ophidia. The anterior limbs are sometimes en-
tirely absent, together with the scapular arch; they are never
modified so as to form wings like those of Birds; the eaudal
vertebrae very frequently form a series equal in length to the
length of the rest of the body; the jaws are usually armed with
teeth, which are constantly reproduced during the life of the animal.
There are two systemie aortae, which either fuse (Sywamafa) or
anastomose (Loricafa) with each other in front of the dorsal verte-
brae; and in no Reptiles, except Crocodilina, is there a complete
separation of the ventricular part of the heart into two cavities.
And in Crocodilina, the two systemic aortae arising from the two
distinet ventricles, communicate with each other at the base of the
heart by the foraien Panizzae ; so that in all Reptiles the venous
and the arterial blood come to be more or less freely intermingled
without the interposition of capillaries, at, at least, two points of the
vascular system, Copulatory organs are always present, except in
Hatteria ; for the pecuharities of which see Dr. Giinther, Phil.
Trans. 1867, p. 595.

The skull is less vaulted and less eapacious than in Aves. Traces
of the entrance of the two exoccipitals into the formation of the
occipital condyle are usually persistent.  The os quadratum is
sometimes movably, sometimes immovably (Loricata and Halteria)
articulated to the cranial walls, a considerable part of the antero-
lateral elements of which remain in the condition of fibro-cartilage,
except in Ophidia.

Amphicoelian vertebrae are found in the existing Geclolidae
and [Hatteria, where they are connected, as in Mammals, by inter-
central cartilages, in the axis of wlich are persistent masses of
substance representing the chorda dorsalis.  Vertebrae of similar
shape are found in the fossil Fualiosawria and Teleosauria. The
Vertebrae are ordinarily procoelian ; and, with the exeeption of
Crocodiline, n which a considerable quantity of intervertebral
substance remains between the centra of the vertebrae, they ave
conneeted with each other simply by synovial joints. In the
Clhelonia, the vertebral centra vary very much in shape, especially
in the neck and tal, where they may either be amphicoelous,
biconvex, or prococlous. The neuro-central sutures disappear
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in Squamata, but arve persistent in Leoricafa. The number of
the vertebrae may amount to several hundreds in the Oplidia,
and in the Saurian dwphisbacioidea may be as many as one
hundred and thirty. Though ordinarily the number is much
smaller in Reptiles provided with limbs, even in the non-serpenti-
form MMonifor it may be no less than one hundred and forty. There
are two cervical vertebrae in Opkidia ; in Sanria their number may
amount to ten; in the Loricala 1t is usually eight. The dorsal
vertebrae are movably articulated with each other, except in
Chelonia ; the saeral vertebrae are seldom more than two n
existing Reptiles, though this number was often much exceeded in
extinet forms of the Class. Lumbar vertebrac do mnot exist in
Ophidia ; they are present in Chelonia, and in number from four
to five, whilst in Sauria they are reduced to two, or even one.

The shoulder girdle is entirely absent only in Opkidia, but
present in a rudimentary condition in the serpentiform Sewria.
The clavicle is wanting in Loricala, Chamacleonoidea, and Sau-
voplterygia.  The sternum 1s wanting in Ophidia, Chelowia, and in
some of the serpentiform Sawria. The ribs in the Chelonia form
by fusion with exoskeletal ossifications the expanded lateral or
“costal’ plates of the carapace, The sternum is absent, and the
ventral plates, constituling the ¢ plastron,” are exelusively dermal
ossifications. In the Crocodilina, the ribs of the anterior thoracie
vertebrae, and, with the exception of those belonging to the atlas,
of the cervical also, articulate with their respective vertebrae hy
two separate processes, the tuberculum,” and the °capitulum.’
The ribs of the Szwria have only a single articular facet, which,
however, may show a tendency to bifurcate. The ribs carrvy pro-
cessus wncinali in the Crocodiles and in flatleria, Many Reptiles
have free abdominal ribs, which may be either true endoskeletal
elements, or * parostotic” ossifications of intermuscular fibrous septa,
or, as in [latteria, of the subeutaneous fibrous mesh. In Ophidia,
the posterior pair of limbs is sometimes represented by a pair of
small bones placed anteriorly to the anus; and in the serpentiform
Sauria the pelvie girdle and its appendages are represented merely
by a single iliac bone, attached on either side to a single ¢ sacral’
vertebra,  But in all other Reptiles the three pelvie bones are
present, forming pubic and ischiac arches by abutment upon the
ossa ilii, which do not extend forwards anteriorly to the acetabulum.
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The number of the phalanges increases in the digits of both extre-
mities from the innermost digit outwards, and reaches its maximum
in the fourth digit. In the foot of the Crocodilina this digit has
no claw on its terminal phalanx. and the fifth digit is altogether
lost.

Teeth are always present; except in Chelonia, where a horny
sheath covers the jaws, as mn the bills of Birds. The teeth are
himited in Crocodifina to the homologues of the bones which carry
teeth in Mammalia ; but in many Sewria they are carvied upon the
ptervgoid also; and in Ophidia upon both palatine and pterveoid
bones, in addition to the mandibular, maxillary, and premaxillary
bones. Teeth are provided with sockets in Crocodifina, but in no
other existing Reptiles; they are reproduced, as shed, during the
whole period of the life of these animals. The tongue may be
either spatula-shaped and immobile, as in Chelonia and Crocodiline,
and some Sawiie, or bifid, elongated, and protrusible, as in other
Reptiles. The wide ocsophagus, and the muscular stomach, are
ordinarily not unlike those of Birds; and this resemblance 1s made
more striking in the Crocodifina, which, in addition to the muscular
grizzard, have a special portio pyloriea, such as is developed in many
erallatorial and natatorial Birds. But the digestive tract of
Reptiles, which are with few exeeptions of earnivorous habits,
exhibits, in correlation with this uniformity of diet, fewer varia-
tions of arrangement than that of Birds. Labial and lingual
galivary glands are oceasionally present. Of the former of these,
the poison-gland of Opkidia is a modification. The liver and
pancreas have, as in Birds, two or more excretory duets; the latter
of the two glands is ordinarily perforated by the hepato-enterie
duets; a gall-bladder is always present, but is sometimes developed
upon the biliary duet at a distance from the liver. This gland is
unilobed in Sguaiate, bilobed in Loricafa.

In the Squamate Reptiles and Clelonia, in which the heart has
not fonr distinet and separate eavities, the venous blood returned
from the system to the larger right auricle, is kept more or less
completely apart from the arterial, returned from the lungs or lung
to the left by the non-isochronism of the action of the anterior and
]‘rﬂsiurinr parts of the ventricular cavity, The anterior or inferior
portion of the ventricular eavity 1s filled from the right aurele,
and empties itself into the pulmonary artery, and partly into the
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left aorta, before the posterior part of the ventricular cavity, into
which the blood from the left auricle is discharged, commences to
contract. When this part of the ventricular mass begins to con-
tract upon its arterialized contents, access to the pulmonary artery
has been eut off by the closing up of the muscular demi-canal
leading to that outlet ; and the arterialized blood is consequently
thrown intoe the two systemic aortae. OF these, the one which
bends over the left bronchus, or, in Ophidiz, to the left side of the
body, and which is consequently known ordinarily as the left aorta,
never gives any branches to the anterior parts of the body; but
~either as in Sauria and Ophidia, simply joins the right aorta without
aiving off any branches; or, as in Loricata, distributes itsell to
the chylo-poletic viscera, and communicates with the right aorta
simply by a branch of anastomosis. In the Crocodiling this vessel
arises from the right auricle, together with the pulmonary artery,
and consequently never earries any arterialized blood. Its com-
munication, by the foramen Panizzae, with the right aorta, which
supplies the anterior parts of the body, may be held to foreshadow
the conversion which the fourth left aortic arch undergoes into a
left subclavian artery in Aves. The close proximity of the com-
mencement of the left aorta to that of the pulmonary artery, enables
it in all Reptiles alike to relieve the pulmonary circulation, when
respiration may be put into temporary abeyance. The arterial
outlets of Reptiles have only two semilunar-valves. In all Reptiles,
as in all Birds, there are two superior as well as one inferior vena
eava; but in Reptiles these three vessels open into a pulsatile
venous sinus, and have their contents poured through it by an
orifice guarded with eyelid-like valves into the ventricular cavity.
In all Reptiles there is a ¢ venal portal * cireulation, by which the
venous blood returning from parts placed posteriorly to the kidneys
finds its way into these organs, at the same time that by means of
anastomoses with factors of the frue portal system, it may bhe
returned to the heart by way of the hepatic system. The supra-
renal bodies are, like the renal, possessed of a system of venous
inferent vessels.  The lymphatie vessels, which often take the shape
of loose sheaths surrounding the large arteries, communicate with
the veins both anteriorly in the brachiocephalie, and posteriorly in
the caudal regions. Upon their junction with the veins of this
latter region, contractile saes, the so-called ¢ lymphatic hearts,” are
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developed.  Glands which in Birds ave only scantily developed
upon the cervical lymphatics, are not represented as distinet
from lymphatic plexuses, except by a mesenteric gland in the
Crocodiline,

The trachea of the Loricala has a more perfect larynx than that
of the Sywawmata, and in some ecases it deseribes a couple of convo-
lutions before entering' the lungs. These organs differ in the Lori-
cata from those of other Reptiles in having, in correlation with
their non-transpirable integument, a much greater development of
internal parenchyma; and in not projecting freely into the general
cavity of’ the body, dissepimental processes of peritoncal membrane
separating them from it and foreshadowing thus, as also by their
possession of intrinsic muscular fibres, the diaphragm of warm-
blooded amimals. In the Sywamcte the lungs may be prolonged
in air-sacs, with little or no reticulation of vessels developed upon
them, and these prolongations may be numerous as in Chaiae-
feonoidea, or simple as in Ophidia.  In some of the lower Lizards,
again, as Hatteria, the lungs may be nearly as simple as those of
the Amphibia.  The kidneys are situated posteriorly in the trunk,
and, except in the Ophidia, within the pelvie cavity, and close to
the cloaea, In the Crocodifline, indications of a separation of the
substance of the kidney into a cortical and medullary stratum ave
not wanting. A urinary bladder is usually present in Sauria and
Chelonia, but is absent in Opkidia and Crocodilina. In the Clhe-
lonia, a sinws wrogenitalis 1s present, The kidneys are not con-
formed to the sinuesities of the bony structures as in Birds, The
cerebral hemispheres are smaller relatively to the rest of the
encephalon, and to the spinal chord, than in Aves. The cerebral
hemispheres, corpora bigemina, and cerebellum, are larger in the
Loricata than in the Sguaiate, A tympanic cavity is present
except in Ophidia, Adwphisbaenoidea, and Hatlerie.  This latter
animal has the commencement of a spiral turn indicated in its
cochlea, which in other Reptiles is, as in Birds, merely a flask-
shaped cavity; but it dillers both from Birds and from other
Reptiles in the absence of any intra-ocular structure corresponding
with the avian ¢ pecten,” or the ‘processus faleiformis’ of other
Reptiles.

Copulatory organs of two distinet types exist in the Loricata
and Sguamata vespectively ;  those of the former division being
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developments of the anterior wall of the cloaca, whilst those of the
latter consist of two protrusible hollow conical bodies, which open
into that cavity from behind. 1In the Chelonie, two peritoneal
canals are prolonged into the penis, in the distal extremity of which
they terminate blindly ; two canals, probably homologous with
them, and also with the similarly situated pores of the Selachian
and Ganoid Fishes, exist in the Crocodifina, but open at the base
of the intromittent organ. The testes and ovaries are bilaterally
symmetrical, except in the Ophidia, where the right gland is placed
anteriorly to the left, and in the females is the larger of the two.
The ova often undergo development whilst in the oviducal canals,
but the young are not set free from the foetal envelopes before
extrusion from the maternal organism. For liberating themselves
from these envelopes, the young of the really ovo-viviparous Viper,
as also of many other Reptiles, are provided with a temporary
premaxallary tooth.  All Lorieata are oviparous in the strict sense;
and amongst the Squamata, nearly allied forms may vary as to
Leing ovo-viviparous or oviparous,

Some lowly organized Lizards, such as Hafferia, possess the
power of reproducing lost portions of the tail,

The sub-division Loricata, under which are comprised the two
orders of Crocodiline and Chelonia, differs from the sub-division
Squamata, comprehending the two orders Swwiie and Ophidie, in
the following particulars besides those already enumerated, Their
anal cleft is longitudinal, there is usually some calcareous deposit in
the shells of their eggs, their ribs are double-headed in the anterior
regions of the body. Setting aside a few points which may be
correlated with their aquatie and less active habits, the Loricala
may be considered as more highly specialized, and possessed of
nearer aflinities to the higher Vertebrata than the other sul-
division of this class,

Crass, Amphibia.

Cold-blooded Vertebrata, which for longer or shorter periods, or
throughout the whole of their lives, are provided with eills for
aquatic, in addition to lungs for aerial respiration, and which even
when the gills are permanently retained go through some stages of
metamorphosis after being set free from the ege,  Amongst these
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stages of metamorphosis, the development of limbs never exceeding
a pentadactyle division in their terminal segment, and possessing
the same segmentation as that seen in the higher Vertebrata, is to
be reckoned as an obvious external characteristic, which, together
with the absence of scales, differentiates them, with very few ex-
ceptions, from Pisces. They never have median fin-rays supported by
dermal spines; and, in the absence of an ossified basi-oeeipital, they
always have two condyles formed by the exoceipitals, for articu-
lation with the atlas. The heart has always two auricles, perfeetly
separated ordinarily, and eommunicating with a single ventricular
cavity,

Their integumentary system differs from that of Fishes in not
having either dermal ossifications or dermal seales developed in
the region of the trunk; Ceralophrys, however, and Brachycephalus
amongst existing Amphibia, form exceptions to this rule, having
dermal ossifications developed in their dorsal region; and the
Cacciliae develope dermal scales. In the Salemandra wnguiculata
again, and in the Daelylethra capensis, a development of nails has
been observed, contrary to the rule that in the branchiate Verte-
brata there is no epidermal skeleton. The cutancous system of
Amphibia (7rifon) has been observed to possess, during their larval
life, rudimentary structures, resembling the sensory organs deve-
loped in Fish, in connection with the ¢lateral line.” In adult Am-
phibia, the cutancous glandular system often attains a great deve-
lopment as in the ¢ parotoids* and other glands of many Auwra.

The suspensorium is immovably articulated to the skull, and is
continuous with the pterygo-palatine elements of the maxillary
apparatus anteriorly, whilst externally 1t has applied to it a mem-
brane bone, homologous probably with the pracoperculum of Tele-
ostean Fishes. No Amphibian, however, ever possesses in the cu-
taneous opercular flap which it developes, any representatives of
the operculnm, sub-operculum, inter-operculum, or branchiostegal
Lones of Fish. The maxillary and praemaxillary bones are never
absent, and are ordinarily dentigerous. The vertebrae are very
numerous, and amphicoelian in the lower Amphibia; they are
few, and show, ordivarily, the procoelian, though, sometimes, the
opisthocoelian arrangement of the articular ends of their centra in
the higher orders.  The neurocentral suture is usually absent.
Except in the serpentiform apodal Caeeifice, the ribs are rudi-
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mentary in this class. Though there is never any prolongation of
costal structures to the medio-ventral line, there 1s a true sternum
developed in relation with the coracoids in most Amphibia except
Caeciliae and Profers. The ilium never abuts upon more than a
single vertebra, but the ilinm of one side has been observed to abut
upon one, whilst the ilium of the other abutted upon another ver-
tebra. No ¢ parostotic’ bones are ever developed in relation with
either limb-girdle.

In the highest order of Amphibia, the Awwra, the tongue is
attached to the front of the mouth and is protrusible ; with the
exception of Pipa and Dactylethira, where the organ is altogether
absent. It is not protrusible i other Amphibia.  Amphibia are
sometimes edentulous ; but usually more or fewer of the bones
forming the walls of the mouth, and amongst these, the vomerine,
pteryeoid, and sphenoid as well as the lower jaw, the maxillary
and the praemaxillary bones, are dentigerous. In Profexs, the
digestive canal takes a direct antero-posterior eourse, without any
specialization of the stomach as a segment of larger calibre than
the intestine ; in other Amphibia a small and a large intestine are
ordinarily differentiated as well as a stomach. The small intestine
of the larvae of the dwwra, which, during that period, feed on vege-
table food, is of great length and disposed in numerous coils. At
the conclusion of their metamorphoses, the digestive tract has as-
sumed a comparatively simple character, though the calibre, direc-
tion, mucous and museular coats of the stomach, small intestine,
and colon, severally, are most characteristically developed. A bilobed
liver and a compact pancreas are always present, but oral salivary
glands are represented only by small glandules impacted in the
mucous membrane of the mouth.

The heart consists of a sinus venosus, a right and left anricle, a
single ventriele, and an arterial bulb.  Within this latter portion of
the organ, a longitudinal lamellar ridge is developed, which is
attached along the dorsal line of the bulb and projects freely into
its interior; being connected at either end with a semilunar valve,
and describing a curve like that of an italic s, in the interval be-
tween those points. This imperfect dissepiment may be held to
foreshadow the differentiation of the pulmonary and systemic ar-
terial trunks which we find in Reptiles; whilst physiologically, by
its relation to the orifices of the branches passing to the anterior
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and to the posterior parts of the body respectively and to the lungs,
it provides for the more or less perfect separation of the streams of
arterial and venous blood received from the two auricles.  All Am-
phibia possess a renal-portal system, the factors of which anastomose
freely with those of the true portal system. This latter system
always receives, by the intermediation of the epigastric veins, an
mportant factor from the allantoid bladder; by which connection
the connection of the umbilical and placental veins, as seen in
Mammals, is very obviously foreshadowed. The transpirable and
glandular character of the skin would appear to confer an aerating
function upon the vascular ramifications which it contains in great
abundance. The lymphatic vessels are greatly developed in the
subeutaneous spaces ; and lymphatic hearts are present in the
Awwira, both upon the anterior and upon the posterior junctions of
this system to the blood-vaseular. In the Urodela, as in Reptiles,
the posterior hearts only exist. In the higher Amphibia, two sets
of @ills are developed. One of these is the external set which
corresponds to the permanent gills of the Perennibranchiate Am-
phibia, and to the deciduous external gill filaments of the Plagio-
stomous Fishes, which latter it resembles in being shed early.
The other is the internal set which are developed subsequently to,
and retained in the Uroedela and Adwwra longer than the ciliated
external set. In certain Amphibia (Menopoina, dmphivine, Crypto-
branchus, thence called Derolremala), a fissure remains in the pha-
ryngeal walls after the shedding of the branchiae.  This event does
not always take place at the same date in the life of the larva.

Cartilages representing a larynx are developed round the inlet
from the pharynx into the air passages. There is a trachea of con-
siderable length in Mewopoina, dinphivipe, and the Caeciliae ; and
there are bronehi of considerable length m Pipa and Daclylethra ;
but ordinarily, these fubes are only rudimentarily represented in
Amphibia,

The Amphibia appear to have no secondary kidney developed ;
and the products of the urinary and sexual glands are always dis-
charged into a cloaca by a gingle orifice, that of the duct of the
Wolllian body, on either side.  In Profens, the transversely running
ducts of the primary kidney remain distinet from each other, up to
their junctions with the antero-posteriorly running duct of the
primary kidney, the so-ealled * Miiller’s duet.”  In other Amphibia,
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the ducts of the Wolflian body form by fusion with each other a
secondary duct, which opens into the primitive duct of Miiller
at its lower end, leaving the upper portion of that duct to serve
exclusively as a generative canal.

The cerebral hemispheres always contain a lateral ventricle, which
is prolonged into the interior of the sessile olfactory lobes. The
optic lobes are smaller relatively than in Fish, in correlation with
the smaller eyes ; the optic thalami are always differentiated from
them, and from the corpora striata in front. The membranes of
the brain and spinal cord have an abundance of pigment cells in
their visceral laminae, and upon the exterior of these membranes,
and especially upon their prolongations upon the spinal nerves,
deposits of erystalline earbonate of calcium are commonly observ-
able. Asin many Fishes, the portio dura often fails to be entirely
differentiated from the fifth pair of nerves; as in Lepidosiren, the
glossopharyngeal is represented by branches of the vagus, and the
kypoglossus by the first spinal nerve. The eye is small in com-
parison with that of Fish, but as in that Class the lens is sphe-
roidal, and the cornea, except in the Land Salamander, flat. There
1s no tympanic cavity except in the Awwre, and no cochlea except
in a rudimentary condition in the same order. In the aglossal
Anura (Pipa, Daclylethra), there is a single median pharyngeal
orifice to the two Eustachian tubes, The two nasal cavities open
into the mouth by a canal passing between the bones of the roof
of the mouth in dwwre, but between those bones and the lips in
Perennibranchiata.

Rudiments of an ovary have been observed to coexist with the
testes in the male Bufo varialilis and cinerens. The sexes are very
frequently distinguishable by external differences of colour, size,
and conformation, but there are no external copulatory organs in
this Class. The ova and spermatozoa come into relation with each
other externally to the maternal organism, but by means of
congress between the two sexes in the Auwra; they come into
relation with each either externally to, or within the maternal
organism in the Urodeda, and probably also in the Perewnibirai-
ehiala, but without, at least in the aquatic species, any sexual
congress. The Land Salamanders appear to be, under certain
circumstances, such as those of the Alpine species living at points
of great elevation in the mountains, ovo-viviparous or viviparous,

&
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the larvae having in some cases shed their external branchiae
previously to birth. The ova are small, the volk undergoes nearly
complete segmentation.  With a few exceptions, the Amphibia are
oviparous. In every case, except possibly that of the Caecilia
compressicandu, the embryos very shortly after hatehing develope
branchiae, or, as in the case of Nofodelphys, structures equivalent
to them.

Existing Amphibia are divisible into three orders, In the most
highly organized of these, the swimming tail is discarded in the
course of metamorphosis as well as the gills, and they are thence
called Adnwra ; in the second order, thence called © Urodela ’ the tail
is retained, whilst the gills are, in the sub-orders, Seluiandrina
and Derotremata, deciduons ; and in the Perennibranchiata, retained
permanently. In these two orders limbs are developed, at least on
the pectoral arch; but a third order, that of the Gymunophiona,
represented by the single family, Cueciliae, is constituted by
Amphibia in which, thongh the gills are deciduous, no limbs
are developed, and the body remains serpentiform.

In development, the body cavity is not formed apart from and
around the volk sae, but the intestine 1s formed, as in dwphiozus
and the Cyelostom:, by a process of invagination, beginning from
without at a spot corresponding with the situation of the future
anus. The oral opening is not formed when the embryos are first
set free from the egg. The Arure and the Caducibranchiate
Urodela have two sets of gills, an external set of three pairs, which
is soon lost, and in the land Salamanders partly or wholly before
the end of intra-uterine life ; and an internal set. After the dis-
appearance of the external set an opercular fold, in which however
in no Amphibia are bones ever developed, forms over the internal
gills, and within the branchial cavity thus produced the anterior
extremities first bud forth. When in the course ol metamor-
phosis the gills disappear, the continuity of the cireulation is main-
tained, or, in other words, the primitive continuity of the proximal
or cardine with the distal or dorsal elements of the aortic arches
is re-established, by the expansion in calibre of a branch of ana-
stomosis, which, whilst the branchiae were functionally active,
connected the efferent diveetly with the afferent branchial trunks,
but was itself at that time I'llm'limm"y insignificant.  The oper-
cular structures close up the visceral fissures, except in the fero-
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tremata, and more or fewer of the ecartilaginous branchial arches
disappear after the disappearance of the branchiae they carried.

The Alpine Triton, one of the Caducibranclhiate Amphibia, has
been observed to attain sexual maturity as indicated not only by
external characteristies, but by the maturation of ova and sperma-
tozoa, at a time when the branchiae were still in functional activity,
and when the characters of the bones in the roof of the mouth, and
the presence of a continuous non-constricted cylindriform elorda
dorsalis, showed the animal tfo be really in a larval state. The
Axolot] (Siredon piseiforieis) has long been known to be competent
to sexual functions, whilst organs, regarded as provisional in other
Amphibia, were still persistent; and it has consequently been
classed with the Perennibranchiata until recently, when it was
discovered that its gills are really deciduouns, though at varying
periods in the life of the animal. Similar instances of larval
Ichthyoids maturing sexual products are furnished to us by the
immature Lamprey, and the young male Salmon, known as the
“parr.”  Some Amphibia possess a great power of repairing injuries,
and of reproducing destroyed or amputated organs. It has been
stated, however, that 1t 1s necessary for such reproduction that the
basal or some other portion of the mutilated organ or limb should
be left iw sife ; and it 1s not certain that the Urodela with well-
developed lungs, such as Salwmandra terrestris, and the Anwra
generally, possess this power in their adult state, at least to the
same extent as they do when larvae, or to the same extent as
other Amphibia in which the organs for aerial respiration are
less highly evolved.

The Amphibia are placed together with the class Pisces in a
single group, the Ielthyopsida, s. Auamniota, It is with the more
generalized forms of that class, viz,, the Gauoidei and the Dipnoi,
ather than with those which, as the 7Te/leostei, combine in this
organization the largest number of specially piscine characteristies,
that the Amphibia are allied. The Z)ipnoi indeed have been ranked
as a separate order of Amphibia, under the title ¢ Ichthyobatrachia,’
though, if we have regard to the entirety of their organism, we
are compelled to regard them as true Fish. The FElasmobranchii
resemble certain of the Amphibia in developing external gills in
embryonic life, and they were spoken of by Linnacus as dwphibia
nantia, The absence, however, in them of any save an occasional
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and rudimentary homologue of the pulmonary organs of the
Amphibia, appears to put this order of Fishes into a position much
farther removed from the higher Vertebrata with which they were
thus classed, than that which the Dipnoi, and even the Ganoidei
ﬁ':.‘('l'!}}}'.

Crass, Pisces.

Branchiate Vertebratae, with motor organs in the shape of fins,
supported by numerous internal rays, and placed along the medio-
dorsal and medio-ventral lines, or along these lines and bilaterally
also, The endo-skeleton of Fishes takes far more various forms than
that of any other vertebrate Class; and their exoskeleton is simi-
larly distinguished with reference to all other classes exeept the
Mammalia.

The dermal exoskeleton may take the form of scales, as in the
great majority of Fishes; of placoid or spiny dentinal formations,
as in Klaswobranchii ; of enamelled seales or of bony plates, as in
Ganonder ; and in Dipnoi, Ganoidei, and Teleostei, 1t extends into
the sub-eutaneous fibrous mesh, and along intermusecular aponeuroses
forming ‘splint bones.” There are no scales in Warsipobranchii,
and the Spatularidae, a genus of (Fawoidei, have an almost entirely
naked skin. There are no splint bones in the Elesivobranchii.
The cutaneous system is further distingwished by the possession of
the system of the “lateral line,” which has not been detected else-
where, except in certain Amphibian larvae, and which 1s supposed
to be sensory in function. The epidermis 1s ordinarily prolonged as
a continuous, even if thin layer, superficially to the various dermal
formations, except in the cases of some of the outgrowths deve-
loped in the Elasmobranchii, and sometimes of the enamelled scales
of the Gauoidei,

However various the endoskeletal structures of Fish may be, they
all agree in the non-possession of a sternum, the absence of which 1s
connected with the peculiarities of their reproductive processes ;

¢ The low prade u'r'rlrg:uli'.l'.nt'h.'rll to which the .i”.'er;a'f;aa:;-;fraf¢:ur'.ﬁﬁ, a8 r;-|.~|1.=.543|1t.m| h_'lr'
the Lancelet, have attained, makes it convenient to omit this Order from consideration,
whilst ;I-_-l:ﬁ]in;; the characteristies more or less unircr:m]]:,‘ found in the other five
Piscine Orders, viz. Marsipobranchii, Teleostei, Ganoidei, Elasmobranchii, and
Lipnoi.
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and in the presence of a largely developed branchial apparatus,
which is similarly correlated with their aquatie life. In the MHar-
sipobranchii, vertebrae are indicated rather than differentiated by
the development of a few ecartilaginous neural and haemal arches,
the sheath of the chorda dorsalis remaining unsegmented through-
out. Indications of the formation of vertebral centra are presented
to us in the caleified annuli developed in the sheath of the chorda
in Chimaerae. The characters of the axial elements of the endo-
skeleton vary much in Plagiostomi, attaming in some represen-
tatives of this sub-order to perfect differentiation and partial calei-
fication. Greater variety is observable in the same structures in
the now numerically much smaller order of (funvidei, where the
cenfra may be represented by a eylindrical fibro-cartilaginous sheath
surrounding the eylindrical notochord, as in the Sturgeons; or by
perfectly ossified opisthocoelian masses connected by anchylosis
with perfectly ossified neural arches, as in the Bony Pikes (Lepi-
dosteidae),  In Teleostei, as the name implies, the vertebrae are
differentiated, and, in various degrees, calcified, the amount of lime
deposited rarvely or never attaining the proportions it assumes in
other classes of Vertebrata. The neural arches are in Teleostei
ordinarily, but not always, anchylosed to the centra, without the
interposition of any neuro-central suture. The number of the ver-
tebrae may be as many as 365 in some Sharks; in some Ganoids,
and in some of the Physostomi amongst Teleostei, it may amount
to 200; In most Physestoni it is about 8o ; it falls much lower in
Acanthopleri, and may be as low as 15 in the Plecfoguatii. The
trunk is divisible into two main regions, the dorsal and the caudal ;
from the former of which a cervieal region may be said to be marked
off, at least morphologically, inasmuch as the seapular arch makes its
first appearance opposite the interval between the second and third
vertebrae.  The FElaswobranchii and most of the Ganoidei, have
their greater geological antiquity spoken to by their vetention of
the more typical heterocercal form of the tail. This peculiar shape
is produced by a disproportionate development of the haemal caudal
arches, whereby the tail, which was in the early embrvo equilobed,
and, as in Warsipohranchii and Dipnoi, a direet continuation of the
axis of the dorsal region, 1s bent upwards. An additional factor in
the production of the heterocereal tail, is brought into play in the
case of the Holostean Gawoidei, and the Physostomous 7efeostei,
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which are nearly allied to them, by the stunting of the neural in
correspondence with the greater development of the haemal arches.
This form of tail may to a superficial examination appear quite
equilobed, and it is ordinarily spoken of as ® homocercal.” 1t is,
however, morphologieally € heterocercal,” as the haemal and neural
arches enter into its composition in very unequal proportions, the
chorda dorsalis being really prolonged to the upper angle of the
tail fin, and the ¢ hypural * plates being all modified haemal arches,
and not half of them haemal, and half of them neural ossifieations.
A true “diphyeercal” tail 1s finally produced in the Acanthopteri,
by a reduction of the disproportionate size of the haemal, and by
a simultaneous stunting of the central elements of the terminal
vertebrae.

The differences in the structural arrangements of the skulls of
Fishes are very much greater than those observable in the skulls of
members of any other Vertebrate class, relating as they do to points
of no less morphological and indeed physiological importance than
the absence or presence of cramal bones; of freely movable gill-
covers, and suspensoria; of maxillary and premaxillary, and of
mandibular bones. In the Alasinobranchii and Marsipobranchii,
there are no eranial bones; and with regard to the praemaxillary
and maxillary bones, it can only be said, that the sites which those
membrane-bones oceupy in other fishes may, perhaps, be considered
as marked out in these orders by the presence of certain labial
cartilages.  The Chimaerae diiffer from the other Elasmobranchii,
the Sharks and Rays, in having a movable operculum and an
immovable suspensorium, and in this latter particular the non-
mandibulate MWarsipobranchii more or less closely resemble them.
MThe Tefeoster and Ganoided differ from these Fishes 1::.' ]me-:r:{is:::inr,_'r
eranial, maxillary, praemaxillary and opercular bones. Their oper-
cula and suspensoria are always movable,

In the Afasinobrawchii the skull 1s distinetly articulated to the
first trunk vertebra. In the Chondrosteal Gawoidei, the largely
developed parasphenoid reaches for a considerable distance back-
wards underneath the anteror vertebrae ; whilst in the Holostean
Ganoidei and many Physostomouns Teleosfes, the first and some of
the following vertebrae may be suturaily connected with the basi-
occipital, In other osseous Iish the basi-oceipital presents a concave
conical cavity for apposition with the similar one upon the anterior
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surface of the first vertebra ; and the bieonieal cavity thus formed
is filled with a structure formed by the development of the chorda
dorsalis, and of semi-gelatiniform consistence,

Fish are very rarely edentulous, Teeth are ordinanly present,
and are very variable in number, shape, and situation. Most of the
bones of the oral and pharyngeal cavities may be dentigerous; but
in Cyprinoids, there may be only a single tooth superiorly, earried
by the basi-oceipital. The teeth are replaced as often as they are
shed, and in the family just mentioned, the inferior pharyngeal are
so shed and replaced periodically. It is only in Fish that the dental
series 15 continued in an unbroken row across the middle line,
without forming a diastema corresponding to cither upper or lower
median raphe.  Fish have no oral salivary glands, and the tongue
is only movable as a part of the hyoid apparatus upon which it is
carried.  In the Warsipobrawnchii, the branchial sacs open both in-
ternally and externally by the means of larger or smaller ducts,
which again may form a common duct before their inner or outer
termination respectively. In all other Fishes the branchial inlets
and outlets both have alike the form of fissures, the inlets leading
directly from the interior of the pharynx, and the outlets opening
either directly on to the external surface of the body, as in the
Sharks and Rays, or into a branchial cavity covered by the opercular
apparatus as in Chimaerae, Dipnoi, Ganvidei, and Teleostei. The
oesophagus is ordinarily short; and it is also, as the food is usually
swallowed with little or no comminution, of considerable width. In
the Marsipobranchii, the digestive tract takes an antero-posterior
course, without any external differentiation into stomach and in-
testine. In other I'ishes the intestine is readily distingunizhable from
the siphonal or coeeal stomach ; and describes one or two convo-
lutions before terminating at the anus through the intermediation
of a short rectum, from which a eolon can scarcely be suid to be
differentiated.  The length of the entire tract is shorter relatively
to that of the entire body than in the air-breathing Vertebrata gene-
rally ; 1t i1s however not inconsiderable in the species which support
themselves upon vegetable diet; and the absorbing surface of the
canal is greatly increased in Dipuoi, Ganoidei, and Flasmobranchii,
by the development of internal folds of the mucons membrane into
a spiral valve, which appears to be rudimentarily represented in the
Marsipobranchii by a longitudinal ridge running along the internal
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surface of the intestine. In the three more highly organized of the
four orders just mentioned, a dnodenal segment is distingunishable
m the small intestine anteriorly to its valvalar portion. This seg-
ment 18 known as the ¢ Bursa Entiana’ wn Eleswobranchic, where 1t
1s of considerable size, and marked externally by the entrance of the
funetional Inhary and panereatie, and the rudimentary omphalo-
mesenteric ducts.  The rectum always opens anteriorly to the
urinary and genital duets; except when these tubes open upon its
dorsal surface near its termination, so as to constitute a cloaca.
The suspensory mesenteric laminae often become largely fenestrated,
or may disappear altogether in consequence of absorption, in adult
Fish. A liver is always present: it is ordinarily unilobar; in some
Fish it is multilobar; in the Cyprinoids it is trilobed, and mterdi-
eitates with the convolutions of their intestine, much as the lobes of
the liver do in many of the Gasteropoda. There may be several gall
ducts, and a gall bladder is very rarely wanting. Seeretory coeca,
the so-called ¢pyloric appendages,” are developed i many Fish
upon the commencement of the intestine, They are very variable
in number, and ordinarily simple and distinet, though sometimes
ramified and bound together more or less elosely. A glandular
pancreas of smaller size but more compact structure, coexists some-
times with these pyloric appendages. The heart consists of a
branchial auricle and ventricle, to the former of which a sinus
venosus 1 superadded, and to the latter, except in Warsipobranchii,
an arterial bulb, which breaks up into branches corresponding in
number to the @ill arches. 1In the Gawoide: and Flasmolranchii,
the arterial bulb has a layer of transversely striped musecular tissue
in its walls, and several rows of valves in its iterior ; whereby
it is enabled, as in Amphibia, to act as an aecessory ventricle.
The muscular fibre of the arterial bulb of 7eleostei is not of the
striped variety, and the bulb has only two valves internally.  In the
Dipnoi a seeond auriele exists, which receives blood brought back
to the heart from the pulmonary air sacs. The systemie aorta is
formed, 1in the t‘lll].}l':l.'t}, by the confluence of the aortic arches into
which the bulb divides ; and, after the development of the gill
fringes, for the supply of which these arches resolve themselves
into efferent branches, by the confluence of the efferent branchial
veins with which those aflerent vessels are continnous through the
intermediation of the aerating capillary plexuses. In the Dignoi,
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as also in certain Muraenoid ZTeleoste:r, more or fewer of the
branchial arches fail to develope gills, and the direct connections
between the sub-branchially placed bulb and the sub-vertebrally
placed aorta, which in other Fishes exist only in the foetal state,
persist here throughout life. From each of the posterior aortic
arches (Lepidosiren paradora), or from each of the compound factors
of the dorsal aorta made up on each side (Fhinocryptis annectens), a
hranch is given off to the cellular air sac ; and during the period in
which these animals live out of the water, the aeration of their
blood is dependent upon the ramifications thus formed there. The
vein which brings the blood from the pulmonary air sacs back to
the heart, instead of opening into the portal or hepatic vein, as the
veins from the air-bladders of ordinary Fishes do, or into a vena
cava inferior, as does the vein from the ar-bladder of the Ganoid
Polypterus bickir, opens independently into the ventricular cavity
after dilating within the pericardium ; and thus, though diverging
but a very little from the arrangements common in (uni-auriculate)
Fighes, it constitutes a system analogous to and homologous with the
pulmonary veins and auricles of higher Vertebrata. Ordinarily in
[Fish, the blood from the parts of the body posterior to the heart
exclusively of the chylopoietic viscera, is collected into the two
subvertebral venae eardinales, which meet the two venae jugulares
from the anterior parts of the body, and form with them the trans-
verse ductus Cuvieri which open into the sinus venosus. The hepatic
veins, which bring the blood of the chylopoietic viseera back to the
heart, very ordinarily end by opening into the sinus venosus, with-
out receiving any factors from any other than those organs. A true
vena cava inferior iz constituted in some IFishes, as in the Perch
amongst Teleostei, and in the Polyplerus amongst Ganoidei, by the
fusion either of veins from the ar-bladder with veins from the
oenital glands as in the former of the two Fishes named, or of a
vena eava sub-vertebralis impar with veins from the bifid air-bladder
as in the latter. A renal-portal system is present, except in the
Marsipobranchii ; it is constituted either by eaudal and dorsal veins
both or by the latter only ; and anastomoses, though not always,
with the hepatic portal system.

The Teleoster, Gauoidei, Dipnoi, and Chimaerae have free oper-
cular valves covering a more or less extensive branchial cavity.
The gills of Teleaster are ordinarily four, and are never more than
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four in number. They are usually found to form double comh-like
rows upon each branchial arch ; but the last of the branchial arches
very commonly fails to develope more than a single row of gill-
processes ; and not ravely is wholly gill-less.

This reduetion may be accompanied by a similar reduction in the gill
arch immediately in front, and we find the third arch carrying a uniserial
gill in Malthea, whilst it is gill-less in the Cuehia (dmphipnows). The
fifth branchial arch, which is dentigerous in most, and branchiferous in no
Teleostei, has a uniserial gill developed upon it in the Dipnasi and in
Hewanchus,  All the Elasmobranchii, the Dipnoi, and the Ganoidei, with
the exeeption of Polypterus and Planivostra, have a uniserial gill developed
upon the opercular arch anteriovly to the most anterior of the gill-laminae
developed in Teleosted.  In the Sharks and Rays this anterior gill forms
the anterior fixed gill lamina of their anterior gill-pouch ; in the Chi-
maerae and Ganoidei, it forms the so-ealled *opereular” gill. In the
Dipmor, the development of the opereular gill appears to have prevented
that of the two biserial gills placed next posteriorly in typical fish; in
the Ameriean species the gills of the third branchial areh appear to have
been lost also, whilst they persist in the Afriean, as do those of the fourth
and fifth branchial arches in both species. Except in Hewranechus and
Heptanehus, there are only five gill-sacs in the Sharks and Rays, the last
of which econtains only a single gill-lamina disposed upon its anterior
wall.  This half-gill is homologous with the posterior row of the biserial
p;i]l d{are]npi_'f_l upon the fourth branchial arch of Teleoster, but it is not
represented in the (Yimaerae.  The psendobranchia of ossecous Fish is
homologous with the spiracular pseudolranchia of Ganeider and Elasmo-
branchii, and not with their anterior functional half-gill, nor with the
thyroid vaso-ganglion, which in many Fish underlies the anterior basi-
branchials.  In osseous Fish, the pseudobranchia receives arterialized
blood from the first branchial efferent vein ; and it serves as a diver-
ticular rete mirabile for the eye within which the vessels proceeding from
it develope the so-called ‘choroid gland.” In the Elasmobranchii, Ga-
noided, and fipnod, it serves as a refe mirabile for the brain as well as for
the eye, but it has no ‘ choroid gland’ developed in connection with it.
Accessory aerating organs which enable the fishes possessing them to
support respiration when out of the water, are developed in several
genera of Teleoster (dnabas, Saccobranchus, dmphipnous), in relation
with the interior of their branchial eavity.

The morphological identity of the functionally pulmonary air-sacs of
the Dipnoi with the air-bladder of an ordinary Teleostean Fish, which
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is functionally all but exclusively hydrostatic, may be considered to be
established by a comparison of those lung-like air-sacs with the air-
bladder of the Ganoid Polypterus, which is somewhat similarly bifid,
and opens similarly into the pharynx by an air-duct entering it on its
ventral surface. From the air-bladder of the Polypterus to that of the
Lepidosteus, which however opens into the pharynx from its dorsal side,
and which, though divided internally into two longitudinal compartments,
is yet externally a single sae, the transition is not abrupt ; nor that from
such air-bladders as those of the Lepidostens and the Physostomatous
Teleosted, to the ductless air-bladders of the Acanthopteri and other
bony Fish.

The swimming bladder is developed as an outgrowth from the
oesophageal portion of the digestive tube, and its duclus previna-
ticus, when persistent, ordinarily communicates with this portion of
the tract. Both bladder and duet arve absent in the Marsipo-
branchii, and, except as rudimentary struetures in certain Sharks,
in all Elasmobranchii also. The duct is aborted in the majority of
Teleostei (the Aecanthopleri, Pharyngognathi, Lophobranchii, Plee-
toguathi), but is present in the remainder of this order, nearly
corresponding to the Malucopterygii of Cuvier, and hence ecalled
Physostomi, as also in all Ganoidei and Dipnoi. With the presence
or absence of an air-duct to the air-bladder, the presence or ab-
sence of bone corpuscles appears to be nearly universally correlated.
The shapes which the air-bladder assumes are very various, es-
pecially when it is duetless. In many Adeanthopleri it sends two
prolongations into relation with the eandal muscles, whilst in
many FPhysostomi (Cyprinvideae, Siluroideae, Clupeidae), 1ts ante-
rior prolongation is brought into relation with the auditory ap-
paratus.

It is only in the Elasmobranchii that a secondary kidney takes
the place of the primordial Wolffian body, which remains as the
functional renal organ in other orders of Fishes. This difference
is illustrated not only by the difference of form and of compactiness
of the renal organs in the Elasimobranchii, but also by the facts that
in the females of this order the oviduets open separately from the
ureters into the cloaca ; that in the males the vasa deferentia ave in
some species (MWuslelus laevis) bestudded with what is probably the
remnants of Wolflian bodies for nearly their entire length; and
that the ureters are developed mainly along the internal, and not
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as in Amphibia along the outer edge, or as in many Teleostes,
along the anterior or inferior surface of the renal gl nds. Uro-
genital canals are formed in Ganoidei of both sexes, and in the
males  of FElasmobranchii. In the Teleostei, the ureters often
fuse into an azygos duet, which opens above, or behind, or to-
aether with the generative duet, but always posteriorly to the
anus.  The urinary bladder may take the shape of a bilateral
dilatation, as in the Sharks and Rays; or that of a vesica fli-
cornis, as in some Ganoidel ; or of that an azygos sae, as in many
Teleostei.

The encephalon fills the brain-ease in the embryonic Fish, but
subsequently, by the disproportionate growth of the eranial walls,
it comes to occupy a very small space in the cavity which they
inclose, the intervening space between it and the perichondrium or
periosteum, as the case may be, of the eramal vault being filled with
a mass of loosely compactedl tissue, richly laden with fat. The
membranes, 1in relation with the external and internal surfaces of
the cerebro-spinal centres, develope pigment cells as in Amphibia,
The nerve-centres are smaller in relation to the body in this than in
any other vertebrate class; the relation of the encephalon to the
body is stated as being on an average as low as 1 to 3c00; and
the spinal cord of a Sturgeon which weighed 120lbz., has been
stated to have been no thicker than that of a Frog. The spinal
cord 1s ordinarily, but not always, devoid of any enlargements, and
of unmiform diameter throughout its length, which i1s usually com-
mensurate with that of the spinal canal. The ecerebellum 1s very
variable in size, but it sometimes, as in Sharks and in the Tunny,
attains a greater size relatively to the rest of the brain in this than
in any other vertebrate elass. It is never bilaterally bilobed, as the
divisions of the brain placed anteriorly to it are. The optie lobes
are frequently in osseous Iish larger than any other division of the
brain, a proportion which they never attain to in any other class,
The diencephalon, the homologue of the optie thalami, fails in some
Teleostei, as also in the Dipnoi, to be differentiated from the
mesencephalon or optic lobes behind, and the prosencephalon in
front of it; but in many other Zileostei, in the Gawoidei, and
Elasimobranchii, this division of the brain is considerably elongated
antero-posteriorly, and bounds a * third ventricle’ by its two halves,
In the Sharks and Rays, the prosencephalon attains the preponder-
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ance relatively to the other divisions of the brain, which it main-
tains in the higher Vertebrata, and developes lateral ventricles in
its two halves, which communicate with similar cavities in the
rhinencephalon. These two divisions of the brain are solid in
most Fishes, the rhinencephalic lobes appear to be attached laterally
and by peduncles to the prosencephalic in the Klasmobranchn ;
they are pedunculate in many 7eleostei, but sessile in the Ganoidei,
Besides developing in Sifwrus and Cyprinoids a supero-median
‘lobus impar,” or ‘nodulus,” the medulla oblongata presents in
various families certain lateral ganglionic enlargements, which,
from their connection with peripheral nerves, are known in Cypri-
noids as * vagal,’ as ‘lobi wervi (rigemini’ in the Sharks, and as
“ electric lobes * in the Torpedo.

In Dipnoi, and to some extent in Marsipobranchii, the muscles of
the eye are supplied by the fifth nerve; and mn most Fishes the
nervous supply of the superficial structures in the maxillary, hyo-
mandibular, and palatine regions supplicd in higher Vertebrata, with
the exception of the Anurous Amphibia, by the portio dwra of the
seventh pair, is dependent partly upon factors from the fifth nerve,
as well as upon an independent stem. The uwervus laferalis which
supplies the sensory organs of the lateral line, as well as the medio-
dorsal region of the trunik, anastomosing in its course with the
spinal nerves externally, much as the sympathetic chain anasto-
moses with them within the thoracico-abdominal cavity, is in
Elasinobranchii, Ganoidei, and many Physostomous ZTelesstei, con-
stituted by the vagus. In some osseous Fish (Gadus), it is formed
chiefly by the fifth nerve. The glossopharyngeal is not always
differentiated from the vagus, and in some Rays it interchanges
fibres with the auditory nerves. The spinal accessory nerve does
not exist in Fish, and the place of the hypoglossus is taken by the
first spinal nerve. The existence of the sympathetic has not been
demonstrated in Marsipobranchii ; in Teleostei the bilateral gang-
liated chain does, in Elasmobranchii it does not, extend into the
caudal region,

Organs of tactile sensibility are constituted in some Fishes by the
development of flexible rays upon their fins; in some others, and
more commonly, by that of similar structures, in the shape of
barbules upon the snout; but in most cases by the muco-nervous
organs developed upon the head, where they are supplied by the
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trigeminug, and upon the trunk along the lateral line. The ol-
factory organ is an azygos sac in the Marsipobranchii, hence called
“ Monorrhina;” it ends blindly in the sub-order Pefromyzontidae,
which are hence called * Hyperoartii,” but opens into the pharynx
i the Myxinoids, hence called © Hyperotreti.”  All higher Verte-
brata have paired nasal saes, and have consequently been styled
“ Amphirthina.”  In the Dipuoi, the nasal saes have valvular poste-
rior openings, externally to the pterygo-palatine teeth; in all other
amphirrhine Fishes they end blindly. The eves are relatively large
in I1sh, the cornea is Hat, the lens spheroidal, The Elasmobranekii
possess eyelids, and sometimes a wembrana nictitans. A peculiarly
piscine refe mirabile, the ¢ choroid gland,” exists in most Iishes,
exeept the Elasimobranchic and Gawoidei, between the layers of the
choroid, where it surrounds the entrance of the optic nerve. A
structure homologous with the ‘pecten ’ of Birds exists in many
Teleoster, where 1t is known as the ¢ processus falciformis,”  Certain
structures, consisting of pigment specks with lens-like bodies inlaid
in their substance, have been found regularly arranged between the
branchio-stegal rays, upon the head, and in two pairs of longitu-
dinal rows on the ventral surface of Chawliodes and Stowias, and
have been regarded as accessory eyes.

The auditory apparatus of the Marsipobranchii consists of a
vestibule, with, in Myxinoids one, and in Petromyzontidae two
semicircular canals, contained in eartilaginous capsules attached to
the skull laterally. 1In all higher Fishes there are three semicircular
canals. In the Sharks and Rays, and in the fipuoi, the mem-
branous labyrinth is entirely surrounded by the cranial walls, but
in the Chimaerae, the Ganoidei, and the Teleostei, a median portion
is always to be found lying free in the cranial cavity. The air-
bladder of some Aeanthopteri, and of many Physostomous Teleostei,
comes into relation with the membranous labyrinth, either directly
or through the intermediation of ossicula. In Flasmobranehii
canals exist, marking the line along which the integument was
invaginated, to form the ‘internal ear.” The electric organs of
Fishes are not represented in higher Vertebrata. They are most
largely developed in the Zorpedo and Gymnofus, and n a lower
degree in Malaplerurus and Mormyres.  They ave found in various
parts of the body, but consist essentially of prismatic columns,
made up by the superposition of flat plates, to which nerves from



Characteristics of the Vertebrata. lxxix

the fifth and eighth pairs, and from the spinal series, are distri-
buted. The nerves fuse with one surface of these plates, which is
electro-negative, whilst the other is eleetro-positive,

In several species of the genus Serranns, a testis has been ob-
served overlying the ovary, and a similar hermaphroditism has
been observed oeeasionally in Cyprinoids, and in some other Fishes,
On the other hand, asymmetry is often, as in the Perch, seen to be
produced by the stunting of one or other of the (typically sym-
metrical) ovaries. The reproductive glands in the two sexes are
often so much alike externally, that an examination of their sub-
stance is necessary for deeiding the sex to which they belong.
Sometimes, however, and especially at the breeding season, the
sexes may be distinguwished by external differences. Iishes are
mostly oviparous, but are sometimes viviparous. Rudimentary in-
tromittent organs exist in the male Elasiwobranchii, as the so-called
“claspers,”  Sexual congress or contact takes place in many ovi-
parous as well as in the viviparous Teleostei,

The products of the generative glands sometimes find their way
into the water by extrusion, by an abdominal pore or pores, as in
Maisipobranchii, Anguilla, and the females of Saliwonidae, from
the abdominal cavity into which they have been set free by dehis-
cence. But in most Teleoste/, the walls of both the generative
glands are directly continuous with their duets, so that neither ova
nor spermatozoa are ever set free into the peritoneal cavity., This
is the case also in Lepidostens amongst the Ganoidei ; but in the
other members of that order, the sexual products of both kinds are
taken up after dehiscence by the open mouths of ¢ Fallopian tubes.’
In the Elasmobranchii, where the ovary is single, and the mouths
of the oviduets approximated, the lower parts of the oviduct are
specially modified to secrete the shell in the oviparous Seyllivm
and in the Rays, and to serve as a uterus in the viviparous species
of Sgualidae. In the males of Elasmobranchii, as of all higher
Vertebrata, the testis is continuous on each side, with an epididymis
and a vas deferens. The lower segment of the vas deferens is
expanded into a vesicula seminalis. The FElasmobranchii have
large yolked ova with partial segmentation, and in Mustelus laevis,
the vessels on the yolk sac come into such relation with the ma-
ternal vessels on the walls of the uterus, as to form a sort of
placenta. In osseous Fishes, where the ova are very much
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smaller, the segmentation of the yolk is more extensive than in
Filasiobranchii, but less so than in Mammals or Amphibia.

In Marsipobranchii, as in Amphibia and Ainphiorus, the intes-
tinal canal is formed within the yolk sae, as the result of an
invagination commencing at the future anus, proceeding from
without inwards, and forming thus a tube without any umbilicus,
within a cavity which is at once yolk cavity and peritoneal sac.

Fishes, like Amphibia, are competent not rarely to sexual fune-
tions before they are mature in other particulars. Their power
of repairing injuries, and reproducing lost parts, is confined to the
fims.  The capacity for growing as long as life lasts, which some
Fishes are said to possess, may be explained by the facts that their
bodies are, firstly, of very nearly the same specific gravity as the
water in which they live; and, secondly, of a temperature which is
but a very little higher than that which they are there exposed
to. Thus the force which in other animals is expended in the
way of opposition to that of gravity, and in the way of producing
heat, is available for sustaining continuous growth.

The Class Pisces 1s divided into six orders—the Dipuoi, the Elas-
mobranchii, the Ganoidei, the Teleostei, the Maisipobranehii, and
the Pharyngobranchii. Of these the Dipuoi are to be considered
the highest, as presenting in their organization many points of
aftimty to the Amphibia; the Alasmobiranchii and the Ganoidei
have the oldest known geological history of any members of the
class ; they possess many characters in common with each other
and with the Dipuoi, such as the abdominal position of the posterior
pair of limbs ; the retention ordinarily of more or less of the axial
endoskeleton in a cartilaginous condition ; the possession of an
anterior [unctional uniserial gill, which is lost as such in osscous
Fishes; and the possession of a spiral intestinal valve. Though
coeval in geologieal time with the Ganoider, the Elasinobiranchii are
a distinetly speeialized, whilst the Gancidei are a generalized type
of Vertebrata. The Teleoster, and amongst them the Physostoind
especially, are linked by many affinities to the Ganoidei. The Mar-
sipobranchii may be looked upon as representing a very low grade of
development of the type upon which the Elasmobranchii are con-
structed ; the superaddition of specializations has however proceeded
o far as Lo leave lew points of positive similarity beyond those which
an endoskeleton in great part or wholly cartilaginous ; a branchial
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apparatus differing in its pouched arrangement and posterior po-
sition from those of Ganoidei and Teleostei ; the absence of maxillary
and intermaxillary cartilages; and the presence of a raised ridge
along the intestine constitute. The sixth order, that of the Pha-
ryngobranchii, are the lowest of Vertebrata; their claim to that
title resting indeed not upon the possession by them of a vertebral
column, but merely upon that of a chorda dorsalis, underlying a
membranous neural canal, and overlying a cavity containing the
organs of vegetative life. Its digestive tract appears to be formed
as in many Inverteprata by an invagination commencing on the
exterior of the germinal membrane, and it is to certain of the stages
of its metamorphosis that certain similarly transitory phases in the
life-history of certain sessile Ascidians have been stated to present
a strong resemblance unknown in other Invertebrata.

The Dipnoi are represented by the Mud-fishes, Lepidosiren and
Rhinocryptis, of the South American and West African rivers,
They possess, in addition to small external gills, scen elsewhere
amongst Fishes only in developing Elasmobiranchii, and to fune-
tional internal gills covered by an operculum, a pulmonary auricle
into which blood is returned from two pulmonary sacs. These sacs
communicate with the digestive tract by a ventrally-placed opening
guarded by cartilage ; they receive blood in a venous, and return it
in an arterialized state. The Dipnoi differ further from the Ga-
noidei, the piscine order with which they ave most nearly allied,
and resemble the Amplibia in the communication of their paired
nasal sacs with the mouth, in the possession of three external
branchiae, in the internal structure of their arterial bulb, and in the
miecroscopic characters of their chorda dorsalis.  The totality of
their organiem however shows them to belong to the Sub-kingdom
Pisces ; the persistence of the structure last mentioned ; the absence
of vertebral centra; the development of cycloid seales; and, more
distinctively, of the system of the lateral line; the presence of
clavicular, of branchiostegal, of opercular bones, of dermal spines,
and of a spiral intestinal valve; constituting a sum of characters
which justify us in referring them to that class, The order Dipnod
differs from the orders Elasmobranchii and Ganoidei, to which in
so many points it appears to be more or less closely allied in the non-
heterocercal character of the tail. In this particular it resembles
on the one hand the lowest of the Fishes; and on the other,

f



Ixxxn Tntroduction.

the Urodelous and the larvae of the Anurous Amphibia; illus-
trating well what is meant by the phrase ‘a generalized type.’
The Dipnoi vesemble the Elaswobranchii and Ganoidei in having
the posterior pair of limbs placed near the anus, as in all Verte-
brata above the Teleostean Fishes in which a posterior pair of limbs
1s developed.

The second order of Fishes, that of the Elasmobranchii, is repre-
sented by the Sharks, Rays, and Chimacrae. They differ from the
Dipnoi and Ganoided in the following points besides those which
their name connotes.  They never have an air-bladder, except occa-
sionally as a rudimentary structure; they have no cramial, nor
clavicular bones; their exoskeleton has the form of ¢ placoid’
granules, not of scales; and in the males, accessory copulatory
organs are developed. They resemble the Gaioider in the hetero-
cercal character of their tail; in the formation of thewr caudal
haemal avches by costal elements; and in the possession of several
rows of valves within their arterial bulb ; of a coating of transversely
striped muscular fibre on the exterior of this structure; and of an
optic chiasma,

The order Ganoider 1s divisible into two sub-orders—the Chon-
drostei represented by the Sturgeons; and the folostei represented
by the Bony Pike, the Polypterus, and the Amie. They always
possess a freely moving operculum, supported by one, as in Stur-
geons, or by several bony plates, and an air-bladder provided with
an air duet,  With a few exceptions, (Polypterus, Admia, Scapli-
vhynchus.) they possess an opercular gill as well as a pseudobranchia
and a blowing cavity, the remains of the first visceral eleft, may
exist together with, or independently of one, or other, or both of
these structurves. The angular or round enamelled seales, whence
their name is taken, are ordinarily but not always present, the skin
being sometimes naked and sometimes developing bony plates as
in the Stwrgeons. The extent to which ossilication proceeds in
their axial skeleton is; as the two subordinal names above given
indicate, very various. The Holostei and especially the genus
Awia, make a considerable approximation towards the Physo-
stomous division of the Teleostean Fishes, by the distinet speeiali-
zation of maxillary and intermaxillary bones, and by failing to
develope either the enamel on the seales, the fulera on the fins, or
the gill on the operculum, so characteristic of Ganeided generally.
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The ZTeleostei comprise an immense majority of existing Iishes.
They may be subdivided into two great sub-orders: the Physostoid,
which possess an air-bladder and an air-duet, and, with the ex-
ception of the Pike, bone corpuscles in their skeleton; and the
Physoklisti (Haeckel) in which the air-duet is always absent, the
air-bladder sometimes, and in which, with the exception of the
Tunny, bone-corpuscles are wanting. The vertebrae vary much in
number, and in the extent to which caleificatory deposit takes place
in them; but they are always individualized, though the most
anteriorly placed of them may be suturally united with each other
and with the basi-oceipital bone. The gill-fringes may vary in
number accordingly, as upon each of four branchial arches a biserial
or uniserial gill is developed; but they never exceed the number
of four Dbiserial gills, an opercular gill being never developed.
They have always more than a single bone in the opercular valve.
The cartilaginous cranium may either persist or disappear, but
cranial bones are always developed in addition to it. The scapular
arch has a clavicular element; the anterior fins are ravely absent ;
the position of the posterior, which are much more commonly
absent than the anterior, varies from the ¢abdominal’ to the ¢ tho-
racie,” and from the ¢ thoracic’ to the ¢ jugular’ region. The aortic
bulb is not provided with more than two wvalves, nor has it a
covering of transversely striated muscular fibre. The optic nerves
decussate, but do not form a chiasma.

The fifth order of Fishes, the Marsipobranchii, consists of the
two families of Myaineidei and Petromyzontidae. Their sac-like
gills are supported on a cartilaginous framework, which is more
superficially placed than the analogous viseeral skeleton of higher
Fish. They have a single nasal opening, and have been hence
called ¢ Monorrhina,” in contradistinetion to all higher Vertebrata.
They bhave no mandible, and higher Vertebrata have, in contra-
distinetion to them, been on this account spoken of as ¢ Gnatho-
stoma.” They have no traces of air-bladder, of limbs, of limb-
girdles, of cranial bones, of scales, of spleen, or of pancreas. Their
tail retains the homocercal form characteristic of the early embryo
in other Fishes, They have no vertebral centra. The sympathetic
system is wanting, and the commencement of their aortic trunk has
neither striped nor smooth muscular fibres developed upon it. The
Myxinoids are less highly organized, being of parasitie habits, than

fa
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the Lampreys; their single nasal sac communicates with the pha-
rynx, whence they are called ‘Hyperotreti;’ whilst in the Petromy-
zonfidae, henee ealled ¢ Hyperoartii,” it ends blindly as in other
Fish. The embryos of Petromyzontidae go through a metamor-
phosis, being blind and edentulous when set free from the egg.
These larvae were formerly supposed to be a distinet species, and
were known under the name of dwmmocoeles branehialis,  Like the
larvae of some other Fish and of some Amphibia, they may attain
sexual maturity whilst still in one of the stages preparatory to the
perfect adult condition. The evolution of the sexual organs appears
however to exhaust the powers of such larvae as attain to it, and
to be incompatible with the completion of the entire curriculum of
metamorphosis.

The sixth order of Fishes, the Pharyngobranchii, are represented
by a single species, the Lancelet, duphiovus lauceolatus. These
animals are somewhat vermiform in outline, semi-transparent, of
small size, being only two inches in length even when adult,
without either cranium or brain strietly so called, or any differen-
tiation of the axial notochordal, or the primitive membranous neural
canal.

In this order we have pulsating vessels in the place of a saccular
heart, whence the name ¢ Leptocardia’ has been given to it in con-
tradistinetion to that of ¢ Pachyeardia,” which expresses the condition
of the eentral organ of the circulating system of all other Verte-
brata. Another name, * Aerania,” indicates the faet that in corre-
spondence with the absence of any other encephalic nervous centre
beyond a dilatation in which the myelon ends, and which may be
considered as homologous with the medulla oblongata, no cramal
cavity is developed upon the anterior prolongation of the notochord.
The mouth is surrounded by a cartilaginous ring, carrying ante-
riorly tentacular outgrowths, whence the name ¢ Cirrhostomi” has
been given to this order. The digestive tract immediately pos-
teriorly to the mouth is constituted by a multiperforate branclial
skeleton, along the bars of which blood is propelled by contractile
branchial arteries, and through the fissures of which the inhaled
water finds an exit into a cavity homologous with a branchial
cavity, and opening by a single orifice on the medio-ventral line,
posteriorly to the middle point of the animal’s length.  The blood-
vessels, which pass from a sub-branchial vessel upwards along the
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branchial bars, are collected into a dorsal aorta, which distributes
blood to the varions organs of the body. A portal system is rudi-
mentarily represented by a vessel, which is formed by the veins of
the intestine, and sends ramifications to a ecoecal outgrowth of that
tube representing the liver. There is no lymphatic system, nor
have any renal organs been discovered in this small Fish. The
eye appears to be represented by an azygos pigment speck, sessile
upon the anterior prolongation of the nervous axis. No aunditory
organ has been observed. The generative glands discharge their
products by simple dehiscence into the cavity surrounding the
branchial sac, whenee they escape by the abdominal pore together
with the respired water. The ova undergo complete segmentation ;
the ciliated embryo is set free before the primitive streak and
chorda dorsalis arve differentiated, and goes through a peculiar
metamorphosis,

Svp-rixapoy, Mollusca.

Invertebrata, in which the body is bilaterally symmetrieal, but
often not obviously so; in which 1t never is segmented nor pro-
vided with articulated appendages; and in which the length is
usually less in relation to the bulk than in either Vertebrata, Ar-
thropoda, or Vermes. The organs of animal life often attain but
an insignificant degree of evolution in this sub-kingdom ; whilst
those of vegetative, which are ordinarily massed together in a
sacciform envelope, may attain a great predominance in point of
size, with which their precedence m order of development 1s to be
correlated. The tegumentary envelope of these latter organs is
almost always prolonged so as to form a mantle, which may itself
entirely surround the body, and which usually furnishes it with an
external shell, or shells, or test. A well-developed digestive tract,
eonsisting of oesophagus, stomach, and intestinal segments, and never
opening into the perivisceral cavity, though it is occasionally aproe-
tous, is always present in Molluseca. It very rarely takes a direct
antero-posterior conrse, but has almost always its terminal segment
bent round so as to be approximated to the mouth, and when it is
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proctuchous, the anal outlet is very nsually in close relation to the
respiratory inlet. The hepatic organ is very various in shape, but
is usnally, as in most water-breathing animals, lareely developed. A
heart is usually but not always present ; it is, when present, always
systemie, receiving blood, when afferent veins are present, from the
aerating and renal organs, or from the general lacunar system when
no such vessels exist, and propelling it by an aorta to the main
organs of animal and vegetable life vespectively. In many aquatie
Molluseca, the external water ean find its way by variously situated
apertures, so as to become directly intermingled with the blood ; in
others, a multi-ramified water-vaseular system appears to spread
itself’ throughout the body, without becoming directly continuouns
with the blood-vessels. In some cases no specialized respiratory
organs are present ; in a few Mollusea aerial respiration is attained
to, in most 1t is aquatic. The renal organ may be represented by a
simple non-glandular sae, which communicates internally with the
lacunar Dblood-vascular system, and externally with the circum-
ambient medium. When its walls are elothed with glandular cells,
it receives an abundant supply of venous blood, some of which is
passed onwards to the aerating organs, and some sent divectly to
the heart.

The nervous system may be reduced to a single ganglion, as in
Polyzoa and Tunicata, and in the former elass organs of special
sense are wanting, except occasionally as rudiments.

Reproduetion may be either sexual or asexual ; and in the Po-
lyzoa polymorphic zooids are produced by gemmation. The ova
undergo entire segmentation, except in the Cephalopoda ;: and with
the exception of that class, and a few Gasteropoda, of the pulmonate
order mostly, the embryos go through metamorphosis subsequently
to bemg set free from the ego,

The great majority of Mollusea are water-breathers, and marine
in habitat ; some however ave fluviatile, or lacustrine ; and a few
are terrestrial and pulmonate. A few Mollusea are parasitic.
Eutoconcha mirabilis inhabits the perivisceral eavity of a Synapta;
in the genus Fulima, which preys upon Holothurioidea, some species
are ento-, others ceto-parvasitic.  Sty/ifer lives ecto- or pseudo-
parasitically attached to the soft tissues clothing the exterior of
Asteriae and Lchinowdea and Holothurioidea, as alse within their
digestive tract. Crenella mfests Tunicata; and Fulsella, Gastro-
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chaena, and Magiluns infest certain Coelenterata ; but, like certain
Polyzoa, such as Lowosoma and Pedicellina, which attach them-
selves to Vermes as to other marine ohjects, are not pa rasitic in a
strict sense,

The Sub-kingdom Mollusca contains two great divisions or pro-
vinces—the Mollusea proper, under which are comprehended as
classes the Cephalopoda, the Gasteropoda, the Pteropoda, and the
Lamellibranchiata ; and the Molluscoidea, under which are compre-
hended the Brachiopoda, the Tunicata, and the Polyzoa. The Mol-
lusea proper are distinguished firstly by the great development of
their organs of animal life. Their motor organs consist of a * foot,’
which may be of very various shapes, and is divisible morphologieally,
and sometimes actnally, into a ¢ propodium,” ¢ mesopodium,” and ¢ me-
tapodium;” and of an ¢ epipodium,’ developed by the foot proper along
its line of junction with the visceral mass. The names of the three
classes, Cephalopoda, Gastevopoda, and Pteropoda, relate to the dif-
forences ohservable in these motor organs. The nervous system mn
all four Classes of Mollusca consists of three pairs of ganglia at least,
which are sensory, parieto-splanchnie, and motor respectively ; and
which, being. mutually connected by commissures, form a collar
round the commencement of the digestive tract. The organs of
vegetative life in the Mollusca contrast with those of the Mollus-
coidea in two chief points : firstly, their heart is all but invariably
provided with one or two auricles, in correlation with their more
perfectly developed and specialized respiratory apparatus, whence
they have been called Otocardia ;> and secondly, their digestive
system is, also all but invariably, proctuchous. The three classes,
Cephalopoda, Gasteropoda, Pteropoda, are placed together in one
sub-division as ¢ odontophorous’ Mollusea, in contradistinetion to the
¢ hivalve’ Lamellibranchiata, by virtue of their uniformly possessing
the peculiar dentigerous rasping organ known as the tongue, and
of their never possessing a bivalved shell.  With these differences
others are correlated, as will be detailed in the description of the
class Lamellibranchiata.

The Molluscoidea, as a sub-division, are distinguished from the
Mollusea proper by the following characteristies. They are not
only, like the Lamellibranchiata, destitute of any prehensile or
masticatory apparatus, and dependent therefore upon ciliary action
for the ingestion of alimentary matters, but they are, with the
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exception of the Nectascidiae and a few Polyzoa, also devoid of organs
for mofion from place to place, at least in their adult state. The
entire sub-division is aquatie, and, with the exception of a part of
the Polyzoa, is marine. Most of its members are monoecious, and
many are social, which the Mollusca proper never are. They
always have a more or less indurated external envelope, which in
two of the classes, the Tunicata and the Polyzoa, into which the
Molluseoidea ave divided, is sacciform ; and in the third, the Bra-
chiopoda, takes the form of a bivalve shell. In this latter case the
nerve-system attains a higher development in certain species than
it ever does in either of the other two classes of Molluscoidea ; but
as no Molluscoid has a < foot,” pedal ganglia are never developed,
nor the three pairs of ganglia characteristic of the higher sub-
division of the sub-kingdom attained to.

Crass, Cephalopoda.

Mollusea, in which the foot proper has its margins split up into
tentacles, or into acetabuliferons arms, which ave arranged so as to
torm a corona round the mouth. The epipodia, which in Pteropoda
are the prineipal, remain, in Cephalopoda, important locomotor
organs, forming as they do, by their partial or perfect coalescence,
the ¢ funnel,” which is lodged in their capacious neurally-situated
mantle cavity, and which by the contraction of the musenlar walls
of that cavity has water so projected into it as to effect the peculiar
backward swimming movement characteristic of the class. Move-
ment from place to place in the way of crawling is eflected by the
multifid foot proper. By virtue of the high evolution of their
organs generally, and especially of those of animal life, snch as the
eyes, the Cephalopoda are by common consent placed at the head
of the Molluscan Sub-kingdom; by the retention, however, of a
bilateral arrangement relatively to a median antero-posterior plane
in many organs, and especially in those of vegetable life, they show
indications of allinity to lower Mollusca, which are lost in the inter-
mediate elasses of Gasteropoda and Pteropoda. The Cephalopoda are
divided into two orders, according to the number of their gills; the
Tetrabranchiate being the less, and the Dibranehiate the more
highly organized of the two. All Cephalopoda possess an internal
artilaginous framework which supports and protects their nerve-
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collar and their organs of special sense; the Telrabranchiala, in
which the internal skeleton attains much less 1mportance than it
does in the Dibranchiata, have an external shell; and the Dibran-
ehiata ordinarily possess an internal calcareous shell, as in Sepia,
Belennitidae, and Spirnla, or a vigid support of conchiolin, as in Lo-
liginidae. The Octopodidae, however, in which locomotion ordinarily
is of the erawling kind, are devoid, with the exception of Cirrholen-
this, of any internal shell distinet from their varions infernal ecar-
tilaginous supports. The external shell of the female Argonantidae
is secreted by the external surface of the expanded ends of their two
mesially-placed dorsal arms ; the body of the animal is not attached
to it by the insertion of any muscles, and it is not homologous
with the external shell of the Nautilus, nor indeed with that of any
other Molluse. The tegumentary system is distinguished, except in
the Tetrabranchiata, by the absence of cilia, and by the presence of
chromatophores, and of certain more deeply-placed lamellar eells
upon which their well-known power of changing colour depends.
The organs of animal life being all highly developed, those of
digestion, circulation, and respiration are so also in subservience
to them. The entrance to the digestive tract, besides being armed
with a rasping tongue, is further furnished with a powerful ex-
ternally-placed beak resembling that of a parrot, but having its
posterior segment the larger of the two.

Thongh the animals are exclusively earnivorous and marine, they
have always, with the exception of the Tetrabranchiata, a very largely
developed salivary system. A crop, and also a spiral stomachal
coecum, are usnally present; as also glandular appendages, which,
as being distinet, at least to the naked eye, from the great mass of
the liver, have been regarded as pancreatic. The intestine proper
does not deseribe any complex convolutions in ifs course to the anus,
which opens always in the middle line of the mantle eavity, and
contributes thus, with other arrangements, to give these animals
their very obvious appearance of bilateral symmetry.

The systemic heart consists of a single ventricle, the walls of
which, in the higher Cephalopoda at least, are composed of trans-
versely-striated muscular tissue.  The branchial veins which veturn
the aerated Dlood to the heart have, in some species of those orders,
dilatations developed upon them representing auricles: and in addi-
tion to the systemic heart, we find in all the Dilranchiala accessory
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branchial hearts, developed upon the great afferent branchial veins.
In the Dibranchiata the peripheral civenlatory system appears to be
closed, consisting of arteries connected by eapillaries, in many
organs at least, with the veins or great venous sinuses into which
the veins expand. In the Zefrabranchiata the blood appears to be
more widely distributed throughont the various perivisceral cham-
bers than it is, according to Mr, Hancock, in the Dibranchiata ;
and as the external water finds in the former free access to the
various perivisceral cavities, it would appear that it may thus
come, as it does, according to some authorities, in the latter order
also, to mix direetly with the blood, The gills are in the Dibran-
chiate ovder attached i their entire length to the interior of the
mantle cavity, upon the eontraction of the museular walls of which
they are, in the absence of any cilia upon their external surface,
dependent for fresh supplies of water and aeration. The gills of the
Nawtifi differ from those of the Dilranchiate not only m their
number, but also in being attached only at their bases. The renal
organs take the shape of bilaterally symmetrical spongy appendages
to the stems into which the vena cava divides, and which carry its
blood to the similarly bilateral gills, Certain orifices in the bran-
chial chamber exist, by means of which the secretion of these
organs can more or less directly find its way into the external
water,

The three typical pairs of exeitomotor ganeha are readily recog-
nizable in the Cephalopoda as in all other Mollusea proper, the
anterior position of the pedal gangha and of their cerebro-pedal
commissure to the viseeral or parieto-splanchnie ganglia, and their
cerebro-visceral commissure, being as readily demonstrable in these,
the highest, as in the Lamellibranchiata, the lowest of the Mollusca
proper. The accessory nerve-systems, however, which this latter
class does not possess, attain a high development in the paired
stomatogastrie, parietal, and branchial ganglia, as also in the un-
paired stomachal and other visceral ganglia of Cephalopoda,  An
olfactory organ appears to exist in Cephalopoda in addition to the
highly-developed eyes and the auditory organs,

The Cephalopoda ave always dioecions.  The reproductive glands
differ from most of their other organs in not being hilaterally
symmetrical, and they differ from those of all other Invertebrata,
except certain of the Vermes, in setting free their respective
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products into the cavity of a compartment of the perivisceral
space, whenee they are taken up by the open mouth of the effe-
rent generative duct, as the ova in most Vertebrata are taken up
by the Fallopian tubes. The oviducts are bilaterally symmetrical
in the sub-order Ocfopoda, and in the genus Owinastrephes ; bhut
both male and female efferent duets are in all other Cephalopoda
unpaired like the glands with which they are in relation. The
male and female Cephalopoda are distinguishable from each other
by external differences, and most markedly by the modification of
one of the arms or tentacles of the males to serve as an intro-
mittent organ, the so-called ¢ Hectocotylus,” which in some species,
Argonauta argo, Octopus cavena, Tremoctopus violacens, and Tremoe-
topus Quoyanus, is set free from the male animal, and, probably,
reproduced after each act of sexual congress. The Cephalopoda
differ from other Invertebrata in the very large proportion of the
volk which escapes segmentation; and with the large size of the
nutritive yolk we may correlate the fact that the embryos do not
undergo any metamorphosis after leaving the ego.

The Tetrabranchiate differ from the Dibranchiate Cephalopoda in
the following particulars besides those which their name connotes.
They have an external shell, to which the body is attached by
strong muscles, but no ink-bag; their tentacles are much more
numerous, but are not armed with the suckers which gave the
LDhibranchiata their name of ¢ Acetabulifera;’ their internal eartila-
ginous skeleton is limited to the head, and does not there form a
perfect ring; the two halves of their ¢ funnel’ are not anchylosed,
but project by two free edges into the mantle cavity, where they
form a tube by mutual apposition ; their blood-vascular system ap-
pears to be less shavply differentiated from their water-vascular or
perivisceral, and their eyes are pedunculate. The families Nawfilidae
and dmmonitidee make up the entive ovder Tefrabranchiala, and
are represented in the Silurian formations by numerous genera,
species, and individuals, whilst at the present time the ovder is
represented only by the rare Nuwfifi, the living species of which
are variously stated to be two, four, or six. The more highly-
organized Dibranchiata have attained their greatest development as
an order in the modern Period, but make their first appearance in
the Triassic formation. They are divided into three sub-orders—
the Decapoda ecalciphora, to which the existing Spirulidae and
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Sepiadae, and the extinet Belemnitidae arve veferved ; the Decajpoda
ehondrophora, which do not possess a ecaleified shell, but a horny
“pen’ or ¢ gladius;” and the Octopoda, which, with the exception of
Cirrhotenthis, have no internal shell.

Crass, Gasteropoda.

Mollusea, distingunished as a class from the Pteropoda and Cepha-
lopoda most obviously by the characters of their ¢ foot,” which is
ordinarily flat and sole-shaped, and adapted for erawling. Usually
the foot is not divisible into a propodium, mesopodinm, and meta-
podium, thongh the posterior part of the organ is nearly always
well developed, and even when no division exists to denote its
typically trifid character, the presence of an operculum frequently
enables us to differentiate its metapodial portion. In the flefero-
pode however, and in the Stroumbidae, the three divisions of the foot
are very clearly distinguishable; and the epipodium 1s oceasionally
recognizable, as in dplysia and Twrbo. The foot proper may be
longitudinally divided for erawling, as in Plasiauel/e, or expanded
into lateral lobes for swimming, as in Gasferopleron and Bullidae ;
or it may be adapted for the purpose of swimming by being con-
verted anteriorly into a vertical fin, whilst it vetains its ordinary
eaudate shape posteriorly, as in the Heferopode. IFinally, the foot
may be merely radimentary, as in Glawcws, Tanthine, and Ferimetus.

The Gasteropoda count among their number the only representa-
tives of the Sub-kingdom which have attained to aerial respiration,
and they form by far the most numerous of all Mollusean, and, with
the exception of the Insecta, of all animal Classes.

Their digestive tract is almost invariably more or less convoluted,
and with the exception of the parasitic Lutoconcha wmirabilis, and
possibly a few Apneusta (see Baur, Nova Acta, 1864, p. 71), it 1s
always proctuchous. The mouth and anus are ordinarily near to
each other, but are never in the same median plane. In certain
Apnensta and Nudibranchiala, the intestinal tract takes a straight
antero-posterior course, but 1s provided with lateral gastro-hepatie
diverticula, which give it much the appearance of the digestive
tract of one of the Dendrocoelous Planarian or Trematode Vermes.
The heart, which has been supposed to be absent in the Gasteropoda
just mentioned, does not seem to be so in any member of the class




Characteristics of Pteropoda. xciil
except the Enfoconcha and Riodope ; it is sometimes, as in Chitou,
Nevitina, Haliotis, perforated by the rectum, as is the case in the
Lamellibranchiata, to which some of these Gasteropoda furnish an
additional point of resemblance in possessing two auricles. In many,
though probably not in all Gasteropoda, the perivisceral cavity is in
direct communieation with the blood-vasculav system. There may
be no specialized organ of respiration ; gills, however, are ordinarily
present, except in the Pulmonata, where atmospherie air is inhaled
into a cavity formed by the mantle. The renal organ is single.

The Gasteropoda may be either dioecious or hermaphrodite. In
a few dioecious species which ave, as Fermefus and Silignaria, fixed
to one spot, there is no sexunal congress, but the ova are fertilized
by the spermatozoa finding their way to them after being set free
into the water; and in a few of the hermaphrodite species, such as
Lergijics Edwardsi and Limuaea awvricufaris, heautandrous impreg-
nation has been observed to take place. DBut with these exceptions,
sexual congress always precedes impregnation, and indeed all re-
production, in Gasteropoda. The accessory reproductive apparatus
1s greatly developed and complex in the hermaphrodite orders, Pu/-
aonafe and Nuedibrawchiale, whilst 1 some of the dioecious orders,
Cyelobranchiata and Aspidobranchiata, even the intromittent organ
may be wanting, and mieroscopic examination may be necessary for
the distinguishing of the sexes, Gasteropoda arve all but universally
oviparous, the yolk undergoing segmentation, and manifesting the
phaenomenon of rotation whilst within the egg. When the embryo
is set free from the egg, it ordinarily goes through a metamorphosis
which is marked by the possession of a provisional organ in the shape
of a hilobed ciliated locomotor velum. The embryos of the Pul-
monate, in which order the ova may attain a very great size, may
possess from the first the form and organization of the adult animal,
but provisional organs have heen observed in their development
(Limax) as in that of Branchiogasteropoda,

Crass, Pteropoda.

Mollusca of small size varying from 1" to 3” in length, of pelagic
habitat, of nocturnal habits, with the head and eyes rudimentary,
and with the epipodia largely developed and constituting swimming
organs, The foot proper is ordinarily much reduced in size and
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importance, but its various divisions, propodium, mesopodium, and
metapodium, may sometimes be all recognizable in the interspace
between the epipodial alae, The processes corresponding to the
propodium may be, like the arms of the Cephalopoda, armed with
suckers; and these latter structures may be, as in Cliowe Borealis,
set in great numbers upon certain circumoral retractile upgrowths,
which may correspond both to the acetabuliferous arms, and to the
buecal membrane, (itsell also sometimes, as in Loligo, acetabuliferous
in members) of that highest class of Mollusea. The Pteropoda may
further resemble the Cephalopoda by having, as in Cleodora, their
ordinarily large mantle cavity opening on the ventral or neural sur-
lace. This cavity, however, may open upon the dorsal surface, as in
Gasteropoda, and it may be absent altogether, as in Clione. The
heart consists of a ventricle and auricle, and gives off an anterior
aorta which passes forwards through the nerve-collar to supply the
epipodial swimming organs. The small size of their bodies enables
them to dispense in most cases with branchial organs, both in the
families provided with a shell (Thecosoiiata), and in those destitute
of it (Gymuosomale). Their rvenal organ has the normal internal
communication with the pericardial blood-sinus, as well as an opening
on to the exterior, but i1ts walls may be either merely hyaline, or con-
tractile, without seeretory tissue; or thirdly, spongy and glandular,
as in the conchiferous families Hyalea and Cleodora, The eyes and,
usually, the sensory tentacles are more or less rudimentary.  Auditory
vesicles are always present, and in relation with the pedal ganglia.
The Pteropoda are hermaphrodite. The embryos go through a
metamorphosis, being provided, when set free from the egg, with
a bilobed ciliated velum, which is replaced by the epipodia. The
Gymnosomatous Clionidae and Prewinoderniidee go through a second
stage of metamorphosis, in which they have three zones of cilia,
Most of the points of degradation, or simplicity, observable in the
structural arrangements of the Pteropoda, appear to be referrible
either to their nocturnal habits, which have entailed a stunting of
the cephalic organs, or to their minute size, which has rendered any
complex evolution of the eireulatory and respiratory organs unneces-
sary. They have frequently been classed as an order of Gasteropoda,
but the general relations of their motor organs and their mantle
cavity appear to approximate them rather to the Cephalopoda, with-
out however justifying us in ranking them as an order of that class,
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On the other hand, the Pteropoda are closely allied to the Denta-
lidae, the Solenoconchae of Lacaze Duthiers, or Prosopocephala of
Keferstein ; and this aberrant order, though possessed of a ‘ tongue,’
of cephalic tentacles, and of epipodial lobes, as well as a foot proper,
has nevertheless been separated from the Odonfophora, on account
of the many points of affinity which subsist between it and the
Lamellibranchiata. The most important of these appear to be,
the bilateral character of the organ of Bojanus, and of the gene-
rative gland; the absence of any accessory reproductive organs,
either glandular or intromittent; the absence of sexual congress
and the consequent extra-corporeal fertilization of the ova; and
the singleness of the larval velum. Iach one of these points,
however, 1s reproduced either amongst the Cephalopoda or the
Gasteropoda, and the sum total of them therefore proves, not that
the Dentalidae ought to be dissociated from, but merely that the
Lamellibranchiata are rightly associated with the Odontophora,
as Mollusca proper, notwithstanding these points of degradation.
The orgamization of the Dentalidae is modified for their special habit
of living immersed, during the daylight at least, in the sand; and
as many of the points of difference between them and the natatorial
Pteropoda may be explained by a reference to this peculiarity, whilst
such points of resemblance as the likeness of their larvae to those of
Puvmodermon and Clione are of purely morphological value, the two
sets of animals may, as suggested by Mr. Huxley, be placed together
in a class which would have very generalized aflinities on the one
hand to the Cephalopoda, and on the other to the non-odontophorous
Mollusca s. Lamellibranchiata.

Crass, Lamellibranchiata.

Mollusea, which, while agreeing with the other three classes of
the Sub-division of Mollusca proper in the properties distinguishing
it from the Sub-division of Molluscoidea, differ from them in having
a bivalve shell secreted by a medio-dorsally attached and bilaterally
symmetrical mantle, in the absence of odontophore, of salivary
glands, of stomato-gastric and sympathetic nerve-ganglia, in the
great size of the collars formed by the cerebro-pedal and cerebro-
visceral nerve-commissures, in the bilaterality of their reproductive
glands, and in the absence of any aceessory reproductive organs.
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In having their organs Dbilaterally symmetrical in relation to a
vertical antero-posterior plane, the Lamellibranchiata differ from
the Gasteropoda and Pteropoda, but not from the Cephalopoda.
Their bivalve shells differ from those of the Brachiopoda in being
placed one on either side right and left of the antero-posterior axis
of the body; in being scarcely ever equilateral ; in being very fre-
quently equivalve, except as regards the hinge; and in having the
hinge opened by the action of an elastic ligament, and closed by
that of one or two transversely-running adductor muscles. Their
foot is ordinarily compressed from side to side, so as to be hatchet-
or ploughshave-shaped. 1t may be rudimentary, and not rarely
seeretes a ‘ byssus,” whereby the animal attaches itself to one spot.
It never developes an epipodium, nor presents the trifid division into
propodium, mesopodium, and metapodium. Movement is effected
ordinarily by means of the foot; but in some instances, as Pecten,
by the alternate opening and shutting of the valves. Two or more
pairs of retractor, and one pair of protractor muscles, may be present
to act upon the foot and visceral mass from bilateral points of
attachment to the valves of the shell. In the absence of any pre-
hensile or manducatory organs, the Lamellibranchiata are dependent
for the ingestion of food upon the currents set up by the cilia
covering not only all their external organs, except the outer surfaces
of their mantle, but also lining their alimentary canal. The mouth
is provided with labial tentacles, which are homologous with the
arms of the Brachiopoda.

The digestive tract has its anterior segments closely and inse-
parably connected with the visceral mass made up by the hepatie,
and in some cases by the reproductive coeca, after disengaging itself
from which it, with some exceptions (Osfiea, Anomia, and Teredo),
passes through the ventricle of the heart, before passing over the
main adductor muscle of the two valves to end in a cloacal
atrium. The ventricle of the heart is, with the exeeption of
Arca, single, whilst the auricles are, with the exception of
Anvinia, bilaterally symmetrical relatively to a median vertical
plane, like the gills and the organs of Bojanus. Gills are uni-
versally present, and are in most cases two in number on each side.
They take ordinarily the shape of laterally-compressed multi-fene-
strated pouches, attached along the upper line of the mantle cavity,
much as the leaves of a book are attached to the interior of its
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covers; but in some cases, as Peclen, Spondylus, Trigonia, owing to
the absence of the antero-posterior elements of the lattice-work, the
gills may be reduced to rows of comb-like processes, as in a Pectini-
branchiate Gasteropod, or in an osseous Fish.  Ordinarily, there are
two gills on each side; there may, however, be only one, as in
Luecing and Corbis; and in these cases 1t 1s always the external
pair which is absent. It is later to be developed, and very often
smaller, when present, than the nmner gill; and 1n some cases it
serves as a marsupial pouch, in which the ova are impregnated by
the spermatozoa brought to them by the inhaled water, and go
through certain stages of embryonie development (see p. 65, tufra).
The renal organ is always bilaterally symmetrical ; it consists ordi-
narily of an exeretory sae, which opens into the mantle cavity, and
of a secretory lamellar and glandular sae, which opens internally
into the pericardial blood-sinus ; but it may consist only of a single
sac on either side, which communicates with its fellow, but prob-
ably not with the pericardial cavity. The external orifice of the
organ of Bojanus may receive the duct of the generative gland of
its own side of the body, or that duet may open within the organ,
or independently of it, but at a short distance from its external
orifice,

The Lamellibranchiata never possess any stomato-gastrie nor sym-
pathetic gangha; but they may have accessory gangha developed
for the imnervation of certain of their organs of animal life when
these arve largely developed, as in the ecases of the siphons of some
of the siphonate families, and of the sensory organs developed along
the free edge of the mantle lobes,

The Lamellibranchiata are, with a few exceptions, such as Os-
trea and Cyelas, dioecious, The generative glands are always
bilaterally symmetrical, and never possess any accessory glandular
or intromittent organs.  There is no sexual congress in this class;
the spermatozoa find their way to the ova either in the cir-
cumambient water, or in the cavity of the mantle®; or in that of
the outer gill; or in the cloacal space; or in the few viviparous
species, Aellia, Galeomma, Moutacuta, within the ovary itself, The
embryos always go through a more or less complex metamorphosis,

# Bee Description of Preparations, pp. §4-66, dufra ; and Description of Plate V.
PP 193198, iligue cifatu,

¥
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in which they are provided with a unilobar ciliated velum. The
fresh-water species, as is often the case, go through less complex
changes than the marine; and in one instance, that of Cyclas Cor-
wea, the foot, and not, as usual, the mantle with its shell, has been
stated to have been the first organ which differentiated itself in the
germinal membrane.  The unilobar velum may be armed with a
flagellum, and in the marine species come to resemble the homo-
logous organ of the Deutalivin.

The Lamellibranchiata are mostly marine. They may be either
fixed or free. They are never social in the sense of being organically
connected, but the peculiarities of their reproductive functions render
it necessary in their case, as in those of many similarly conditioned
creatures, that they should be massed in considerable numbers upon
the same spot.

(’Lass, Brachiopoda.

Molluseoidea with bivalve shells, which admit of being opened,
though usually not widely, either by means of a hinge acted upon
by museles, or by musecles alone, but which are not provided with
an elastic hgament as are those of the Lamellibranchiata, to which
the term ‘Dbivalve’ is sometimes exclusively applied. The shell of
the Brachiopoda differs from that of the Lamellibranchiata further
in being almost always equilateral, but not equivalve, and
having its valves articulated across and not along the dorsal ridge.
They are in the adult state always fixed ; either, as ordinarily, by a
peduncle which is attached to the internal surface of a * ventral’
<hell, placed in the living animal superiorly to a shell called,
from its relation to the heart, “dorsal,) or by the attachment of
the ventral shell, then placed inferiorly, to some marine object.
Larval Brachiopoda have been observed to move from place to
place in two ways; viz. either by means of the ciliated epitheliom
covering their arms, which are then protruded as is the lophophore
ol a Polyzoon, or by means of spines implanted in the ventral lobe
of the mantle. The Brachiopoda are ordinarily said to be dioecious,
and in Pheeidivm the sex ean be predieated from an inspection of
the shell ; but observations exist to show that hermaphroditism also
exists in this class, as in some representatives of every molluscan

Class, except the Cephalopoda. They are never social, though, as is
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ordinarily the case with animals which are destitute of the power of
moving from place to place, and thus accomplishing sexual congress,
they are found frequently placed closely together. They are always
marine. They fall into two great Sub-classes, accordingly as they
possess, or as they are destitute of an anus, The proctuchous
Sub-class is represented by Lingulidae, Discinidae, and Craniadae ; the
aproctous by Rhyuchonellidae and Terebratulidae. 'The proctuchous
Brachiopoda differ from the aproctous in having no hinge to their
shell, in having a vasiform instead of a globular heart; in having a
convoluted intestine instead of one describing but a simple curve;
in the much smaller evolution of their nervous system, the existence
of which has not, as yet, been fully demonstrated ; and in the
limitation of their generative glands to their perivisceral chamber,
In the existing species of Brachiopoda provided with a hinge, a
ealeareons process of greater or less length and of varions shapes is
given off’ from it for the support of the arms. Some fossil arti-
culate Brachiopoda were destitute of' these caleified supports, and
they are absent in all the hingeless Sub-class.  The mouth opens as
a simple unarmed transverse slit between the two arms; and it is
by the action of the cilia covering their cirri that the ingestion of
food, as also the aeration of the blood, is effected. The mantle cavity,
a very large part of which is occupied in all Brachiopods, and
especially in the aproctous Sub-class, by the arms, is continuous
through the oviducts or ¢ psendo-hearts,” with a multiramified sys-
tem of interviscerally-placed cavities and canals, which make up
the perivisceral system, and in Terelratulidae ave prolonged into
the arms. The ¢ pseudo-hearts,” or oviduets, consist each of them of
two segments—the one which opens externally being tubular, and
the one which brings the exterior communication with the peri-
visceral cavities being of wider calibre.  They appear to correspond
with the organs of Bojanus in the Lamellibranchiata. They give
passage outwards to the products of the generative glands.

A nerve-system has been demonstrated in the hinged Brachiopoda,
and consists of five ganglia, connected so as to form a collar around
the commencement of’ the oesophagus.  Three of these ganglia are
placed below the oesophagus, and the other two at the base of the
arms.
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For a monograph upon the organization of the Brachiopoda, see
Hancock, Phil. Trans., 1858 ; see also Lacaze Duthiers, Comptes
Rendus, 1865, 1., p. 8co.

For a monograph of the species Thecidivie Mediterraiewin, see Lacaze
Duthiers, Ann. Sei. Nat., Ser. iv., tom. xv., 1861.

For the microscopie structure of the shell, see Carpenter, Palacon-
tographical Society’s Memoirs, 1853, pp. 23-40.

For an account of a larval Brachiopod with figures, see Fritz Miiller,
Reichert und Du-Bois Reymond’s Archiv., 1860, p. 72, Taf. 1.,
figs. 1 and 2

See also pl. xi, fig. 2, and Deseription, pp. 232-234, infra.

Crass, Tunicata.

Molluscoidea, which may be either solitary or social, either fixed
or free, but which are exclusively marine and are never aproctous.
The animals communicate with the exterior by two orifices, pierced
in a sacciform envelope, and here regarded as homologous with the
inhalant and exhalant siphons of the siphonate Lamellibranchiata.
As in those animals, the mhalant orifice brings into the organism
not only food and oxygen, but also spermatozoa, which find their
way to the ova by a route homologous to that deseribed as taken
from the neural to the haemal surface of the gill, by the male
element in the Anodon (see pp. 64, 65, infra); and consequently
over and along a structure which is regarded as the homologue
not of a dilated pharynx, but of the gills of the bivalves. The
external envelope of the Tunicata, from the external form of which
the name ¢ Aseidiae” was given to the class by Savigny, is of very
various consisteney, and of very various histological appearance ;
but it always secretes cellulose within its substance, and 1s made in
the way of conversion, and not in that of exeretion as is the case in
ather members of the sub-kingdom. In Tunicata as in Lamelli-
branchiata, the anus and generative ducts open into a space lined
by the internal tunic, more or less separable from the muscular
mantle ; but in the eloacal space of the Tunicata there is no pos-
tertor adductor nor any specialized organ of’ Bojanus, though there
is contained n it their single nerve ganglion, which supplies parts
homologous with those supplied by the parieto-splanchnie of the
Lamellibrancliata.  The heart of the Tunieata is ul‘l“'ll:ll‘ﬂ"l.' clon-
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aated and vasiform, with one end direetly connected with that side
of the branchial organ which is opposite to that nearest the rectum.
Its action is periodically reversed during life ; but this end of the
heart may be regarded as the homologue of the vessels which bring
blood to the heart, whilst the other end may be considered to
represent the systemic aorta of bivalves. The Tunicata arve her-
maphrodite, but may multiply by gemmation as well as sexually.
With the exception of Sa/pa, they all go through a metamorphosis,
the larval form being caudate and active.

The larvae of certain sessile Ascidians, Phallusia mammillata, Phallusia
intestinalis, and Phallusie eanine, have been recently deseribed by Kowa-
lewsky and Kupfer as possessing in their caudal appendage a structure
closely similar to the chorde dorsalis previously held to be a distinetive
characteristic of Vertebrata ; as having their nerve-centres formed by the
fusion of lamellar upgrowths into tubes, in the manner which had
been similarly supposed to he peculiar to the higher Sub-kingdom,
thenee spoken of as ‘bicavitary ;' and finally as having the caudal axis-
cylinder resembling the vertebrate chorda dorsalis either actually inter-
posed between one part of their nerve-centres, or, at least, so placed, that
if prolonged, it would come to he so interposed. . . . It may be added
that Professor Gegenbaur, in the recently published second edition of his
¢ Grundziige der Vergleichenden Anatomie,’ p. 158, 1870, has placed the
Tunicata in the Sub-kingdom Vermes, assigning in justification of this
step the fact that the peculiar specialization of the anterior segment of
their digestive tract as a respiratory organ finds a parallel in the organ-
ization of a rare order (or Class) of worms, the Enteropnensti, represented
by two species, the Balanoglossus elavigerus, and the DBalonoglossus
minutus found on the Neapolitan coast. See Kowalewsky, Mem. Acad.
Imp. St. Petersburgh, Ser. vii., Tom. x. 3, 1866. Against this is to b
set the close correspondence in the way of homologies which may be
ghewn (szee infra, pp. 66-09, 235, 236) to exist between at least the
adult Tunicate and the Lamellibranchiate organism.

Crass, Polyzoa.

Molluscoidea which are always social; and, with the excep-
tion of Cristatella and, perhaps, also Lophopus and Selenariadae,
always fixed 1n their adult state, in a €polyzoary’ or ¢ cocnoe-
cinm.’ This structure, which is either erect or adnate, and, under
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either of these conditions, may be either dendritic or foliaceons,
i1s more or less flexible or rigid, accordingly as the ectoevst of
each polypide is more or less hardened by ealeareous or siliceous
deposit.  The amimals are never aproetous, but there is only a
single orifice in each eell for both mouth and anus, though, when
the polypide 1s protruded, a considerable interval intervenes be-
tween these two terminal apertures. The digestive tract is freely
suspended in a perivisceral cavity ; which, as these animals possess
neither heart nor generative duets, serves as a receptacle for the
blood at all times, and for the products of the generative glands
at the periods at which they come to maturity. The mouth opens
always between the two lips of a lophophore ; both lips being also
always, with the exception of Pedicellina, beset with tentacles.
The lophophore itself may be cirvenlar, as in all marine species,
with the exeeption of the family just named, and of ﬁ'.ﬂfrmfrffr;r‘,_uf{*!rh’r .
or it may be prolonged into two arms, extending from the mouth
towards the neural or rectal aspect of the animal, as in all fresh-
water species, hence called ¢ hippocrepian,” except Paludicella
and Uruafelfa.  In the freshwater species the tentacles are con-
nected at their bases by an infundibuliform membrane, known as
the ‘calyx;” and the mouth is guarded by a valvular organ, the
“epistome,’ by virtue of their possession of which they have been
classified as ¢ Phylactolaematous,” in contradistinetion to the ¢ Gym-
nolaematous” marine sub-orders. The lophophore, being attached
vound the mouth, either by its entire circumference, as in the
marine Polyzoa, or by the base of its two arms, as in the hippo-
erepian representatives of the class, forms a voof to the perivisceral
space, with which cavity, the cavities of the lophophore, of the
entire series of tentacula which it carries, and of the epistome when
present, are freely continuous, The tentacles are not flexible in the
Polyzoa, with the exception of the Pediceliineae, and probably some
allied forms.  Both the external and the nternal surfaces of the
lophophore and its tentacles are clothed with eilia, the action of
which subserves the lunetions of 1ngestion of food, and of aeration
of the blood.  The interior of the perivisceral space is also similarly
clothed with e¢iha: and the movements of the blood between the
mutually intercommunicating cavities of the lophophore with its
appendages and the general perivisceral system, are further earried
out by the contractions of the muscular fibres of the endocyst, and
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of the retractor and protractor muscles of the entire polypide. The
nerve mass situated between rectum and oesophagus, has been
figured and deseribed as sending filaments to the lophophore, ten-
tacles, epistome, digestive tract, evaginable endoeyst, and retractor
muscles, and as also throwing a collar round the oesophagus ; and
it may consequently be considered as representing both the parieto-
splanchnic and the cerebroid ganglia of higher Molluses. Repro-
duction in the Polyzoa is both sexual and asexual. The asexual
takes place in the way of gemmation ; and in the case of the
Fresh-water Polyzoa by means of ¢ statoblasts” or gemmae, in which
the developmental activity remains latent for a period. The Polyzoa
are hermaphrodite ; the testes being situated near the hottom, the
ovary being attached to the parietes of the upper part of the cell,
It is by gemmation that the polymorphic organisms known in
Polyzoa as ‘ovieells, ¢ qvienlaria,” and ¢ vibracula® are produced ;
and in Serialaria, where the entire colony may have its individual
polypide brought imnto connection by a common nerve-system, we
find some cells modified for the discharge of purely passive functions,
as ¢ stem-’ cells and ‘ root-" cells.

The Polyzoa have, like the Tunicata, been removed from the Sub-
kingdom Mollusea by Gegenbaur and Haeckel, and classed with the
Vermes. The inosculant form Lowosoma described by Kowalewsky
(Mem. Acad. Tmp. St. Petersburgh, Ser. vil, Tom. x. 2) has been sup-
posed to conneet them with this latter Sub-kingdom. Against this view
we must set not merely the many structural homologies which can be
pointed out as existing between adult individuals of the undoubtedly
Molluscoid Classes Brachiopoda and the Polyzoa ; (for which see p. 72,
infra, ibique citata), bt also the striking similavity which the Tarval
form of a Brachiopod has been observed by Fritz Miiller to present to
the Polyzoa with orbicular lophophores such as all the marine sub-
orders with the exception of Pedicellinea.  See Reichert und Du-Bois
Reymond's Archiv. fiir Anatomie und Physiologie, p. 79, 1860.

For an account of the nervous system in Serialaria, see Fritz Muller,
Archiv. fiir Naturgeschichte 1860, p. 311, Taf. xm,
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Sue-rixGoom, Arthropoda.

ANIMALS consisting of a series of more or less heteronomous
segments, the ¢ Metameren * or ¢ Folgestiicke * of Haeckel, to which
Jointed appendages are artienlated ventrally in pairs, and, ordi-
narily, in very different proportions and grades of development in
the different regions of the hody. These appendages are, in con-
tradistinetion to those of Vermes, hollow, and have muscles pro-
longed into their interior. This external integument is rendered
more or less rigid by chitinous deposit, which may be made still
more resistent by calcification. Chitinization extends itself from
the exterior into the interior, and in many cases an endophragmal
skeleton is thus formed, which arches over the ventrally-placed
portion of the nervous system. Tubular prolongations of the ecuti-
cular chitine extend inwards along the various ducts and canals
opening on to the exterior, and are shed together with the inte-
gument in the moultings which these animals, so long as they
continue to grow, must necessarily go through,

The chitinous deposit at the commencement of the digestive eanal

ay take the shape of “lips,’ or even of non-segmented processes,
like the ‘jaws” of certain Vermes, but the true funetional jaws of
Arthropoda are always produced by the modification of the hollow
segmented appendages of more or fewer of the anterior seoments
of the body. The organs of special sense are ordinari] y confined to
the prae-oral segments, and, like the vest of the appendicular skeleton
with which they are, either actually or mnrplm]ugim]iy, connected,
contribute at least as much to the heteronomy of the external
appearance as the segments upon which they are carried.

The antennae, eyes, and auditory organs are all but invariably
limited to the prae-oral cephalic segments, and the muscles of the
chitinous elements of the segments are never found to form eon-
tinuous antero-posterior layers, as in Vermes, corresponding with
the length and often with the cireumference of the body. On the
other hand, the chief internally-placed system of animal life, the
gangliated nerve-cord, presents a striking resemblance to the homo-
logous system in Vermes; and the respiratory system ol certain
Myriopoda appears to attain in its stigmata an approximation to
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correspondence with the number of the seoments of the body, which
resembles that manifested by the multiple respiratory organs of
many Annulata. But the cireulatory, depuratory, and reproductive
organs are never found to be thus multiplied, such segmentation
as they may exhibit being ordinarily limited to one, and that the
abdominal region of the body. The digestive tract takes ordinarily
a very direct antero-posterior course, rarely presenting any lateral
diverticula except in Arachnida, or any convolutions, exeept n
adult Insecta, and some Cladocera. This latter Crustacean family
has the anus placed dorsally, and some way anteriorly to the termi-
nation of the body segments, and furnishes an exception to the
general rule, that the intestine in Arthropoda ends in the last
segment of the body. Except in the larvae of Hymenoptera and
of Myrmeleon, the intestine is always proctuchous. But in the
suctorial Cirripedia, and in the ¢ complementary males” of the other
families of that order, as also in a suctorial Entomostracan, Mon-
strille Danae, the digestive tract is wanting altogether, and the
mouth when, as in the last case, present, leads direetly into the
general cavity of the body. A heart is very usually present,
underlying the dorsal elements of the abdominal segments, and
ending in an aorta in the thoracic region. It is usually vasiform
and segmented, lateral apertures at the anterior end of each seg-
ment serving as venous inlets for the blood filling the pericardial
sinug in which the heart is suspended by means of the elastic alue
cordis. The circulation is always more or less extensively lacunar;
even arteries may be wanting.

Accordingly, as the respiration is aquatic or aerial, the Arthro-
poda are divisible into two great groups, one of which 18 con-
stituted by the Crustacea, in which respiration is branchial, or n
the absence of branchiae, carried on in water by the general sur-
face of the body; and the other by the other three classes, Ara-
chnida, Myviopoda, and Insecta, in which respirvation is effected by
the admission of air into the interior of the body by frm-hm;r,
or some modification of those organs. The air-breathing Arthro-
poda agree with each other, and differ from the Crustacea in the
following points :—they never have two pairs of antennae; and,
with the exception of certain Eplemeridae, Strepsiptera, and Diplera
amongst Insecta, and certain Epeirae amongst Arachnida, their
eyes are never pedunculate; their mandibles are not palpate; one
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or both pairs of maxillae are more or less completely fused mesially
g0 as to form a lunetional lower lip; and, with the exception of
the lower Myriopoda, their post-abdominal segments, when present,
rarely or never earry appendages with locomotor functions in the
adult state. The portion of the supra-cesophageal ganglionic mass
which corresponds with the eyes, is much larger relatively to that
which corresponds with the antennary organs than it is in Crus-
tacea; and in exaet opposition to what we observe in this latter
class, we find the salivary and renal organs largely developed, and
the hepatic only represented rudimentarily, The digestive tract is
never aborted in air-breathing Arthropoda, nor aproctous in adult
individuals,  Except in certain lower Crustacea and Arachnida,
where the supra-oesophageal nerve-mass 1s represented simply by
a fibrous commissure, the nerve-system consists of supra-oesophageal
and of ventrally-placed gangha, connected with each other so as
to form a collar round the oesophagus, and connected with a
sympathetic system ordinarily consisting of a *stomatogastrie’
division and of ‘nervi transversi.’

All Arthropoda, with the exception of the Cirripedia and Tardi-
grada, are dioeeious, and, with the exception of the Tetradecapodous
or Hedriophthalmatous Crustacea, and cornuted Insecta, the males
are ordinarily smaller in size than the females. Reproduction is
ordinarily sexual, but both parthenogenesis and asexual genesis by
means of psendovaria, 1f not also by internal metagenesis without
the intermediation of such structures, are known to occur in this
Sub-kingdom. The Arthropoda are ordinarily oviparous, but are
sometimes viviparous, and even pupiparous, Exeept in the cases
of certain of the lower Crustacea and Arachnida, the segmentation
of the yolk is always partial, and the first appearance of the embryo
takes the shape of a ‘primitive streak.” Though the embryos of
Arthropoda very ordinarily go through more or less numerous stages
of metamorphosis, neither larvae nor adults ever possess cilia. In
the more usually observable forms of metamorphosis, the embryo
leaves the ege not only with its reproductive system, but also with
its motor and sensory organs in a less perfect condition than those
of the adult; in the less ordinary, or retrogressive metamorphosis,
observable in parasitic families, the animal organs of the larva are
more perfect than those of the adult. In both cases, change of
teprument accompanies metamorphosis,
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The most essential difference between the varions Classes of the Sub-
kingdom Arthropoda, is that which tracheal and branchial breathing ve-
spectively correspond to, and with this principle of classification in view,
we place the Crustacea, the carliest representatives of the Arthropodal
type in geological times, apart from the other three Classes.

Withiu the limits of any one of these four (lasses, the greater or lesser
heteronomy of the several regions of the body, the greater or lesser
extent. that is, to which the specialization of segments, and, even more,
of appendages, has been carried out, constitutes the most important dif-
ference hetween one order and another, next to that which the actual
abortion of segments or appendages entails.

The two Classes, Crustacea and Arachnida, differ from the Myriopoda
and Insecta in comprehending much more varied forms ; the Myriopoda
contrast with the other thvee Classes by theiv low degree, whilst the
Insecta are distinguished by their high degree of heteronomy.

The Crustacea and Arachnida are very elosely approximated by such
forms as the Cyamidae and the Pyenogonidre,  This latter family 1s re-
ferred to the Class Arachnida mainly on account of the lateral diverticula
which the digestive tract is furnished with, but there is reason to believe
that some of its species possess free and functional antennae, and it should
be considered therefore as Crustacean. If the parasitic Hedriophthalmate,
such as the Cymmidae, connect the Crustacea with the Arachnida on
the one side, they connect them also with the Insecta through Pediculus
on the other. A more striking, though perhaps not more real, link be-
tween the Crustacea and the Insecta and Myriopoda, is presented by the
air-breathing Isopoda, such as Oniseus, on the one side, and the apterous
Orthoptera and Glomeris on the other. The Arachnida approximate to
the Tnsecta very obviously by such forms as Galeodes ; and though their
marked hLeteronomy and the definite number of their body segments
cause them to differ very widely in external appearance from the Myrio-
poda, the peculiarities of their reproductive and respiratory systems
appear to speak to the existence of a real affinity between them and the
Chilognathous division of that class.

The Arthropoda have frequently been classed together with more or
fewer of the Vermes in one Sub-kingdom, that of the ‘Annulosa ' and
whilst by such highly-organized forms as the Marine Polychacta an
approximation appears to be made to certain of the less specialized of the
Crustacea ; or even of the Myriopoda, or the larvae of Insects, amongst
the air-breathing Arthropoda: the microscopic Rotifera connect the Vermes,
to which Sub-kingdom they arve to be referrved, very closely to the Crns-
tacea. The possession at one period, or, as usnal thronghout life, of
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hollow artienlated and segmented motor organs, into the intervior of which
transversely striated muscles are prolonged, and the absence at all periods
of cilia, are points which distinguish all Arthropoda from all Vermes ;
and a third point of nearly equal generality is furnished by the early
appearance of a ‘primitive streak’” and the partial segmentation of the
yolk in development. Fourthly, whilst in Vermes it is only rarely
possible to differentiate the posteephalic segments into several regions,
this is always possible in Arthropoda ; the history of the development
and that of the relation of the internal organs to the external skeleton
rendering this possible even in the externally nearly perfectly homo-
nomous Myriopoda, and in the most degraded rvepresentatives of the
Crustacean Class as well as in such homonomous forms as certain of the
Isopoda.  Fifthly, true metagenesis is unknown in Arvthropoda. The
various organs and systems of the Crustacean, as being a water-breathing
Class, appear to attain a lower degree of evolution than those of the other
Arvthropoda, and the Vermes may be supposed to approximate to them
more closely than to any of the air-breathing classes ; but the points just
specified will always serve to differentiate the members of the two Sub-
kingdoms, howsoever elosely they may at fivst sight resemble each other.
Still it must be said, that the two Sub-kingdoms have their boundaries
approximated at many points, if not along great lengths, in space ; and
for a conecrete illustration of this ]n':'i'nti]ﬂl,*_. the student is referved to the
deseription of Eekinoderes Dujardinii, an animal which, though classed
as a Crustacean, combines with many of the characters of Arthropoda
many also of those of such Vermes as the Nematelminthes and the Ofi-
gochaeta, and has been pointed out by Claparéde, (Anatomie und Entwick-
r,-|1.1a::_-*3g1-:~.'r'i|ir]|tu Wirbelloser Thiere, 186, I gz,} as |:ul'|.‘-:t.ih|ti||;_: a link
between these two Sub-kingdoms.

Cr.ass, Insecta.

Air-breathing Arthropoda with well-marked heteronomous divi-
sion of the adult body into three distinet regions, the head, thorax,
and abdomen. The middle region, or thorax, is composed of three
segments, the prothorax, mesothorax, and metathorax, each of which
has a pair of jointed appendages, the legs, articulated to it ventrally,
whilst each of the two posteriorly-placed segments has also, ordi-
navily, a pair of unsegmented appendages, the wings, or the wing-
covers, articulated to 1t dorsally.

A post-ubdomen is never very obviously marked off from the
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abdomen, but there arve not wanting more or less obscure indications
of the presence of three segments between the generative outlet and
the terminally-placed anus, which may be eonsidered as vepresenting
the post-abdomen. The abdomen proper never carries any articu-
lated appendages in adult inscets, with the single exception of the
Coleopterous Spirachtha Eurymedusa, in which the third, fourth, and
fifth abdominal segments each carry a pair of biarticulated appen-
dages. The post-abdominal segments however may carry seemented
appendages both in the adult and in the larval condition, but
these organs, though they may attain a considerable development,
especially in Orthoptera (Chioeon dimidiatuin), do not appear to
possess locomotor functions in adult insects.  The motor organs are
mainly localized in the thoracie, the vegetative in the post-thoracic
regions. None of the thoracic segments are ever, except in certain
Coccina, fused with the cephalic, nor are any thoracic appendages
ever modified so as to serve as manducatory organs. The greater
relative size of the eyes gives as distinetive a character to the head
in this Class of Arthropoda as its freedom from fusion with the
thorax. The mandible has never even a rudiment of a palp; and
the second pair of maxillae are always more or less completely
soldered together so as to form a functional lower lip, the * labium’
of entomologists. The digestive canal is never aproctous except in
the larvae of most Hymenoptera, of the parasitic Diptera, and of
Myrmeleo.  In these larvae the renal organs open into what 1s
subsequently by moulting brought into communication with the
blind end of the digestive tube, and so converted into a ® rectum -
the entire apparatus previously to this change bearing a striking
resemblance to the so-called ¢ water-vascular’ or exeretory system
of certain Vermes. The digestive tract presents more numerous
and more distinetly distinguishable divisions than in other Arthro-
poda; and it is often, at least in adult insects, arranged in convolu-
tions, and is thus longer relatively to the body than in other mem-
bers of the Sub-kingdom, The salivary glands may be large and
racemose as in Orthoptera, or very small and tubular as in the adult
Lepidoptera. The liver appears to be represented by certain coeca
which are set round the commencement of the digestive tract m
varying numbers in the Orthoptera and Hemiptera, the great
development of the respiratory tracheal system appearing to com-
pensate for this rudimentary or aborted condition of the hepatie
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organ, as in the reverse way the great development of the liver in
Arachnida may be supposed to compensate for their less developed
ﬂEI‘ﬂlin}__g' orcans. The other set of [ll.‘lllll‘.‘llﬂl‘}" oreans; those, namely,
which are charged with the direet elimination of effete nitrogenous
substances, are always, with the exception of A‘,r;.&.:'s? Cocens, and
Clermes, present in insects as the ¢ Malpighian vessels.” The tra-
cheae of msects inosculate or anastomose in various parts of their
course, but the capillary tracheae in which the spiral thickening of
the inner lining membrane may fail to be developed, end blindly in
the tissues to which they are distributed. The aquatic larva of one
insect, Chlocon dimidiclwm, has no tracheae developed i the first
three stages ol its larval life, but subsequently, like the larvae of
many other Orthoptera, Newroptera, and Diptera, has tracheae
developed which are exposed to the action of the oxygen dissolved
in outgrowths known as ° tracheal gills.” These organs do not ordi-
narily possess any ¢ spiracle” whereby to come directly into commu-
nication with the air of the atmosphere, and must therefore obtain
the oxvegen they contain as gas from that which i1s dissolved in
the water they live in. They may be said therefore to present us
with an instance of an arrangement transitional in character
between aguatic and aerial respivation. In a single inseet, Plero-
warcys regalis, one of the Orthoptera Awmphibiotica, which is of
lucifugons habits, and mhabits damyp localities, tracheal branchiae
are retained during adult life, but in other cases, when the insect
leaves the water, the external lappets into which the internal
tracheae send ramifications fall off, and the ordinary laterally-
placed spiracles are formed at the points of their separation.

The heart is a vasiform organ, consisting ordinarily of eight
seoments, with as many pairs of venous inlets, It underlies the
dorsal elements of the abdominal segments, is ordinarily closed
posteriorly, but ends anteriorly at the thorax In an aorta which
may be prolonged forwards as far as the cephalie ganglia,

In Insects there is never wanting a ventrally-placed ganglionie
mass in addition to the first sub-oesophageal centre, which by its
commissural junction to the cerebroid mass forms the nerve collar,
The first sub-oesophageal ganglia supplies the jaws, and though not
so closely apposed to the supra-ocsophageal centres as is the ease in
Arachnida, it is yet so close as often, but inconveniently, to have
been spoken of as part of the *brain.”  The ganghonic centres
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placed posteriorly to it may be represented by a single continuous
mass giving ofl’ nerves laterally and posteriorly ; or they may take
the shape of a chain of ganglia, which are never more than eleven,
three being thoracic and eight abdominal, though by fusion or
abortion they ordinarily fall below this number. The sympathetie
system, both in its stomato-gastric division, and in that part of
it which is in connection with the ventral ganglia and supplies the
tracheae, attains in insects a ]:11‘51.‘ I.]l:\'i}}{‘r'[}l'l'll_'nl'. The eyes are
always confined to the head; in a few instances, of which the
Chiveon dimidiatum, one of the Orthoptera Awmphibiotica, already
mentioned, is one, as also in certain Dipterous, Strepsipterous, and
Hemipterous genera, the eyes are elevated upon peduncles or pillars,
which however are never movably articulated to the head. In
most orders of insects, but most frequently amongst Hymenoptera,
Diptera, and Orthoptera, the so-called * simple eyes,” s. * stemmata,’
8. “ocelll,” coexist with the larger multifacetted eyes.

The males and females are ordinarily very different in insects;
the males, except in the cornuted species, being shghter in make,
swifter, furnished with larger eyes and antennae, and more brightly
coloured. The difference may be so great, especially when the
females are apterous and the males winged, as to amount to a kind
of Dimorphism,

The generative organs of Insects are very varied in the details of
their arrangement. The reproductive glands are always double
and symmetrieal, but the efferent ducts always fuse into a common
duct before opening.  This they do posteriorly to the eighth abdo-
minal segment ; which is homologous with the third caudal seements
of Scorpionidae and Crustacea, and therefore posterior by eight seg-
ments to the genital segment of the Arachnida just named, and to
that of Liwmulus ; and by three to the hinder of the two genital
segments of the Decapodous Crustacea. The female generative
organs of insects have often a large number of accessory appendages;
the most constant of these is the * receptaculum seminis ;* but there
may be present also an ¢ accessory gland’ appended to the * recepta-
eulum seminis;’ secondly, a ¢ hursa copulatrix ;’ and thirdly, a num-
ber of ‘colleterial’ glands which secrete a glutinous material for
fixing the ova to various external objects. The male accessory organs
are of two kinds, one of which is considered as analogous to the pro-
static organ, and the other to the vesiculae seminales of Mammals,



Cxl1i Introduction.

The segments of the body posterior to the eighth abdominal may
be modified so as to serve in either sex as ¢ ovipositors” or as intro-
mittent organs. There are no hermaphrodite insects, and sexual
reproduction 1s the rule mn the class.

Several forms of agamogenesis have been observed amongst
Insects. In one of these, females with a reproductive apparatus
provided with a receptaculum seminis produce (without any congress
with males), either embryos, as Lecanivin hesperidum, Cherines abietis,
amongst the Coceina ; or ova, as, amongst Lepidoptera, Psyche helix,
Solenobia lichenella, and Svlenobia triquetrella, and as, amongst
Hyinenoptera, Cynips, apterous Queen bees, and normal winged
(Queen hees before they leave the hive.  In this class of cases sexual
may alternate with asexual genesis, and it is to be noted that the
male offspring of the Queen bees are only and exclusively due to
the agamogenetic process.  In a second class of cases, females with
a more or less imperfect reproductive apparatus produce either ova,
as is the case with the ¢ workers” amongst the social Hymenoptera,
Apis mellifica, Vespa, Bowbus, 4 which the vagina as well as the
receptaculum seminis is rudimentary, and which, with, possibly, the
exception of the Vespidae, always produce males; or embryos, as
is the case with Aphis, in which certain generations without sper-
mathecae or colleterial glands are viviparous agamogenetically,
whilst others with a perfect sexual apparatus are oviparous gamo-
genetically, This form of asexual genesis is called ¢ pseudopartheno-
eenesis,” and the reproductive gland a ¢ psendovarinm.”  Asexual
oenesis was supposed to take place metagenetically, that 1s to say,
by a process ol internal gemmation in a non-differentiated part of
the body, in the larvae of certain Diptera of the family of Ceci-
domyidac; but the discovery, by Leuckart, of specialized germ-
producing organs in these animals appears to show that the only
differences hetween this process and that observable in Aphis consist
in its taking place in forms of a holometabolous order, which, as
being larvae, are very dillerent in external appearance from the
perfect sexual inseet, and in the ¢ pseudovaria” being destitute of
any ‘ pseudoviduct.’

In the development of the ovum the yolk is surrounded by a
germinal membrane, in which the first traces of the head and the
ventral half of the embryo make their appearance as the so-called
¢ pl*il]iiLi ve streak.” Insects are ordinarily oviparous, but they may
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be viviparons, and the larva in one sub-order (the so-called Pupi-
parac), is so far developed, by means of the nutriment furnished
to it by a gland opening within the maternal oviducal canal, as
to be nearly ready to enter upon the stage of chrysalis or pupa
when set free from the mother’s body. The form which an inseet
has on leaving the egg always differs more or less from that which
it possesses when adult, and capable, as only full-grown insects are,
of reproducing its kind by sexual genesis.  The larvae of apterous
insects, such as certain of the Orthoptera and Hemiptera, difler
from the adult, irrespectively of the undeveloped state of the gene-
rative organs, only in such points as size, the number of joints in
the antennae, and the number of facets in the corneae. It is only
in the quantitative inerease accruing to these two sets of organs
of special sense that the adult after the entire number of 1ts moults
comes to differ from the larva in the way of heteronomy. A
greater degree of heteronomy is attained to in the families of the
two orders specified which are endowed with wings, by the super-
addition of those organs, and by the concomitant greater differentia-
tion of the thoracie from the abdominal region of the body. Insects
which go through either of these two series of metamorphosis are
alled ¢ametabolous.” A third kind of metamorphosis is that in
which the adult insect, whilst gaining certain organs which the
larva does not possess, such as wings, loses certain others, which
the larva does possess, such as the provisional structures making up
the  mask’ of the Libellulidae. Such insects are called ¢ Hemimeta-
bolous,” and in them the heteronomy of the various regions of the
body is always well pronounced. Insects, finally, which when adult do
not only differ very markedly from their larval forms both by general
heteronomy and by the conformation of their particular organs, but
also attain to this condition after going through a period of quies-
cence known as the “ pupa’ or ¢ chrysalis’ stage, preparatory to their
final moult and the assumption of the adult condition, are called
 Holometabolous.” A period of quiescence as ¢ pupae,’ in addition to
the period of quiescence as ova, gives the Holometabolous orders of
Insects an advantage as regards their distribution over the colder
regions of the earth, relatively to the orders the pupae of which are
active ; and, therefore though certain small Poduridae vesist cold
well, it is amongst the Holometabola that we find a nearer approach
made to cosmopolitanism than is usual elsewhere amongst Inseets.
fi
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Crass, Myriopoda.

Air-breathing Arthropoda in which the segments and their ap-
pendages make a nearer approach to homonomy than in either
Inseeta or Arachnida, and in which the post-cephalic locomotor
appendages, even when least numerous, and amounting to nine
pairs only as in Pawropus, are still more numerous than the similar
organs in either of the two other classes mentioned, except in the
larvae of certain Hymenoptera, Cimber and Teuthredo, which possess
eight and seven pairs, respectively, of prolegs, besides the three pairs
of true legs. In the homonomy and number of their segments
and appendages, the Myriopoda resemble eertain of the Crustacea,
with which Class they have often been ranked, as also in having the
first, or the first two pairs of post-cephalic appendages, subordinated
more or less completely to the manduecatory organs, so as in one
order, Chilopoda, to form *foot-jaws,” and in another, Chilognatiha,
to form ‘labia’ by the partial fusion and other modifications of
their coxae, whilst in Paewropus the anterior pair of legs is rudi-
mentary. There 1s however no fusion of segments in the Myrio-
poda of the kind which produces a cephalo-thorax in Crustacea,
It may be added here that an additional point of similarity to the
Crustacea is manifested by the Myriopoda in their mode of growth ;
as their larvae nstead of leaving the ege, as insect larvae do, with
at least as many segments and legs as they ever afterwards llmssuss,
leave the ege with a much smaller number of segments and legs
than by the periodical addition of segments at successive moultings,
they attain in the adult state. The Myriopoda however must be
classed with the air-breathing Arthropoda, not only on account of
their respiration being tracheal, except in the case of the diminutive
Pawropus, but also on account of the singleness of their antennae ;
the sessile position of their eyes; their non-palpigerous mandibles ;
the fusion of their maxillae into a labium ; the large development
" of their salivary and renal, and the rudimentary condition of their
hepatie glands.

The Myriopoda appear to stand midway between the two other
classes of air-breathing Arthropoda, as to the mutually correlated
and mutual supplementing complexity and simplicity of the cireu-
latory and respiratory apparatus. Their digestive and nervous
systems are closely similar to those of the larvae of Insects,
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The Class Myriopoda is ordinarily divided into two orders—the Chilo-
poda and the Chilognatha or Diplopoda, from which the Siphonizantia
and the genus Pawropus ought, it is probable, to be separated.

The Chilopoda are the most highly orgavized of the Myriopoda.  They
are distinguishable externally by the flatness of their bodies; the large
size of their antennae, which always possess fourteen joints at least ; by
the modification of the two anterior pairs of post-cephalic appendages
into foot-jaws, the hinder pair of which is armed with a sickle-shaped
unguis and poison-gland ; and by their locometor legs being attached in
single pairs. With these external characters, the following points of
internal structure are correlated ; the stigmata for the admission of air
te the trachese do not correspond with the number of segments, and are
situated on the sides of the body between the bases of the feet and the
dorsal shields ; the generative ducts open at the posterior extremity of
the body ; and there is no intromittent organ. It is amongst the Chilo-
podea only (in Seutigera) that we meet with compound facetted eyes. In
another Chilopodous family (Scolopendridae) we find the generative ducts
single, and the tracheae anastomosing as in Inseets. The larval Chifo-
poda may have as many as six or eight pairs of locomotor appendages
when they leave the egg ; and the addition of fresh segments takes place
in the way of intercalation at each moult, in the intervals between each
pair of older segments.

In the Chilognatha the bedy is sub-cylindrviform, the antennae are
inconspicuous and do not possess morve than seven joints; the two
anterior pairs of post-cephalic appendages, or at least the first of
them, may be spoken of as “foot-jaws, or as forming *labia,’ inas-
much as they are directed forwards like the operculiform ‘foot-jaws’
of Crustacea, and have their basal joints or coxae more or less enlarged,
apposed mesially, and anchylosed, though they are much less altered in
function and structure than theiv homologues in the Chilopoda; and
their legs are, after the first six, or, in the males, seven post-cephalie
segments, arranged in double pairs. Differing thus externally from the
Chilopoda, they differ from them also in the following points of structure
and developmental history, and approximate more closely than they do
to the Arachnida and Crustacea, and less closely to the Insecta. The
stigmata leading into their tracheae correspond in pumber with their
segments, and are situated on the anterior border of the ventral plates,
under cover of the coxae of the legs, which are articulated to the pos-
terior border of these plates ; the tracheae do not anastomose ; the gene-
rative ducts are bilaterally symmetrical, having double openings in or
upon the borders of the third thoracie segment, which never carries legs,

h 2
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and corresponds precisely with the genital segment of the Scorpion (see
P. 116, difra), and with that of the Poecilopodous Crustacea. The seventh
post-cephalic segment ordinarily carries a double penis, which may how-
ever, as in Glomeris, be removed to the posterior extremity of the body,
indicating hereby an approximation to the Chilopoda. The larvae of
Chilognathe, when they leave the egg, have ordinarily only three pairs
of appendages, which are carried upon three of the four first post-cephalic
scgments 3 and they contrast still further with the Chidopoda, by at-
taining their additional segments at each moult by intercalation ouly in
that portion of germinal membrane which is interposed between the
penultimate and ante-penultimate segments.

Pawropus appears to resemble the Chilognathe in having the generative
orifices situated anteriorly instead of posteriorly in the body, and its
larvae are hexapodal ; but it differs from them in many points of its
external anatomy. The shape of its body as a whole, its dorsal plates,
and elongated posterior legs, give it a resemblance to some Chilopoda,
As tracheae may be absent in the early developmental stages even of an
Insect, Cllveon Dimidiatim, too much weight must not be laid upon
their absence in Pewropus ; and it may be safely said that for our present
purpose, that, namely, of showing the relationships which subsist between
the various classes of Arthropoda, the most important morphological
puint in this genus (or order 1) is its possession of bifid antennae, carrying
multi-articulate flagella, by which peculiarity, as also by the others
specified above, a very distinet aflinity is shown to exist between Myrio-
poda and Crustacea.

For the structure and aflimties of the Myriopoda, see Sir John
Lubbock, on Pauropus, a new type of Centipede, Linn. Soe,
Trans.,, xxvi., 1867, #bigue cifata; and also Mr. Newport’s
Papers on the Myriopoda, in the Transactions of the Royal
and Linnacan Societies,

Crass, Arachnida.

Air-breathing Avthropoda, with well-marked  heteronomy  be-
tween the several divisions of the body, which arve usually only
two, a cephalo-thorax to which the limbs arve lmited, and an
abdomen, usnally marked off' from it by a constriction, a post-
abdomen being developed only in the Scorpions.  Their antennae
are modified so as to serve in the prehension of food; and they
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have four pairs of limbs, which correspond to the maxillary, and
to the labial palps, and to the two anterior pairs of legs in Insects,
The fusion of head and thorax approximates the Arachmida to the
Crustacea, and puts them into a position of contrast to the other
Arthropoda ; the Myriopoda furnishing here, as frequently else-
where, an example of a transitional arrangement, by having the
two anterior pairs of thoracie appendages subordinated functionally
to the oral appendages, though the segments carrying them are
not in them actually fused with the head. As the history of the
development of the nervous system in the Seorpion appears to show
that the first post-oral, which is the cheliferous appendage, corre-
sponds to the mandible, and not, as is ordinavily stated, to the first
maxilla of other Arthropoda; we may add that the Arachnida
resemble the Crustacea in a second point of external anatomy,
that of possessing a palp on the mandible, a strueture never seen in
the air-breathing Arthropoda except as a rudiment in some Chilo-
podous Myriopoda.  The lesser development of the respiratory
apparatus is a point of internal anatomy which distinguishes the
Arachnida from the other Arthropoda ; and the large development
of the hepatic organ, which may be considered to compensate for
this comparative deficieney, 15 another point of resemblance to
Crustacea. As peeularities which may possibly be correlated with
these, and which certainly point in the same direction, we may
mention the power of repeatedly moulting ; of reproducing at those
periods limbs which have been detached or mutilated ; and of
producing offspring repeatedly in the adult state, which the Arach-
nida poessess in common with Crustacea. The higher Arachnida
resemble the Chiloguatie and the Crustacea, in the Inlateral ter-
mination of their generative duets on anteriorly-placed segments of
their body ; and they resemble the Clifoguatha in the non-anasto-
mosis of their tracheae. The digestive tract of the Arachnida dilfers
from that of all other Arthropoda in having in many eases lateral
coeca appended to it, and prolonged into the interior of the limbs
and mandibular palps.  Their respiratory system consists either of
{racheae alone; or of the so-called ¢lungs,” which are sacciform
modifications of tracheae, alone; or of both combined ; and in some
cases, such as those of certain parasitic families and orders, and of
the Turdigrada, a speeialized air-breathing apparatus is wholly want-
ing. The tracheac when present have very ordinarily a fasciculate
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rather than an aborescent arrangement, and they not rarely differ
also from those seen in Insecta and Myriopoda, by not possessing
the internal spiral thickening, so characteristic of the respiratory
tubes in those two classes,

The limits within which the variations of the eirenlatory and ner-
vous systems may range, are very wide; the arteries and veins may
attain, as in Scorpions, a very high grade of evolution and distinet-
ness, or both sets of vessels and the heart also may be absent, as in
such lower forms as the Aeariva and Lingratwlina, in which the
nerve-system is reduced to a single ganglionic mass perforated by
the: oesophagus, The supra-cesophageal and the sub-oesophageal
ganglia are always closely approximated in Arachnida, in corre-
spondence with the assignment of the antennary to act in aid of
the manducatory organs, and with the more or less suctorial modi-
fication of their carnmivorous habits, with which a small pharynx
and oesophagus are corrvelated.

The Arachnida, with the exception of the Turdigrada, are dioecions ;
and with the exception of the order just named, and the Lingnafu-
lina, the segmentation of the yolk is partial in the class. With the
exceptions of Seorpionidae and some Aearina, the Arachnida are
oviparous, Most Arachnida, when hatched, resemble the adult
animal ; amongst the dearina, however, we meet with hexapod
larvae, which attain their fourth pair of legs subsequently by moult-
ing, whilst the Linguatulina reverse this history in their develop-
ment, and undergo a retrograde metamorphosis from a larval form
provided with two pairs of biarticulate and unguieulate appendages
to a vermiform adult destitute of limbes,

Crass, Crustacea.

Water-lreathing Arthropoda, which may, in accordance with the
grade of speeialization attained to by their segments and appendages,
be as markedly heteronomous as the Insecta, or as homonomous ex-
ternally as the Myriopoda. Normally, every segment in the Crus-
tacean body earries a pair of articulated appendages; and two pairs
of antennae are all but invariably present, indicating the presence of
two cephalie segments between the jaws and the eyes. The append-
aces of one or more of the three seements immediately posterior to

the jaws, are always converted into auxiliary jaws, or ¢ maxillipedes ;’
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and the subordimation of these thoracic segments to the eephalie,
may be still further manifested by a fusion of the segments them-
selves into a cephalo-thoracic carapace. The post-thoracic segments
in Crustacea are more obviously divisible into an ahdominal and
post-abdominal series, than they are in such other Arthropoda as
do possess a post-abdomen. The normal number of the abdominal
segments is five, and the appendages they carry are in the adult
state very ordinarily either alone, or in association with the post-
abdominal segments and appendages, the locomotor organs. Ac-
cordingly as only one of the three pairs of thoracic appendages, or
as all three lose their primordial and typical locomotor functions
and become associated with the oral appendages, the higher Crus-
tacea are classified as ¢ Tetradecapoda’ (Dana) (the five abdominal
segments furnishing ten, and the two posterior thoracie four limbs),
or as ‘Decapoda.” The normal number of the eaudal or post-
abdominal segments is six, the appendages of the first four of
which may he modified so as to carry ova, or branchiae, but do not
attain the importance as locomotor limbs, which those of the five
abdominal segments do.

The appendages of the sixth seement, however, very ordinarily
attain considerable importance as locomotor organs, and they con-
stitute, together with a median azygos element, developed poste-
riorly to the sixth segment, the powerful ¢ swimmeret’ of the Maeru-
rous Decapoda. Their morphological importance is equally great, as
they correspond with the candal feet of naupliifform larvae, and
together with the two pairs of antennae which they may resemble
by earrying, as in Mysis, organs of special sense, and the mandibles,
make up the entire sum of the appendages of the ¢ primitive body’
of Crustacea, as represented by those forms. The bilateral append-
ages which certain lower Crustacea carry at the posterior extremity
of their bodies, are not articulated ventrally as these caudal foet are,
and on this account, as also upon others, they ecannot be considered
as homologous with them. There is much difference of opinion as
to whether the mesially-placed azygos element of the swimmeret
ought to be counted as a seventh post-abdominal segment. (See
p. 113, tnfra.)

The mandible is ordinarily provided with a palp, which in a
Class with but few exceptions aquatic in habit, serves to direct
floating food towards the mouth. There are no salivary glands in
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Crustacea, the so-called antennary glands of Decapoda, the ¢ cement
glands’ of Cirripedia, and the poison-glands of drgulus, though homo-
logous probably with each other, not being homologous with salivary
organs, The stomach eonsists very commonly of two portions, the
anterior one of which corresponds in function and position to the
gizzard of Insecta, whilst the posterior receives the ducts of what when
multi-ramified is gpoken of as a “hiver ;" what when :-.'-1'm1:|}' coecal 1=
gpoken of as “hepatic coeca ;’ and, what is sometimes considered, as
in Avgulus, to be simply “lateral diverticula,” such as those often ob-
servable in Arachnida. The intestine, except in certain (ladocera,
takes a straight conrse to the anus, This orifice is usually situated
on the ventral aspect of the terminal segment, or the median
appendage of the terminal segment of the post-abdomen, except in
the Cladocera and Copepoda.  An azygos coecal sac may open into
the digestive tract dorsally on the line of demarcation between the
pylorie portion of the stomach and the duodenum ; and three other
coeca may similarly open on the dorsal surface of the duodenum at
one or other part of its course. These latter coeca have been spoken
of as urinary organs; they are, however, as being by no means con-
stantly present, probably homologous rather with the multiple
hepatic organs of the Scorpion than with its renal organs, or with
those of the other air-breathing elasses. The heart iz ordinarily
present, and is either elongated and vasiform, as in the sessile-eyed
and many of the lower Crustacea, or short and polygonal in the
Decapoda, where it gives origin to several arterial trunks; or short
and semiglobular, as in Copepoda, where no arteries exist. In
every case blood finds its way into the interior of the organ through
venous inlets, which ave dilated as in other Arthropoda, by the
recoil of the elastic alae cordis,

Respiration 1s sometimes effected by the general surface of the
body, specialized branchial organs are however usually present, and
take the shape either of tree-like or of leaf-like hollow outgrowths
attached either to segments or to appendages, or to both. As
there are no cilia in Arthropoda, the aerating surfaces have fresh
supplies of water brought into relation with them either by the
movements of appendages specially modified for the purpose, or by
the movements ol ordinary locomotion, or by both combined.  The
eill-covers of certain air-breathing fsopoda contain multi-ramified
cavities, which have been supposed to constitute a rodimentary
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tracheal system, but which with more probability have been con-
sidered to have a glandular funetion, and to keep the gill-plates
lubricated and transpirable by their seeretion.

The nerve-system resembles that of other Arthropoda m its ge-
neral arrangement, but differs in the two following points :—The
commissural cords connecting their prae-oral and post-oral ganglia
are of so much greater length, that their ¢ brain’ is never deseribed
as that of other Arthropoda sometimes is, as consisting ol an nfra-
oesophageal as well as of a supra-oesophageal mass, the ganglia of
the jaw-bearing segments having receded so as to become apposed
to the first of the thoracie series, with one or all of which they are
always fused, whilst the ganglia of the two antennary segments
maintain their usual continuity with those of the eye-bearing seg-
ment. And, secondly, the paired, and the azygos systems of stomato-
_gastric nerves, except in the terrestrial Isopoda, take origin from
the commissural cords of the nerve collar, and from the prac-oral
ganglionic mass instead of from any distinet ganglia, such as the
lateral and frontal ganglia of other Arthropoda. The nervi transverst,
however, appear to be represented in Crustacea by a nervous stem,
passing off’ from each nterganglionic segment of the cord, as is the
case in other Arthropoda, and indeed also in those Vermes which
possess a chain of ventral ganglia. The eyes may vary from the very
simplest up to the most complex form observed in the Sub-kingdom ;
two kinds may co-exist in the same individual, and in two genera,
Euphausia and Thysanopoda, eyes may be, contrary to the otherwise
invariable rule in Arthropoda, found elsewhere than upon the head.
An auditory organ has been observed in Decapoda in the basal joint
of the superior antennary organs; and in Mysis, in the lateral
appendages of the last post-abdominal segment, which, together
with the two pairs of antennary organs, were the only appendages
developed in the earliest period of its larval life.

With the exception of the Cirripedia, all the Crustacea are dioe-
cious. ‘ Complementary males’ are found in the order Cirripedia,
and also amongst the parasitic Eatomostraca, and in the former
order these ‘ pygmy’ males are devoid of any digestive tract, and

ceven of any oral opening. The sessile-eyed Crustacea furnish an
exception to the rule, that in Arthropoda the females arve larger in
size than the males. The generative organs have bilaterally sym-
metrical ducts, opening a considerable distance anteriorly to the



CXX11 Tntroduction.

anus, except in Daphnidae ; but not always on numerically corre-
sponding teguments in the two sexes. Crustacea attain the power
of sexual reproduction before they attain their full size, and they
retain 1t, and repeatedly exercise it, in many cases at least, for an
indefinite period.

In development the yolk may undergo complete segmentation,
and a larva of the form known as Nawuplins may be produced with-
out the formation of any primitive streak, as is the case with the
Cirripedia, Entomostraca, Penacus amongst Decapoda, and most
Branchiopoda ; or, as in all the higher Crustacea, the yolk under-
goes a partial segmentation, and the embryo, when ready to be set
free from the egg, may either be of the larval form known as Zoea,
as in most Decapoda ; or may differ from the adult form only by
the possession of certain structures, which are subsequently aborted,
as 1s the case with the outer division of the abdominal limbs of the
common lobster, Homarus vulgaris ; or, finally, may, as is the case
with dsfeeus fluviatilis, from the time it is set free from the egg,
possess the same number and proportions of appendages as the
adult. Instances of retrograde metamorphosis are common in this
class, several of the orders of which possess parasitic families. Par-
thenogenesis occurs in the Cladoeera, the ¢ summer eggs’ of Daphnia
being developed without sexual congress, and one genus, Cythere, of
the allied family, Ostracodea, is viviparouns.

Sup-KINGDOM, Vermes.

Bilaterally symmetrical animals, very various in shape and other
external characters, but agreeing in the absence of heteronomy
from their post-cephalic regions, in not possessing hollow seg-
mented limbs, and in having their locomotor muscles closely con-
nected with their integumentary system, not only on the ventral,
but also on the dorsal and lateral aspeets of their body walls.

The Sub-kingdom Vermes consists of two Divisions, the Annulata
and the Annuloida.  The first of these contains the multisegmental
Vermes, which, in Mr, Herbert Spencer’s langunage, would be spoken
of as “aggregates of the third order.” Their bodies ave more or less
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distinetly divided externally by annulation, and mternally by the
development of dissepiments forming compartments. The nerve-
ganglia, the organs of motion, and, sometimes, even those of special
sense, exhibit a more or less closely corresponding multiplicity as do
also the organs of vegetative life. The Annulata are divisible into
two Classes, the Annulata proper s. Annelides and the Gephyrea.
The Annuloida are unisegmental Vermes or ‘aggregates of the
second order.” Their nervous system consists (with, possibly, an
exception in the case of certain Turbellarians, see p. 155, infra) at”
most of a simple cesophageal collar to which a few accessory nerve-
centres, but now a chain of ganglia may be appended ; and their
water-vascular or depuratory system is (with an exception again in
the case of cervtain Tuirbellaria, the Nemertinea, see description of the
class Platyelminthes given below, p. exli.) the only vascular system
which they possess. The Division Annuloida contains three Classes,
the Nematelminthes, the Rotifera, and the Platyelminthes,

The integument may possess a perfectly smooth chitinous ex-
terior; or it may be covered with cilia; or it may develope nu-
merous chitinous outgrowths in the shape of spines, hooks, bristles
or hairs. These appendages often attain a very considerable degree
of hardness ; but the chitinized cuticular secretions of the body-wall
as opposed to these specialized developments which often pass
right throngh the thickness of the wvisceral envelope, are usually
much less resistent both to physical and to chemical agencies than
the similarly placed structures of the Arthropoda; they never
become indurated by ecalcificatory deposit, and have only rarely
(in Nematoidea and Hirudineae) been observed to be changed by
moulting as in that sub-kingdom. In some of the ento-parasitic
Vermes (Cesfodes), which lie immersed in an atmosphere of more
or less perfectly digested and diffusible albumen, and which by
virtue of their readily permeable integument can imbibe nutriment
at all points of their external surface, there is absolutely no digestive
system present. In the parasitic Nematoids, on the other hand, in
which the integument developes a much more eonsiderable chitinous
cuticular deposit, a proctuchous digestive tract is always present.
The non-parasitic Vermes, with the exception of the male Rotifera,
always possess a digestive tract, which is usnally proctuchous, except
in the ease ol the Dendrocoelons Turbellaria, which in this as in
other points resemble the parasitic order Trematodes.
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The digestive canal in Vermes when present resembles their ex-
ternal fegumentary system in being homonomous except in its
anterior portion.  In this part of the tract we often find a muscular
protrusible and dentigerous oesophagus; the stomach is by no
means always differentiated from the intestine, and the segments
which intervene between the oesophagus and the short often upward
turning rectum, may be conveniently called ¢ gastro-ileal.” It may
take a simple antero-posterior course, or it may have lateral diver-
ticula of very various degrees of complexity developed upon it.
It is seldom convoluted. The salivary glands are usually, and the
hepatic are always represented merely by layers of cells impacted in
the walls of the digestive tube,

Many Vermes possess an extensive vascular system, which,
however, as containing usually a coloured, but not a corpuseulated
fluid, is called a ¢ psendhaemal’ system, and is to be considered respi-
ratory in function. The corpusculated nutritive true blood is con-
tained usually in the perivisceral eavity alone ; in a few instances
it has been found to penetrate into the so-called pseudhaemal
vessels,  Specialized respiratory organs are ravely found in Vermes ;
the possession of a peculiar depuratory apparatus is characteristic
of the entire Sub-kingdom. This system appears to stand in a
complementary relation to the branchial; being largely developed
where, as in the Oligochacta and parasitic worms, that system
fails to be developed, on account of the medium in which those
animals live; and being reduced to comparative insignificance in
the marine Polychacta, where the branchiae are so prominent a
feature in their organization as to have gained for them the name
of ¢ Branchiata.” In the non-segmented worms these organs are
known as the *water-vascular’ system; and they take the shape
of two bilaterally symmetrical tubes, opening by one or two orifices
on the external surface of the body, and ramifying abundantly in
its interior.  In the seemented Vermes or Annulata, these organs
are known as ‘ segmental organs;” and may be repeated in nearly
every segment of the body.  In most Vermes the internal terminal
seaments of these tubes appear to be clothed with eilia; the seg-
ments in more immediate connection with the exterior outlet are very
ordinarily possessed of much thicker, glandular, and contractile
walls. In the Annulata, with a few exceptions, the inward pro-
longations open by infundibuliform orifices into the periviseeral
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cavity ; and in certain segments these organs are modified, so as
to serve as elferent duets for the generative produets.

The existence of a nerve-system appears to be doubtful in cer-
tain of the Platyelminthes (Cestodes). In the pavasitic Acaitho-
cephali it is reduced to a single anteriorly-placed ganglion. In
certain both of the free and of the parasitic Platyelminthes, it
consists of two ganglia placed one on either side of the pharynx
(Trematodes), or one on either side of the anterior extremity of the
body ( Turbellaria), and connected with each other by a transverse
commissure, The ordinary Nematoidea possess a complete cireum-
oesophageal collar, which again is represented in the microscopie
Rotifera by a single bilobed supra-cesophageal ganglion. The
Gephyrea have in addition to the nerve-collar of lower Vermes a
gimple elongated band of nervous tissue, extending from the an-
terior to the posterior pole of the body along its medio-ventral line.
In the Annulata proper the ventral chamm s distinetly Dilaterally
symmetrical, and its two halves are sometimes widely divaricated.
In many Vermes the organs of special sense (optie and aunditory) are
very well developed ; in many, they are entirvely absent.

In the Annulata proper, with the exception of the Discophora, the
ova and spermatozoa are set from the secretory glands, by dehiscence
into the abdominal eavity, and are conveyed thence to the exterior
by modified ‘segmental organs,” In the other Vermes, with the
exception of the female Acanthocephali, the generative glands
have their walls prolonged into ducts ; and their produects are thus
conveyed out of the body without falling into the perivisceral
cavity.  Structures corresponding to the intromittent organs of
higher animals are found in representatives of every class of Vermes,
not even exclusively of the Rotifera; the Platyelminthes almost
invariably possess a complicated reproductive apparatus, in which,
besides other aceessory organs, vitelligenous exist independently of
germigenous glands.  The marine Annulata, on the other hand,
are distinguished by a great simplicity in their reproductive appa-
atus, contrasting herein at once with the lowest Vermes, and with
the Discophorous and Oligochactous members of their own elass.

Vermes may be either hermaphrodite or dioecions ; cither vivi-
parous or oviparous ; they may reproduce their kind either sexually
or asexually, and their embryos may or may not go through a
metamorphosis.  When reproduction takes place asexually, it may
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take place either in the way of parthenogenesis, as in Rotifera and
Ascaris nigrovenose in its ento-parasitic stage ; or in that of meta-
genesis from a part of a protozooid, which is not differentiated as a
sexual gland. Metagenesis is observable both in the highest and
in the lowest of the Vermes.

In some instances, at the time of the setting free of the deu-
terozooid produced by gemmation, both protozooid and dentero-
zoold may Dbe in the asexual condition, as is ordinarily the case
with Nais and Chaetogaster amongst Annulata, and with Miere-
stomeae amongst Turbellaria. In the cases of certain other Tur-
bellaria (Strongylostoma and Catenula), no other than this simple
metagenetie form of reproduction has been, as yvet, observed. When
this form of reproduction alternates as in the other Twrbellaria, and
in the Annulata just mentioned, with sexual reproduction, we have
a series of phaenomena before us which has been spoken of as
* Digenesis with Heterogony.” In some cases, as oceasionally in
Microstomeae, and in the Annelidan Syllidea and Protula, a sexual
protozooid has been observed to give origin by gemmation to a
sexual deuterozooid, furnishing thus an example of digenesis with
contemporaneous heterogony. In some rare cases, the sexual
organs of the protozooid have been observed to be of one, and those
of the deuterozooid of the other sex. In other cases, the protozooid
is always asexual, when it is known as a ‘nurse;’ whilst the
deuterozooids it gives origin to attain the sexual condition, either
whilst still attached to the parent organism, as in the Tweniadae
amongst Platyelminthes, and Awfofyfus amongst Annulata; or
subsequently to detachment from it, as in Trematodes. These forms
of reproduction may be spoken of as cases of ¢ digenesis with alter-
nation of generations,” inasmuch as the asexual forms or stages of
metamorphosis interposed between the produets of sexual congress
and another set of sexually perfect individuals may be regarded
as sufficiently distinet and independent to merit the title of ¢ gene-
rations.’

The relations held to the adult forms by the provisional organs of
the larvae of eertain Turbellarian worms (Pilidiun), and also of
certain Gephyrea (Aetinotrocha), bear a considerable resemblance to
those observable in the larvae of Echinoderms. The Oligochactous
and the Discophorous Annulata do not go through any metamor-
phosis. In worms of parasitic habits, even where, as n Nematoids,
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no alternation of generations is observable, the history of the evolu-
tion of the embryo is much complicated by the fact that two € hosts’
are necessarily required for its harbouring and sustentation at dif-
ferent periods; in one only of which, usually a vertebrate animal,
the sexual condition ean be attained to. The enormous quantities
of ova which parasitic Vermes produce, stand in direct relation to
the very great difficulties which their peculiar mode of life opposes
to the continuation of the species.

Vermes of the same species in the higher orders of the sub-
kingdom appear to be competent to the maturation of sexunal
products at very different ages. In thus assuming sexual functions
before attaining their full size, these Yermes resemble the Fishes
in the Vertebrate Sub-kingdom, but differ not only from the air-
breathing classes of Arthropoda, but also from the lower members of
their own Sub-kingdom.

It is sometimes said that the power of repairing injuries and
mutilations which distinguishes this sub-kingdom as a whole in
an eminent degree, is connected with the possession of the faculty
of metagenesis. The power of repair however is very great in the
terrestrial Oligochacta s. Luwmbricidae, im which metagenesis has
not been observed ; and though the two faculties are both alike
absent in the Neinatvidea and in the Discoplora, it is better to
explain this fact by a reference to the special habits of these animals,
which, as testified to by the universal presence in the one, and the
very common presence in the other of caudal suckers, would appear
to be more or less incompatible with reproduction by gemmation.,

Crass, Annulata proper.

Vermes of elongated and almost always eylindrical shapes, made
up of a series of segments, which are homonomous except at either
extremity of the body. They are annulated externally, and inter-
nally their perivisceral cavity is divided by dissepiments into more
or less perfectly separated compartments and chambers. They all
possess a chain of ventral in addition to, and in commissural june-
tion by a circum-oesophageal collar with a prae-oral cerebroid
mass; the digestive tract is in all of them proctuchous, and, with
the exception of the Hirudineae, suspended in a large perivisceral
space.  With a few exceptions they possess a closed system of
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“psendhaemal vessels,” and a series of depuratory orgamns, opening
internally into the perivisceral cavity, as well as externally on the
surface of the body. They are divided into two sub-classes, the
Chactophora s. Chactopodes, and the Discophora, accordingly as
their external locomotor organs are chitinous spines, or terminal
suckers. The Chactophora again ave divided into Polychacta s.
Lranchiate and Oligochacta, according to the number of their
locomotor and the presence of branchial appendages. The Diseo-
phora, with the exception of Branchellion, have no external append-
azes locomotor, branchial, or tactile ; in the absence of appendicular
organs of the two latter kinds, as also in being hermaphrodite,
the Oligochacta resemble the Discophora, and differ from the
Polychacta.

The Annulata may form tubes for the lodgment of their bodies
by the secretion either of caleareous matter (Serpula), or of organie
(chitinous 7) substance (Onuphis), or by the agglutination of are-
naceous particles ( Terebella), and their integument, which is always
chitinogenouns, even in the Hirudineae, where 1t developes no ex-
ternal appendages, may develope chitinous appendages of the most
varied forms,  But these chitinized outgrowths are with the single
exception of the operculum of Serpula, never indurated by any
deposit of ealeareous salts, as is the case in Ichinodermata and
Crustacea. The integument 1s frequently, even in adult Annulata,
found to be beset with cilia, especially in the anterior regions of
the body. This is the case with many Naidina, with Polyoph-
thalmus, with Siphonostowin  gelativoswin, and with Spio and
Tomopteris ; and in these two latter, as in many other genera, the
intecument has been observed to contain tricho-cysts, or ¢ bacillar
corpuscles,” which have been compared with the acicular or urti-
cating organs of the Coclenterata, of certain Infusoria, of the
Apneustic Mollusea, of the Turbellarian Vermes, and, according
to M. A. de Quatrefages, of Syaepta amongst the Echinoderms.

All Annulata possess two layers of museles in their body-walls—
an external eonsisting of cireular, and an internal of longitudinal
fibres,  To these an additional layer may be superadded internally,
and enter into the formation of the dissepiments which divide the
perivisceral cavity into its transverse and longitudinal compart-
ments.  The digestive tract takes, with the exception of Chloracina,
a direct antero-posterior eourse, without deseribing any convolu-
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tions, but its absorbing surface is very ordinarily largely increased
by the development of lateral sacculations, It is very often armed
with a protrusible, muscular and dentigerous, proboseis.  The mouth
opens ventrally, and the anus dorsally or terminally, A perivisceral
cavity is present in all Annulata except certain Discophora, n
which it becomes obliterated in the course of the evolution of the
internal organs. In this eavity, when present, the true corpus-
eulated blood is ordinarily contained. In some Annulata which are
called ‘anangian,’ there is no ¢ pseudhaemal’ vascular system deve-
loped, and in them the internal surface of the perivisceral cavity is
richly ciliated, and the cirenlation and aeration of the corpusculated
fluid it contains thus secured. But in most members of the class
we find a closed system of contractile vessels, which, as they contain
a fluid which, though ordinarily coloured, is not corpusculated, are
called ¢ psendhaemal,” and appear to be respiratory in function ;
and in these worms the perivisceral cavity shows no other ciliation
than that of the mouths of the segmental organs which open into
it. In a few Annelids again (Sylfidea armaia, the Opheliae, the
Cirratulida, and the Stawroeepla’i and Branehiobdella), the so-
called ¢ pseudhaemal’ system eontains corpusculated blood, and com-
municates with the perivisceral ecavity so as to form a lacunar
circulation.  Arborescent branchiae are not rarely developed in the
Polychaeta on the dorsal aspect of the parapodia; and the tactile
cirri ordinarily present on the same, as also on the ventral aspect
of the locomotor outgrowth, must possess an aerating as well as a
sensory function, The branchiae ave often eciliated, and contain
afferent and efferent branches of the psendhaemal system, which
run parallel and are connected with each other by a double series of
vascular loops within the aerating lamina. Nearly all Annulata
possess certain organs, known as the ¢segmental organs,” which
open externally on the surface of the body, and internally into the
perivisceral eavity. The internal orifice is wanting in some Poly-
chaeta (Capitellae) as also in some Discophora ; a part of the often
complexly convoluted eanal which they consist of is glandular, and
as the movement set up by the cilia with which they are lined,
ordinarily sets outwards, they may be supposed to be depuratory
in function, except in those segments in which they are specialized,
as they are in all Annulata except the Diseophora, to act as elferent
ducts for the generative products. In some cases, however, as in

!
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Tomopteris, the ciliary movement within these organs has been
observed to set inwards and to carry spermatozoa with it ; and this
must be the ecase whenever the ova are impregnated within the
maternal body. The nervous system consists of a ganglionie prae-
oral mass, and a ventral ganglionie ¢hain, which by their com-
missural junction form the oesophageal collar.  In the Polychacla
accessory ganglia are developed upon their museular proboseis;
in Oligochaete upon the pharynx; and in Discophora in relation
with the jaws (in the Guathobdeleac), and also with the ventral
surface of the digestive tract. In some Annulata the cirri are
supplied with nerves, and would appear to be tactile organs. The
eyes are usually but not exclusively carried upon the praestomium ;
they may be repeated in each segment (Mywicola and Polyoph-
thalius), or carried upon the branchiae (some Subellae and Tere-
bellae), or carried upon the caudal extremity (Admphicora). Bila-
terally symmetrical otolithic capsules have been found in a few
Annulala (drenicola, Fabricia, Sabella), in the neighbourhood of
the oesophageal nerve-collar. In the Polychacte, which with the
exceptions of Protula, Spirarbis, and Erogone pusilla, ave dioecious,
the sexual glands develope themselves round branches of the pseud-
haemal vessels, and discharge their products, as in Oligochaeta but
not in Discophora, Dy dehiscence into the perivisceral cavity,
whence they are taken up by specially modified segmental organs.
In the Oligochaeta and Discophora, which are hermaphrodite, certain
accessory generative organs are present, which are not found, except,
possibly, as rudiments, in the Polyehacta ; and the Discophora differ
from all other Annulata, in that their generative products do not
find their way into the perivisceral cavity by dehiscence, but are
conveyed along closed ducts to azygos efferent canals, the terminal
seement of the male division of which is modified so as to serve
as an intromittent organ as in the Platyelminthes. In development
a ¢ primitive streak,” out of which the various organs both of vege-
table and of animal life, with the exception of the digestive tract,
are evolved, has been observed to make its appearance; it appears,
however, subsequently, and not, as in Arthropoda, anteriorly to the
formation of the primitive embryo. The embryos of the Ofigo-
chaeta and Discophora undergo no metamorphoses after being set
froe from the egga.  Those of the Polychacla are, with a few excep-
tions (Awmphicora), when set free from the egg, furnished with
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provisional organs, in the shape of terminal or bitermmal (telo-
trochal) or mesially-placed (mesotrochal) zones of cilia; and some-
times in that of long setae. In every case the cephalic and caudal
segments alone are present when the Polychaetous embryo leaves
the egg; and their full complement of segments is attained to
in the way of intercalation anteriorly to the terminal segment. A
few Polychaeta belonging to the genera Eunice, Nereis, Syllis,
have been observed to be viviparous. The Discophora differ from
the other Annulata, in never multiplying asexunally; and in pos-
sessing but little power of repairing injuries, and none of repro-
ducing lost organs. In these points the Discophora differ very
widely from the Platyelminthes, with which they have sometimes
been classed (see p. 138, infra), and resemble the Nematelminthes,
a Class to which also they are approximated by the possession of
a terminal sucker, though by few other properties beyond those
common to all members of the Sub-kingdom Vermes,

Crass, Gephyrea.

Marine worms, which have been supposed, as their name denotes,
to furnish an example of a transitional form connecting two distinet
types, and which not only in habits of life and in external appear-
ance, but also in a few points of internal structure, do appear to be
allied to the apodal Holothurioidea, though the totality of their
organism causes us to class them amongst the Vermes, and to
consider them as most nearly related to the Annulata proper. They
are usually eylindriform in outline, their integumentary system is
indurated by chitinous, but never by ecaleareous deposit; in two
families (Sternaspidea and Eecliuridea), 1t carries locomotor setae;
and 1 one .‘:l]l.!{.'iu:-t at least (Awoplosomeatuin antitlense) of another
family (Priapulaceae), it developes trichocysts. It ordinarily pos-
sesses numerous follicular glands.  The Gephyrea never have their
bodies definitely segmented, but the integument is not rarely so
corrugated as to form more or less distinet zonular folds; and in one
case (Phascolosoma Cumanense®), rudimentary dissepiments have
been observed in the large periviseeral cavity. The mouth is
surrounded in the Sipunculidae with a coronet of ciliated tentacles,

b Keferstein, Zeitschrift fiir Wiss, Zoologie, xvii., 1867, p. 53.
P2
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into which a eircular vessel surrounding the oesophagus, and fur-
nished with econtractile ampullae, sends prolongations.  Though
this vaseular system has no locomotor feet, hike those of the normal
Echinodermata. in connection with it, yet, as it is clothed with cilia
internally, and as it sends branches to the integument as well as to
the tentacles, it would be considered homologous as well as analo-
gous to the ambulaeral system of the apodal Holothurioidea, were 1t
not observed to contain a corpusculated flmmd of the same characters
as the blood in the perivisceral cavity. Another point of resem-
blance to the Echinodermata is furnished to us by the respiratory
eloacal trees of the Fehiuwridea, which in Bonellic have been very
elearly shown to open by numerous infundibuliform orifices into the
perivisceral cavity. The cloacal respiratory trees or ¢ lungs’ are said
by Semper to open similarly in the Holothurioidea ; and the resem-
blance between the two classes is made stronger by the fact that
where these respirvatory trees are absent, or, as in Sipunculus, only
rudimentary, in both classes alike we find the intestinal mesentery
beset with certain ciliated infundibuliform organs, which are, prob-
ably, connected with a water-vascular system. The muscular sys-
tem consists, as in Holothurioidea and Chaetophorous Annulata,
of an external cireular and an intermal longitudinal stratum,
to which in the Sipunculidae special retractor muscles may be
superadded, as in the Dendrochivotee amongst the Holothurians.,
The chitinous armature of the proboscis, upon which these muscles
act in the Sipunculidae, and the peculiar prolongation of the organ
seen in the Eeliuridea, ave points which do not find any parvallel in
the Fehinodermata.  The digestive tract is usually complexly con-
voluted ; the anus opens always on the dorsal surface, often at a
point in the anterior thivd of the body’s length, as in Sipuneculidae.
It is clothed with eilia internally, and richly glandular in its middle
segments, [rom which an oesophagus and rectum are distinguish-
able. The Arckinridea and Sternaspidea appear to possess a pseud-
haemal syvstem, which may be distinet from the vaseular system
already spoken of in the Sipunculidae. The nervous system con-
sists of a ventral cord, and of a circum-oesophageal collar, in
which, however, a supra-oesophageal ganglionie mass 1s not always
present.  The ventral cord, it would appear, does not ever deve-
lope ganglia, as it has been stated to do; and it resembles, in
this absence of aggregations of nerve-cells, the band-like radial
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nerve-cords of the Echinodermata. There are no organs of special
sense in this Class, with the exceptions of the tentacles of the Si-
punculidae ; and of the eye-specks retained I::.r some members of
that family from their free larval into their adult life, which they
spend immersed in mud or sand.

The Gephyrea are not hermaphrodite ; the organs formerly con-
sidered to be testes having been shown to be duets for the gene-
rative products, and homologous with the segmental organs so
characteristic of the Annulata. The embryos go through more
or less complicated metamorphoses; the provisional organs of the
larval form kuown as Actinotrocha, attaimng proportions and rela-
tions to the future Sipuncufus, which are similar to those of the
most f:h;ll‘:iﬂlul‘istlﬂnll:,r developed Echinodermata ; whilst in other
cases the larval may differ from the adult form only by its possession
of locomotor ciliated zones, and of a relatively more prominent
nervous system.

For the anatomy and classifieation of the Gephyrea, see Lacaze
Duthiers, Ann. Sei. Nat., Ser. iil., tom. x., 1858 ; Claparéde,
Anatomie und Entwickelungsgeschichte Wirbelloser Thiere,
1863, pp. 61, 83; Kelerstein und Ehlers, Zoologische Beitriige,
1861 ; LEhlers, Zeitschrift fir Wiss, Zoologie, xi. ; Keferstein,
ibid. xii., p. 35, 1862 ; Semper, ibid. xiv., p. 420; Keferstein,
ibid. xv. and xvii., 1867.

Crass, Nematelminthes.

Cylindriform non-segmented Vermes, in which the external lavers
of the integument ordinarily attain considerable rigidity by chiti-
nization, and occasionally develope hooks and bristles, but in which
true locomotor more deeply implanted setae, and eilia are absent.
Three orders, the Chaetognatha, Newmatoidea, and Acanthocephali,
are contained in this elass, of which the first consists of a very
few species which are always free ; the second comprises a very large
number of species which may be either free or parasitic; and the
third is exclusively entoparasitic, and devoid of any digestive
tract.

Lateral and caudal fins, and suckers, as well as setiform spicula,
are often present in this Class ; and in the two orders, Chactoanatha
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and Nematoidea, the muscular system does not possess the external
circular layer so universal in other Vermes, its presence being ren-
dered superfluons by the chitinization of the euticular layer of the
body walls. This chitinons deposit is seereted by a subeuticular
‘granular layer,” and as in Arthropoda it is frequently changed
by moulting during growth and metamorphosis.  In many cases
the muscular envelope is divided into four bands by the median and
lateral lines. In the Nematoids, bladder-like processes are some-
times given off from the muscle-cells, in such abundance and pro-
portions as to fill up a large part of what in the entire class is
ordinarily a large perivisceral cavity ; and a second set of processes
given off from them make up the internal ® transverse muscles’ of
authors, In the Chaefognatha the muscular fibres are very defi-
nitely marked with transverse strine. The digestive tract is
entirely absent in the Acanthocephali, and the short oesophagus
is said to open into the general cavity of the body in Gordius, and
into a simple coecal sae in Mermis. In the Nematoidea, whether
parasitic or free, a digestive tract is always present and always
proctuchous ; the anus being situated some distance anteriorly
to the caudal extremity in the free species, but terminally or sub-
terminally in the parasitiec.  The oral opening is always placed
terminally at the front of the body, a point of some consequence
i differentiating certain forms, such as Iedthydivm and Chaeto-
gofus, which have sometimes been referred to the Turbellaria,
and sometimes to the Rotifera, as well as to the Neanafoidea. The
pharynx may be armed with horny plates or teeth, and the oeso-
phagnus 1s often highly muscular, and the remainder of the digestive
tract simple, and of a uniform calibre.  There is no blood-vaseular
system as distinet from the perivisceral cavity, nor any respiratory
organs.  The water-vasenlar depuratory system has, in compen-
sation for the absence of special respiratory struetures, and, in the
parasitic Nematelminthes, in eorvelation also with their habits, a
very considerable development.  In the Newatoidea it opens exter-
nally by an azygos vential pore, and in some cases by two sym-
metrically placed lateral pores, both of which orifices are situated
in the anterior portion of the body; in the Acanthocephali, the
homologous system appears to have no external orifice, though its
cutancous ramifications are very extensive; and it is possible, there-
fure, that this system may be in this order eirculatory and nutri-
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tional rather than depuratory, as the water-vascular system of the
Infusoria is supposed to be by some authors.

The nervous system in the Chaetognatha consists of a single
ventral and a single prae-oral ganglion, connected by commissures,
so as to form a collar round the oesophagus; i the Nematoidea
we have a fibrous ring, with ganglion cells interspersed in its sub-
stance, surrounding the oesophagns, and conneeted posteriorly with
three main aggregations of ganglionic cells.  Of these three ag-
gregations the first is placed medioventrally, and consists of two
symmetrical masses, one of which is on either gide the middle line;
the other two are placed on either side in the substance of the two
lateral bands; and the three ganglionie centres correspond thus
with the triradiate cephalic lobes of some families, and the tri-
quetrous division of the oesophagus of most Nematoids. In the
Acanthocephali there 1s only a single ganglion, placed at the base
of their proboseis, and resembling thus the structure which has
been stated to exist in the anterior extremity, the so-called ¢ head’
of the Taeniadae. In the free Nematoids, certain aggregations
of pigment granules, situated on the dorsal surface of the oeso-
phagus, are spoken of as ocelli, but no nerve filaments have been
traced into continuity with them, as there have been in the case of
the similar organs in the Chaefognatha. The cephalic lobes when
present, as also certain papillae developed on the ventral surface in
many Nematoids, are considered to be tactile organs.

With the exceptions furnished by the order Chactognatha, and
the Nematoud genus Pelodyfes (Schneider), all Nematelminthes ave
dioecious. Their generative organs resemble those of the Platyel-
minthes and Discoplora, in possessing an intromittent apparatus ;
and, with the exception of the female Aeantlocephali, where the
ova escape by dehiscence into, and are taken up by an infundibuli-
form oviduet from the perivisceral cavity, the Nematelminthes
resemble the Rotifera, Discopliora, and Platyelminthes, and differ
from the Annulata in having the walls of their generative ducts
continuous with the envelopes of their generative glands.  The
ovaria are greatly developed, and the ova very small and numerous
in the parasitic Nematoids, the reverse heing the case with the
free species. The spermatozoa of the paragitic Nematoids ave
gpherical or ovoidal eells, and move only by the protrusion of
pseudopodial protoplasmie processes; in the free genera they are
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eylindriform, and possessed of the power of oscillatorial move-
ment.,

The impregnated ova of the Chaetognatha are developed without
going through any metamorphosis, and without the formation of
any cihated coat, The first stage of the embryomie life of the
Acanthocephali is constituted by a form armed anteriorly with
deciduous spiny hooks, and eontaining internally a mass of germ-
inal matter, out of which the internal organs are developed after
the animal has found its way into the appropriate portion of the body
of 1its first host, and discarded its provisional organs, The sexual
condition is only attained in the body of a second host, which is a
Vertebrate, whilst the first is ordinarily (or always?) an Inverte-
brate animal.  In the free Nematoids the development appears
to be divect ; but in the parasitic species it is complicated by the
fact that the embryo is not developed in the same medium as that
in which its mother lived, but migrates either into some other organ
of the same animal, or into the exterior water or damp earth,
whence it may find its way back into the body of the animal
whence it was extruded, either directly or after a migration into
some second host, A parasitic Nematoid may be undistinguishable
m 1ts free stage from a true free Nematowd, being of the same
shape, and feeding, growing and moulting in the same way. _dscaris
wigrovenosa, when set free from the body of the frog where 1t is
produced parthenogenetically, attains to sexual perfection in the
free state which they spend in moist earth. The development of
the Guinea-worm, Fileria Medinensis, within the subeutaneous
tissues of the human subject, would appear to be similarly partheno-
genetie, and probably alternative with a free stage, which, though
it has not been observed, may be supposed to be similar to that of
the Asearis wigroreaosa.  Parthenogenesis has also been observed
in a Nematoid worm infesting Limax cinerens ; and Sphaervlaria
boiwedi, i Schneider’s explanation of Sir John Lubbock’s account
of this animal be correct, must be considered as furnishing a fourth
instance of asexual reproduction in this class.  No instances of
reproduction by gemmation or metagenesis have been observed in
the adult Nematelminthes; the power of repairing injuries has, in
the free Nematoids, been found to be low, or absolutely none ;
and the breaking of the body of the Guinea-worm, Filavia Medi-
HEHSLS, appears to entail its death even under the condition of its
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entoparasitic life in the human subject, which is so favourable in
this ereature to the reproduction of the species. The tenacity of
life, as against desiecation, which has been supposed to characterize
many members of the class, is possessed in reality by only a few
land and fresh-water genera, Tylenchus, Cephalobus, Aphelenchus,
and Plectus ; and in them is to be considered as partly, but, as
it would appear, not wholly, dependent upon the power which they
have of maintaining their tissues in a moist condition, and which
they owe to the absence from their integument of the pores so
characteristic of other free Nematoids.

The Chaetognatha, an order of marine worms of small size, represented
by the single genus Sagitta, have been here ranked with the Nematoidea
and Aecanthocephali as Nematelminthes, instead of being placed in a
separate Class.  The differences which separate them from the free
Nematoids appear to be in no respect of more than ordinal importance,
eonsisting mainly in the facts of their hermaphroditism, and of their
possession of transversely-striped museles, The peculiar armature of the
mouth, with two laterally and two dorsally-placed series of setae in the
Sagittae, is obviously homologous with the intra-oral armature so common
in Nematoidea ; and the production of the external layers of the integu-
ment into fins, supposed to be characteristic of the Sagittae, is often
observable both in the free and in the parasitic representatives of the
order with which we are comparing them. The same remarks apply to
the cuticular setiform spicula, and to the musecular structures of the
Sagittae, The interior of the digestive tract in Sagitta is lined with
ciliated epithelium, and Claparéde has desceribed a species, Sagitia Cepha-
loptera, which has a semilunar area in its nuchal region surrounded with
a band of cilia. Thus the Sugittae, and through them the entire class of
Nematelminthes, come to coincide with the rest of the Sub-kingdom
Vermes in the possession of ciliated l.'[hf.l.lhl'lilllll,

The animal described by Claparéde, Anatomie und Entwickelungs-
geschichte Wirbelloser Thiere, p. 88, Taf. xviii., Figs. 2 and 3
under the name of (haetosvima ophiocephaluim, would appear to
stand as a transitional form midway between Nematoidea
and Chaetognatha ; whilst Gerdius, and possibly also Eckino-
deres, deseribed by Claparéde, /, ¢., p. g2, and by Greef, Archiv.
fur Naturgeschichte, 1869, connect the former of these two
orders with the somewhat aberrant Acanthocephali.
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Crass, Rotifera.

Vermes with a retractile ciliated disk at the anterior extremity of
their bodies, which are ordinarily microscopic in size, though they
may attain as large a size as J%th of an inch in length. They are
usually more or less plainly annulated externally, but they never
are divided internally into compartments by any transverse septa.
In most Rotifera the entire body is divisible into a ¢ body ’ proper,
and a tail or foot, anteriorly to which the digestive and reproductive
viscera with their ducts and outlets arve situated. The ¢body’ can
often be seen, when eltinization has not advanced so far as to form
a carapace, not only to be distinetly annulated, but to possess both
cireular and longitudinal muscles in its walls. Cilia are never found
on the external surface of the body, except upon the cephalic organ,
whence they take their name; the chitinous surface of the integu-
ment may develope setiform outgrowths of various shapes, or the
animals may secrete or agglutinate a tube for the lodgment of their
body, or may clothe themselves, as Nofommala centrura, with a
mucous envelope.  The * tail 7 1= usually annulated when its integu-
ment is soft, or segmented when 1t 18 indurated ; 1t often carries
paired claw-like processes, or a suctorial disk terminally, and it may
be ciliated externally. Internally it contains muscles and a peeuliar
glandular body. It has been considered to represent a fused pair of
arthropodal appendages, by those naturalists who would class the
Rotifera with Arthropoda ; it is more correct to compare it with
that portion of the body of a free Nematoid, anteriorly to which
the anus and generative ducts open; and though the anal outlet
is upon the ventral surface in the Nematoids, and upon the dorsal
surface anteriorly to the foot in the Rotifers, it must be recollected
the anus is placed dorsally in a very great number of Vermes, as
well as in a few of the lower Crustacea with which the Rotifera
have been supposed to be allied, The opeming, however, of the
genital organ on the dorsal surface, 1s a point in which the Rotifera
stand alone among Vermes, but in which they resemble not only
the Arthropoda in guestion, but also many Echinodermata.

The museles of the Rotifera appear to be, in some cases at least,
transversely striated ; but their ciliated ¢ rotary * disk is in most the



Characteristics of Rotifera. CXXXIX

main organ of locomotion. The ingestion of food is dependent upon
the agency of the same organ, on the ventral aspeet of which it
almost always lies ; though the anterior portion of the digestive
tract is protrusible in the Rotifera, as in the most typical Annulata.
In the male Rotifera the digestive tract is entirely absent, or repre-
sented only by a rudiment of an ocesophagus. In the females of
certain orders, the digestive system consists merely of an oesophagus
and a coecal stomach, as in Ascomorpha, Notommata, Asplanchna ;
whilst in others it possesses a proctuchous intestine which ends in a
cloaca, together with the outlets of the water-vascular and ovidueal
apparatus. A gizzard armed with chitinous, often complex,
characteristic jaws is interposed in all female Rotifera between the
mouth and the stomach ; two or more coecal appendages are affixed
to the commencement of this latter organ, which, as also the in-
testine, 1s clothed internally with cilia,

The Rotifera have no heart; the perivisceral cavity contains a
corpusculated fluid. There are no specialized respiratory organs,
The water-vascular depuratory system has a great development,
taking the shape of symmetrical tubes, which open inferiorly into the
cloaca, and ordinarily, after entering an azygos contractile vesicle ;
and which have appended to them, peripherally at least, as many
as five ciliated infundibula opening into the perivisceral cavity.

The nervous system consists of a bilobed ganglionic mass, which
1s placed above the oesophagus, but does not throw a eollar round
it.  One or two eye-specks are sessile upon this ganglionic mass ;
and certain spots beset with non-mobile bristles, as well as a tubular
process, the so-called ¢respiratory tube,” are, inasmuch as they
receive nerves carrying ganglioniform intumescences, to be re-
garded as being probably sensory organs.

The Rofifera ave dioccious. The males, besides possessing no
digestive tract, and living therefore but a short time, differ from
the females in their external appearance; in their much smaller
size ; and in their much smaller numbers. The testis and ovary are
azygos glands, and have their external walls continuous with those
of the efferent duets, opening at the posterior boundary of the body
proper, anteriorly to the “foot” or “tail” when present, and on the
dorsal surface.  Reproduction takes place by means of two kinds of
ova, the ¢ summer’ and the * winter ova.”  Of these, the former are
agamogenetic, like the summer ova of the Daphnidae and Cladocera



ex| Introduction.

amongst the Crustacea; whilst the winter ova are gamogenetic,
The embryos are developed from the entire yolk, without the
formation of any primitive streak ; aud they do not ordinarily go
through any metamorphosis.

They may be either solitary or social.  They are mostly inhabit-
ants of fresh water, but some are marine; a few are found living
as parasites upon animal and vegetable organisms. They possess
great powers of recovery after desiccation.

Crass, Platyelminthes.

Vermes, with more or less completely flat, leaf=shaped, or tongue-
shaped bodies, devoid hoth of external annulation and of internal
perivisceral eavity. They are ordinarily aproctous, and, though
possessed of complex reproductive organs, hermaphrodite.  Meta-
genesig, with €alternation of generations,” is very common in this
class. They are divisible into three orders—the Twrbellaria, the
Trematodes, and the Cestodes.  OF these the two latter are para-
sitic in habit, as is indicated by their possession of organs of adhe-
sion in the shape of suckers or of hooks, or of both, and by their
non-possession of eilia in their adult parasitic life ; whilst the
Turbellaria have a ciliated integument, whenee their name is taken,
and never possess either suckers or hooks. Even in the richly
ciliated Twrbellaria, the muscular layers of their body-walls ave
their active locomotor organs. There are three of these muscular
layers in most Platyelminthes, the mmnermost, however, is sad to
be wanting in certain Turbellarians ; like the outer layer it takes,
when present, a direction more or less completely at right angles to
the long axis of the body. Layers of granular glandular substance
are observable in the more deeply-lying of the cortieal layers of the
integumentary system of all members of tlus elass; and erystals of
earbonate, and of phosphate of ealcium are very commonly found in
the cortical, and more sparingly in the more centrally placed por-
tions of the body, especially of the 7rematodes and Cestodes, and
occasionally also of Twrbellaria.  Chitinous hooks and spines are
very commonly present, but there is never any extensive induration
of the integument in this Class, either by chitinous or ealeificatory
deposit,

The Cestodes, which are always entoparasitic in their sexual
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state, never possess any digestive tract ; Adwphiplyehes wrna, which
appears to be the connecting link between the Trematodes, to which
order it belongs, and the Cestodes, is also devoid of this system,
and dependent upon imbibition through the external integument
for mutriment. In the Trematodes, and Twrbellaria, with the
exception of the Nemertinea in which there is a perivisceral cavity,
the walls of the digestive tract are not separable ordmarily as
distinet layers from the rest of the parenchyma, except so far as the
contents of the hepatic cells, which clothe the interior of the system,
may enable us to distingnish them. In the Trematodes, the
digestive tract consists either of a simple stomachal coecum, or
of two similar structures, appended to a short muscular pharynx ;
and the two coeca may either each end blindly, or may anastomose,
or may give off’ great numbers of lateral ramifications. The T're-
matodes arve never proctuchous ; and in this those Turbeliaria which,
from their possession of a multi-ramified digestive apparatus, are
called ¢ Dendrocoelous,” resemble them. The ¢ Rhabdocoelous ” Tur-
bellaria may be either proctuchous or aproctous. The Nemertine
Turbellavia, which are called ¢ Rhynchocoelous,” from possessing
a proboscis armed with a caleareous style, and lodged in a tube
distinet from the digestive canal, are always proctuchous. Their
digestive tract takes a straight antero-posterior course, but is
provided with lateral sacculations. The Nemertinea differ further
from the other Platyelminthes in possessing a pseud-haemal vas-
cular system, which consists of a dorsal and two lateral vessels
connected with each other in the neighbourhood of their nerve-
ganglia.  All Platyelminthes possess a water-vaseular depuratory
system, which opens externally either by a single posteriorly placed
pulsatile vesicle, or by two symmetrical orifices more anteriorly
placed. Its walls are often of different characters in various parts,
being contractile towards their outlets, and possessed of vibratile
cilia in their peripheral ramifications, in which again the caleareous
concretions already spoken of are often observed to be eontained,
The Hatness of their bodies, which enables aeration to be so readily
and thoroughly effected in the most of the free and in the eut:;-
parasitic representatives of this class: and the multi-ramified
character of the digestive and depuratory systems, enable the
Plutyelmiuthus to dispense with specialized I'L-spirui,m"}' and eiren-
latory organs, the more or less cylindriform Nemertinea alone
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possessing any pseudhaemal respiratory vessels, and in this as in
g0 many other points approximating to the Annulata.

The nerve-system consists, in the Trematodes and many Turbel-
laria, of a single pair of ganglia, placed in the anterior part of the
body, and connected with each other by a transverse commissure.
(See, however, p. 155 infra.) In the Nemertinea it consists of a double
pair of ganglia,connected by two eommissures, one passing above and
the other below the proboseis. From these ganglia two main nerve-
stems pass ofl’ down either side of the body. Certain Trematodes, in
the free locomotor stages of their larval life, may possess eyes, but
with this exception, it has only been amongst Turb-llaria that
either these organs or auditory capsules have been observed to be
present. In the Nemertine Turbellaria, two cibated depressions
on the anterior part of the body, underlaid by certain sohd organs,
are supposed to be sensory in function. It appears to be doubtlul
whether the Cestodes really possess any nerve-system at all; a
structure similar and similarly placed to the single ganglion of the
Nematelminthous Aecanthocephali has been deseribed as such.

With the exception of the Nemertine Turbellaria and the proc-
tuchous FRhabdocoela, which are sometimes placed in the same
sub-order with them, all the Platyelminthes are hermaphrodite,
and provided with accessory intromittent male organs, and accessory
vitelligenous, uterine, and receptacular organs.  The walls of the
efferent duects are always continuous with the envelopes of the
sexual glands themselves, except in the Nemertinea, where the
generative glands are sessile upon the body-walls, and no duets
exist as distinet from temporary, or permanent orifices in those
walls. All Platyelminthes are oviparous, exeept a few Nenertinea
and a few of the proctuchous Rhabdocoela amongst the Twuibel-
laria. In a few fresh-water Trematodes, and Turbellaria with large
ova, the embryos undergo no metamorphoses after leaving the
ege 3 but in all other cases the embryos of the Platyelminthes go
through more or less numerous stages of metamorphosis, which
furnish typical instances of what is known as *digenesis with
heterogony,” and ¢ alternations of generations.”  The histories of
these metamorphoses are complicated in the parasitic orders by the
fact that the different € generations,” or, in other words, the sexual
and the asexual stages in the metamorphosis, require different
animals as ¢ hosts” for their sustentation and lodgment ; and that
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in the Tremafodes more than one asexual stage may interpose
itself between the stage of embryo and that of the perfect sexual
form. In the Cestodes, the sexual zooids are retained for con-
siderable lengths of time attached to the asexual zooid, in the sue-
cessive antero-posterior series in which they have been budded off
from its posterior extremity. Compound colonies are thus formed,
in which the setting free of the sexually perfect deuterozooid does
not entail the death of the ‘nurse.” In the Trematodes the deutero-
zooids are contained within the body of the “nurse,” and are only
set free by its disruption and death. Several of the forms of
reproduction observable in the Twrbellaria, have been mentioned

3

above mn the history of the Sub-kingdom Vermes.

The Twrbellarie possess a great power of repairing injuries and
mutilations, and differ herein very markedly from the Discophorous
Annulata, which have sometimes been classed with them.

Sves-kiNapoy, BEchinodermata.

Animals which may be spheroidal or vermiform, star- or disc-
shaped, but which, whatever their external form, combine with a
radial and, ordinarily, pentamerous arrangement, traces of a bilateral
symmetry always detectible in developmental, and usually also in
adult life. The Sub-kingdom is divided into four Classes, the
Holothurioidea, the Echinoidea, the Asteroidea, and the Crinoidea.
The Class Asteroidea is divisible into two Sub-classes, the Asteriae
and the Ophivridae,

They possess a water-vaseular system which surrounds the com-
mencement of their digestive tract, and, from the central ring
thus formed, sends out prolongations into the radii. Tubular pro-
cesses are developed upon these radial water-vaseular stems in all
Echinodermata except the apodal Holothurioidea, and, except in
the Crinoidea, are used for the purpose of locomotion. The
water with which this system is distended finds its way into it
through the usunally ealeareous ¢ madreporie” canal and ¢ tubercle,’
which are in all Echinodermata, except the Crinoids, appended to
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the water-vaseular ring, and admit fluid to filter into it, throngh
their pores, either from the exterior sea-water when they are part of
the external skeleton (Asteroidea, Echinoidea), or from the peri-
visceral cavity when they are contained in it (Iolothurioidea).
Other appendages, either of the nature of accessory reservoirs, the
¢ Polian vesicles,” or of a glandular character, the ¢ racemose ap-
pendages,” are very ordinarily found in connection with the water-
vascular ring.  The madreporic system may consist of a single, or
of multiple canals and tubereles. Trichoeysts have been said to
exist in the integument of Synaptidae, but some doubt appears to
attach to this statement. (See Semper, Reisen nach Philippinen
Hft. iv. 164.) Their integument never developes any chitinous
structures, but is always more or less indurated by ecaleareous
deposits, and more or less roughened by spinous out-growths.
The calcareous deposits may be almost, or quite microscopic ;
or they may form a continunously and immevably articulated
skeleton for the entire animal, or for its central dise; the spinous
outgrowths are similarly various in size, as also in shape, and they
may be movably, or immovably articulated to the subjacent inte-
gumentary system. In any case they are normally covered with
an epidermal layer of sareode, which is often richly eiliated. Where
the caleareous skeleton forms a continuous capsule for the animal’s
body, the muscular system is correspondingly reduced, and in
Echinoidea there are no specialized muscles except for the movable
spines, and for the pedicellariae homologous with them, and for
the manducatory organs. Where the ecaleareous skeleton, though
greatly developed, is yet made up of movably articulated pieces
the muscular system may be moderately developed, as in Aste-
roidea, where the water-vascular system is locomotor in function ;
or greatly developed, as in Crinoidea, where it 1s not. Where, as
ordinarily in Holothurioidea, the calcareous deposits, both external
and internal, are reduced to a minimum, the musenlar system
attains a very high grade of evolution. There 1= always a large
periviseeral cavity in the BEehinodermata, into which the sea-water
finds its way. The digestive tract never communicates with the
perivisceral cavity direetly, and is only ravely aproctous. Though
it never possesses any specialized, salivary, or hepatic glands, by
its ])us,:sessiun ol extensive radial diverticula (. Asferiae) or of lengthy
convolutions (Echinoidea and Holothurioidea), the digestive system
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comes to possess an absorbing surface which is by no means incon-
siderable in relation to the other organs of the body. Coeca are
appended to the anal segment of the digestive tract in Asferiae
and Holothurioidea. In the Holothurioidea these coecea take a
great development, and are known as the ¢lungs’ or ¢ respiratory
trees,” and their terminal ramifications are supposed to be perforated,
and to admit the sea-water into the perivisceral space. Respiration
is further provided for by the existence of perforations in the inte-
gument, through which tubular processes of the perivisceral spaces
which contain true blood as well as sea-water, project into the
aerating medium. The very numerous but non-locomotor tubular
processes of the water-vaseular system of the Crinoidea must be
supposed to exercise an aerating function, as must also the pro-
cesses of the same system known i certain Echinoidea as < ambu-
lacral gills.” A system of ¢ psendhaemal’ vessels exists, in all
Echinodermata, in connection with a ring-shaped vessel or plexus
which surrounds the oesophagus between the nerve- and the water-
rings; and in Asteroidea and Echinoidea it is further connected
with a second and circum-anal ring. The branches of this system
are distributed to the viscera and pass into the radial divisions of
the body ; when there are two rings present, they are connected by
a pulsatile sac, the so-called heart. The pseudhaemal system has
been often supposed to communicate with the water-vascular and
the perivisceral systems; it differs from them both in not possess-
ing cilia on its internal surface; but this difference would not
disprove the possibility of the several systems being continuous.

The nerve-system consists in all Echinodermata, so far as is at
present known, with perhaps an exception in the case of the
Crinoidea, of nerve-cords containing nerve-cells which run along
the axis of each ray externally to the pseudhaemal and water-vas-
cular radial stems, and have their proximal ends connected by eom-
missures of less complex structure than themselves, so as to form
a more or less pentagonal collar in the peristomial region.

The Echinodermata are, with the exception of the Synaptidae,
dioecious ; there 1s no external difference between the sexes, nor
between the generative glands. The generative glands very ordi-
narily have a radiate arrangement ; the ova are usually very small,
and impregnated externally to the body of the female ; but in some
cases they are large, and several species of Ophiuridae (Ophiolepis)

k
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are viviparous. In probably every case, except perhaps the last-
mentioned, the impregnated ovum takes the shape of a bilaterally
symmetrical and ciliated larva, provided with more or fewer pro-
visional organs, Where the ova are few and large, and during
development, as in Pleraster, Echinaster, and some other Aste-
roidea, protected by a dorsally or ventrally formed maternal marsu-
pium, the provisional organs may be reduced to a minimum, and the
development becomes almost direct. But in most cases the Echi-
nodermata go through a very well-marked metamorphosis, which
often has more than one larval stage. The distinctive character
of the metamorphosis appears to be the possession by the larvae
of at least a mouth and pharynx, which, whether absorbed or cast
off, 1s never converted into the corresponding organs of the perfect
Echinoderm developed inside  of the provisional organmism. The
mass of more or less differentinted sarcode, of which the larva or
pseudembryo as opposed to the Echinoderm within it, 1s made up,
always carries upon its exterior certain bilaterally-arranged ciliated
bands, by the action of which the whole organism 1s moved from
place to place; and it may be strengthened by the superaddition to
it of a framework of calearcous rods. In the larval dsteriae known
as Dipinnariae, the provisional organism, when discarded, as it is, by
the young Echinoderm, has been observed to retain an independ-
ent vitality for some days; but it has not been observed to give
rise to any second zooid ; and when we consider the greater tenacity
of life which isolated portions of these animals (Asteriae and Holo-
thurioidea) have often been observed to possess, the history of a
Bipinnaria might appear to be analogous rather to the eedysis of a
Crustacean, or the metamorphosis of a Dipterous Insect, than to
true metagenesis.

The history, however, given by Professor Grube (Monatshericht. Konigl
Akad. Wiss. zu Berlin, 12 Marz, 1868) of the discovery of an Echinoid,
Anochanus sinensis, which, while possessing the external organs, such as
H|1ill£!ﬁ., ]H'i.ll't:u“u:l‘hu:, and ambulaera, characteristie of adult Echinodermata,
had neither genital glands nor orifices ; but in place of them an apically
situated sae containing several young Echinoidea in very various stages of
development ; will, if confirmed, cause us to demur to the view adopted
below (pp. 147, 153), to the effeet that in Echinodermata metagenesis
with alternation of generations, as distinet from metamorphosis, is not to
be found. At present, as but a solitury specimen has been observed, it
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may be allowable to suggest that we have i reality a case of intra-marsu-
pial development, such as that known to oceur in Plevaster militaris,

The radial character of the future Echinoderm is first shown in
the formation of the ambulacral elements of the water-vascular
system, which first shows itsell as a simple tubular depression, the
future ¢ madreporic’ system, on the dorsal surface of the larva.
The Echinodermata are exclusively marine ; some of the Holothu-
rioidea, however, can live in brackish water, or, rather, in the sand
and mud of estuaries. They are mever social ; and, with the
exception of Pentacrinus, all the living representatives of this sub-
kingdom are free.

Crass, Holothurioidea.

Echinodermata, varying in shape from being subeylindrical and
vermiform to being plano-convex like an ordinary snail, with an in-
tegument different from that of other members of the sub-kingdom,
with the exception of a single Echinus, in being, through default
of development of the ealcarcous skeleton, left supple and pliable.
Their mouth 1s surrounded by a cirelet of tentacles which are modi-
fications of the ambulaeral feet; are frequently used as locomotor
organs ; and in certain Synaptidae, as also in the developing stages
of other Holothurioidea, are provided with suckers. With a few
exceptions (Synaptidae and Molpadidac), the Holothuricidea have a
well-developed radial ambulacral system, in addition to their peri-
stomial ambulaeral tentacles.  If the ambulacra are arranged in five
functionally similar rows, the body of the animal obtains a somewhat
pentagonal outline ; if they are scattered over the entire surface so as
to leave no distinet inter-ambulacral areae, the body is vermiform in
general outline ; if the five rows are divided into a ventral locomotor
trivium ; and a dorsal bivium, the ambulacral feet in which may have
no suckers, or be wholly absent ; the body comes to resemble that of
a Gasteropodous Molluse. In the Molpadidae the radial stems of
the water-vascular system are present, as also certain tubular pro-
longations of them which pierce the skin, but they have no feet
developed upon them; in the Synaptidae the water-vascular system
has no radial stems, and consists simply of the circum-oral ring,
with its Polian and madreporic appendages, and its ampullae and
branches for the tentacles. In some cases the Polian, elandular,
and madreporic appendages of the water-vascular ring are very
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numerous, and the madreporic eanals may be branched as well
as multiple; but in all Holothurioidea the madreporie tubercle
or tubercles are contained within the perivisceral cavity, and it is
from thence consequently that the fluid for the ambulaeral system
is drawn. The madreporie canal, when single, is always to be found
marking out the inter-radial space of the dorsal bivinm by its
suspensory lamellar mesentery.  The ambulaeral feet of the pedate
Holothurioidea are very frequently strengthened, as in Echinoidea,
by the addition to them of caleareous dises ; they may, however, and
especially along the two rays of the dorsal bivium, as also when
seattered over the inter-ambulacral areae, be tuberculate and conical,
when they are called “ambulacral papillae.”  All Holothurioidea
possess an internal skeleton in the shape of a calearcous ring in
relation with the pharynx, and thus with the water-vascular ring,
the nerve-collar, and the annular psendhaemal plexns. It consists
of five radial ossicles, which are either notched, or, as in Syaaptidae,
pierced for the passage of the water-vessels and nerves, and of a cor-
responding number of inter-radial picces. The five radial ossicles are
the fixed points to which the five radial muscular bands which give
the body of all Holothurioidea a pentamerous character, arve attached.
As the ealeareous skeleton, except in a very few eases (Psoflus and
Ocnus), is mervely represented by spiculae seattered in the substance
of the corinm, the muscular system is more largely developed than
in the other classes of this sub-kingdom, the externally-placed cir-
cular layer being especially and distinetively prominent. By means of
this highly-developed museular system the Holothurioidea not only
obtain the power of moving in the same way as the Vermes, but,
so long as its connection with the nerve-syvstem, and that of
the several radial factors of their nerve-system with each other are
nninjured, they possess also the sineular faculty of ¢jecting their
viscera, and in the ease of Syuapta digitata of dividing their bodies
at various points when injured or alarmed.

The digestive tract is, with the exception of a few Synaptidae,
where it takes a straight antevo-posterior course, arvanged in convo-
lutions, as in the Echinoidea. 1t consists of a pharynx and an intes-
tine, between which a small and short muscular stomach is distin-
guishable as mterposed. When these animals discharge their viscera
upon irritation, the intestinal traet is always separated about the line
of junetion of the pharynx and stomach, and immediately posteriorly
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to the water-vascular ring. The first segment of the digestive tract
is suspended by a muscular mesentery along the middle line of the
dorsal bivium, which is thus made actually as well as morphologi-
cally a line for the bilateral division of the body. The terminal
segment has, as in so many Invertebrata, a respi atory function,
and, in the great majority of Holothurioidea, has certain multi-
ramified coeca, the so-called *lungs,’ or “respiratory trees’ of the
* Pneumonophorous” order, appended to it.  Where these * trees’ are
absent, as in Synaptidae, certain ciliated funnel-shaped organs are
to be found bestudding the mesentery ; and as these organs are in
the Gephyrean Worms similarly absent, or present, accordingly
as in them cloacal respiratory trees are present (Eekiuridae), or
absent (Sipunculidae), the two sets of organs may be supposed to
stand to each other in a supplementary relation, The apical termi-
nations of the respiratory trees are supposed to be perforated, and
thus to furnish a route whereby the sea-water can find its way
into the perivisceral cavity. As the ciliated infundibula are, accord-
ing to the figures of them given by Sars, Norges Echinodermer,
Tafs. xv, xvi.; and Leydig, Lehrbuch der Histologie, p. 391, fig.
203; Miller’s Arch., 1852, p. 514; connected with a system of
vessels in the mesenteric membrane, it would appear that they may
discharge the same function.

To the respiratory trees or to the cloaca whence they arise,
the so-called  Cuvierian oreans’ are appended, which may have a
glandular function, but which are probably organs of defence, as
they are observed to he very readily discharged upon irvitation.

The pseudhaemal system consists of two main stems, connected
the one with the dorsal, and the other with the ventral line of the
digestive tube; and of a eircular plexus representing the eirenlar
psendhaemal vessel surrounding the pharynx. These two vessels
arc connected with each other by reticulations in the walls of the
intestine, and the ‘rete mirabile’ developed by the dorsal vessel is
brought in many cases (dspidochirotac) into intimate connection
with the left respiratory tree,

The nervous system is said to differ from the nerve-systems of
other Echinodermata by having its circular commissural collar
thicker than the radial ¢ Amlmlueru]'gu]lir]w.’ It appears, however, to
be of less complex structure, and it must be recollected that in some
other Echinodermata the radial stems taper towards their proximal
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as also towards their distal ends. Organs of speeial sense, in the
shape of otolithic vesicles, have been observed in Synaptidae ap-
pended to the radial nerve-cords just where they pass through the
foramina in the radial ossicles of the internal ealecareous ring.

With the exception of the Synaptidae, the Holothurians are
always dioecious, resembling in this all other Echinodermata, but
differing from them in never having the radiate arrangement re-
tained in their generative glands. These organs take the shape of
longer or shorter, simple or branched coeca, which are attached to
one or both sides of the inter-radial dorsal mesentery, and discharge
their products by a single duct running in the same medio-dorsal
line to open either posteriorly to, or within the cirele of oral tentacles.
In one case, Holothuria tremunla, the development has been observed
to be nearly dirvect, the provisional oreans being represented merely
by a rapidly-disappearing layer of ciliated sarcode ; but in most cases
there are two larval or pseudembryome forms, the earlier of which,
Auricularia, possesses a mouth and alimentary canal, and special
bilaterally symmetrical natatory lobes, whilst the second, the
so-called “pupa,” is barrel-shaped, devoid of mouth and of lateral
outgrowths, and girded with five zonular ciliated bands, which dis-
appear as the ambulacral system is developed.

Crass, Echinoidea.

Echinodermata varying in shape from that of a sphere to that of
a dise, with, in all living speeies but one, in which the skeleton has
been reported to be flexible, an 1mmovably articulated external
shell, the so-called ¢ corona,” which, with its ambulacral and inter-
ambulacral spaces, occupies the entire exterior of the body, with the
exception of a small eircum-oral and a small anti-ambulacral cir-
cum-anal area. When the mouth and anus are at opposite poles,
the Echinoidea are called ¢ regular,” or < endocyclica ; when the anus
is placed exeentrically, they are ealled €irregular,” or ¢ exoeyclica.’
The two types are mutnally connected by transitional forms; the
irregular shows bilateral symmetry very obviously; the bivium,
however, and the trivinm do not hold the same rvelations to the
dorsal and ventral surfaces as in Holothuricidea. The locomotor
feet ave in many of the regular forms uniformly sucker-shaped, and
l—.ruvil]utl with a distal ealcareous support ; but the dorsal feet, even
in some regular forms, may lose their sucker-shape; and in the
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irregular forms Spatangidac and Clypeastridae, they take very
various shapes, and amongst them that of the so-called ambulacral
oills, which form a rosette of petaloid ambulacra limited to the
apical half of the shell.

The madreporic plate is always to be found at or near the apiecal
pole of the body, and is usually fused with one or more of the
genital plates. Five eye-bearing plates alternate radially with the
inter-radially placed genital plates. The ambulacral plates lie ex-
ternally to the free radial water-vascular trunks, but there are
certain internal caleified processes, the so-called ¢ Auriculae,” which
may, as in the genus Clypeaster (Lam.), Echinanthus (Miller), attain
a great development, homologous with the internally-placed ambu-
laeral ossicles of the Asteroidea. Both the ambulacral and the mter-
ambulacral plates are beset with very numerous movably-arti-
culated spines of the most varied forms, between which pedicellariae
are, as in Asferiae, intevspersed. In Spatangidae certain areae, the
¢ semitae,” are occupied by bristle-like appendages, which have club-
shaped ends, are strengthened internally by calcareous deposit, and
are covered externally with eilia.

The tentacular corona of the Holothurioidea is represented in
Echinoidea by certain largely-developed ambulaeral feet placed
radially on the innermost ecirele of the peristomial area, and imme-
diately therefore on the edge of the mouth. But in Eekinidae and
Clypeastridae, a complex prehensile masticatory apparatus exists
as the so-called ¢ Lantern of Aristotle,” at the entrance of the diges-
tive tract. The teeth of this apparatus are lodged in inter-radially
placed alveoli, composed of two main and two accessory pieces,
and alternating with radially-placed structures, each consisting
in Clypeastridae of one, and in Echinidae of three, ossicles. The
elements in the radially-placed portion which both families alike
possess, are known as the “rotulae’ or ¢falces,’ and as they, like
the radial elements of the caleareous ring of the Holothurioidea,
cover in the junctions of the radial water-vaseular trunks to
the central water-vascular ring, and as they resemble them still
further in not belonging to the perisoma, but being true internal
caleifications, they would appear to be, as Miiller tanght, homo-
logous with them.

An oesophagus, and sometimes, as in Kehinus saxatilis and Spa-
tangus, a coccum, is distinguishable at the commencement of the



el Tntroduetion.

digestive tract ; which, in the rest of its course, is intestiniform and
attached by a fenestrated mesentery in festoons round the interior
of the shell. They are never aproctous.

The pseudhaemal system has a circular vessel developed both at
the oral and apical poles, the ring at the oral pole lying inferiorly
to the water-vascular ring at the base of the dental apparatus. The
two rings are connected by a pulsatile sae, the so-called ¢ heart,” and
vessels are given off to the viscera, and especially to the intestine.

Special respiratory organs are developed in many Eehinidae in
the shape of arborescent outgrowths communicating with the peri-
visceral, but, according to most authorities, not with the water-
vascular system, and arranged in the peristomial area. They are
absent in the Echinocidea with petaloid ambulacra, the widely
expanded lamellar gills carried by which exercise an aerating
funetion,

The nerve-pentagon lies immediately below the oral peristoma, at
a much lower level than the pseudhaemal and water-vascular rings.
The nerve-stems, which are given off' from it radially, are much
wider in the middle part of their course than at either distal or
proximal end.

It is of importance to note, that, though growth ordinarily takes
place in Echinoidea in the way of interpolating fresh plates at the
apical pole of the corona, similar additions may be made in Cidaris
at the oral pole to the movable plates which, in that genus, are
prolonged on to the peristomial area from the immovabl
eulated eorona,

The generative glands in the regular forms ave five in number,
opening by five separate duets in the five genital plates. 1In the
iregular forms, Spatangidae and Clypeastiidae, there are only four
aenital glands, duets, and plates,

The larva is pluteiform, and strengthened by a ealeareous frame-
work. The embryo appropriates no part of the larva execept the
stomach and some formative blastema which 1s aggregated round it.

arti-

Professor Grube is rveported by Dr. Semper, Reisen im Archipel der
Philippinen, p. 163, to have met with an Echinid with a perfectly soft
integumentary system. The structural differences between such an animal
and a Holothurian would be comparatively small—the resemblances very
numerous. Amongst them may be mentioned, as probably existing, the
possession of ealearcous dises by the feet 5 the presence of specially mo-
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dified feet homologous with the Holothurian tentacles on the peristomial
avea, and the peculiarities of the digestive tract. The ordinary represen-
tatives of these two classes resemble each other in the small size of their
anti-ambulaeral area, and in the tendency they have to assume bilaterally
symmetrical forms. Their developmental history, however, is very
different.

Crass, Asteroidea.

Echinodermata, with flat, star-shaped, or simply pentagonal, bodies,
with a well-developed and functionally locomotor water-vasceular
system, the ambulacral surface in relation with which is developed
commensurately with the anti-ambulacral, centrall y or sub-centrally
in which the anus, when present, opens,

The Asteroidea differ from the other Echinodermata in having a
well-developed ¢ internal skeleton,” externall ¥ to which their nerve-
cords and radial ambulacral vessels lie. This system is represented
rudimentarily by the auriculae of Eelinidae, and the similar hut
more developed internal structures of Clypeaster ; but it is wholly
wanting in the Crinoidea.

The Asteroidea are divided into two sub-classes, the Asteriae and
the Ophiuridae ; in the former of which the arms, firstly, are pro-
longations of the central dise ; and, secondly, contain within them
prolongations of the digestive tract, and portions, or the whole of
the reproductive organs; and thirdl ¥, are furrowed on their medio-
ventral surface for the reception and protrusion of the ambulacral
feet; whilst in the latter, the arms are differentiated from {he
central dise, not only by their mode of taking origin from it,
but also by not containing any portions of the viscora of or-
ganic life, and by not having any medio-ventral ambulacral
furrows, but in place of them, ordimarily, a row of dermal
scales, on either side of which the feet are protruded. The verte-
bral ossicles of the Opliwridae vesemble those of the Asteriae in
being composed of two symmetrical halves ; but these twe halves
are articulated together immovably, except in the pair next the
mouth, whilst the entive series of mesial ambulacral ossicles is in
Asteriae composed of mesially and movably articulated bilateral
halves, for the adduction and divarication of which special museles
are developed. The Ophiuridae have not the internal prolongations
of the branches of the radial vessel to the feet, which are known in
Asteriae and the other higher Echinodermata s ampullae ; but
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these branches are lodged in a separate camnal, leading from the
central demi-canal, in which the nerve-cord and the radial water-
vessel are both lodged, outwards. The madreporie tubercle, instead
of being a prominent object on the dorsal surface as in Asteriae,
is situated on the ventral surface, where it is either distinet but
very small as in Astrophyton, or partially fused with, and concealed
by one of the oral plates, so as to communicate only by a very
small pore with the exterior. There ave no pedicellariae in the
Oplivridae. The Ophiuridac have a digestive system consisting of
a simple sac without diverticula or anus; whilst, exeept in the three
genera Astropecten, Clenodiscns, and Luwidia, the digestive tract
of the Asteriae is always proctuchous, and is without any excep-
tion even in the case of the genus Drisinga, which is described
as being intermediate in character between the two Sub-classes,
is prolonged for a greater or less distance into the arms.

The feet of the Ophiuridae dilfer from those of the Asferiae, with
the exception of the three genera just mentioned, in not possessing
terminal suckers. In some further points in which the Ophivridae
differ from the Asferiae they appear to resemble the Echinoidea.
Their feet sometimes show a tendency to effloresce nto lateral
ampullae, and thus to approximate in character to the ambulacral
aills and tactile feet of certain Echinoidea ; they possess a ecaleified
peristomial apparatus which finds its homologue in parts of the
peculiar manducatory apparatus found in that class, but which is
not represented in Asteriae ; and their larvae, finally, are plutei-
form, whilst those of the Asteriae are vermiform, and never possess
a pseud-embryonie caleareous skeleton. It is mainly upon the
deseriptions of such transitional or inter-connecting living forms
as Brisinga endecaencmos ; and of such fossil forms as Protaster
and Paleodiscus, that a justification of the placing the Adsteriac
and Ophiuridae together in one Class must rest.

Crass, Crinoidea.

Echinodermata with arms radially appended to a central dise or
¢ calyx,” which disc at one period of their lives, or permanently, is
attached by a segmented peduncle to marine objects. They pos-
sess a well-developed dermal skeleton, which is movably artieu-
lated in the arms, but immovably in the region of the dise. The
water-vascular system gives ofl’ a great number of tentacular tubules
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along the furrows, which radiating from the mouth pass down
the medio-ventral surface of the arms, and of theiwr laterally arti-
culated pinnulae. But the water-vascular system appears to be in
the Crinoidea wholly, as it is in other Echinodermata partly,
respiratory in function. The segmented arms can execute exceed-
ingly active movements by means of the museles with which
they are provided; but these movements are mainly conflined to
the action of closing the arms upon the oral surface of the dise,
and so protecting it from the contact of irntating matters. The
act of swimming from place to place however by the alternate
action of the arms, is by no means so habitual to the Crinoidea as
has been supposed. The Crinoidea are dependent mainly upon the
action of cilia lining their digestive tract, and partly upon that of
the similar structures upon the integunment of their arms, for the
ingestion of alimentary matters. Their oral surface is, in the
natural condition, always turned upwards; the digestive traet,
in the living genera, Adufedon and Penfacrizus, possesses an anus
opening 1n one of the spaces between two of the water-vascular
furrows radiating from the mouth. The digestive system is confined
to the central disc ; but the perivisceral space has tubular prolong-
ations along the arms and their pinnules, whereby the nutritive
fluid is on the one hand itself aerated, and on the other brought into
relation with the powerful musecles whereby the movements of the
arms are executed. Their generative organs differ from those of
all other Echinodermata in being lodged externally in the mem-
branous lamellae developed from the ventral surface of the pinnulae,
and in setting free their produets simply by dehiscence. The larva
or psead-embryo gives rise within itself to a second form, which,
without taking up any part of the short digestive tract of the first,
developes a pedunele which is discarded in Anfedon, but is per-
manently retained in Pentacrinus.

Jointed cirri project at intervals from this peduncle in Pentacrinus,
and in the non-pedunculate dntedon are attached to the aboral surface
of the calyx. The existence of these cirri would appear to show that
the true homologue of the ‘arms’ of the Crinoidea is to be found in
the ambulacral tentacles of the Holothurioidea, whilst they themselves
are homologous with the radial ambulacra of other Echinodermata.
It shows further that the Echinodermata are in My, Herbert Spencer's
language  tertiary’ rather than ‘secondary aggregates,’ a view to which
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elsewhere in the sub-kingdom, evidence is only obscurely horne in the
mode of growth of the Echinoidea, anid possibly also in the spontancous
self-mutilation and division observable amongst the Holothurioidea.

See, for the development of Adwledon Rosacens, (Comatula Rosacea,)
Professor Wyville Thomson, Phil. Trans., 1865 ; Dr. Carpenter,
ihid., 1866.

Sve-kinepoy, Coelenterata.

Radially-arranged or bilaterally-symmetrical animals, in which
the general eavity of the body and that of the digestive sac are
always continuous. They may be fixed or free, solitary or social ;
they are exclusively aquatie, and almost exelusively marine. The
walls of the body consist always of two layers, an ectoderm and an
endoderm ; both, but especially the outer layer may become in-
durated by interstitial deposit ; and the outer layer may secrete a
more or less hard exterior cell. Both layers, but especially the
exterior, are provided with * thread-cells,” and both layers, but es-
pecially the interior, ave, at one period or other, ciliated. The mouth
is the only outward opening of the digestive tract ; it is ordinarily
surrounded by a corona of tentacles, the hollow interior of which
is continuous with the general body cavity. This cavity may be
a simple and direct prolongation of the digestive sac; or this sac
may, whilst suspended by its sides in the perigastrie space, open at
its bottom into 1it.  The interior of the stomach and of the general
body cavity being ordinarily ciliated, circulation is maintained in
the alimentary fluids; but there is no tubular vascular system of
any kind, nor any specialized respiratory apparatus in these animals,

The Sub-kingdom is divisible into three Classes, the Ctenophorae
of which the Cestum Veneris, the Cydippe, and the Beroe may be
taken as examples ; the Anthozoa ; and the Hydrozoa,

A nerve-system has been supposed to exist centrally in the Cte-
nophorae ; and peripherally, as special sense organs in the Medusae
in their marginal cysticles, but much doubt has been justiliably
raised as to the really nervous character of the structures in
question.  (See Claus, Zeitschrift Wiss, Zool., xiv., 1864, pp. 385,
388). The Ctenophorae are hermaphrodite ; the Anthozoa and Iy-
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drozoa are ordinarily dioecious. The generative products are always
developed between the two layers of the body walls; and are dis-
charged by dehiscence, either into the external medium in which the
animal lives, as in Hydrozoa; or into the perigastrie cavity, to be
thence discharged by the digestive tract, as in the two other Classes.
Reproduction may take place asexually by gemmation or by fission
and the power of repair and regeneration is very great. The sexual
method is very ordinarily accompanied by metamorphosis and meta-
oenesis; and the vaviety of forms found in any one of the compound
species, 1s often increased by the specialization of certain zooids to
particular functions, so as to be purely agamie and digestive, purely
motor as in Siphonophorae, or purely reproductive,

CrLass, Ctenophorae.

Bilateral Coelenterata, ordinarily oval, ravely cestoid in form ;
the place of the corona of tentacles seen in the two other Classes
of Hydrozoa and Anthozoa, is taken ordinarily by a pair of long
highly contractile cord-like prehensile organs, the interior of which
communicates with that of the system of canals, representing the
body cavity, and the exterior of which is armed with thread-cells.
Their most distinetive characteristie, and the one whenee they take
their name, 1s the possession of four pairs of motor organs, con-
sisting of parallel comb-like rows of plates, which work like paddle-
wheels in propelling the creatures. They are all marvine, and
never microscopie in size, nor social, nor indurated by deposit of
any kind, They differ from the Anthozoa in having the inter-
mesenterie spaces of the body eavity reduced to a system of bilateral
canals by the increase of the gelatinous parenchyma ; and from the
Hydrozoa, in having the stomach surrounded by, and suspended,
though not freely, in a perigastric cavity ; and from both, not only
in their well-marked bilateral symmetry, but also in having a com-
munication between the external medium and the body cavity, not
only through the digestive tract and the mouth, but also by means
of a funnel-shaped, and ordinarily bifid canal at the opposite pole of
the body. A central nerve-system, consisting of a single or double
ganglionic mass, has been supposed to be demonstrable in these
creatures at the point where the funnel-shaped canal just mentioned
comes into communication with the system of perigastric canals,
and to send Dranches in correspondence with the rows of swimming
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plates. An otolithic cysticle, sometimes called the ¢ectenocyst,” is
situated at the point of junction indicated. (See, for the doubtful
chavacter of the nerve-system, Claus, Zeitschrift fiir Wiss. Zoologie,
1864, p. 386.) The Ctenophora are hermaphrodite, the testes and
ovaries being placed on either side of each of the eight canals, cor-
responding with the rows of swimming plates. The development
of the embryos, which are as in Anthozoa set free through the
mouth, is ordmarily simple; but they are in some instances fur-
nished with provisional ciliated and other organs,

CrLass, Anthozoa.

Coelenterata, of sub-columnar form, with their mouth surrounded
by a eorona of tentacles, the number of which is either four or six, or
some multiple of four or six, contrasting herein, as in so many other
points, with the pentamerous Echinodermata. Their opposite imper-
forate extremity is ordinarily fixed; and they arve ordinarily soecial.
They are all marine, and may be no more than a line in length and
breadth. With the exception of Aetinidae and Cerianthidae, all have
the external integumentary system more or less indurated by inor-
aanic deposits, which form ¢ the coral structures.” These structures
are ordinarily divided into two classes, accordingly as they have been
supposed to be euticular formations or * foot seeretions,” when they
have been called ¢ sclerobasic;” or to be due to deposition within
the tissues, when they have been called ¢ selerodermie ;” but doubt has
been thrown on the soundness of this distinetion by Killiker (sce
Leones Histiologieae, ii., pp. 117-170). The body cavity is not only
direetly continuous with the cavity of the stomach by means of an
orifice at the bottom of this latter cavity, but it is also continued
upwards round the outside of the stomach, which is freely suspended
in it by means of lamellar mesenteries. These lamellae divide the
body cavity into a series of radially-arranged chambers, which again
are prolonged upwards so as to be eontinuous with the interior of
the tentacles. The interior of the tentacles may communicate
directly with the exterior by perforations placed at their lips, as
may also the general eavity of the hody by peripherally-placed aper-
tures called ¢ cinelides.”  In Cerianthus and Peachia, the axis of the
foot may be perforate.

The Anthozoa ave, with the exception of Cerianthus, dioecious,
The generative organs arc developed in the mesenterial lamellae,
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The embryos are discharged by the mouth of the parent as free
cilinted larvae of smaller size and with fewer tentacula, or without
any, but in other points they are like their parents. Reproduction
may take place also in the asexual ways of gemmation and of fission,
and the entive animal may be regenerated from a separated frag-
ment ; but there are no * Medusae” in this Class.

Crass, Hydrozoa.

Coelenterata, which may be fixed or free, social or solitary, but
which are often of much smaller size, and invariably of a simpler
construction than either of the other two Classes in this Sub-
kingdom. The wall of the digestive cavity is continued divectly
into that of the body cavity, or, in other words, the stomach is
never suspended freely in a perigastric cavity. The general body
cavity is prolonged, under the form of ¢ gastro-vascular canals,
through the parenchyma of the bedy, and into the interior of the
tentacles., The body wall is made up of two layers, an ectoderm,
which in early stages is ciliated, and in later is very richly provided
with thread-cells; and an endoderm, which is ordinarily ciliated, and
keeps up a circulation in the gastro-vascular fluids, and contains
also some, but fewer thread-cells than the ectoderm. The outer
layer of the ectoderm secretes a chitinous tubular polypary in the
fixed orders, with the exception of the [ydridae; the deeper layers
of the body may attain in the free forms a greater or less amount
of induration, either in a disc-shaped (Medusae), or tube-shaped
(Siphonophorae) mass ; but it is only rarely that in the fixed orders
any caleareous deposit takes place, as in the Lithydrodea. (See,
however, Killiker, Icones Histiologicae, ii., p. 117). No eentral
nerve-system has been demonstrated in these creatures; the mar-
ginally-placed eysticles of the Medusae may represent special sense
organs. The Hydrozoa are ravely hermaphrodite; the generative
organs are developed in them as in all Coelenterata between the
two layers of the body walls, but owing to the absence of any
perigastric cavity, such as that of the Anthozoa and Ctenophora,
they come to be placed externally, and to be discharged into the
water not through the mouth, but simply by dehiscence of the
ex,orior layer. Reproduction may be asexual in the way of gem-
t Zion frequently, and of fission ravely ; development may be nearly
divect, as in Tubularia and Coryne Van Benedenii, where the stage
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of a ciliated embryo, s. ¢ planula,” is wanting ; or it may be acecom-
phished by metamorphosis, complicated with © alternation of genera-
tions.” In this latter case the specialized generative zooid may be
either fixed to the asexual coenoecium, or set free as a medusiform
zooid.  The power of repair and of regeneration after injuries, and
from isolated portions of hody substance, is very great.

Sue-kixapoym, Protozoa.

Organisms, which, being ordinarily microscopie and unicellular,
arely have their exterior outlines fixed in definite forms, or their
interior parenchyma distinguished by much histological differentia-
tion. DBy the absence of a rigid external envelope the unicellular
Protozoon is distinguished from most forms of vegetable life, except
the Mycetozoa and the locomotor gonidia of certain Cryptogamia ;
and by the absence of histological differentiation in correspondence
with the different vital functions, it is distinguished from most or
all higher animal organisms, The greater part, or even the whole
of the body of a Protozoon, may consist simply of Protoplasm,
s. Cytoplasm, s. Sarcode, which may vary from being purely
hyaline to being markedly granular, and from being semifluid to
being exceedingly viscid and strongly coherent, but which, chemi-
ally, is nitrogenous, and physiologically, contractile. The exterior
or cortical layers of the body ordinarily differ more or less in con-
sistence from the interior; they may seerete a caleareous, or agglu-
tinate an arenaceous shell; and the internal layers may, in their
turn, furnish themselves with a solid support in the shape of an
internal skeleton composed of inorganie, siliceous, or caleareous
particles, or of organic horny substance. In some cases an exter-
nal shell is secreted, of an organic substance resembling chitine.
Movement may be accomplished by the contraction of the general
mass of the parenchyma, as in Gregarinae ; or the protoplasm may
develope eilia, as in Infusoria; or psendopodia, as in other Pro-
tozoa. Nutriment is absorbed in some cases by the general paren-
chyma of the body which envelopes the alimentary matter within
its own substance, as in Amoebina and Actinophryna; or the entire
animal may live immersed in an atmosphere of assimilable albumen,
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as is the case with the parasitic Gregarinae, and absorb soluble
pabulum at all points of its exterior. In other cases the pseudo-
podia, in which a constant eyclosis of the granular eytoplasma may
be observed to be carried on between the central part of the animal’s
body and its radial processes, act as suctorial and absorbing organs,
In one class only, the Infusoria, do we find both mouth and anus;
but these two orifices are not connected with each other by any conti-
nuous tubular eanal, the ingested aliment passing from the mouth and
oesophagus into the general parenchyma of the body, and the refuse
matter finding its way into the neighbourhood of the anus, whence
it 1s extruded by the contractile sarcodie substance surrounding it,
In many Protozoa the vacuolation of the contractile protoplasm
produces the structures known as ¢ contractile” or ¢ pulsatile vesi-
cles,” which have sometimes been regarded as a rudimentary circula-
tory apparatus, but which, as they have sometimes been observed
to open externally, may with more probability be considered to
be depuratory in funetion, and to correspond with the water-vas-
cular system of higher animals. No specialized respiratory nor
nervous system exists in this sub-kingdom, unless the red pigment-
specks of certain Infusoria may be considered to correspond to
eyes.

Reproduction is ordinarily asexual, taking place in the ways of
fission and gemmation, but in the Spongiadae and Infusoria we find
true sexual reproduction by means of ova and spermatozoa. Enecys-
tation very frequently accompanies the agamogenetic, and conju-
gation the sexual process.

The Protozoa may be either solitary or social, and are found
either in sea or fresh water, or as Entozoa, but their respiration is
never aerial.

The Gregarinae would by most writers be considered, as they are here,
to be the lowest of the Protozoa. Their ento-parasitic hahits, however,
which will account for much of the simplicity or degradation of their

-organism, must not cause us to overlook their close affinity to certain
forms of Rhizopoda, especially the dwmoebina; and it has been rather
' from considerations of convenience, which, in the absence of any actual
f demonstration of genetic affinity, have weight in classification, that they
f have been here separated from that class. The Rhizopoda are by some

' writers placed higher, by others lower, in the scale of life than the Infu-
¢
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soria ; but the ¢ polymorphismus’ of their more complex forms, amongst
which the Radiolaiia ave usually included, may be considered in some
gense to connterbalance the higher grade of specialization to which the
Infusoria in virtue of their digestive, reproductive, and motor organs,
must be allowed to have attained.  The Spongiadae should, for the same
reason and in the same sense as the Rhizopoda, be placed in co-ordinate
rank with the Infusoria.

It is not rarely difficult to differentiate a unicellular organism as animal
or vegetable, unless we happen to be acquainted with its past or future
history. The gonidia of many Algae are locomotor, ciliated, possessed of
contractile vesicles, and devoid, whilst yet active, of that eminently vege-
table structure, an encapsulating envelope of cellulose. Whilst these
organisms imitate the movements, structure, and chemical composition
of the Iufusorial Protozoa, the mycelium of eertain Fungi, the Myxo-
gastres, 8. Myxomycetes, which have hence been ealled ¢ Mycetozoa,' is
similarly devoid of any cellulose envelope, and exhibits the pseudopodial
movement so characteristic of Rhizopoda ; while such forms of life as
Euglena Viridis and the Volvocineae must be held to belong to the
vegetable kingdom, not so much on account of the abundance of chloro-
phyll in their pavenchyma, as because of the history of their develop-
ment, in which a period of quiescence and encapsulation in cellulose is
readily observable.

There are not a few orgaunisms for the identifieation of which, as
belonging to the animal or vegetable kingdom, we have no other guide
than a consideration of their gradational affinities to other orzanisms, as
to the position of which in one or other of the two kingdoms there can
be no question, By the application of this test, it would seem that the
Monera of Professor Haeckel should be ranked as animals, as they are so
closely similar to certain of the RRhizopoda, as to the right of which Class
to be considered as animal few other naturalists would raise a doubt.
And as either from the point of view furnished by the facts of gradational
affinity, or from that into which we are put by the knowledge of the
history of development, probably all the other forms of life out of which
the naturalist just mentioned has formed a third Kingdom of life, the
Regnum Protisticum, can, without violence, be regarded as cither animal
or vegetable, the necessity for accepting such a third Kingdom would
appear to be doubtful,

[n dealing with the microscopic organisms, about the position of which
it is possible to raise a doubt, the most unambiguous criterion is that
which the formation of an external envelope of cellulose, when present,
furnishes. When this means of deciding is absent, the exhalation of
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oxyzen, and the power of supporting life upon inorganic matters, are,
perhaps, the two points to which we should next look, though both of
them would fail us in the case of the Fungi. The presence of ehlorophyll
in very great abundanee in the parenchyma of an organism points, though
less certainly, than any of the three characters already specified, to the
vegetable character of an organism. Stentor, however, among Infusoria,
Hydra among Coelenterata, Fortex amongst the Turbellarian, and Bo-
nellia amongst Gephyrean Worms, arve said, though not in all cases upon
the evidence of the spectroscope, to possess this chemical substance as an
essential ingredient of their parenchyma irrespective of any which may
be ingested with their aliment. An organism which should be seen to
envelope alimentary substances within its own parenchyma would be, in
almost any case, rightly considered an animal ; but this test would fail
with the ento-parasitic forms of either kingdom which live by the ab-
sorption of the soluble butriment in which they live immersed at all
points of their exterior ; and would further be held by most naturalists
to prejudge unfairly the allocation of organisms feeding by means of suc-
torial pseudopodia, in the face of the preponderating evidence in favour
of their animality which the totality of their history offers. It would
fail also, in the cases of the spermatozoa, which may be called the male
‘ gonidia’” of most animals, and the male zooids, the ¢ complemental males,’
of a few animals, such as the Cirripedia.

Irritability, contractility, locomotion and the ¢ eyclosis,” or circulation
of absorbed and assimilated nutritive matters, are phaenomena universal
in the animal, and occasionally observable in the vegetable kingdom ;
whilst the sccretion of chlorophyll, and of eellulose, and the power of
regenerating an entire compound organism from a more or less frag-
mentary portion, are properties nearly though not quite universal in
vegetables, and only oceasionally noticeable among animals. It may be
anticipated that in the few eases in which it may at present be difficult to
decide with perfect certainty as to the animal or vegetable character of
an organism, an increase in owr knowledge, if not of its very simple
structure, yet of its development, and if not of either its development or
its structure, yet of the development and structure of forms which by
gradual transitions connect it with undoubted animal or vndoubted vege-
table forms, is likely at some time to enable us to place it in one or other
of these two kingdoms of life. But it must be said that there ave organ-
isms which at one period of their life exhibit an aggregate of phacnomena
such as to justify us in speaking of them as animals, whilst at another
they appear to be as disl‘.inctl}: vegetable. A monad may at one period
be possessed not only of a nucleus and contractile vacuole, but of a cilinm,

/2
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by the aid of which it swims about ; at another it may have lost its
cilium, and effect locomotion by the protrusion of pseudopodia, like an
Amoeba ; whilst in a third it may surround itself with an envelope of
cellulose. If it should prove to be true that organisms as high in the
scale as the Amoebina and Actinophryna, can have their development
traced back to the specialization of protoplasm within vegetable cells,
it would appear to be neecessary to adopt a phraseology which should
speak of such creatures as being at one time plants, and at another
animals.

Crass, Infusoria.

Protozoa, which have the external layers of their bodies so far
indurated as to give them more definitely-fixed external outlines
than the other classes of the Sub-kingdom, and are provided, except
in the case of the adult Acinetina, with cilia as motor organs. They
may secrete a cuticular shell or earapace, distinet from their more or
less indurated external cortical cuticular envelope, but they never
form any shell or skeleton of inorganie substances. They always
possess a nucleus and nucleolus, which are in function ovary and
testis respectively, and a contractile vesicle ; and with the exception
of the order Aeinetina, which 1s provided with suctorial tentacula,
and the parasitic genus Opalina, they have always a mouth and
anus. From the month a short oesophagus lined with a prolonga-
tion of the cuticle leads ordinarily, and opens by an oblique or
transverse aperture, into the central parenchyma of the body, which
18 more loosely compacted than the cortical layers. In the inter-
trabecular or vacnolated spaces of this central parenchyma, the
ingested alimentary particles are cirenlated together with the water,
along with which they are drawn in by the ciliary currents; and
from it the refuse particles are finally extruded by the anus, into
which there is only rarely a tubular process of the cuticle prolonged.
The cortical layers of the parvenchyma are less diffluent than the
central, and in them we find the contractile vesicle, the generative
nucleus with its adherent or closely approximated nueleolus, the
trichocysts, and a certain amount of very fine pale granular matter.
By the use of reagents, it is easy to see that the cilia are in reality
processes not of the euticular membrane, but of the outer layers of
the enclosed parenchyma; and they must therefore when protruded
find their way through very fine orifices in the external envelope.
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This membrane is not always demonstrable, and appears to be ocea-
sionally wanting, as in Owzytrichina. The contractile vesicles may
be very numerous, as in Zrachelius ovwir, but ordinarily they are
not more than two in number. They are in some cases seen to give
off vessels into the body ; and they are said to communicate with
the exterior, and thus to become analogous to the water-vascular
rather than, as is often said, to the circulatory system of higher
animals. The so-called ‘ nucleus” or ovary may vary in shape from
that of a spheroid to that of a horse-shoe. The ¢nucleolus’ or
testis is also very variable in shape, but is usually closely apposed
to or immersed in the substance of the ovary, which is much larger
n size.

In sexual reproduction the ¢ nucleus’ breaks up into a number of
ova, which 1t is probable are directly transformed into embryos. It
is often seen to be preceded by conjugation, in which the spermatic
elements of the two individuals have been supposed to be inter-
changed.

Asexual reproduction takes place in the ways of gemmation,
when compound colonies may be formed, as in Epistylis and Casr-
chesium ; and of fission, which is ordinarily preceded by encystation.

Crass, Rhizopoda.

Protozoa possessed of pseudopodia, by which, in the absence of
cihia, the functions of locomotion and of ingestion of aliment are
performed. Their bodies may consist of sarcode alone without any
morphological element except fine granules, and without any cell
wall; and in these cases a caleareous shell may be secreted, as in
the majority of the Foraminifera, or a test of organie chitin-like
substance, as in Gromida ; or an external casing may be formed by
the agglutination of arenaceous particles, as in Lituolida; or the
sarcode may show considerable differences between its central and
peripheral layers, and may contain a nuclens and a contractile
vesicle, but be devoid of any external inorganic deposit of the
nature of a shell, as in Amoebina and Aectinophryna ; or, finally,
the sarcode may be divided into two portions by a central capsule,
and be further supported by a siliceous skeleton, in which ecase
both the extra-capsular and the intra-capsular sarcode contains
many and various morphological elements, as in the multi-cellular
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Radiolaria. 1In all Rhizopoda, exeept the Amoebina, the pseudo-
podia are very numerous, ramify minutely, inosculate by their
ramifications, and show in their interior a cyclosis or cirenlation
of granular sarcode; and it is by their suetional ageney that nutri-
tive matters are absorbed. In the Awmoebina, which on this ae-
count have been sometimes, as by Kolliker and V. Carus, separated
from the Rhizopoda and classed with the Infusoria, the pseudo-
podia are few and large, and neither anastomose nor show any
eyclosis of granular sarcode in their interior. The exterior layer of
the bodies 1s better defined than that of other Rhizopoda, and they
extract nutriment from their food by enveloping it, as indeed the
Actinophryna do also, in the substance of their parenchyma.

The differentiation of the outer layers or ¢ ectosare’ of the Amoe-
bina, from the inner or ¢ endosare,” is carried so far in the direetion
of inerease of tenacity and consistence as to render it probable that
a definite spot must exist in their external periphery, which acts as
an oral inlet. No other Rhizopoda possess either a mouth or anus.

Reproduction appears to be effected in the simpler Rhizopoda by
fission of the protoplasmic mass, of which their bodies are exclusively
made up; but in the higher forms of the class, the Awmochina and
Aectinophryna, it would appear that true sexual products may be
formed..

The Rhizopoda may be either solitary or social. They are mostly
marine, but some Awmoebina, Actinophryia, and Gromide ave found
in fresh water.

Crass, Bpongiadae.

Social Protozoa, which form one or many aggregated colonies,
each one of which possesses on its exterior a single exhalant ¢os-
culum,” and a great number of smaller inhalant ¢ pores ;" whence
the Class has taken its name of ¢ Porifera.” The eells which make
up each colony, are supported upon an internal skeleton, which
may be siliccous or calearcous, horny or leathery in consistence ;
Halisarcina, which has been deseribed as devoid of any skeleton,
and as being merely a colony of naked amoebiform bodies, having
been shown by Dr. Bowerbank to possess more or less of a siliceous
gkeleton. The cells are of very various forms in each colony ; some
being ciliated, some amoebiform, whilst others may have their sar-
codie substance so fused together as to form continuous masses,
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which however do not lose the power of reappearing as separate
organisms, The ciliated cells.line the interior of certain spheroidal
chambers in the substance of the Sponge ; and by their action water
is drawn in through the smaller ¢ pores,” and with it the alimentary
particles which the amoebiform cells appropriate. The larger ori-
fices or “oscula’ are exhalant in function. Both sets of orifices are
opened or closed at the will of the animal; but the larger are
permanent, whilst the smaller are intermittently formed and in-
termittently obliterated. A wide interspace intersected by irre-
gular trabeculae may be interposed between the exterior layer of
the Sponge in which these orifices are situated, and the deeper
layers which make up the great mass of the organism. The spi-
cula have a cavity in their interior, which is occupied by sarcode,
and are thus to be considered as produced like ¢ external skeletons’
or * tests’ by an outward excretion-process.

Reproduction may be sexual, ova and spermatozoa being produced
by the specialization of cells in the general parenchyma ; or asexual,
in the way of fission, or in that of the produetion of gemmules.
The gemmules of the fresh-water Sponge are formed towards the
close of the warmer period of the year by means of the €encys-
tation’ of portions of the parenchyma, whilst the sexual process
takes place during the summer months; so that the history of the
“ winter” and ¢ summer’ ova of the Daplhnidae and Rotifera is here
exactly reversed.

CLass, Gregarinae.

Protozoa, with an external envelope only obsecurely limited off
from the contained parenchyma, without either mouth or anus, of
parasitic habits, moving in some cases with considerable energy, not,
however, by the protrusion of pseudopodia, but by the contraction of
their ordinarily vermiform bodies in a direction from behind for-
wards. They arve very ordinarvily visible to the unassisted eye,
presenting, when circular in shape, the appearance of small white
specks, which may be as much as a millimetre in diameter, but
which attain sometimes a length of as much as half an inch, when,
as more usually, they are elongated and vermiform.

They may have the appearance of being divided (Dicystidea) into
two unicellular organisms : the septum, however, is stated by Kolli-
ker to be produced, not by an involution of their external cell-wall,
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but by the thickening of a part of the eontained protoplasm, so that
they are truly unicellular organisms. This cell-wall is readily
permeable by water, which first separates it from the contained
parenchyma, and ultimately, as in the case of many other Entozoa,
bursts it. The integument may be longitudinally striated or
costate, and may carry delicate or strong bristles, or even vibratile
cilia, and more or fewer spines. The contents of the cell-wall are
of three kinds: the nucleus, the hyaline protoplasm, and the fatty
granules, which give the adult animals their milky appearance, but
which may be wanting in young specimens. The nueleus is placed
centrally in the Monocystidea, and in the anterior half of the
posterior half of the body in the Dieystidea. 1t contains a nucleolus,
or several small granules. The reproduction of the Gregarinae, so
far as it 1s known, appears to be accompanied by the successive
processes of encystation : of resolution of the nueleus and the paren-
chyma, firstly, into small round corpuscles a little larger than a
human red blood-cell; and, secondly, into the organisms known as
‘pseudo navicellae :” and, lastly, of the change of the amoebiform
contents of those bodies into Gregarinae by direet growth. The
resolving up, and the rearrangement of the contents of these umni-
cellular organisms, resemble the process known in the higher ani-
mals as the segmentation of the yolk; and it is preceded, though
not always, by ¢econjugation,” which might, had it been an inva-
riable antecedent, been compared to sexual congress.

The Gregarinae have been regarded as merely Amoebae, which are
possessed of a better defined external envelope than other Rhizo-
poda in adjustment to their parasitic habits. They have again been
supposed to have, by virtue of the peculiarities of their reproductive
process, and of their first stages of development, to show much
aflinity to certain fungi. And, finally, whilst the pseudo-navicular
cysts bear some resemblance to the ¢ psorospermiae’ of Fishes, the
adult Gregarinae, as ordinarily, though not exclusively, found in the
digestive or perivisceral cavities of Invertebrata, are by no means
unlike the wormlike organisms found in the heart and the voluntary
muscles of many Mammals, and known as * psendentozoa.’
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1. CommoN Rar (Mus Decumanus),

Dissected so as to show its craniospinal nervous axis in its entire length as well as
portions of most of the organs of vegetative life,

A RrED injection has been thrown into the veins, and the left
halves of the walls of the eraniospinal, thoracie, abdominal, and
pelvic cavities, as well as the greater part of the integument
in the facial region and the greater part of the left lung, have
been removed so as to show iu sife the organs previeusly concealed
by these structures.

Of the encephalic nerve-centres we see most anteriorly the
olfactory lobes: next to them the cerebral, separated from each
other by the longitudinal fissure in which is lodged the longitu-
dinal sinus: next the cerebellum hounded off anteriorly from the
posterior border of the cerebral ovoids by the diverging lateral
sinuses, into which the longitudinal sinus divides. The presence of
the lateral sinuses prevents us from seeing the corpora quadri-
gemina which would otherwise be visible2 in the middle line,
owing to the divergence there from each other of the cerebral
lobes. The medulla oblongata, which is, like the cerebellum, of
considerable width, comes into view between the two oeeipital
condyles, from which point down to the second dorsal vertebra,
recognizable by its long spine carrying an ossicle articulated to its
apex, the medulla spinalis is of much greater thickness than it
attains posteriorly. It is seen in the lumbar region to break up
into the cauda equina,

In the dorsal region, a black bristle has been passed under the
aorta where 1t underlies the bodies of the vertebrae, and this position

* For the relations held by the cerebrum and cerebellum to each other and to the
tentorium, see Turner, * Proceedings Royal H"'l:lrt_}' ol Edinburgh," March 3, 1862,
B
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relatively to the eraniospinal canal superiorly, as also to the digestive
tract next inferiorly, and the heart most inferiorly, is held by the
aorta in all vertebrata. The singleness of the aortic trunk in the
adult state is characteristic of all warm-blooded animals ; but mam-
mals, as is seen here, differ from birds in having the single trunk
arching from the heart over the left and not over the right lung’s
root. Behind and to the right of this black bristle from before
backwards are to be seen, firstly, the fourth lobe of the right lung
in its plearal cavity resting on the diaphragm below, and in relation
above with the heart, and on the left with the phrenic nerve;
secondly, the oesophagus, a lowly vaseular tube the small calibre
of which is correlated with the working of the dental apparatus in
these creatures; thirdly, the third lobe of the right lung placed
far back and to the right, and, like the lungs of all mammals, freely
suspended in its plearal cavity and bearing no impressions on its
exterior from the different bony constituents of the thoracie cavity ;
fourthly, the vena azygos?b of the left side between the aorta and
the vertebral column, passing up to arch over the root of the left
lung, and join the vena cava descendens of that side; and fifthly,
the spinal cord. The complete diaphragm, forming a dome-shaped
Hoor, with the heart and lungs in relation with its convex, and the
liver, stomach, spleen, and kidney in relation with its concave
surface, and receiving a large nerve, the phrenie, from the cervieal
region, 1s eminently characteristic of Mammalia. The upper part
of the pericardial sac has been removed, and the two ventricles
(less distinetly sepavated from each other than in many mam-
mals) and the left auricle are brought into view. The anterior
surface of the heart is more equally shared in by the two ven-
tricles than is the case in many mammals, in which the right
ventriele forms nearly the entire anterior aspeet of the organ.
The left vena cava descendens, a trunk which is found in most
Rodents, except the Guinea Pig and Agouti, is seen to pass in
front of the root of the left lung in company with the phrenie
nerve round to the back of the heart to end in the right auricle.
The vena azygos of the left side is seen to join it just above the
root of the left lung, and at a point some way above this, the vein
from the fore-leg, which is in connection with the nerves going to

b For the various arrangements observable in the system of the vena azygos, see
Milne-Edwards, ¢ Lecons sur la Physiolosie,” vol. iii. p. 595, ibique citata,
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that limb, is seen passing up to join another vein, which, from its
being placed superficially to the sterno mastoid muscle, we know to
be the homologue of the external jugular of anthropotomy. The ex-
ternal jugular is the main trunk by which the blood from the interior
of the skull returns to the heart in the Rodents and many of the
lower Mammalia, and by its confluence with the vein from the
anterior limb the vena eava descendens is constituted. Internally
to the external jugular, just above its confluence with the subelavian
vein, is seen a part of the hibernating® gland ; externally to it
lies the submaxillary ; above this again we see the parotid with its
duet ; and above the parotid, the facial portion of the lacrymal gland
sending up a duct, under which a piece of blue paper is placed, to
enter the orbit and join there with the duct of a second portion
of the lacrymal gland, which is placed within the orbit, and an-
teriorly to the duct of the extraorbitally-placed portion. Within
the orbit we see the Havderian gland.  For a fuller deseription of
these glands, see Deseription of Plate I, which represents a dis-
section somewhat different from that which we have of these
organs in this preparation.

In the middle line of the body inferiorly to the heart we see the
cut surfaces of the six sternal bones, and in the angle intercepted
between the lowermost of these and the diaphragm, we see some
lobules of fatty tissue set in the process of serous membrane which
connects the apex of the pericardium with the sternal bones and
with the diaphragm. From these structures a vein passes back
along the pericardium to end in the vena cava deseendens of the
left side,

In the angle between the inferior surface of the diaphragm and
the lumbar muscles, the two psoas muscles and the quadratus
lumborum of the left side, we see the smooth-surfaced kidney,
which by this external character, as also by the internal one, of
the separation of its cortical or secretory from its medullary or
excretory parts, characterizes the class Mammalia. The spleen is
in relation with it on the right; to the right of the spleen we have
the left end of the stomach, which is less vasenlar and {.}'Iil“'l“lill'
than the ]r:.."nl‘il.‘ ]'Lﬂlﬂ which 1s here concealed and ﬂ\.'m'l'.l_]qwﬁ ]:}}' the

* For the histology and literature of the Hibernating Gland, see Hirzel and Frey in
Siebold's and Kolliker's * Zeitschrift fiir Wissenschaftliche Zoologie, Bd. xii. Hit. ii.
18632,
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left lobe of the liver. From the inferior or convex margin of the
stomach the curtain-like omentum or epiploon, a process of perito-
neum found only in mammals, hangs down over the left cornu
of the uterus, which is distended with embryoes, and over portions
of the intestines. Immediately below the kidney and the spleen,
the left ovary and Fallopian tube and the upper end of the left cornu
uter: are situated. A fibrous band, under which a black bristle is
placed, and which is the remnant of the ligamentd by which the
Wolflian body in the foetus was kept in relation with the dia-
phragm, attaches the ovary and tube to the peritoneal covering
of that muscle. Below the upper end of the left cornu uteri is
seen the caecum, whieh is of less size and complexity than in
Rodents with rootless molars and less varied and nutritious food
than these omnivorous representatives of the order, or than those,
such as the Squirrels, which live on seeds and have, like the Murini,
rooted molars. It tapers off superiorly into the large intestine,
which however in many Rodents is not, when compared with the
small intestine, as much inferior in length and larger in calibre
and thicker in its walls as its name and the homology of anthro-
potomy might lead us to expect. Below the caccum we see
the cut ends of the veins from the hind-limb, and lower still
we see a bristle passed underneath the ureter as it passes
forwards to enter the base of the conically contracted bladder.
The vagina, rectum, and bladder have, each of them, separate and
independent outletse; into those from the two latter organs
black bristles have been passed. The flat nail on the rudimentary
thumb, the presence of tactile vibrissae above the eyes as well
as upon the snout, and of hairs of great coarseness along the
mesial dorsal region, the absence of hair from a small area, in which
are the orifices of the nostril, and which is ealled the  muflle f,” and
its presence between the annulate scales on the tail, are points
worthy of notice.

d For a figure and account of this lizament in the foetal state, see Killiker's
* Entwickelungsgeschichte,” p. 438, fiz. 2135.

¢ For an account of a similar arrangement in another Rodent, see * Hunterian
Catalogue of the Physiologieal Series contained in the Royal College of Surgeons,’
vol. iv. p. 2745: for a similar arrangement in an Insectivore and the Simiadae, see
loc. cit. 2810, 2811, 2812,

. " . . " g
I For the varions senscs in which the word * muftle” is used, see W aterhouse's
s Natural History of the Mammalia,” vol. i, p. 8o vel. il pp. 7. 8.
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2. SkeLeroN oF CommoN Rar (Mus Decuwinanus).

Tue skeletons of many of the lower Mammalia bear a general
resemblance to those of certain quadrupeds lower in the seale of life
in such points as the nearness of the level at which their trunk is
carried by their limbs to that of the ground on which they move;
and in the maintenance by the long axis of their head, of much the
same direction as that of the long axis of their entire trunk. Buf
they invariably present the following distinetive characters, which
are as peculiar to the Mammalian elass as any of the points fur-
nished by the soft parts, such as the blood-cells, the hairy imtegu-
ment, or the mammary glands. In every Mammalian skeleton the
lower jaw will be found to be made up of a single mandibular bone
on each side, which articulates by a convex facet with the squamosal
element of the cranial wall ; and the vertebrae in the trunk always
differ from those of the different lower vertebrata in one or more or
all of the following points: either in the anchylosis of their several
clements, or in the size of their neural canal, or in the shape of
the articular ends of their centra, or in the means whereby in the
recent state these articular ends are brought into relation with each
other. In the vertebra of a young mammal the neural arch may
not have anchylosed with its eentrum; but in all such cases two
discoid epiphyses belonging to the articular ends of the centrum
would also remain unanchylosed, as they fuse with it at a later
period than the neural arch, and they furnish a mark as distinctive
of the Mammalian elass as any other conneeted with the vertebrae.
Some mammals have an opisthocoelian ball and socket articulation
between the centre of their vertebrae ; and the crocodiles resemble
the mammals in having interarticular fibrocartilaginous dises to
connect their ball and socket centre-joints instead of synovial joints;
but in such cases the greater size of the neural canal or the absence
of neurocentral sutures, or the absence of sutures between the bad v
and the lateral processes, would enable us, without having recourse
to a microscopic examination of the hony tissue, to identify a ver-
tebra as having belonged to a mammal, In all mammals, except
the Cetacea, the maximum number of phalanges in any one digit
15 limited {o three; in nearly all the number of cervical vertebrae is
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neither morve nor less than seven; and the number of the lumbar
vertebrae is never less than two.  There are very rarely any verte-
brac with unanchylosed ribs anteriorly to the first dorsal vertebrae.
The jaws are ordinarily dentigerous, but teeth are never found
elsewhere than upon the mandibular, maxillary, and intermaxillary
bones; the grinding teeth very frequently have more than a
single root or fang, a method of implantation never observed in
any other class.

The most distinetive character of the Rodent order is the posses-
sion of the pairs of sealpriform incisors in the upper and lower jaws,
from the funetions of which their class-name is taken, There is a
single pair of incisors in the upper jaw in all Rodents, except those
of the family Leporidae, in which there are two pairs placed one
behind the other, the hinder pair being the smaller. In the lower
jaw there is a single pair only in all Rodents, without exception.
The upper incisors form a lareer segment of a smaller circle, the
lower a smaller segment of a larger circle. The peculiarities of
their growth, which goes on uninterruptedly during the life of the
ereature from a persistent pulp, and of their functions, entail
changes of great importance in the general conformation of the
skull and of particular bones, The intermaxillaries, in relation
with which the upper incisors are first developed, and which form
a large part of the sockets in which they are permanently lodged,
are larger in relation to the rest of the skull and of the animal than
in perhaps any other mammals ;—they form the whole, or nearly the
whole, of the sides and under surface of the bony snout, and in all
Rodents they shut off the nasals from contact with the maxil-
laries. The maxillary bone, besides forming part of the socket for
the lodgment of the teeth, furnishes in its malar process a point of
origin for a deeply-placed part of the masseter, which co-operates
very strongly with the temporal muscle in moving the lower jaw
in a vertical direction, and bringing its incisors into play upon those
of the upper jaw; whence probably the inverse ratio which has
been observed to obtain between the temporal and the antorbital
fossae 1s to be accounted for. The masseter muscle arises from
nearly the whole length of the malar arch, which is made up ordi-
narily of the malar process of the maxillary, of the malar bone, and
of the malar process of the squamosal, and sometimes of the lacry-
mal also. It 1s by the contraction of those of its fibres which pass
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backwards on to the posterior edge of the lower jaw, aided by that
of the pterygoids, that the anteroposterior movement of the lower
jaw with its molar series upon that of the upper jaw is effected.
The glenoid ecavity has, to allow of this movement, an anteropos-
terior direction throughout the order, with the exception of the
Leporidae, and the unbroken molar series and the absence of canines
is characteristic of the order without even that exception. Though
the malar arch has a downward, rather than, as in Carnivora, an
outward curve, still the interzygomatie diameter is in all Rodents
the widest transverse cranmial diameter. The temporal is never
separated from the orbital fossa; the eranial cavity is always much
compressed from side to side on a level with the optic foramina,
so as frequently to leave an interorbital fenestra by the fusion of
the two foramina into one, at a point a little belind that at which
the olfactory chamber sueceeds the cerebral internally.

The length of the tail and the number of the caudal vertebrae
vary much within the limits of this order, just as the external
concha of the ear and the characters of the integumentary system
do. But, in spite of the very various special habits of the animals
belonging to this order, the two pairs of himbs almost invariably
present the same ratio of development infer se, the hind limbs being
the stronger and longer pair. The tibia and fibula are anchylosed,
as they are here, more frequently than the ulna and radius. There
is, however, little tendency to anchylosis in the skeleton of the
Rodents ; in this specimen the posterior pair of sacral vertebrae are
not anchylosed with the anterior, with which the ilia articulate,
and the mandibular bones never throughout the order become an-
chylosed with each other at the symphysis of the lower jaw, in spite
of the great afflux of blood which their permanently growing inei-
sors bring into them. 1In the trunk we observe that the spines of
the dorsal vertebrae, from the largely developed spine of the second
dorsal to that of the tenth inclusively, point backwards, whilst
those of the six lumbar vertebrae and of the two last, the thirteenth
and the twelfth dorsal, point forward towards the vertical spine of
the eleventh dorsal, which has heen ecalled in consequence the
“anticlinal * vertebra. The anterior dorsal vertebrae diminish pro-
gressively in size as they are placed nearer to this vertebra, whilst
the vertebrae placed posteriorly to it, and markedly the transverse
processes of the lumbar vertebrae, inerease in size as we pritss
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backwards from it towards the sacrum. Well-marked and distinet
anapophyses and metapophyses are developed on the anticlinal
vertebra, and are to be seen on the succeeding vertebrae nearly or
quite up to the sacrum. The direction of its spine relatively to those
of the other vertebrae in front of and behind it causes it to be the
point of greatest mobility in the trunk. Points of less striking
proportions, but more or less distinetive of, and universal in, the
order are presented in the skull by the presence of an interparietal
bone ; by a vacuity in the skull walls for the blood to pass out
from the lateral sinus, either as here by a conjugate foramen
between the squamosal and the periotie, or by a foramen in the
squamosal itself, the so-called ¢ canalis temporalis ;° by the develop-
ment of the post-auditory process of the squamosal into a lamina
of bone, which may reach as far back as the oecipital, but serves
always to keep the tympano-periotic, with which it never anchy-
loses, in place ; and, finally, by the smallness of the angle formed hy
a line drawn from the posterior edge of the supraoeceipital on to the
basicranial line. The depth of the symphysis pubis, and the oblique
forward dirvection of the transverse processes in the lumbar region,
are points probably correlated functionally with the strength of the
hind limbs. The large size of the abdominal relatively to the
thoracic cavity may be connected with the multiparous character
of the order generally. The spine of the second dorsal vertebrae
has a small ossicle articulated to its apex, and pointing forward,
much as in the long-necked grazing mammals the ligamentum
nuchae is placed along the dorsal and cervical regions. The two first
cervieal vertebrae are, as 1s nsual in mammals, much the largest in
the series, and they contrast with the other cervieal vertebrae, as
also with all the rest of the moveable vertebrae, in having, when
adult, the centre of the first fused with that of the second, and
im being eonnected with each other and the skull by cartilages
and synovial membranes without fibro-cartilaginous discs, The
first rib has its head articulated to the bodies, and its tuberele
to the transverse processes of both the last cervical and the first
dorsal vertebra. There are two lateral episternal bones between
the first of the six sternal bones, the so-called ¢ manubrium’ and the
claviele, one on each side, Imt there is no central episternum.

In the carpus there are the same number of bones as in that of
man, for though the scaphoid and lunar ave fused into one bone, the
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scapho-lunar, as they are also in Carnivora and Chiroptera, a hone,
the os centrale, exists between it and the os trapezium, or trapezoides,
and os magnum in the second row of carpals, which is not repre-
sented by a distinet bone in the human earpus, nor in those of
Ungulata, Cetacea, Chiroptera, Edentata, Marsupialia, and Mono-
tremata, but only in those of Rodentia, Insectivora, and Simiadae,
exclusively of the Chimpanzees. As in all mammals, though in no
reptile nor amphibian, a single bone, the os unciforme, supports
the two outer metacarpals. In this enumeration the ulnar sesa-
moid bone, or ¢ os pisiforme,” is not reckoned as a carpal bone, nor
any bone of similar function in connection with the tendons on the
volar side of the hand.

In Rodentia we find two more hones in the tarsus than we do in
the human subject, owing to the division of the os scaphoides, and
to the presence of an accessory bone on the inner side of the inner
os cuneiforme,

For the general characteristics of Mammalian vertebrae, see Pro-
fessor Owen, Descriptive Catalogue of the Osteological Series
of the Royal College of Surgeons, vol. i. pp. 7, 8.

For the nomenclature of the several elements of a vertebra, ibid. p.xliv.

For the Osteology of the Rodentia, see Cuvier’s Ossemens Fossiles,
2nd ed., 1823, vol. v. pt. 1. pp. 4, 14, 44; and Giebel’s Beitriige
zur Osteologie der Nagethiere, 185¢.

For the Carpus and Tarsus and Shoulder-girdle, see Gegenbaur’s
Untersuchungen zur Vergleichenden Anatomie, Hft. i. ii.
1864, 1865. Carpus and Tarsus, Hft. i. pp. 42 seqq., 53,
109—7111, et passim. Schultelgtivtel, Hft. ii. p. 21.

For the ¢ Canalis Temporalis,” see Otto, Nova Acta, xiii. pt. i. p. 27,
and Kolliker’s Entwickelungsgeschichte, p. 422.

For the means whereby the vertebral centra are articulated in the
different classes of vertcbrata, see Rathke, Entwickelungs-
geschichte der Wirbelthiere, mit einem Vorwort von A. Kélliker,
1861, p. 130.

For the characters of the order Rodentia, see Waterhouse, Natural
History of the Mammalia, vol. ii. pp. 1—q.

For the Osteology of the Muridae, see Osteological Catalogue,
Royal College of Surgeons, vol, ii. Preparations 2223—2245.



10 J"_)f_’.st:.a*fp-.*.;rms uf f‘rrjm.l.-'r_f.l_';'m.-.w,

3. Cenvicarn, Dorsan, axp LuMBAR VERTEBRAE oF

Raseir (Lepus Cuniculus).

Grear mobility 1s secured by the particular arrangements
observable in the region where the two upper cervical vertebrae
articulate with each other and with the skull, and in the region of
the lower dorsal and upper lambar vertebrae. On the other hand,
the transverse processes of the lower cervieal vertebrae and the
imbricated neural spines of the upper dorsal vertebrae prevent the
possibility of any great range of movement between any two of
the constituent segments of those portions of the spinal column,

The cervical vertebrae are seven in number, as almost invariably
in the Mammalian class; the numbers of the dorsal and lumbar
series are variable, but twelve and seven, the numbers of the dorsal
and lumbar vertebrae respectively in the Rabbit, are very common
numbers for those series throughout the class.  The number of the
caudal vertebrae 1s the most variable, that of the lumbar next, that
of the dorsal less than that of the lumbar, that of the cervical the
least variable of these four sets of vertelwae. As the number of
the cervical vertebrae is all but invariable, the variability of the
length of the cervical region depends upon variations in the length
of the bodies of the seven vertebrae. The first cervieal vertebra
or ‘atlas’ 1s the widest from side to side of all the neck vertebrae;
it has a low but broad neural arch, and superadded to it in front
a smaller arch which is in the perfect condition of the parts made
into a ring for the reception of the ¢ odontowd process” of the next
vertebra by a transverse ligament. Its neural arch is overhung
by the spine of that vertebra, and it does not give any point of
attachment to the ligamentuin nuchae. 1t contains two more or less
separated canals for segments of the vertebral arterv; one of them
pierces the base of its broad ¢transverse process” from behind
forwards, the other turns more or less horizontally from without,
inwards, behind and below the articular processes.  This latter
canal may be represented merely by a groove in the Rat, and
ordinarily has this imperfect character in the human subject.  The
former has generally a short horizontal eanal leading forward from
it and opening on the anterior surface of the transverse process ; it is
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however absent in the Leporidae, though present in the Rat and
many or maost {ﬂh{r]‘ leﬂlﬂﬁ, ITII{‘ Fl‘l'{‘lllil L"El“n’i{_'il]. or ril}iiﬁj
vertebra has its spine greatly developed, both anteroposteriorly
and vertically, giving attachment by it both to the muscles which
move, and the elastie ligamenfum nuchae which sapports the head.
It has no anterior articulating processes upon its neural arch n
mammals, but it comes into articular relation with the atlas
by means of two oblique zygapophysial surfaces developed on
either side of the base and a third on the front of its odontoid
process, which is the backwardly displaced and anchylosed eentrum
of that vertebra. Tt is the deepest from above downwards, and
the longest from before backwards, but also the narrowest from
side to side of the cervieal series. The first two cervical vertebrae
articulate with each other and with the oceiput by means of
synovial joints as the neurapophysial processes are articulated to
each other thronghout the rest of the trunk, where however the
centra are connected by interarticular fibrocartilaginous dises
containing in their central pulp remnants of the primitive chorda
dorsalis.  The neural spines of the third and fourth eervical
vertebrae are low but long, corresponding with the long neural
roof which these two vertebrae possess; the spines of the shorter
neural arches of the fifth, sixth, and seventh vertebrae have more
of the shape which their name implies. The lateral processes or
“cervieal ribs’ of these vertebrae are greatly developed; those of
the atlas more or less obliquely outwards, those of the axis back-
wards ; those of the third, fourth, fifth, and sixth, both anteriorly
and posteriorly, and those of the seventh outwardly, The fourth,
fitth, sixth, and seventh have prominent upgrowths developed on
this process or rib which are homologous apparvently with the
prominent tubercles of the ribs of these creatures, or, possibly, with
the metapophyses of the dorsal ribs. This process makes up by
itself’ almost the whole of the transverse process of the seventh
cervical vertebra, the inferior, anteroposteriorly-produced, process,
which is much larger in the preceding vertebrae and la rgest of all
in the one immediately preceding, being lost in this, the last of the
series.  These nferior elements of the transverse processes, by
bending inwards form with the vertebral bodies furrows, in which
the long anterior neck muscles are lodged, a central slightly-raised
line marking the line of separation of these muscles and repre-
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senting the homologously-placed hypapophyses of lower vertebrata,
The segment of bone which completes the ring of the atlas ante-
riorly is homologous with these hypapophysial downgrowths,
The last eervieal vertebra in the Rabbit has not, as it has in the
Rat, any connection with the tuberele of the first dovsal rib.

Eight of the dorsal vertebrae, from the second to the ninth inclu-
sively, have, each, two half facets on their centra, the first has one
whole facet anteriorly and a half facet posteriorly, and the tenth,
eleventh, and twelfth have, each of them, single whole facets placed
on the anterior superior angle of the lateral aspect of their centra,
tor articulation with the heads of the ribs. The neural spines of
the dorsal vertebrae ave largely developed, their apices from the
second to the ninth showing a tendency to become bifid antero-
posteriorly. The tenth is the anticlinal vertebra, and upon 1t and
upon each succeeding verlebra down to the sacrum a large meta-
pophysis is developed. A small anapophysis is also seen to take
origin from the base of its neural arch, and to be possessed by each
succeeding vertebra up to the antepenultimate lumbar. Several of
the anterior, as also of the posterior dorsal vertebrae, have low
hypapophysial ridges developed subeentrally ; and longer ones pos-
sessing the character of spines are developed on the three anterior
lumbar vertebrae. The lumbar vertebrae, their metapophyses, and
their distally bifid transverse processes increase in size from before
backwards as far as the penultimate one; the transverse processes
point obliquely forward, but form a more open angle with the long
axis of the column than they do in the Rat.

4. CommoN PraeoN (Columba Livia),

Showing nervous, dizestive, cireulatory, and parts of respiratory and renal systems.

Tue brain has been exposed in site by the removal of the roof
of the eranium ; the integument has been removed from the right
side of the front of the cervieal region, as have also most of
the feathers from the entire body; an opening has been made into
the right side of the crop, which has been distended ; the larger
part of the right half” of the body walls has been removed,
together with the muscles and the limbs which it supported, and
a red injection has been thrown into and filled the venous system.
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The surface of the cerebral ovoids is smoothg; the proportion
of the encephalic nervous mass to the intraspinal is much greater
than in the cold-blooded vertebrata. The backward projection
of the cerebellum is very considerable. The eyes are large. The
vertical third eyelid is drawn forward. The rostrils open externally
as long slits overhung by a tumid membrane; the external audi-
tory meatus, which has no concha, has the feathers arranged round
it like a circlet of tentacles. The great pectoral® musele, the
main depressor of the humerns and the wing, is seen in section
along its origin from the lower portion of the keel of the sternum,
and from the fureulum, the outer and lateral portions of the sternum,
from which it also took origin, having been removed. Placed dor-
sally with reference to this muscle we see the second peetoral, the
main elevator of the humerus and the wing, arising from a larger
portion both of the keel and of the lateral parts of the sternum than
the pectoralis major, and passing internally to the coracoid to enter
its pulley-like canal, formed by the elavicle or furculum, the cora-
coid, and the scapula.

From this canal, its tendon, which is eut short, is seen issuing on the
further side of the glenoid socket for the head of the humerus. The
ent-short triangular end of the pectoralis major is seen to become
partially bifid towards its apex; in the perfect condition of the parts
the smaller inferiorly-placed division of the muscle gave off two tendons,
one to the long and the other to the short extensor plicae alaris an-
terioris ; the larger division passed over a smooth facet on the humerus
and over the coracoid head of the biceps to be inserted into the great
triangular tuberosity of the humerus. Dorsally to the apex of the great
pectoral we see a thin stratum of musele in relation internally with
the erop and homologous with the deltoid of anthropotomy. This muscle
was divided into three portions, of which the first and most internally-
placed joined the long extensor of the anterior fold of alar membrane ;
the second and mesially-placed portion joined the short extensor, whilst
the third was inserted into the outer aspeet of the humerus from its

& For the nervous system of birds, see C. G. Carus, ‘Tabulae Anat. Comp. Illus.’
pars vii. tab. v. fig. 7.

% For the muscular system generally, see Cuvier, * Lecons d'Anatomie Comparde,’
vol. i. For the muscles of the wing and shoulder, see Schoepss's Monograph in
¢ Meckel’s Archiv,’ 182q, and plate ii. with deseription in this work, For those of the
lower extremity, see Professor Haughton, ° Proceedings Royal Irish Academy,’
May 23, 1854 ; Professor Owen, *Comp. Anat.” vol, ii. p. 107,
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middle down to a nodule marking the commencement of its lower fourth
and of the origin of the long radial extensor of the metacarpus.  Under-
neath the alar extensor portions of the deltoid are seen two thicker muscles
eut short.  They seem to corvespond to the shorter coracobrachiales
sometimes seen in the human subject’. The long tendon of the biceps may
be seen passing internally to those two museles to be inserted into the
anterior and internal process of the coracoid. Immediately below the
origin of the humeral portion of the deltoid, from the anterior internal
process of the seapula, is seen the origin of the long head of the triceps
from the upper surface of the anterior external process which supports its -
glenoid facet.

On the lower pm‘ﬁml of the coracoid are seen the remnants of the
origing of the longer coracobrachiales, the so-called coracobrachiales
‘superior * and ‘inferior.” In the posterior tibiofibular region the peroneus
medius muscle has been exposed, together with parts of the flexors of
the toes, with the exception of the deeply-placed flexor perforans, and
of the gastrocnemius. A black bristle has Leen placed under the
tendon of the peroneus mediusk, which a little below is seen to
bifurcate and send one of its divisions inwards to lose itself in the
fibrous tissues at the back of the tibiometatarsal joint, and the
other onwards to pass under the sole and become a flexor of the
middle toe. Superiorly between the under part of the origin of the
peroneus medius from the fibula, and that of the outer head of the
gastrocnemius from the femur, a muscle is interposed which bifurcates
about opposite the junction of the upper with the second fourth of the
tibia, One of its divisions runs in close relation with the tendon of
the external gastroenemius, and is finally distributed to the index digit,
whilst the other passes to the medius.  This bifid muscle is known as the
flexor perforatus et perforans.  In the interval formed by its bifurcation
we see parts of the flexor communis s. perforatus, which by one of its
divisions is connected with the tendon of the peroneus medius, and by
another with that of a musecle which, arising from the spine of the pubis,
passes along the inner side of the thigh and crosses in front of the knee-
joint round to the flexor aspeet of the lower leg. Most posteriorly we see
the external gastroenemius, in the muscular belly of which an artificial
division has been made.

The crop forms a bilateral pouch with glandular walls, at the
lower end of the distended ocsophagus. It rests on either side

i See Henle's ¢ Anatomie des Mensehon, Muskellelre,” pp. 172, 1o,

L Sea Cuvier, * Legona,” pp. 242, 338,
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upon the furculum and the museles arising from it.  In the cavity
of the thorax a black bristle has been passed between the proven-
triculus and the aorta as this vessel arches over from the left to
the right. The gizzard is concealed from view by the right lobe
of the liver and the posterior or xiphisternal end of the sternum
which supports and protects both these viscera. The distal segment
of the duodenal loop of intestine is held in relation with the under
surface of the right lobe of the liver, which is excavated conformably
to it. In the concavity of the duodenal fold is seen the longitudi-
nally-fissured, compact, elongated, largely-developed pancreas. An-
teriorly to this duodenal fold are seen the two other main folds of
smaller ecalibre wlhich the lengthy small intestine of these birds
describes.  The right side of the heart rests upon the mght lobe of
the liver!, from which the vena cava inferior is seen to pass up into
the right auriele, entering it at a point a little superiorly as well
as posteriorly placed to that at which the vena cava superior of the
right side opens into it. The veins from the upper extremity
and shoulder are eut short at their point of junction with the
jugular to form the vena cava superior. The pneumogastric nerve is
seen in relation superiorly with the jugular vein ; superiorly again,
and internally to the nerve, we see the proventriculus; and supe-
riorly again to it, the longi colli museles arising from the vertebral
hypapophyses. Tracing the aorta backwards towards the heart from
the point where it arched over the right bronchus, which, together
with the pulmonary artery placed before it and the pulmonary
vein placed behind it, has been removed in this dissection, we
see 1t pass behind the vena eava superior dextra, and give off’ the
two arteriae innominatae, one for either side of the body, very close
to the base of the heart. The right arteria innominata is seen to
divide into its common earotid and subelavian trunks. This latter
vessel, after giving off’ a small branch homologous with the in-
ternal mammary artery of anthropotomy, divides into an axillary
trunk, which passes into the wing together with the hrachial
nerves, and into the much larger arteria thoraciea externa which
supplies the great pectoral museles. The lung, which oceupies a
much smaller space in the dorso-sternal plane than in mammals,

' For the peculiarities of the circulatory system, see Cuvier and Duvernoy, 1. e.

tom. vi. p. 192 Barkow, * Meckel's Archiv,’ IHI‘J‘r]?. 44935 and for o hgure of the
c-"""'-ll':"l"r."'- system, Hunterian Uatalogue,’ !:h_‘l'-"- Series, vol. ii. pl. xxv.
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reaches backwards so far as to interpose itself for some distance
between the anterior lobe of the kidney and the os ilii. Tt differs
from the Mammalian lung also in being lodged conformably to
the intercostal spaces, and being indented by the six unanchylosed
ribs, instead of being freely suspended, as is invariably the case
in mammals, and divided into lobes, as is very ordinarily the case
in those animals.  Another and most important point of difference
1s furnished by the prolongation of the lung, by means of its bron-
chial stem and branches, into air-cells™ permeating a very large
part of the entire body. The largest of these receptacles are the
infrarenally-placed ‘abdominal air sacs,” the right one of which,
presenting an appearance like that of the Mammalian omentum,
is seen extending from the posterior border of the lung above and
behind the liver, so as, firstly, to interpose itself between the inferior
surface of the kidney and the intestines, and, secondly, to stretch
beyond the region of the kidney into that of the rectum. The
kidney, like the lung, is indented by the bones it is in relation
with ; and it is divisible here into three lobes, increasing in size
from before backwards conformably with the iliac and pelvie fossa.
There are no specialized renal arteries in birds as there are in
mammals, but we see some branches passing to the organ from
the ischiadic artery in the interval between the middle and posterior
lobe, whilst one of the chief factors of their short vena cava inferior
is seen in the interval between the middle and the anterior lobes,

In all birds, and in no other class of animals, will the same
deseription as that given here apply to the nerve-system, and the
relations of the museles of the anterior limb, and to the relations
of the aorta to the right bronchus. The peculiarities of the pan-
creas and duodenum arve probably nearly equally distinctive. The
crop and the uropygial gland are peculiar to, though not universally
found in Birds.

m For an account of the air saes, see Milne-Edwards, © Legons,” ii. 331, and for the
relations of the air sacs shown in this preparation, see Natalis Guillot, ¢ Ann. Sei.
Nat.' 1836, scries iil. tom, v. p. 6o ; and for figure, C. G. Carus, 1. c. pars. vi
tals. vil,
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5. SKELETON oF ComMmoN Piceon (Columba Livia).

TnE relations held by the hind limbs and the pelvie bones to the
rest of the body serve at onee to distinguish the Bird from all other
classes of animals. The peculiarly distinetive character of its
skeleton as compared with that of the living and extinet anmimals
which it most essentially resembles, viz. Reptiles, depends in the
second place upon the relative proportions and the different degrees
of mobility of the cervical, dorsal, sacral, and caudal vertebrae re-
spectively ; upon the great development of the sternum relatively
to the entire body, of the ilium anteroposteriorly relatively to the
vertebral column, and of the tibia relatively to the bones of the
whole hind limb ; and, thirdly, upon the greater proportion of in-
organic elements, the greater tendency to anchylose with their
fellows, and the greater pneumaticity which the individual bones
ordinarily possess. Peculiarities less striking, but not less distine-
tively and universally avian, are furnished us in the hand and foot.
Parts of the carpus and tarsus are in either extremity fused with
three of the bones of the segment, placed distally to them into
a single bone, which direetly supports all, or, in the foot, all but
one, of the terminal digits. In the foot the fifth or outer digit is
never present ; in the hand neither fourth nor fifth, and in it the
outer, the homologue of the middle finger, is never armed with
a claw. In very nearly all Birds, and in very few and in some cases
in no other animals, may the following peculiarities be noted :—
The articulations of the vertebrae when looked at from in front pre-
sent the procoelian appearance, the anterior articular surface being
concave from side to side, though convex, and therefore saddle-
shaped, from before backwards. The basitemporals form a second-
ary floor to the eranium, concealing the junction of the basisphenoid
to the basioceipital.

The caudal vertebrae vary little in number, are not numerous,
are mobile, and are terminated by a single bone compounded of
several fused segments and of a ploughshare shape. The ossa ilii
and ischii coalesce posteriorly to the acetabulum to form a foramen
more or less homologous with the sacroischiatic noteh of anthropo-
tomy. Finally, in most birds most or all of the vertebrae, with the
exception of the atlas, and also sometimes of the caudal vertebrae,

o
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are pneumatic (i.c. have air cells in the place of the fatty medulla
of other hones). In all birds, though not exclusively in them, at
least as regards some of the points to be herewith specified, the
following structural arrangements may be noted :—The lower jaw,
which is compounded originally of twelve distinet bones, swings
upon a moveably articulated os quadratum, which has ordinarily two
erura for articulation with the skull, and a largely-developed orbital
process. The upper jaw is mainly made up of the premaxillary bone,
the maxilla being lost or rudimentary, and its place being taken
by the prevomerine bones, which by their outer surface articulate
at once with the premaxillary bone and with the quadratojugal
rod, and bring thus the upper jaw into connection with the os
gquadratum. A second chain, also consisting of two bones, viz. the
palatine and the pterygoid, serves the same purpose as the quadra-
tojugal in connecting the os quadratum with the upper jaw. The
squamous never reaches the jugal bone. The oceipital always
articulates by a single head, which however may, like the oceipi-
tal condyle in Reptiles, show traces of its primitive composition
out of three bones, by being bifid superiorly, with a more or less
perfect cup on the atlas. The sclerotic i1s strengthered by bony
plates. The scapular areh is completed inferiorly by the junction
of the ecoracoids to the sternum. The number of the earpals
existing in the adult bird as separate bones is, as a rule, two. The
tarsals always coalesce, the proximal ones with the tibia above, and
the distally-placed with the metatarsus below. The fibula never
articulates with the tarso-metatarsus. There are no lumbar verte-
brae ; and respiration is mainly effected by the movement of the
sternum from above downwards, the vertebral and sternal ribs mov-
ing on each other, and on the sternum, all but exclusively in that
direction. The length of the cervical region 1s never less than the
height from the ground at which the body is carried by the legs,
nor than the length from the root of the neck to the terminal
ploughshare-shaped vertebrae which supports the uropygial gland.
1t depends not, as in mammals, exclusively upon the greater or
less length of the bodies of its vertebrae, but also upon the in-
creased or diminished number of these vertebrae, which may vary
from eleven to twenty-four, being thus in birds the most, as it 1s
in mammals the least, variable number of any of the numbers of
the several vertebra series,  The dorsal vertebrae, or vertebrae
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carrying unanchylosed ribs, are much fewer and less variable in
number than the cervieal, their number varying from six to ten ;
they contrast even more strongly with the cervieal in their posses-
sion of scarcely any mobility, some of them being ordinarily fused
with each other, and one or more with the ilinm and sacrum. The
sacral vertebrae vary in number from nine to twenty, the caudal
from five to nine ; they resemble the cervical in being mobile, but
differ from it, as also from the series homologous to themselves in
mammals, in being the least variable in number of any of the seg-
ments of the vertebral eolumn,

The neck vertebrae of this, as of other birds, differ from those of
mammals in their greater number, in the conformation of the
articular surfaces of their centres, and in the soft tissues, cartilages,
and synovial eapsules, with which those articular surfaces were clothed
in the fresh state; in the attachment of the ligamentum nuchae
to the bases and not to the apices of the neural spines, a condition
by which, as by those previously specified, greater mobility was
secured for this part of the eolumn in the bird ; and, finally,
by the development of hypapophyses in the anterior and posterior,
and of a demi-canal in the middle portion of the region along and
beneath the bodies of the vertebrae. The second cervical vertebra
has articular processes developed upon its nearal arch as well as
upon the odontoid process, a point in which the Bird and Reptile
commeide as in many others, and differ from the mammal, and
which throws light upon the homological nature of the odontoid.
The nenral arches of the cervieal vertebrae posterior to the second
are considerably emarginated in the middle line, both before and
behind, o that a lozenge-shaped space erossed in the natural con-
dition of the part from before backwards by the lignmentum
nuchae is left uncovered by any bony roof in the middle line of the
roof of the neural canal. The neural spines, or rather the central
depressions at the base of the most elevated portions of each neural
arch, to which each segment of the ligamentum nuchae is attached,
being sitnated at about the central point from before backwards in
each neural arch, greater length and greater range of extensibility
and recoil is secured for the elastic ligament. In the Pigeon the
four anteriorly and the two posteriorly-placed cervical vertebrae
are provided with hypapophyses. The six centrally-placed, which
make the entire complement of twelve cervical vertebrae which this

C
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bird possesses, have the place of the hypapophysis taken by the
carotid demi-canal. The ten posteriorly-placed cervical vertebrae
have by the anchylosis of the lateral process or cervical ribh to the
body of the vertebrae a lateral and complete canal formed for the
deep portion of the sympathetic and the vertebral vessels. Between
the cervieal vertebrae and a projection which is the homologue
of the ¢promontory’ of the sacrum in anthropotomy seven
dorsal vertebrae, or vertebrae carrying unanchylosed ribs, in-
tervene. Each rib is, as all but invariably in Birds, articulated to
the anterior portion of the body, and also by its tubercle to
the transverse process of its own vertebra. The two first ribs
have no sternal element superadded to them, and fail conse-
quently to reach the sternum; the first, however, is in relation
with the lung, and the second forms an indentation on its surface.
The four ribs which succeed them have ossified sternal ribs con-
nected directly with the sternum, and the fitth has its sternal nb
connected indirectly to it by means of that belonging to the ver-
tebra next in front of it. Each rib, with the exception of the first
and last, has an epipleural process, the so-called processus wncinatus,
developed from its posterior edge and overlapping the rib next
behind 1t ; the third, fourth, and fifth vertebrae have their spines,
neural arches, transverse processes, and hypapophyses anchylosed, as
well as their centra, which are laterally compressed so as to pass
into the greatly-developed hypapopbyses quite gradually. The
flexor muscles of the neck, seen in the preceding Preparation, take
their origin from these hypapophyses. The sixth dorsal vertebra 1s
not anchylosed either anteriorly or posteriorly; the seventh is
anchylosed to the saeral vertebrae posteriorly, but its rib remains
unanchylosed, and in the fresh state has the lower portion of the
lung in relation with, and indented by, itself. The sacral ver-
tebrae are thirteen in number ; their spines form a long, low, con-
tinuous ridge, which is not in this, as it is in some Columbidae and
in the Rasores, fused anteriorly with the ossa ilii; the foramina on
either side are much encroached upon but not as yet closed up
by ossificatory ingrowth, the longest transverse process is on
a level with the anterior edge of the acetabulum, and divides the
cavity of the true pelvis internally and posteriorly into two fossae,
in which the middle and posterior lobes of the kidney are lodged
conformably to the irregnlarities in the surfaces of the hones. A
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much shorter but also stouter transverse process limits the iliac
fossae, into relation with which the superior lobe of the kidney
and the lower end of the lung come, from the ‘true pelvis.” The
iliac bones have their internal margins in apposition or anchylosed
with the outer ends of transverse processes of the sacral
vertebrae; they anchylose with ossa pubis and 1schii to form
the acetabular annulus, and with the ossa ischii, as usual in Birds,
to form the sacroischiatic foramen which is homologous with the
sacroischiatic notch of anthropotomy. In the Pigeons the ossa
pubis do not ordimarily coalesce with the ossa ischii, so as to con-
vert the notch for the tendon of the obtusator internus, which
lies immediately below the sacroischiatic foramen, into a foramen
also. Neither do they coalesce with them, as they do in some
birds, posteriorly to this point, so as to form a ¢ foramen ovale.
The iliopectineal spine, which 1s well developed in the Rasores,
1s absent in the Columbidae. The caudal vertebrae, which are
not pneumatie, are seven in number, counting the compound os e
charrue which supports the uropygial gland and certain of the tail
feathers, the recfrices, as one. These vertebrae possess considerable
mobility, having no zygapophyses developed on their neural
arches, and being articulated simply Dby ball and shallow socket
Joints on their eentra and intercentral fibrocartilaginous dises.
The pelvis and coracoids ave pneunmatie, but the furculum and
scapulae are not, and it is only in adult birds, either of the Fowl
or the Pigeon tribes, that the coracoids become so. The humerus
1s the only bone in either limb which is pneumatic. The coracoid
is exceedingly strong, and the keel of the sternum very deep, as
if to compensate for the feebly-developed furculum. The muscular
ridges for the origin of the second pectoral muscle, the chief
elevator of the humerus, are well marked both upon the keel
and upon the body of the sternum. The sternum has a wide
lateral emargination homologous with the exterior emargination
in the Rasorial sternum, but it presents only a small fontanelle
to correspond with the deeper and more internally-placed emar-
gination of those birds. The grooves for the reception of the
articular ends of the coracoids meet anteriorly, and there is no
downward prolongation of the episternum between those hones
as in the Rasores. On either side of the middle line of the epister-
num, a large pneumatic foramen is seen entering the bone; other
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similar foramina are seen on the upper or visceral surface of the
bone, as also in the interspaces of the bifid articular surfaces for the
sternal ribs.  Short hyposternal processes project upwards from
the anterior end of the line on whieh these ribs abut, but they do
not attain the proportions nor take the direction of the homologous
processes in the common fowl. Neither has the furculum the
downward projecting lamina developed at its symphysis, which
is characteristic of that bone in the Rasores. The scapula, a
broadsword-shaped bone, has a small bony outgrowth developed
on its lower edge, about one third of an inch from its articular
surface. The process 1s very well marked in the Dodo, and serves
in the Pigeon to give insertion to the tendon of the serratus
anticus minor. The processes of membrane which pass from the
episternum  to the coracoids and fureulum have been taken to
represent the episternum and epicoracoids of Lacertilia and Mono-
tremata.  From the upper end of the coracoid two strong liga-
ments pass outwards to be attached, one in front of, the other
behind, the articular head of the humerus, Immediately posteriorly
to the insertion of the anterior ligament, a broad smooth facet
is seen, which, in the perfect econdition of the parts, was played
upon by the tendon of the great pectoral musele inferiorly and
supertorly by the coracoid head of the biceps, to the shorter or
humeral head of which latter musele it gave origin by its posterior
concave border. Superiorly to this smooth facet we have the
ereat tuberosity of the humerus rising into a triangular process
for the reception of the insertion of the great pectoral tendon,
and neaver to the middle dorsal line we have a low ridge for the
insertion of the tendon of the second pectoral, the great elevator
muscle of the humerus. An irregularly-shaped bony process,
placed internally to and between the articular head and the
smooth facet of the humerus, and separvated externally from this
latter surface by the furrow in which the anterior coracohumeral
ligament is inserted, forms with this smooth facetted process a
cup-shaped cavity perforated at its bottom by pnenmatic foramina.
I'rom the inner and outer lips of this cup, and from a considerable
portion of its internal surface, the triceps took an extensive and
bifid humeral origin; whilst into the segment of its rim, which
is placed immediately inferiorly and posteriorly to the msertion
of the coracohumeral ligament, the large teres major s, inlra-
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spinatus muscle was inserted. Into the anterior surface of the
irregularly-shaped process were inserted the coracobrachialis in-
ferior and the conjoined tendons of the ecoracobrachialis superior
and subscapularis museles, for which see Plate I1. w, », and /, with
description. Into its upper surface the posterior coracohumeral
ligament and also secapulohumeral ligament ave inserted. A
nodule on the outer or radial side of the humerns towards the
lower fourth of its length, marks the limt to which the insertion
of the deltoid reaches downwards, and itself gives origin to the
upper head of the extensor metacarpi radialis longior, which
upper head seems to represent the supinator radii longus of anthro-
potomy. The humerus is shorter than the antibrachium, and the
antibrachium than the hand-segment of the fore-limb. The three
metacarpals have fused with each other and with the os magnum
of the carpus into a single bone with a wide lacuna between its
elements, corresponding to the metacarpals of the imdex and middle
finger. Between the latter of these elements and the distal end of
the ulnar is wedged the ulnar carpal bone ; and between the former
and the distal end of the radius is wedged the radial carpal bone.
On the proximal arch and radial side of the compound metacarpal is
carried the pollex, consisting in the Pigeon of one phalanx ; on
the distal end and ulnar side of the same bone is carried the single
phalanx which, in this and all birds, makes up the whole of
the homologue of the middle digit. This single phalanx is in
close apposition with the lamellar portion of the strigil-shaped
first phalanx of the index digit, which is suceeeded in the Pigeon
by one more which is somewhat similarly shaped; some birds,
however, possess three phalanges in this digit and two in the
pollex.

The same proportion prevails between the three segments of
which the lower limb is made up, as prevails between the humerus
antibrachium and manus in the fore-limb; the great length of
the middle toe compensating for the great length of the tibia
on the one side, and the comparative shortness of the tfarso-
metatarsus on the other. The posterior extremity resembles the
anterior also in having a compound hone made out of elements
taken from parts homologous with the ecarpus and metacarpus,
and supporting, like that bone, three digits., But it differs from
it in having no unanchylosed representatives of the carpal series,
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whilst 1t has an unanchylosed metatarsal which is unrepresented
in the fore-limb, and which earries a hallux consisting of two
phalanges, and in having a medins digit with four phalanges,
and a fourth or “annularis’ digit with five, which latter is not
represented at all in the bird’s fore-limb, but corresponds to the
similarly constituted ¢annularis’ of the Lacertilia. In the tarso-
metatarsus two foramina are seen to pass through from before
backwards a little below its proximal double articular head, showing
its essentially triple composition. At the same end and on the
posterior aspect of the bone, a bony canal passes along the outside
of the base of the entocaleaneal process for the lodgment of the
tendon of the flexor perforans digitorum ; and at the distal end
of the hone, a httle above the external intertrochlear notech, we
see another bony eanal for the tendon of the adductor annulars.

The posterior unanchylosed metatarsal bone has, in Pigeons as

ordinarily in perching birds, its distal articular facet at such a

level as to put the inferior or plantar surface of the inner or hind

toe on to a level with that of the other three.

For the points in which the skull of the Pigeon contrasts with that
of the gallinaceous birds, see Description of next Preparation ;
and for many other points in the comparative anatomy of
the Columbidae, the Rasores, and the extinet Dodo, see
Strickland and Melville, The Dodo and its Kindred, 1848,
PP 44, 71, et passim. See also Alphonse Milne-Edwards,
Sur ’Ostéologie du Dronte, Ann. Sei. Nat. Ser. v. tom. v.
1866, p. 355; Professor Owen, Transactions of the Zoologieal
Society, vol. vi. pt. 2, 1867. A deseription of the tarso-meta-
tarsus and the posterior or inner metatarsus, with a specifica-
tion of the very slight differences which exist between them
and those of Columba Livia, is given by Professor Melville in
the work on the Dodo just referred to, pp. 100-104.

For the Osteology of the Gallinaceous and Pigeon Tribes generally,
see the very valuable paper by W. K. Parker, Zoological
Transactions, v. pt. 3, 1864; the views put forth in which
have been adopted to a considerable extent in this deserip-
tion.

For the Osteology of the skull, see the paper by the same anthor,
Phil. Trans., 1866, and Professor Huxley’s Lectures, pp.
69-124.
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For the Tarsus and Carpus and Seapular Arch, see Professor
Gegenbaur’s Monographs, Untersuchungen zur Vergleichenden
Anatomie der Wirbel thiere, 1864, 1865, HIft. i. pp. 38, 40,
51, 93; Hft. ii. p. 27, et passim.

For the Homologies of the digits of the fore-limb see Gegenbaur,
l. e. Hit. 1. p. 41.

6. SKULL AND BONEs OF THE TRUNK oOF CoMMON
FowL (Gallus Gallinaceus).

Toe skull of the Common Fowl differs from that of the Common
Pigeon in being less pneumatic and polished ; and in being less
evenly globose in its fronto parietal and fronto nasal regions; in
the shape of its nostrils; in the much smaller obliquity of its guad-
ratojugal arch ; in its much smaller occipital angle, superethmoidal
and interorbital vacuities ; in its possession of a rudimentary vomer,
of a larger external angular process to the lower jaw ; in the abor-
tion of the posterior crus of its os quadratum or incus, the anterior
head retaining two facets, one for the prootic and the other for the
squamosal ; in its differently-shaped palatines, pterygoids, squa-
mosals, and lacrymals, and in the absence of an azygos supra ocei-
pital fontanelle, or venous ecanal. The basioccipital articular con-
dyles, however, of the Fowl and Pigeon, resemble each other in
being emarginated in the middle line superiorly, as though to
indicate, as the single occipital condyle does more plainly in the
Reptiles, its primitive composition out of three elements. The eup
of the atlas is alike in both families, imperfect and nof typieally
avian, and the two families resemble each other yet further in the
absence in both alike of the lateral vertebral canal in the axis and
atlas,

There are in the Common Fowl seven vertebrae which carry
unanchylosed ribs. One of these vertebrae, however, is itsell an-
chylosed to the sacrum, and is sometimes reckoned as a sacral
vertebra ; but it may be better, perhaps, reckoned in the dorsal
series, as its rib is, besides being unanchylosed and articulated just
as the ribs placed anteriorly to it, in such relation in the fresh state
with the lower end of the lung as to form an indentation upon it.



26 Deseri j'}i LONS ({f i ePrd 11078,

The first and the second of the unanchylosed ribs have no sternal
rib articulated to them, and the first, besides failing thus to reach
the sternum, has less relation also than the six placed posteriorly
to it to the lung and the respiratory process; and these two ribs
consequently are often reckoned as cervieal ribs.  But on account
of the absence of anchylosis, and the presence of a processus uncina-
tus on the second, which differs very little in size from the first,
though the lung 1s indented by 1t, it may be better to speak of
them as dorsal, even though they do not become connected with
any sternal element inferiorly.  Adopting then this nomenclature,
we may say that the Fowl has the same number of dorsal vertebrae
as the Pigeon, namely, seven; but fourteen cervieal as against
twelve in the latter bird; fourteen sacral as against thirteen ; and
six caudal as against seven. The congeneric subfamilies, under either
great family of the Rasores and Columbidae respectively, are found
to maintain pretty regularly these numerical relations between
their several sets of vertebrae. The dilferences given may be
accounted for as follows :—The terminal bone of the column, the
os e charrue, appears in the Fowl to have coalesced with a verte-
bra which remains ordinarily free in the Pigeon ; and a simple in-
spection of the sacral vertebrae from in front shows us that it is in
the more elongated anterior iliae fossa, or < false pelvis,” that the
Fowl possesses one more sacral vertebra than the Pigeon. 1In the
neck of the Fowl, the five anteriorly-placed vertebrae have hypapo-
physes, the five in the middle have the carotid demi-canal, and the
four posterior have hypapophyses again, on the under surfaces of
their centra, and it may be seen that it is from one of cach of the
series provided with hypapophyses that the Pigeon has lost the two
vertebrae which place its cervieal series in a numerical inferiority to
that of the Fowl. TFor the two vertebrae which come in the Fowl
after the axis and atlas are remarkable, as they arve also in many other
Birds, and (as remarked in Deseription of Preparation II1.) also in
the Rabbit, for the width and depth of the roof of their nenral arch,
which is less emarginated both before and behind in the middle line
than those of the vertebrae placed posteriorly to them, and is pro-
longed out laterally into alar processes connecting the anterior and
posterior zygapophyses, and pierced by foramina only [aintly indi-
eated in the mammal specified.  Now, as the Pigeon possesses only
one vertebra in this rezion which answers this deseription, one of
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its missing eervical vertebrae may be said to correspond to one of
the two which come third and fourth in order in the neck of the
Fowl. The other seems to correspond to one of the four vertebrae
bearing hypapophyses which interpose themselves in the Fowl
between the first dorsal vertebra and the last cervical with a demi-
canal on its under surface, as well because this portion of the neck
which corresponds to the lower portion of the italic § shaped curve
which this region deseribes in Birds is markedly shorter in the
Pigeon than in the Fowl, as for other reasons relating to number
and shape.

The neural spines are not greatly developed anywhere in the
cervical region, and least in its central portion, where the hypapo-
physes are also wanting, and their place taken by the carotid demi-
canal. In the dorsal region in the Fowl, the second, third,
fourth, and fifth vertebrae are anchylosed to each other by their
bodies, arches, and outgrowths, making thus a rigid central bar
with one free vertebra interposed, both anteriorly between itself
and the cervical series, and posteriorly hetween itself and the last
dorsal vertebra which is anchylosed to the sacral series. In the
Pigeon and many of its allies it is only the third, fourth, and fifth
vertebrae which have thus coalesced, the second remaining free. In
the Fowl the second, third, fourth, and fifth ribs carry each an epi-
pleural appendage, the processus wncinatus, as they do also in the
Pigeon, in which bird, however, the sixth also is similarly armed,
which is not the case in the Common Fowl. In both birds alike,
four only of the seven ribs articulate by means of the sternal ribs
with the sternum. Each of these sternal ribs has its upper or cos-
tal articular surface elongated anteroposteriorly, and its lower or
sternal elongated transversely, and more or less distinetly bifacetted,
to correspond to the more or less distinetly bifacetted articular sur-
face of the costal border in the sternum. The last sternal ril artic-
ulates not with the sternum but with the sternal rib next in front
of 1t, and both of these haemapophysial elements, and especially the
more posteriorly-placed one, ave at their upper end much broader
than any of the other ribs, The similarly-expanded, or ¢ pedate’
extremity of the external hyposternal process overlaps the pos-
terior sternal ribs, and shows, as does also the shape of the articu-
lations of the ribs, that little, if any, transverse dilation of the
thorax is possible in these ereatures, and that the act of respiration
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depends mainly upon the opening and closing of the angles formed
by the sternal ribs with the vertebral ribs and with the sternum.
In the Fowl the fontanelle in the posterior part of the Pigeon’s
breastbone is represented by a deep emargination, reaching from
the level of the xiphisternal portion of the sternum up nearly, or
(uite in some specimens, to that of the last or fourth articular
facet for the fourth sternal rib. The hyposternal element of the
sternum is thus divided into two long distally pedate processes,
which, it may be remarked, are developed on each side from a
single centre of ossification, distinet and apart from the three
others from which the sternum is made up in Rasores. The hyo-
sternal processes are continued forward in the direction of the
articular costal border, instead of taking a dirveetion at right angles
to it as in the Pigeon. The coracoid grooves are continued into
each other by means of a canal which pierces the base of a vertical
lamella prolonged downwards from the episternum into the ento-
sternal raphe. The episternum differs also from that of the Pigeon
in having no pneumatic foramina anteriorly at its base, though it
is sometimes perforated here by a canal opening on the upper or
visceral surface of the bone. Pneumatic foramina, 1t may be
added, are in the sternum of the Fowl, as in many or most other
parts of its osseous system, much more sparingly distributed than
in the Pigeon, as may be noted in the intervals of the costal artie-
ular facets, and superiorly, along the middle line, and internally to
the costal processes on either side. The entosternal erista, which,
owing possibly to unequal pressure during incubation, is rarely
straight from before backwards, slopes up to its maximum height at
apoint posterior to the level of the last costal facet, instead of rising
to it almost immediately from the episternal level as in the Pigeon.
It is much less deep relatively, and the space marked out upon it for
the great pectoral musele is very little deeper absolutely than the
corresponding parts in the Pigeon. The xiphisternal portion of the
sternum is a little wider and more coneave upwards than the ento-
sternum, and by virtue of its shape furnishes some protection to the
gizzard and other viseera it is in relation with during incubation.
The Fowl’s pelvis differs from that of the Pigeon in general
shape and texture much as its craniom does from that of the same
bird, being, as it is, more elongate and angular and less polished.  As

minor points of difference, which are nevertheless with certamn ex-



Common Ringed Snake. 29

ceptions to be observed in the congeners of the subjects of com-
parison, are to be noted,—the anchylosis of the iliac bones with the
neural spines of the anterior sacral vertebrae, the vertical rather
than horizontal direction of the external iliac fossae, and the
presence of praeacetabular spurs, of closed obturator tendinal fora-
mina, and of a more elongated sacro-ischiatic foramen. Internally,
the iliac fossae which are in relation with the upper lobe of the
kidney and the lower portion of the lung have one more vertebra
entering into their composition than the Pigeons; and the middle
are less sharply limited off from the posterior renal fossae.

The ecaudal vertebrae contrast with the rest of the eolumn, with
the exception of the atlas, in being non-pneumatic; and with all
the rest in the absence of well-developed articular facets on their
neural arches, and the connection of their centra, as in Mammalia
and crocodiles, by interarticular fibrocartilages.

7. CommoN RiNGED SNAKE (Tropidonotus Natriz),

Injected and dissected so as to show the way in which its various organs are arranged
within its cylindriform body, and especially how by their subordination to the
functions of prehension and deglutition of a living prey, the digestive system
becomes the dominant system in the organization of these ecreatures. The dif-
ferent viscera have been exposed in situ by an incision earried along the middle
line of the ventral surface, and by the fastening out of the reflected integuments.

Tue following peculiarities, most of which are explicable by a
reference to the special habits and needs of the ereature, may he
first noted in a deseription of this preparation. Both the liver and
the pulmonary organs are unilobar, the left lung being merely
represented by a rudimentary structure seen immediately to the
left of the apex of the heart; the generative and the renal organs
are not arranged severally side by side, but each one of the right
side is placed more or less completely in front of its fellow of the left.
The oesophagus and stomach form together a highly distensible
tube running nearly directly from before backwards, whilst the
small intestine furnishes an example of a transversely folded di-
gestive tube arranged in short coils intimately connected with each
other. There is, however, no such approximation of the large
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intestine to the stomach and commencement of the small intestine
as is usually found in vertebrate animals. The position of the
tongue 1 a sheath beneath the trachea which thus iterposes itself
between that tactile organ and the oesophagus, and also the re-
moval of the gall-bladder from immediate conneetion with the liver
down to a level where 1t is less liable to be injured by sudden
pressure, are probably to be regarded as modifications specially
subserving the special habits of Ophidia.

In this specimen, which 1s thirty inches long, the liver measures
about seven and the lung about twelve inches in length. But
the walls of the lung are but very lowly vascular after the first
three inches of its length. Its blind posterior non-vascular end is
seen just anteriorly to the right ovary; the anterior end of the
lung, represented by the development of a spongy layer on one side
of the trachea, is seen a little anteriorly to the base of the heart.
Just where the trachea begins to lose its distinetive character on
the surface of the lung, it gives off the rudimentary left lung, which
occupies the angle intercepted between the apex of the heart and the
vena cava inferior, as 1t passes up from the apex of the hiver to enter
the heart. Midway between the apex of the heart and the apex of
the liver a black bristle has been passed between the dorsal aorta
which has been raised a little from its natural position some dis-
tance below the vertebral eolumn, and the oesophagus, with which
it is in elose relation below this point.  The dorsal aorta is seen to be
constituted by the confluence of two trunks, a larger one which
oives off no branches, and which as it passes to the left on leaving
the heart is called the “left aorta,” and a smaller one which owes its
diminished ealibre to the fact of its having given off the arteries of
the anterior parts of the body, and which, from the course it takes,
is known as the “right aorta.” The walls of the oesophagus are seen
to be thin and lowly, or not at all, musenlar. The absence of con-
tractile power in this tube is compensated for by the working of
certain muscles homologous with the fransversales abdominis of an-
thropotomy. A slip of blue paper has been passed under a fascicle
of one of these musecles immediately opposite the apex of the
liver on the left side, whilst on the right the muscle of that side
is seen to take origin from the internal aspeet of the thoracico-
abdominal cavity along a line passing about midway between the

—

ventral apex and the vertebral abutment of each rib.  Each musele
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consists of two layers, and meeting, as they do, by means of' a median
aponeurosis, they must, in these animals which possess ribs of great
mobility, and no sternum, act to great advantage in propelling the
food which they swallow. Branches of the intercostal nerves are
seen passing over the homologue of the rectus abdominis along the
outer surface of the costal cartilages. Immediately above the line
occupied by this muscle are seen a series of museular [asciculi
which arise from the tips of the ribs, and from the cartilages
at their junction with the ribs, and pass from behind and above,
forwards and downwards, to attach themselves to the lateral and
ventral rows of scales, More superiorly again we see a similar
row of museles passing from an insertion on the ribs to an attach-
ment on the scales in such a direction as to decussate with that
of the first series.

By the removal of the front wall of the right auricle a view is
obtained of the eyelid-like valve which guards the entrance of
the great veins into the auricle. The left auricle is very much
smaller than the right. The left superior eava is seen winding
over it. Between the two superior cavae we see the thyroid gland.
Anteriorly again we see the hyoid apparatus which is not eonnected
with the larynx, and consists of two long delicate bars of cartilage
which are free posteriorly, but anteriorly are connected with each
other by a fibrous commissure about on the level of the angle
of the lower jaw. The hyoglossi muscles, which make up a eon-
siderable part of the general mass of the tongue, are seen to take
origin from the posterior portion and inner aspect of each hyoid
bar, and to enter the dark-coloured sheath in which the tongue
is lodged in front of the trachea. A large salivary gland is seen
to lie along the outer surface of both upper and lower jaw ; each
gland discharges its secretion by numerous duets, which open
externally to the rows of teeth in each jaw. In the angle between
the eye and the superior maxillary gland we see the lacrymal
oland, which, like the other two just mentioned, is large in non-
venomous Snakes.

Posteriorly to the liver a slip of blue paper has been placed
under the eystic duet just where it leaves the eallbladder and
passes down to .iﬂiﬂ the IIE}!{lti{: duct. The ductus choledochus
communis thus formed comes into relation with the panereas, and

receives its ducts as it passes to empty itsell’ into the duodenum.
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The pancreas is in relation, and, by means of bloodvessels and
fibrocellular tissue, in connection with the spleen anteriorly. The
small infestine desceribes two more or less open convolutions at
its commencement, but after this, is arranged, differently from the
intestinal tract of the other reptiles, in several closely-apposed
festoonlike coils which lie between the right ovary and the left
side of the body-cavity, and are enveloped in a sac of the perito-
neum which is eontinunous posteriorly with a mesentery, and, an-
teriorly, takes the shape of a membrane laden with deposits of fat.
By the fastening of this membrane out to the right of the animal,
we are enabled to see the upper end of the right oviduet, which is
prolonged much farther forward than the left one; secondly, the
upper end of the right ovarian sac; and, thirdly, the lower end of
the lung ; in the interval between the duodenum and the right side
of the body. In that portion of the peritoneal membrane which
supports the lobules of fat, a large vessel is seen, the homologue
of the vena abdominalis anterior, which is usually more closely
united with the anterior muscular wall of the abdomen, just as
the dorsal aorta 1s usually more closely connected with its posterior
or vertebral wall, than is seen to be the case in Snakes. It passes
forward and joins the portal vein which is seen passing from the
right side of the gall-bladder to gain the inner aspect of the liver,
along which it distributes itself.

The lower half of the left ovary lies side by side with the upper
half of the right kidney. Below the lower end of this ovary, the
two oviduets arve seen passing side by side down towards their
common termination in the eloaca, into which a black bristle
has been introduced. Posteriorly to the transversely directed
opening of the anus we see, the integument and muscles having
been removed, the two conically-shaped sacs which correspond
to the intromittent organ of the male.

For the muscular system of Ophidia, see D’Alton, Miiller’s Archiv.
1834.

For the digestive system, see Duvernoy, Ann, Sei, Nat, tom. xxx,
1833; PL xi. fig. 3, ibique citala.

Tor the {:it'(‘lll:linr}'., see Jacquart, Ann., Sei. Natl. tom. 1v. ser. 1v.
1855. Jourdain, ibid. tom. xii. ser. iv. 185¢; where the
Portal and Renal-Portal systems of the Common Ringed
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Snake are deseribed at p. 178. Briicke, Denkschrift. Kais,
Akad. Wiss. Wien. iii. p. 342, 1852.

For the reproductive, see Martin St. Ange, Etude de I’ Appareil
Reproducteur, 1854, pl. x. fig. 4.

8. VERTEBRAE oF CONSTRICTING SERPENT (Python Sp?).

Tue vertebrae of Ophidia may be divided into three classes: the
first of which consists of the two anterior vertebrae corresponding
to the atlas and axis of anthropotomy ; the second of the trunk
vertebrae, which in these animals possessed of no funetional limbs
nor limb-girdles nor sternum, all support moveable ribs, and corre-
spond with the posterior cervical, dorsal, lumbar, and sacral of other
Reptiles; and the third of the caudal series which 1s placed pos-
teriorly to their anal outlet, and has the ribs anchylosed with the
other vertebral elements. The number of the first series is, probably,
constant in the Ophidia; that of the trunk vertebrae may vary
from one hundred to three hundred; that of the caudal is the
most variable, being in some snakes as few as five, and in others
as many as three hundred. The neural arches of all the vertebrae,
except the atlas, are anchylosed with their centra in the squamate
Reptiles, whereas in the loricate a neurocentral suture is permanent.
The Ophidia differ from all other Reptiles in having the anchylosed
costal elements of the anterior caudal vertebrae bifid on each side
for the protection of their lymphatic hearts; and in the non-
development in the same region of detached chevron bones for
the protection of their caudal bloodvessels, for which however the
bifid exogenous hypapophyses form a channel at least in part of
their course.

The special needs of these limbless animals are met by the ¢ ball
and socket” articulation or ¢ enarthrosis’ of the procoelian bodies
of their vertebrae ; and by the presence of a ¢ zygosphene’ on the
anterior, and of a ‘zygantrum’ on the posterior aspect of the
opisthocoelian roof of their neural eanal, internally and superiorly
te the ordinary zygapophyses. The ¢ ball’ in the enarthroses of
the trunk and tail vertebrae of the Ophidia forms a larger portion
of a sphere, and that sphere a more perfect one than in ordinary
Reptiles. The socket for its reception is proportionately deeper,

D
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especially at the sides and above ; and the enarthrosis thus formed
between each pair of vertebrae being supplemented by the arthro-
dial joints developed above, mesially by the neurapophyses, and
laterally by the zygapophyses, great flexibility is conferred upon
the trunk as a whole, whilst great security against the dislocation of
individual vertebrae from their fellows is obtained at the same time.

In venomous snakes the hypapophyses are greatly developed and
present in all the trunk vertebrae; in non-venomous snakes they
may be, as in the Python, aborted for the posterior two-thirds or
three-fourths of the length of the trunk. They are always present,
and mostly bifid in the caudal region.

There are no very important differences between the two cervical
vertebrae of Ophidians and the atlas and axis of any other Reptiles,
The first of the two cervical vertebrae has no neural spine, eon-
trasting herein with that of the Crocodilidae, but coinciding with
that of the vest of the elass. Its neurapophyses neither anchylose
with each other above, nor with any other auntogenous vertebral
element ; together with the anterior hypapophysis of the vertebra
and its centrum which is more or less confluent with that of the
axis,” the neurapophyses form the transversely elongated and
shallow articular cavity for the trefoil or heart-shaped oceipital eon-
dyle which is usual in Reptiles, and still retained in the less highly
specialized Birds ™. The centrum of the ¢ atlas,” the so-called ¢ odon-
toid,” comes into apposition and partial coalescence in the way of
amphiarthrosis with the concavity of a erescent-shaped surface on
the body of the second cervieal vertebra. Its homology with the
centra of the succeeding vertebrae, which is proved by other con-
siderations, is illustrated by the presence on its upper surface of a
foramen on either side of the middle line just as in these vertebrae.
A second hypapophysis is articulated to its inferior surface and to
that of the “axis’ where they come into amphiarthrosis. The axis
resembles the vertebrae placed posteriorly to it in having its
hypapophysis anchylosed with its centrum, and in having a well-
developed ball differentiated by a slight constriction both from the
hypapophysis and from the posterior end of the centrum for
articulation with the socket in the anterior end of the vertebral
centrum next behind it.

» See Parker, Osteology of Gallinaceous Birds and Tinamous, Zool. Soe. Trans.
1862, p. 183,
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For a full deseription of the Ophidian Skeleton, see Professor Owen,
Monograph on the Fossil Reptilia, pt. iii, p. 53, 1850. Hun-
terian Osteological Catalogue, Prep. 602 et seqq., 1853. Orr’s
Circle of the Sciences, Organic Nature, vol. 1. p. 196, 1834.

For an account of the development of the two first cervical ver-
tebrae in Vertebrata Allantoidea, as discovered by Rathke, see
Killiker, Entwickelungsgeschichte, p. 187, and H. Miller,
cit. in foe. See also, Rathke, Entwickelungsgeschichte und
Korperban der Krokodile, p. 46, 1866.

9. Common Froe (Rana Temporaria),

Injected and dissected so as to show its nervous, eirculatory, and respiratory systems,
together with some of its reproductive and digestive organs.

Tue roof of the eranium, and the body-walls in front and on the
left side, have been removed with the integument and muscles in
connection with them. The reproductive appears to be the domi-
nant system in the economy of this and of the other Amphibians,
the sudden evolution of the generative glands, espeeially in the
females at the breeding season, necessitating certain special coor-
dinations and correlations in all, or nearly all, the other organs of
the body. The absence of complete costal arches may be explained
by the fact that great room must of necessity be available for
the lodgment of the ova previous to extrusion, and the trans-
pirability of the skin compensates in some measure for the sus-
pension of the function of the lungs which the great distension
of the thoracico-abdominal cavity entails at those periods. The
transpirability of the skin again exercises an important influence
on the special habits of these animals as it is inecompatible with
the sustentation of life except in media containing a certain pro-
portion of watery vapour. The physiological importance of the
skin as an aerating and depurating organ, in correlation at once
with the kidneys and liver as well as with the lungs, is well shown
by the distribution of vessels to it as illustrated in Plate I11.
The skin of the true Reptiles is far inferior in this point of view
| to that of the Amphibia, which again is inferior to that of the
more highly organized classes in the all but universal absence of
seutes, scales and claws, and the universal absence of any of those

. b 2
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‘ parosteal” hones which are developed from the skin and the sub-
cutaneons and aponeurotic tracts underlying it, and form the
important bones known as ‘eclavicle’ and ¢interelavicle” This
preparation shows eminently well the loose connection and wide
interspaces which exist between the skin and the muscles of the
body-walls. In this interspace the bloodvessels and lymphvessels
take a considerable development, but, as in cold-blooded animals
usually, we observe an entire, or an almost entire, absence of
adipose tissue.

The heart is seen in the middle line in the notch between the
main lobes of the liver. In the main median fissure of this latter
organ the gall-bladder is lodged, but, like the posteriorly-placed
commissural bridge of hepatic tissue connecting the two lobes, is
concealed from view by their apposition. The epigastrie, or anterior
abdominal vein, here, as in all cold-blooded air-breathing animals,
one of the main factors of the portal vein, passes into this fissure
to join the visceral factors of that vessel. The left division of the
liver, which is much the larger of the two, and is itself deeply
incised as though to indicate its morphological correspondence
with much more of the substance of the gland than is called by
the same name in Anthropotomy, overlies, superiorly, the lower
three-fourths of the distended left lung, and, inferiorly, the stomach
and duodenum. In the angle between the pylorus and the lower
end of the lung is seen the testis of that side in a state of tur-
gescence, with which the condition of the basal joint of the pollex
is to be noted as corvelated. The epigastric vein is seen in the
region of the symphysis of the pelvie arch to receive factors from
the bifid allantoid bladder. On the dorsal surface of this organ is
seen the rectum round and behind which the first segment of the
intestine has passed, so as to abut upon the epigastric vein by the
convex aspect of a loop open towards the right. This first portion
of the intestine, it may be remarked, has its internal surface greatly
mereased by the development upon it of mucous folds the larger
of which have the direction of the ¢ valvulae conniventes,” and the
smaller of which have a longitudinal direction, so that the mternal
surface of the bowel has a beautifully reticulated appearance. The
I}urtion of 1mtestine whieh follows upon the coil just deseribed, hes
on the right side of the median line, and having formed one or
two more or less well-marked loops, ends in the large intestine
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at a point between the liver and the duodenum. The terminal
and proximal segments of the digestive tracts arve thus brought,
as is usual in vertebrata, into close apposition®. On the dorsal
surface, and immediately behind the tip of the coceygeal style,
is seen the anus. From the tip of the coceyx a slender muscle,
the pyriformis, passes outwards to be inserfed into the femur,
and in the angle between it and the coceyx anteriorly and in-
ternally, we see the posterior lymphatic heart.

The cerebral ganglia form elongated ovoidal masses separated,
from each other by a median fissure, and by a slight constriction
from the olfactory lobes which are fused mesially with each other.
The ecerebral ovoids have their anterior extremities converging
and their posterior extremities diverging, whilst the anterior ex-
tremities of the somewhat similarly shaped but much smaller
corpora bigemina, or ¢ optic lobes,” homologous with the corpora
quadrigemina of mammals, diverge, and the posterior are in mutual
apposition. An irregularly diamond-shaped space is thus marked
out between these two divisions of the encephalon; and in it we
see the vascular pineal gland and the homologues of the <optie
thalami.” Posteriorly to the optic lobes, and interposed between
them and the triangular ¢ fourth ventricle’ formed by the diver-
gence of the strands of the spinal cord, we see a thin transverse
lamina of nerve-substance, the homologue of the cerebellum.

Good figures and detailed descriptions of various organs and
systems in this creature will be found in Prolessor Ecker’s
Icones Physiologicae. See, for the circulatory system, Taf. iv.,
for the lymphatic system, Taf. v., for a history of the develop-
ment, Taf, xxiii., and for the nervous system, Tafl. xxiv. For
a detailed account of the venous system generally, see Gruby,
Ann. Sciences Naturelles, Ser. ii., tom. xvii., 1842 ; and for
one of the renal portal system, see M. Jourdain, Ann. Sei. Nat,
Ser. 1v., tom. xii. 1859, whose very valuable paper appeared
subsequently to the third volume of M. Milne-Edwards’ Legons
sur la Physiologie, but has had its conclusions endorsed by
that authority in his vol. vii. p. 349, 1862,

For the tegumentary system with its muco-nervous organs, see
Leydig, Nova Acta, 1868, p. 62.

© See Duvernoy in Cuvier's Legons d’Anatomie Comparée, tom, iv. pt. ii. p. 657.
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10. SkeLeroN oF CommoN Froc (Rana Temporaria).

Tue following points relating to the skeleton are common to
the enfive sub-kingdom Amphibia. Their vertebrae have no neuro-
central suture. They have no sternal ribs, nor any representatives
of the clavicle and interclaviele of higher and lower vertebrata.
Their cervieal vertebrae do not exceed two, or at most three, in
number, the supra-secapula making its appearance first opposite the
second vertebral intercentrum, Their first cervical vertebra differs
from that of all higher vertebrata, except a few Chelonia, in re-
taining as its centre what is known in them as the odontoid process
of the second vertebra ; and it differs from that of all vertebrata,
except Mammalia and a few Selachian fishes, in having two lateral
articular facets for articulation with the oceipital bone, which latter
bone rarely possesses even a rudimentary centrum, and never any
spine. There is a common suspensorium, as in nearly all fishes but
in no higher vertebrata, for both the hyoidean and the mandibular
apparatus; and there is no natural division between the suspen-
sorial and the palato-quadrate cartilages. The long bones and
some others may have epiphyses; the terminal limb-segments are
never more than pentadactylous,

The following points in the skeleton of Rana are ecommon, prob-
ably, to the entire order Anura. The number of their free vertebrae
is small, being nine in the Raninae, and most members of the
order, but falling occasionally as low as seven ; the coceygeal style,
however, which is not reckoned in this numeration, represents at
least more than two fused primordial vertebrae. The vertebrae ave
procoelian ; with the exception of the first, they all have long
diapophyses which carry eartilaginous rib-rudiments; the diapo-
physis of the third vertebra expands distally and carries a hammer-
shaped cartilage behind which the anterior lymphatie heart lies on
the inner surface of the thoracico-abdominal cavity. In Anura
alone is the supra-seapula ossified both by ectostosis and endostosis.
The os pubis is of a triangular shape and enters into the formation
of the acetabulum together with the ischium and ilium; it may
be indurated by the deposition of ealearcous salts, but it is never
converted into true bone. By apposition of each pubis and ischium
with its fellow of the opposite side, and with each other, a vertical
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symphysis is constituted instead of the more or less horizontal
one seen in other Amphibia. Anteriorly to the symphysis thus
formed the ilia form a second continuous with it by the apposition
of two processes homologous with the praeacetabular spurs of the
Gallinae, mentioned at p. 28.

A similar advantage in point of strength is conferred upon the
shoulder girdle of the Anura by the prolongation of the more
perfectly developed praecoracoids towards, or to the middle line,
and by the somewhat similarly more perfected structure of the
sternum posteriorly to the coracoid or epicoracoid symphysis.

The greater development of the limbs, together with the greater
strength of the arches supporting them, compensates for the ab-
sence of a swimming tail such as the Urodela possess. The bones
of both forearm and lower leg are anchylosed to each other. In
the lower limb the tarsal seoment is greatly elongated. It consists
of two bones, the astragalus and ealeaneum, which are connected to
each other at either end by epiphyses, but have a wide interval
between them for the greater part of their length.

The following points serve to distinguish the Frog’s skeleton from
the Toad’s. Its ossa ili1 are relatively longer, as also the segments of
its lower limb ; it is not edentulous; it has an azygos osseous ‘ omo-
sternum’ segmented off from its praecoracoids anteriorly in the
middle line; the ossification of the coracoid proper has encroached
upon the area occupied by the epicoracoid in the Toad, so that
scarcely any of this merely endosteally ossified bone appears in the
Frog in the line it occupies so prominently in the Toad from the
interspace between the mesial end of the coracoids and the mesial
end of the praecoracoids.

The male Frog differs from the female in having a large ridge
developed along the posterior aspect of the humerus from the inner
condyle upwards for two-thirds of the length of the bone, and in
the appearance at the breeding season of a supernumerary ossicle
near the thumb. The scapular arch is stronger in correspondence
with these structures than we find it in the female.

For an account of the skull of Amphibia, see Professor Huxley,
Elements of Comparative Anatomy, pp. 213-218.

For an account of the shoulder girdle, see Mr. Parker’s work On
the Shoulder Girdle and Sternum, published by the Ray
Society, pp. 58-8g.
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For an account of the development of the vertebral column, see
Gegenbaur, Untersuchungen zur Vergleichenden Anatomie
der Wirbelsaiile bei Amphibien und Reptilien, 1862, pp. 30
and 40.

For the sexual peculiarities, see F. Pouchet, Comptes Rendus, 1847,
pt. ii. p. 761.

11. CommoN PercH (Perca Fluviatilis),

Injected and dissected so as to show its cireulatory, nervous, digestive, respiratory,
and reproductive systems in situ.

Tur part of the body posterior to the middle of the second dorsal
fin above and the anal fin below having been removed, an injeetion
was thrown into the dorsal aorta; the walls of the body-cavity and
the opercular and branchiostegal apparatus were removed upon the
right side ; and the roof of the eranial cavity superiorly.

In the trangular space bounded by the four bipectinate gills
of the right side anteriorly, by the liver posteriorly, and by the
middle line of the body in front ; we see the heart with its auricle
above, its ventricle below, and the bulbus arteriosus anterorly.
Posteriorly to the liver we see the large single ovary, the upper
three-fourths of the right half of which have been removed, but,
owing to its extreme distention, without showing the transversely
lamellar arrangement of its more or less annular ovigerous in-
volutions, The upper end of the turgeseent gland has interposed
itself’ between the under surface of the liver to the right and the
stomach, and the commencement of the small intestine and the
pyloric appendages to the left. A loop of intestine, which is a little
less in length than the half-length of the abdominal cavity, and
which, passing downwards from the commencement of the duo-
denum, contains the spleen in its concavity, is similarly concealed
from view by the distended ovary.

Owing to the same cause only one of the three pyloric cacea is
visible in this preparation, the two which arise from the posterior
or concave aspect of the commencement of the duodenum having
been displaced to the left. The gall-bladder has been displaced
upwards and to the right; and may be seen occupying the apex
of an oval emargination in the free edge of the liver, which is
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homologous with the fossa cystis felleae of anthropotomy, but with
which the gall-bladder of this fish does not come into relation
when the ovary is not in a state of turgescence.

The rectum, on the other hand, is seen commencing, as in so many
vertebrate animals, in close proximity to the commencement of the
small intestine, and passing with a straight course down the middle
line of the body to terminate, as in fishes only, in an anus placed an-
teriorly to the openings of the urinary and generative duets. In the
peritoneal lamellae which conneet the rectum with the ovary, and
also along the outer side of the air-bladder, are seen bands of yellow-
coloured pellets of fat in a condition of atrophy correlated with the
hypertrophy of the ovary. In the glistening walls of the air-
bladder may be seen its vaso-ganglia. Between the upper end of
this organ and the hindermost gill is seen a gland placed homo-
logously to the thymus of the Frog, and resembling the spleen
both in its naked eye, and in its microscopic appearances. The
upper end of the kidney is separated from this gland by a fibrous
partition, and its entire length, corresponding with that of the
abdominal cavity, is concealed by the air-bladder below it. Im-
mediately in front of the dorsal end of the first true gill is placed
the uniserial psendobranchia.

The four divisions of the encephalon are in apposition with, but
do not overlap, each other in any case from before backwards ;
they fall far short of filling the eranial cavity, whence much cellular
tissue, richly laden with oleaginous matter, has been removed. The
optic lobes are the largest of the four ganglionic centres; they
are, like the prosencephalon and rhinencephalon, paired, whilst the
sub-globular cerebellum is unpaired.

The large size of the eyes, and the bilateral pairing of the nasal
orifices, which do not communicate with the digestive tract, are
characteristically piscine peculiarities, thongh not universally found
in members of the class,

The membranous valve projecting backwards into the mouth
from the under surface of the upper jaw deserves notice.

A series of scales, perforated by mucous ducts supplied with
nerves, forms a *lateral line’ along the trunk, the contour of which
corresponds with that of the upper line of the back, beginning
with the bone called by Cuvier ¢surscapulaire’ (Hist. Nat. des
Poissons, 1. 274), but recognized by him (. e. p. 273.), as also by
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Parker (Shoulder Girdle, p. 16.), as being merely a scale bone.”
Similar mueo-nervous organs are to be seen upon several of the
dermal bones of the head, especially upon the scaleless praeoper-
eular and dentary bones.

As is the rule in Acanthopterygii with two dorsal fins, all the
rays of the anterior one are rigid and spinous. The first of the
thirteen fin-rays of the second dorsal 1s similarly rigid, as are two
of the anal, and one of the ventral. All the pectoral fin-rays are
soft and jointed.

For the general anatomy of fishes, with remarks as to its bearing
upon their zoological position, see Miiller, Vergleichende Ana-
tomie der Myxinoiden, 1838-1845; Rathke, Darmkanal und
Geschlechtstheils der Fische, 1824, especially p. 7 and p.
121 ; Cuvier et Valenciennes Hist. Nat. des Poissons, vol. 1.
1828, p. 201 and p. 419.

For a detailed account of the anatomy of the perch, see Cuvier and
Valenciennes, vol. ii. pp. 28-30, pl. 1.—viii., with plates.

For an account of the brain, see Gottsche, Miiller’s Arehiv., 1835.

For the Thymus, see Stannius, Handbuch der Zootomie, 1, 256 ;
Leydig, Handbuch der Histologie, p. 431.

For the lateral line, see Macdonnell, Transact. Royal Irish Academy,
vol. xxiv. 1862, p. 169, and F. Leydig, Nova Acta, 1868.

For the terms employed in zoological deseription, see British Mu-
seumn Catalogue of Acanthopterygian Fishes, by Dr. Giinther,
1859, vol. 1. p. vi. and p. 58, and Yarrell’s British Fishes,
vol. 1.

12. SKELETON OF CoMMmoN PERrcH (Perca Fluviatilis).

Tue perch, and indeed the entire Acanthopterous order to which
it belongs, may be taken as illustrations of highly specialized, as
opposed to high types of organization ; as they accumulate in their
economy a large number of the peculiarities of their own class
rather than show any aflinity, as do the ganoids, to forms of life
higher in the seale than themselves.

One hall’ of the moveable vertebrae are caudal, and by the
absence ol ribs and transverse processes, and by the presence of
three vertical fins in this moiety of the animal’s body, great power
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1s given to the organ of motion thus constituted. The 1mbrication
of the spinous first dorsal fin shows that the movements of the
vertebral column must be but limited in the vertical plane, and
whilst for rising and sinking leisurely, the expansion and con-
traction of the air-bladder may suffice, the animal is seen to be,
as experiments have shown it is, dependent upon its pectoral and
ventral fins for giving to the movement generated by the lateral
strokes of its tail an upward or downward direction. Besides thus
directing movement, the ventral fins serve by extension to maintain
the fish at any desired level in the water; and the pectorals, by
moving horizontally, are competent to move the animal, thongh
but feebly, in a forward or backward direction. The anterior dorsal
fin has a great vertical as well as anteroposterior development
which, besides subserving the purpose of defence for a fish with
a dentition € en fin velours,” serves to maintain the fish in a position
of stable equilibrium with which the large size at once of the
muscles along the upper dorsal region and of the air-bladder at
a lower level below them, would otherwise have been incompatible.
The tail-fin, having its upper and lower lobes equally developed,
does not retain any indication of the more generalized heterocercal
form of tail which many Malacopteri, such as the herring and
salmon, and some Acanthopteri show. The plane of greatest trans-
verse sectional area lies at a point about one-fourth the entire
length of the animal’s body from the tip of its snout; the
narrowing from this plane forwards to the tip of the snout is, in
a well-fed fish, sudden and abrupt. The absence of both neck
and sacrum, which is otherwise expressed by saying that fish
possess only trunk and tail vertebrae, is as obviously correlated
with the peculiarities of these animals’ locomotive, as the absence
of a sternum is with the peeuliarities of their generative funetions.
The suspensorium is artienlated moveably to the outer and back
part of the eranium by a glenoid cavity which is formed for its
head by the squamosal, opisthotie, and prootic bones. Into the
composition of the suspensorium there enter four bones, viz. the
hyomandibular which forms the articular head just mentioned,
the symplectic, the quadrate, and the praeoperculum. The lower
end of the quadrate is received into the articular cavity formed by
the os articulare of the lower jaw. On the inner surface of the
suspensorinm the stylohyal comes into relation with the synchon-
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drosis between the hyomandibular and the symplectic. The rect-
angular pracoperculum by opposing itself to the posterior and outer
edges of the hyomandibular, symplectic, and quadrate, at once
clamps them together into a coherent suspensorial pedicle, and
brings the entire apparatus into as direct a functional relation with
the true opercular bones posteriorly as that into which it 1s brought
anteriorly with the upper jaw through the meta- ento- and ecto-
pteryeoids.

Riblike ossifications of the intermuseular aponeuroses are attached
to the neural arches of the two first trunk vertebrae and to the
true ribs of the succeeding twelve. The majority of these latter
structures are appended to the extremities of the parapophyses,
which again in the caudal region bend down and fuse at their
apices, to form a haemal canal.

The pectoral fin with the four brachials, scapula, and coracoid,
is supported on an arch consisting of three parostotic bones. The
uppermost of these, a forked bone, suspends the arch to the squa-
mosal and epiotic bones by its two branches ; it has been called the
¢ supra-scapula,” but is not homologous with the structure properly
so named in placoids and sturgeons, being in reality the first
¢ lateral line” scale bone, and perforated, as the insertion of a bristle
shows, for one of the muco-nervous tubes of that system. It over-
laps the clavicle from the outside, and this latter bone, after giving
support to the true scapula and eoracoid, comes into relation with
the apex of its fellow of the opposite side, in the middle line, with
the hones supporting the ventral fins, posteriorly, and with the
urohyal in front. The scapula has a sub-circular fenestra ; 1t gives
support directly to some of the upper rays of the pectoral fin, and
mediately by the two upper and smaller of the four brachials to a
larger number of these rays; the lowest of the four brachials is
carried by the coracoid ; and a fourth finds a glenoid facet for itself
on the lower edge of the seapula, the upper edge of the coracoid,
and the line of suture between them. The clavicle overlaps a
postelavieular bar consisting of two bones, one squamiform and
placed superficially, the other styliform and placed beneath the
integuments in the fresh state.

A number of muco-dermal bones lie on the exterior of the
cranium and are connected with the system of the lateral line.

Six such, of which the most anteriorly-placed is the largest, form
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the inverted suborbital arch, and three or four others, the ossa
supratemporalia, oeccupy the space beneath the bifureation of the
post-temporal scale, the so-called ¢ supra-scapula.” A black bristle
introduced into a ecanal passing down the vertical limb of the
rectangular praeoperculum shows that it holds the same functional
relation to the muco-nervous duets as the bones just mentioned.

For accounts of experimental investigations into the funections of
the vertical and of the paired fins of fish, see Sir Anthony
Carlisle, Phil. Trans., 1806, p. 4; J. Miiller, Vergleich. Ana-
tomie der Myxinoiden, 1845, p. 53; Monoyer, Ann. Seci. Nat.
Ser, v. tom. vi., 1866.

For the homologies and nomenclature of the shoulder girdle in
Fish, see W, K. Parker, on the Shoulder Gardle and Sternum
of the Vertebrata, pp. 4, 12, 50, 52, and fig. 6, D. p. 46.

For the mieroscopic characters of the skeleton of osseous fishes, see
Kolliker, Royal Society’s Proceedings, 1859, ix. p. 656.

For those of the cartilaginous skeletons of this class, see Quekett,
Histological Catalogue, Coll. of Surgeons, ii. pp. 5-37.

For those of the Chorda dorsalis, see Quekett 1. ¢. pp. 108, 109.

13. VeErTEBRAE oF Common Cop (Gadus Morrhua).

Tue anterior and posterior surfaces of the bodies of the vertebrae
are, as n the great majority of fishes, coneave, and intercommu-
nicate with each other by a fine canal. These surfaces are marked
by conecentrie rings of striation, which are wider as we pass from
the centre of each terminal surface towards its periphery, and
indicate thus the rate at which the animal’s growth progressed.
Deep wedge-shaped cavities are observable around the peviphery of
each vertebral centrum, two of especial depth and significance lying
in many vertebrae at the base of the parapophysial outgrowths on
their under surface, and bounding a single similarly shaped, but
sometimes shallower cavity in the middle line of that aspect of
each bone. The cod’s vertebra resembles those of the majority
of osseous fish, but differs from those of the common fluviatile
representatives of the elass such as the Cyprinidae, Salmonidae,
and Esocidae, in having its various processes and arches anchylosed
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with its centrum.  About twelve of the trunk vertebrae have two
parapophyses, developed one in front of the other, from the lateral
surfaces of their centra, the more forwardly placed being the larger
of the two. These two outgrowths, besides serving as zygapo-
physes, as may be seen in the dried bone, gave in the living
animal protection to the air-bladder, which, though devoid of the
air-duet possessed by the three fresh-water orders just specified,
is yet largely developed in the Gadidae. There are two articular
facets, a larger looking outwards and a smaller one looking in-
wards, developed upon the anterior aspect of the base of each
neural arch, as it rises from the anterior edge, or close upon the
anterior edge of each centrum. An imperfect socket is thus
formed in some of the vertebrae for the posterior zygapophyses
of the vertebrae next in front, which zygapophyses are upgrowths
developed upon the centra, independently of the neural arch, and
have their single articular facets looking inwards. The parapo-
physes of the trunk vertebrae after the fifth, carry ribs, or rib-like
intermuscular ossifications, or both, and in the caudal region they
form perfect haemal arches.

The bones of fishes are the poorest in inorganic constituents of
all the five classes of vertebrata, and the bone cells, the microscopie
morphological essential of true bone, are wanting in both Plagio-
stomi and Cyclostomi, in Acanthopteri, and most other fishes, with
the exception of the Physostomi and Gamoeids. In the small pro-
portion of inorganic matter in their bony or ¢ osteoid ’ tissue fish
resemble the Amphibia; but as the lowest of this latter class
possess true bone-tissue, it may seem that the absence of bone cells
is correlated more or less exactly with the absence of the air-duct
which is possessed by the two orders, Physostomi and Ganoidei,
which possess true bone. The low proportion of inorganie salts in
the bones hoth of Amphibia and of Pisces, may be correlated in
both alike with their aguatic habits.

For the absence or presence of bone cells in the skeleton of fish,
see Kolliker, Royal Society’s Proceedings, 1x. p. 656, 1859 ;
Quekett, Histological Catalogue, i1, B. a. 132, p. 40.
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14. SuELL oF EpiBLe SNAIL (Heliw Pomatia).

Wiex the shell has its apex directed upwards, and its aperture
downwards, and towards the describer, its spire will be seen to
ascend obliquely towards the right, and this is the case in the
great majority of spiral Gasteropodous shells, which are in con-
sequence ordinarily called “dextral.’ In such molluses the heart
is placed on the left, and the generative, respiratory, and anal
orifices on the right of the animal’s body. The columella is scen
in the angle formed by the left border of the peristome, and the
first whorl of the shell; its umbilicus is partly, but not wholly,
as in the common garden snail, Heliz Asperse, concealed by the
reflection over it of the peristome, corresponding to which structure
in this situation, there was developed in the mantle of the living
animal, a process of the collar known as the ¢columellar lobule.’
The smooth rounding off of the peristome shows the animal to
have been adult. The shell is coarsely striated in a longitudinal
direction, that is to say, in a direction corresponding with the
lines of growth; and more delicately in a spiral direction, that
is to say, in a direction at right angles to these lines, and parallel
to the five coloured bands with which it is marked. The ¢ apex’
or ‘nucleus’ of the shell, which was the earliest developed or
embryonal shell-whorl, differs, as is so often the case, from the
rest of the shell, and in this instance, by possessing a smooth and
semi-porcellanous appearance. The way in which the injuries
which the shell had received during the life of the animal, have
been repaired, without any attempt at a restoration of the damaged
exterior layer, shows that it is only along the peristomal margin
that such repair can be effected. Injuries received posteriorly to
the free rim of the shell, which is in relation with the collar of
the mantle, call forth the secretion of protecting layers, by the
thin and transparent portion of the mantle; and these layers by
successive super-imposition from the mantle outwards, produce the
thickenings visible on the interior, in correspondence to the in-
juries on the exterior of the shell which is left unrepaired.

The thickness of the Gasteropodous shell diminishes from its
free rim upwards, and it is probable, consequently, that, except
under the stimulus of injury, little accession of growth takes place
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in 1t posteriorly to the peristome. In this point, as also in that
of possessing a much smaller amount of organic matter, the Gaste-
ropodous contrasts with the Lamellilranchiate shell.

For the structure and mode of development of the shell, see Huxley,
Cyelopaedia of Anatomy and Physiology, Article ¢ Tegumentary
Organs,” pp. 489-492. For views somewhat different from
those put forth there, see Bronn und Keferstein, Klassen
und Ordnungen des Thierreichs, iii. 2, pp. go1, goz, g13,
920, 1177, 1181, and Rose, Abhandlung, Berlin, Akad. 1858,
PP 945.95-

For the terminology employed in deseribing shells, see English
Cyclopaedia, Article ¢ Gasteropoda,” p. g25.

15. EpiBLE SNAIL (Helix Pomatia).

Dissected so as to show its digestive and reproductive, together with portions of its
circulatory and respiratory, organs.

Tue shell has been detached from the body to which it adhered
mainly by means of the columellar muscles, and that part of the
general muscular envelope of the viscera, which was continuous
with their insertion, The greater part of this muscular envelope
and of the mantle has also been removed. The coils of the
liver, which were lodged in the uppermost whorls of the shell,
and which contain the hermaphrodite gland impacted in their
substance, have, together with the rest of the reproductive ap-
paratus, been arranged on the animal’s right side; the larger part
of the liver with the intestine, heart, and respiratory sac, occupies
the left of the preparation; the nerve collar and digestive ap-
paratus down to the pylorus, are seen in the middle line; and
between them and the parts to the left, lies at a lower level the
sole-shaped locomotor dise known as the *foot.,” A black bristle
has been passed between the cephalic ganglia, or supra-oesophageal
portion of the nerve-collar and the buccal mass, which, together
with the horny ereseent-shaped jaw, has been retracted somewhat
from its natural position. From the lower part of the buccal mass,
a small conical body, in which the back part of the so-called
“tongue”’ is lodged, projects posteriorly.  Along the upper and
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posterior horder of the buceal mass, we sce mesially the entrance
mto it of the oesophagus; and on either side that of the duet
of either salivary gland, just above the stomatogastric ganglion,
Posteriorly to this, the oesophagus expands gradually into the
stomach, which is embraced by the salivary glands, and has a
pyloric caecum developed upon 1t, just where it comes into relation
with the liver. The bile-duct, which is single at its termination,
opens at the pylorus, as directly into the intestine as into the
stomach. The first segment of the intestine runs up towards the
heart, and, together with the oesophagus and stomach, makes up
a curve with its concavity towards the pedal ganglion ; as is the
case also in Cephalopoda, Pteropoda, and Lamellibranchiatar., Just
below the heart, and above the aorta, which is seen to e cut
across, the intestine passes on to the external surface of the liver,
to reappear again on the left of the preparation, whence it runs
with a straight course to the anus, into which a white bristle has
been introduced. To the right of the terminal segment of the
intestine we see the pulmonary sac, its vessels, and the heart ;
and between these structures and the huceal mass, the left parietal
nerve passes off to distribute itself in two divisions to the body
walls. At a little lower level, and a little posteriorly, a more
delicate nerve distributes itself to the muscular fibres, which retract
the posterior part of the foot, joining them just as they rise above
the level of the mass of the foot, to pass up to their insertion on
the columella. This portion of the eolumellar muscles lies, in this
preparation, immediately to the left of the buccal mass. It is
much feebler than the anterior retractor columellar muscles, as
may be seen from the fact that much of the posterior p:u't.'uf the
animal’s foot is still left unprotected, when during life it has
retracted itself as far as usual into the shell.  The posterior
retractor fibres are continuous on either side with the general
muscular envelope of the viscera, and a deep furrow separates
them, as in life, from a portion of the mantle which is here left
in situ.  Immediately above these structures we see three nerves,
which have been cut away from their peripheral distribution, but
remain attached to the centre whence they arise, viz. the upper

P See Huxley, Royal Society’s Transactions, 1853, pp. 46, 57 ; English Cyclopaedia,
Article ‘ Mollusea,’ p. 858 but see also page 68, infra.

E
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or parieto-splanchnie portion of the sub-oesophageal mass. Two
of these are the parietal nerves of the right side; and the third,
which is seen to be double at its termination, is the visceral nerve
in connection with the aorta. The hermaphrodite gland is lodged
in the concavity of the penultimate and ante-penultimate eoils
of the liver, which occupy the lowest part of the preparation on
the right hand. From the gland a convoluted hermaphrodite duet
passes up to a spleen-shaped body, the albuminiparous gland; and
after this junction, the duct passes upwards again as a much
thicker tube consisting of two parts, one of which is much plicated,
whilst the other is a riband made up of granulations. These two
elements of the tube are not differentiated from each other till
just opposite the convex end of a eylindrical hollow museular
organ, the dart-sac, where they separate and form, the one the
oviduet, and the other the vas deferens. The vas deferens loops
round the right tentacle, and joins the basis of the penis-cylinder
at the point where the flagellum, or organ for secreting the sper-
matophore, also joins it. This latter organ is of great length,
ending blindly at the lowest part of the preparation, and to the
right of it is placed the pedunculate receptaculum seminis of
commensurate, as obviously of correlated, length. The retractor
muscle of the penis is attached to it a little below the point of
junction to it of the vas deferens and flagellum. Below the penis
are seen the multifid vesicles, forming ultimately two main trunks.
These vesicles, the dart-sac and the flagellum, are peculiar to,
though not uniformly found in, European Helicidae. The flagellum
is never found in American species, and the dart-sac and the
multifid vesicles are much rarer in these representatives of the
family than in the European species. Some, however, of the
American Limacidae possess them, which is not the case with
the Old World slugs. Much variability, both as to size and as
to constancy, is, as is usually the case with structures specially
developed in particular families, and not generally possessed by
the entire order to which they belong, observable in these struc-
tures, as investigated in one species after another in the families
possessing them.

For the anatomy of the Pulmonate Gasteropoda, see Leidy, vol. i,
p- 198, in Binney’s Terrestrial Air-breathing Molluses of the



Edible Snail. 51

United States; see also Semper, in Sichold and Killiker’s
Zeitschrift fur Wiss. Zool., viii. 1857, P. 340; and for the
points of difference between the reproductive apparatus of the
Old and New World Pulmonata, see Leid ¥, L. e. p. 229,

For a monograph of Helix Pomatia, see Cuvier, Mémoires pour
servir & I"Histoire et & I’Anatomie des Mollusques, 1817, or
Annales du Muséum, tom. vii., 1806,

For the reproductive apparatus, see Owen, Comp. Anat. Inverte-
brata, p. 562; Baudelot, Ann. Sci. Nat. Ser. iv., tom. xix.,
P- 170, pl. ii. fig. 17, 1862. The identifications of the various
organs adopted by the two latter authors, differ from those
adopted by Cuvier and Leidy, but are doubtless more correct.

16. EpisLe SNatL (Heliz 1 Yomatica),
Dissected so as to show the position of the heart, and the respiratory cavity.

Tue greater part of the shell has bheen removed, but a part of
the spire has been left in sitw. An incision has heen made trans-
versely through the roof of the pulmonary sac, and its cavity
has been exposed by turning forward the anterior flap. The vessels
have been injected with a red-coloured fluid from the auricle. The
bilocular heart is seen, as in dextral molluses, on the left side, and
posteriorly, and, in this preparation, inferiorly to it is seen the
triangular pale-coloured kidney.  Along the front border of the
posterior section of the roof of the pulmonary sae, the pulmonary
vein is seen passing towards the apex of the pyramidal auriele.
Just before entering it is Jjoined, as not rarely in mollusca, by
the efferent renal veins. The right half of the roof of the re-
spiratory cavity is covered by vascular ramifications ; the anterior
part of the left half is destitute of them, the posterior corresponds
to the kidney, or is constituted by the ¢ pericardium.” The non-
vascular floor of the respiratory cavity is seen to be formed by
muscular fibres, arranged somewhat after the fashion » and doubtless,
during life, performing some of the funetions of a diaphragm,
A more delicate muscular layer enters into the formation of the
roof of the sac, taking origin from a thickened band which runs

E 2
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along the concavity of the visceral spire, and joins the free thick-
ened rim or ‘collar” of the mantle, a little posteriorly and su-
periorly to the respiratory orifice. One of the afferent pulmonary
veins is figured by Milne Edwards, Mémoires de 'Institut, tom.
Xx., 1849, pl. v. d., as taking a similar course. The muscular floor
of the respiratory sac discharges a secondary function, in propelling
the animal downwards when it has been retracted into its shell,
as well as a more obvious and primary funection in the act of
breathing. In the completion of the act of forcing the animal’s
body out of the shell, the ¢collar’ takes a share. And it is to
this thickened muscular and glandular border of the mantle that
the secretion of the epidermis of the shell and its increase of capa-
city 1s due in all shelled Gasteropoda, whilst the formation of the
epiphragm 1s also to be aseribed to 1t in the air-breathing repre-
sentatives of the class.

For the formation of the epiphragm, as observed in the felix
hortensis, see Binney, Terrestrial Air-breathing Molluses of
the United States, vol. i1, p. 114; Keferstein, Klassen und
Ordnungen des Thierreichs, 111, 1. p. 1186,

For figures of the pulmonary vessels in Helix Pomatia, see Milne
Edwards” Mémoires de "Institut, tom. xx. 1849, pl. iv., pl. v.;
C. G. Carus, Tabulae Comp. Anat. iv. vii., 2, 5.

17. EpiBrLe SnaiL (Heliw Pomatia),

Dissected so as to show its nervous system.

Tue mantle has been separated from its attachment around the
base of the visceral mass, except for a short distance, corresponding
to the middle line of the foot posteriorly, and along from that
attachment, a short distance round on the anmimal’s left side, where
a triangular lappet, the so-called ¢ columellar lobule,” is developed
upon it. It has been turned over to the left side, together with
the organs in connection with the roof of the cavity it developes,
viz. the heart and the pulmonary vessels, the rectum, and the
kidney with its duct. The imtegument covering the head and
neck has been divided in the middle line, and fastened out on
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either side; the muscular envelope which was continuous with
this part of the integument, and formed the floor of the mantle
cavity on the one hand, and a roof over many of the viscera not
already specified on the other, has been removed, as have also
all the viscera unconnected with the mantle, except the nerve
system and the buccal mass. A black bristle has been passed
through the nerve collar, between the supra-cesophageal cerebroid
ganglia and the commencement of the digestive tube ; and another
has been inserted hetween the stomato-gastrie ganglion of the right
side, and the back part of the buceal mass. A stout nerve passes
from either side of the supra-oesophageal mass to the superior
or eve-bearing tentacle, indicating thus by its distribution the
sensory character of the nerve centre whence it arises. The in-
ferior tentacles are supplied from the same source, as are also the
rudimentary € organs of Semper,” and the upper lip. A long and
delicate commissural cord is seen to connect the cerebroid mass
with the stomato-gastrie ganglion, which is placed in the re-entering
angle between the oesophagus and the retracted buccal mass. A
much stouter and double commissural cord is seen passing down-
wards, from the supra-oesophageal mass on the right side. By one
of its strands, the shorter and the more posteriorly placed of the
two, it connects the upper or parieto-splanchnic portion of the
sub-oesophageal mass with the supra-oesophageal of its own side ;
and by its longer and more anteriorly placed, it comes into a
similar relation with the lower or pedal portion of that part of
the nerve collar. From the upper part of the sub-oesophageal
mass, three nerves pass ofl’ to the parietes, as opposed to the foot,
two on the right side, and one on the left. Certain other nerves
which supply the columellar retractor muscles, as also the great
visceral nerve, which has been removed together with the aorta,
which it accompanied, had a similar origin. Immediately below
the origin of these nerves, the small otic vesicles may be seen
situated at the upper and posterior aspeet of the pedal mass, which
is so closely connected with the parieto-splanchnie portion of the
sub-oesophageal mass in the Helicidae, as to be differentiated from
it mainly by the position of these vesicles externally, by the orifice
through which the cephalic aorta passes mesially, and by the
origin of the nerves passing off to the locomotor-dise or * foot’
inferiorly.
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For the nervous system of the Cephalons Mollusea, see Hancock
and Embleton, Phil. Trans. 1852, p. 239%; Huxley, Phil.
Trans. 1853, p. 53.

For figures of the nerve system of this and other Pulmonate Gas-
teropods, see Keferstein, Die Klassen und Ordnungen des
Thierreichs, 1. 2, Taf. xevi., and Walter, Microscopische
Studien, 1863, cit. in loc.

For a figure of the nerve collar with the otie vesicles and aorta in
sitn, see Leidy in Binney’s Terrestrial Molluses of the United
States, vol. 1. pl. xvii. fig. iv., and vignette, p. 248.

For the distmbution of the nerves, see Cuvier Ann. du Muséum,
tom. vii, p. 172, 1806 ; or Mémoires pour servir & I’Histoire
et a I’ Anatomie des Mollusques.

18. SHELL oF FrREsH-WATER MuUsseL (dnodonta Cygnea).

Whex the bivalve shell of the fresh-water mussel, or of any of
the British fresh-water species of Lamelhbranchiata, 15 held with
its liinge-line upwards, its line of aperture downwards, and its
ligament and its umbones, the most convex portions of the valves,
placed, the one proximally, and the other distally to the observer,
he will then have the animal’s right valve at his right hand,
its left wvalve at his left hand, the anterior portion of its hody
placed distally, and the posterior proximally to himself. Such
Lamellibranchiata as have the power of moving from place to
place, by the protrusion of their distensible ¢ foot,” do so in the
direction which the words €anterior’ and ¢ posterior,” as used here,
imply. The shell of the Anodon is, as in the immense majority
of Lamellibranchiata, nearly or quite equivalve, whilst, as in all, 1t
is inequilateral. By its size, which is in an inverse ratio to the
extent of junction of the lobes of the mantle which seeretes it,
it surpasses all European fluviatile bivalves, and sections, or indeed
fragments of it, are consequently exceedingly instructive, as to the
strueture of the wvarious layers of which the shell is composed.
Nearly the whole of the inner surface of the shell possesses an iri-
descent appearance, due, probably, mainly to the light being dif-
fracted by the layers of delicate lamellae with irregularly overlapping
edges, which make up the nacre or inner layer of the shell, and are
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themselves made up of polygonal masses of small size secreted by
the mantle exclusively of its margin. Very frequently, even in the
dry shell, it is possible to separate a thin white layer consisting
of a structureless membrane, laden with granular caleareous deposit
from the nacreous or ¢ mother of pearl” internal layer of the shell,
which was formed by the successive super-impositions of such
membranes from within outwards. The free rim of the shell is
constituted by the coloured opaque epidermal layer, which forms a
flexible border of several lamellae, immediately internally to which,
in this, and in all still growing shells, on the inner surface of the
shell, a similarly dark-coloured but non-flexible strip intervenes
between the epidermal free border and the nacreous surface of the
ghell. This portion of the shell which bounds the nacreous portion
like a fringing reef, is seen, when looked at with a simple lens,
to possess an appearance like that of shagreen, and this appearance
on examination under a higher power, is found to be due to its
being divided into minute polygonal spaces, over which the nacreous
layer has not yet extended. The inner of the two layers of which
this portion of the shell 1s made up, 1s known as the ¢ prismatic’
layer, and 1s formed by the deposition of ealcareous matter in the
interior of vertical prismatic cavities, which are themselves formed
by the successive super-addition and eoadaptation of fenestrated la-
minae secreted by the margin of the mantle. There is less difference
between the thicknesses of the two inner layers of the shell in
the Anodon than in most other Lamellibranchiata; the middle
or prismatie layer is, as the fact of its being secreted by the margin
of the mantle would have led us to anticipate, thickest, both
absolutely and relatively, in those parts of the shell in which
peripheral growth is carried on at the most rapid rate; and con-
sequently it is thicker at the free edges than along the dorsal
region, and in the posterior than in the anterior parts of the shell.
The relation held by the ¢ prismatic’ layer of the shell to the parts
where growth is going on most rapidly; its existence there inde-
pendently of the ‘naereous” layer; and, thirdly, the fact that the
caleareous particles in its substance do not possess a crystalline
character, appear conclusive against the view which has been

® See H. Miiller quoted by Hessling, * Die Perlmuscheln und ihre Perlen,’ p. 261,
Bronn and Keferstein, iii. 2, 913, and Rose, Berlin Akad. Abhand. 1838, p. n8.
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proposed, to the effect that the prismatic layer has been formed
by some such rearrangement of the particles deposited in the inner
nacreous layer, as takes place in certain calenli, after the primary
deposit of the solid substance of which they are made up in an
amorphous condition, or in the alteration of an amorphous glass into
the so-called ¢ Reaumur’s porcelain.” The ¢ ligament’ which conneets
the two valves along the dorsal line, posteriorly to the beaks of
the umbones, consists of two layers—an outer corresponding to the
epidermal layer of the shell ; and an inner, the so-called ¢ cartilage,’
which combines by its two sets of striae, one running vertically
and the other horizontally, the laminate appearance characteristie
of “nacre,” with the ¢ columnar’ characteristic of the prismatic layer
of shell, and illustrates thus the fundamental morphological and
developmental identity of these structures. The hgament in the
Anodon is smid to be “external;’ it is, however, a little overlapped
on either side for a short way by the superficial layers of the
valves which it connects, and divaricates when not antagonized
by the adductor museles. Corresponding to the ligament, there is
on the inner surface of the shell a long low ridge, indented at its
posterior end ; a similar structure exists in the pearl mussel, Unio
Margaritifer ; and seems to be a rudimentary representative of the
elongated posterior lateral tooth, developed in the two other British
Naiades, Unio Pictorum and Unio Twmidus., The eardinal teeth are
absent also in the Anodon, and the anterior laterals are wanting in
all the British Naiades. There are three principal muscular de-
pressions on the inner surface of each valve, two towards the upper
edge of the blunted anterior end, and one at about the same
distance from the dorsal or haemal edge of the valve, and about
midway between the posterior limit of the ligament and that of
the valve. Of the two anterior depressions, the larger marks the
place of attachment of the anterior adductor of the valves, and also
of the anterior retractor of the foot ; the smaller, which is elose to
the posterior inferior aspect of the larger in the angle between it
and the pallial line, marks the place of attachment of the protractor
of the foot. The larger part of the posterior museular depression
corresponds to the insertion of the posterior adductor, the irregular
process into which its anterior and upper angle is prolonged into,
corresponds to the point of origin of the posterior and larger re-
tractor of the foot. An irregularly denticulated line, which 1s
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known as the ¢ pallial line,” and which corresponded in the living
animal to the line along which the muscular border of the mantle
was more or less loosely attached, just where it became confluent
with the central lobes of the organ, describes a curve, similar to
those of the concentrically arranged ribs on the ountside of the
shell, between the two principal muscular depressions. Certain
smaller muscular depressions are visible just anteriorly to the apices
of the umbones, marking the points of origin of certain retractor
fibres. The thinner, lighter coloured, and less eroded of these two
shells eame from shallow water; the thicker, darker, and more
eroded i1s an ordinary deep water form. That the amount of in-
organic salts which these as also other organisms take up, is by
no means dependent upon the amount present in the medium in
which they live, but upon the selective working of their tissues,
which may be intensified or diminished by other chemical and also
by non-chemical conditions, is seen from instances such as these,
as also from a comparison of the dense shell of the Pearl Mussel
from mountain streams, such as those of Westmoreland, with the
thin light shells of the Anodons from the Oxford waters so much
richer in salts of lime.,

For an excellent disquisition upon the last-mentioned point, as well
as upon many others relating to the physiology of the Pearl
Mussel, Unio Margaritifer, a species allied to the Anodon,
see Voit in Siebold and Kolliker’s Zeitschrift fur Wissen-
schaftliche Zoologie, x., 1859, p. 470.

For a monograph of the former species, see T. von Hessling, Die
Perlmuscheln und ihre Perlen, Leipzig, 18 59.

For accounts of the formation and structure of the shell, see Bronn,
Klassen und Ordnungen des Thierreichs, 1. 1. p. 420; Voit,
l. e. p. 487 ; Huxley, Cyclopaedia of Anatomy and Physiology,
Article ¢Tegumentary Organs;’ Carpenter, British Assoc,
Reports, 1847, pl. iii., figs. 8, g, 10.

For a deseription of the animal’s muscles, the impressions of which
on the interior of the shell are mentioned above, see Poli
Testacea Utriusque Siciliae, tom. i. p. 36, tab. ix., fig. 2.

For the amorphous non-crystalline character of the caleareous de-
posit in the shell of Unio, see Hessling, 1. ¢. pp. 251, 261,
See also Rose, Berlin Abhandlungen for 1858, p. 8.
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19. Fresn-water MusseLn (dnodonta Cygnea),

Dissected so as to show its digestive tract, with a neural flexure formed by it at
itz commencement,

Tue mantle and the lamellae of the gills have been removed from
the animal’s right side, together with so much of the body-walls
as it was necessary to remove so as to expose the coils of intestine,
and the stomach, in sitw, and in connection with the liver and
reproductive gland. The passage from the mouth to the stomach
is similarly laid open, and is seen to be lined with a smooth mem-
brane, lying upon the anterior adductor and the anterior retractor
muscles, and thrown by their contraction into corrugations. The
ingestion of alimentary matters depends, as no prehensile apparatus
exists in the Lamellibranchiata, upon the currents of water which
find entrance into the digestive tract, and have their passage along
it greatly promoted by the readiness with which the cireumjacent
tissnes become charged with, and also set free from the transuding
fluid ; by the alternate opening and closing of the valves; and,
finally, by the ciliary movement of the mieroscopic epithelium
which clothes the interior of the digestive tube as well as the neural
surfaces of the mantle, gills, and labial tentacles. The bilamellate
oral tentacle of the left side is seen to become continuous with the
linine membrane of the mouth, to which, by its junetion with its
fellow of the opposite side, removed in this preparation, it furnished
lips. TFurther down, the liver is seen supporting the lining mem-
brane of the stomach and sending ducts to open into its cavity.
The diverticulum for the ¢ecrystalline style,” an organ somewhat
variable, but found in greatest size and constancy after the winter,
opens on the right side of the stomach ; whilst the pylorus leads
into the intestine from the left in the preparation. A black bristle
is passed along the first segment of the intestine which is seen to
form, when viewed in conneetion with the stomach, a enrve with its
concavity towards the pedal ganglion. This, the primary flexure of
the intestine, i1s thus a *neural’ flexure ; the concavities, however,
of the other loops which the intestine alone deseribes, look towards
the dorsal or ¢ haemal’ surface. Considering the intestine exclu-
sively of the stomach, we may speak of it ronghly, as deseribing
three concentrie curves in intimate connection with the viscera, and
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before it disengages itself from the mass they make up. Of these,
the one directly continuous with the stomach, is placed between
the other two, and two raised ridges arve visible upon its inner
surface—one, the larger of the two, upon its neural, the other, the
more delicate, upon its haemal aspect. With this first loop, the
one placed most externally is continuous, and is seen bending
sharply back from, and closely round upon it along the posterior
free margin of the foot. Upon its surface there is no longitudinal
ridge developed, but a raphe with plice running from it at right
angles to the long axis of the intestine. It is in close relation
with the muscular strata of the * foot.” In ends in the third loop,
which at its beginning passes over the first so as to become quite
superficial in the middle of the right side of the visceral mass ;
and then takes a horizontal course, as seen in this preparation,
to the haemal border of the animal’s body, at a deeper level parallel
to and immediately posteriorly to the portion of intestine imme-
diately continuous with the pyloric end of the stomach. Where it
reaches this deeper level, a raised ridge is developed upon 1t, which
commences with a club-shaped end, and 1s prolonged on the neural
wall of the intestine as far as the anus.  After thus completing its
third eml, by reaching the haemal edge of the visceral mass, the
intestine emerges from it, and turns at a right angle to its previous
direction to pass, as in the great majority of Lamellibranchiata,
through the heart, the cut edge of the ventricle of which is seen to
the left of the intestine. The pericardial space appears, in section,
as a triangular cavity, bounded by the heart and intestine to the
left, the retractor pedis posterior below, and the organ of Bojanus
to the right. The two cavities or sacs of which this organ is made
up, are well seen in section; though the walls of the superiorly
placed and non-glandular sae are more nearly in apposition than in
nature. The lamellate glandular sac is seen prolonging itself
around the tendon of the posterior retractor, and along the anterior
and inferior surface of the posterior adductor. Posteriorly again
to the posterior adductor, we see the attachment of the gill of the
left side to the mantle at a point corresponding to the junction
of the fimbriate with the non-fimbriate portion of the mantle.
The preparation is suspended by the apex of the musenlar ¢ foot ;’
by the protrusion and implantation of which into the soft bottoms of
the ponds and streams in which these creatures live, they can move
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themselves slowly along the furrow they thus form. The shape of
the *foot’ varies much within the limits of the class, from being
exceedingly small or rudimentary, up to the proportions we see
here, where the name ¢ pelecypoda’ has been coined to express its
shape and proportions,

For a description of the digestive system of the Anodon, see
Langer, Denkschrift. Akad. Wiss. Wien. viil.,, 1854, p. 19,
and Taff. i. and 1. figs. 1, 2, and g, or V. Hessling, Die
Perlmuscheln, p. 266.

For that of Lamellibranchiata generally, see Huxley, English
Cyclopaedia, Article ¢ Mollusca,” p. 861.

For a deseription of the organ of Bojanus, see Lacaze Duthiers,
Ann. Sei, Nat. Ser. iv. tom. iv. 1855, with semi-diagrammatic
figure, pl. v. fig. 2, which is reproduced by V. Hessling, 1. c.
pl. v. fig. 6. Langer, Denkschrift. Akad. Wiss. Wien. B. xii.,
p- 39, 1856, tab. 1., figs. 3 and 4.

20. FrEsH-WATER MUsseL (Anodonta Cygnec),

Prepared so as to show some of the functional as well as the anatomical relations
of the mantle.

A rep injection having been thrown into the auricles, has passed
not only into the gills, but also over the central portion of each
mantle lobe, from the line of attachment to it of the external gill,
down to the border where the central portion becomes contimuous
with the free muscular rim of the mantle, and where it was at-
tached to the ¢ pallial line’ in the shell. From the central portion
of the mantle, the injection has spread by anastomosis into the
vessels of the free muscular and tentaculate rim of the organ, and,
more freely, into the labial tentacles. Thus the functions of the
prineipal aerating organ, the gills, are seen to be more or less
supplemented by the subsidiary working of the structures specified.

The mantle lobes are not united below the plane of the inferior
or neural surface of the two adductor museles, except indirectly
by the commissural junction of the branchiae posteriorly to the
foot. By this junction of the gill plates the mantle cavity is divided
into two chambers, an inferior or branchial chamber, the entrance
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to which is guarded by the tentaculate postero-inferior portion of
the mantle, representing the inhalant siphon of the siphonate
orders; and a superior, or anal chamber, into which a white bristle
is introduced in this preparation, and which corresponds to the
exhalant siphon of the other orders just named. The large mantle
lobes have been turned upwards, and fastened on to the haemal surface
of the animal on either side of the raphe, along the middle line of
that aspect of the animal’s body. Their thickened muscular border,
corresponding to the collar of the Gasteropoda, is well seen, the
radiating striae on its lateral surface marking its extent, which
corresponded in the living animal to the space between the free
edge of the shell and the ¢ pallial line.” Two main lips run along its
free edge, inclosing however between them two somewhat smaller
ridges. To segments of this furrowed and ridged surface, portions
of the epidermal shell-layer which they secreted are still left ad-
hering. The prismatic layer appears to be deposited by the most
peripherally-placed strip of the external surface of the organ, just
where it becomes continuous with the downward-looking surface
just mentioned. The two halves of the dorsal raphe diverge from
each other in the genus Unionidae, and then re-unite immediately
anteriorly to the posterior adductor. The ecirrhi, which guard the
entrance to the branchial compartment of the mantle cavity in the
natural condition of the animal, are developed from the inner of
the two lips of the mantle edge, beginning at a point corresponding
with the line of attachment to it of the outer gill lamina. The
inner gill lamina of each side fuses, as already said, with its fellow
of the opposite side so as to form a continuous floor, perforated only
by microscopic apertures, between the anal and branchial chambers,
But as the gills fail to become attached to the body for about the
posterior three-fifths of its length from before backwards, free
intercommunication exists between these two chambers for this
space. In this interval between the free gill-edge, along which
a large branchial vein is seen to run, and the visceral mass, the
glandular portion of the organ of Bojanus comes into view from
above. It is from the relie wirabilia of this organ that the branchial
inferent vessels take their origin, and pass upwards to distribute
themselves on the inmer surface of the gill-laminae, whilst the
efferent branchial veins have their distribution, as seen by the
injection, on the outer or inferior surface of these organs. As shown
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by Dr. Sharpey,” it is in the direction from without inwards that
the currents of water pass through the gills under the influence
of ciliary action; and it will be seen therefore that the water
which comes into relation with the vessels returning blood to the
heart, has lost as little as possible of its aerating value, by contact
with other tissues of the animal’s body. It is well to add that the
surface of the mantle which looks towards the gills is like them
clothed with ciliated epithelium ; whilst its surface which looks
towards and secretes the two inner layers of the shell, is covered
with non-cihated eylindreal cells.

For the structure of the gills, and the relations subsisting between
the vascular systems of the body generally, of the gills, and of
the organ of Bojanus in the Naiades, see Langer, Denkschriften
Akad. Wiss. Wien. viii., 1854, and xii. 1856, pp. 36, 37, 61;
V. Hessling, Die Perlmuscheln, pp. 216, 230, 245, 247;
and the figures in V. Carus’ Icones Zootomicae, xix., 1, 6, 8,
g and 10, which are taken from the former of these two au-
thorities. See also Robin, Rapport & la Société de Biologie,
1852, p. 120.

21, Fresu-wATER Mussen (dnodonta Cygnea),

Dissected so as to show its nerve system, and the route along which the ova pass
from the generative gland into the interspaces of the external gills, where, as in the
pouch of a marsupial mammal, they are lodged, and go through certain stages

of their development.

Parr of the muscular foot has been removed on the left side to
show the pedal ganglion in sifu ; part also of the organ of Bojanus
has been cut away on the same side, and the commissure which
connected the two inner lamellae of the two inner gills posteriorly
to the posterior limit of the foot has been divided, so as to show the
nerve cord connecting the labial with the parieto-splanchnic ganglia
in its entire length. The labial ganglion, which is homologous
with the supra-oesophageal of the Odontophorous molluses, is seen
lying upon the tendon of the retractor pedis anterior, and just

r Cyclopaedia of Anatomy and Physiology, Article * Cilia,” p. 621,
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anteriorly to that of the protractor pedis. Three commissural cords,
under each of which a slip of blue paper has been placed, pass off
from it. The one which passes vertically downwards in the pre-
paration, and passes vertically, or nearly so, upwards in the position
ordinarily maintained by the animal during life, brings the labial
ganglion into commissural junction with the parieto-splanchnie or
branchial ganglion, which is seen lying upon the posterior adductor.
A second cord passes obliquely forwards towards the foot, to join
the pedal ganglion, which is situated a little way within the in-
ferior periphery of the ¢ visceral mass,” a division of the body which
in these molluses is less sharply differentiated from the ¢ foot’
proper than in many other members of the class. The third eord,
which looks like a production of the second, from the ventral to
the haemal side of the plane of the labial ganglion, is in reality the
cord of commissure between this ganglion and its fellow of the
opposite side. This cord holds the same relation to the commence-
ment of the digestive tract as the commissure of the cephalie
ganglion holds in the Odontophora ; and the cord of commissure to
the pedal ganglion is, as in them, placed anteriorly to the cord
of commissure to the parieto-splanchnie. There are, however, no
stomato-gastric, nor any separate sympathetic ganglia in the La-
mellibranchiata. The absence of the former of these structures is
obviously correlated with the absence of any prehensile apparatus,
or any triturating ‘buccal mass,” whilst the absence of the second is
ordinarily to bhe noted in structures and in organisms, which are as
richly provided with cilia as are those of this class. Speeial siphonal
ganglia are however sometimes superadded to the three pairs of
ganglia here specified in the siphonate species ; and small ganglia
may be developed in this class along the free edge of the mantle,
in connection with the sensory plexuses which the anterior and
posterior pallial nerves, from the labial and parieto-splanchnic
ganglia respectively, make up by their ramifications along it. The
cord of commissure from the labial to the parieto-splanchnie ganglia
passes from before backwards; firstly, between the fibres of the
anterior retractor and those of the protractor pedis; and, secondly,
after skirting the orifice of the reproductive gland, on its inferior
or inner edge, through the glandular portion of the organ of
Bojanus, externally to the tendon of the posterior retractor. Im-
mediately posteriorly to this tendon, and anteriorly to the large
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parieto-splanchnic ganglion, the nerve of the right side, as well
as that of the left, has been brought into view, and a slip of blue
paper has been passed under the two nerves just before they enter
the ganglion. This nerve-centre is well seen giving off sensory
branches to the mantle, and motor to the adductor muscle, and
visceral branches to the gills. TIts finer visceral branches given
to the organ of Bojanus, and to the anus, are not seen in this pre-
paration.  Four or five delicate nerves may be seen to pass off from
the pedal ganglion into the muscular strata of the foot; to the
most posteriorly placed but one of these, the auditory vesicle may
be found appended, at a point corresponding pretty nearly with
the junction of the anterior two-thirds with the posterior third of
the foot, close to the line beyond which the viscera do not extend
downwards within their muscular envelope. The branches which
the labial ganglion gives to the anterior portion of the mantle, are
not seen in this preparation.

By the division of the transverse commissural floor which united
the inner lamellae of the two inner gills aeross and below the
structures already described as being placed posteriorly to the
posterior edge of the foot, and by the turning outwards of the flaps
thus formed, a view is obtained of the spaces bounded by the two
lamellae of each gill, and also of the line of junction of the outer
lamella of the inner gill and the inner lamella of the outer gill,
on each side to the organ of Bojanus, which sends blood into the
lamellae of the gills along their internal surfaces.

Each gill is seen to be a hollow pouch or sac with its cavity
divided into innumerable partitions by strips of tissue which run
across from one lamella to another. But for some distance down-
wards from the attached or upper border of each gill, these trans-
verse bands fail to be developed, and passages arve thus left along
this border of the gills along which the ova pass in their eircuitous
course from the veproductive gland to the marsupial pouch which
the external gill is formed into for them. The portion of this canal
which the inner gill forms is divisible into three segments—an
anterior, a middle, and a posterior. The anterior segment is formed
permanently by the attachment of the inner gill’s inner lamella to
the visceral mass; and it is just within the posterior portion of
this segment that in the Anodon the orifice of the generative
oland opens, The middle segment is formed temporarily into a
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closed canal, by the apposition of the inmer gill-lamella to the
visceral mass, when the ova arve being extruded, and the foot and
visceral mass retracted and compressed by the contraction of the
animal’s various musecles. The third portion of this canal is con-
stituted, below, by the commissural floor passing between the two
inner gills, and, above, as in the two anterior segments, by the
posterior part of the organ of Bojanus. It is easy to see in this
preparation, how, by the contraction of the retractor pedis muscles,
the ova would be extruded, and the upper portion of the visceral
mass brought into close temporary apposition with that portion
of each 1nmer gill, which, ordinarily, 1s separated from it by a slight
interspace. We can see also how under these circumstances a
closed canal for the transmission of the ova is formed from the
orifice of the generative gland up to the point at which the large
branchial nerves enter the gills, and beyond which the internal
gill passage and also the outer, open into a space which, as the anus
opens into 1t also, we may call the ¢cloaca.” This space being but
small in the Naiades relatively to their ovaries, is rapidly filled by
the large quantities of ova which are poured into it under pressure ;
and, the shell being closed, there is no other path left for the ova
to take but the one which leads into the cavity of the external gill.
As these animals are dioecious, and as spermatozoa are sometimes
found free in the interior of the gills, to which it is plain they
would find access more readily when inhaled with the water for
respiration than to the interior of the ovaries of the female, it is
probable that it is not till after they reach the external branchial
marsupium that the ova are fertilized. The ova may be found
in great abundance in the external gill cavity of the Anodon during
the autumn and winter months ; and whilst lodged there, they go
through several stages of their development.

For an account of the way in which the ova reach the external gill
cavity, see V. Baer, Meckel’s Archiv. 1830, p. 313, Taf. vii.,
figs. 1, 2, and 4.

For observations which V. Hessling thinks make it probable that
the ova of one mussel may find their way into the external
gill-cavity of another, see Zeitschrift fur Wissenschaflitche
Zoologie, 1860, p. 358.

For a detailed account of the nervous system in the Lamelli-

F
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branchiata, and in the Anodon particularly, see Duvernoy,
Mémoires de P'Institut, tom. xxiv., 1854, and pl. 7, fig. 2,
pl. 8 and g, figs. 1 and 2, and pp. 87—96 for that of the
Naiades.

For a more general account, see English Cyclopaedia, Article
‘Mollusea,” p. 86g; Sichold’s Comparative Anatomy, Ame-
rican Translation, p. 198 ; Gegenbaur’s Vergleichende Ana-
tomie, p. 310, with excellent figures 77, A. B. C., pp. 315, 316;
Hancock and Embleton, Phil. Trans. 1852, p. 239.

22, AscipiaN (Ascedia Affines).

Dissected and prepared similarly to Preparation 19, and showing thus the homolo-
gieal relations of the several structures of the Tunicata to those of the Lamelli-
branchiata.

Tux animal has been suspended by what was, in its erect position
during life, its base of attachment ; and its inhalant and exhalant
orifices point, consequently, downwards instead of upwards. Parts
of the test, of the two internal tunies, and of the upper part of the
branchial sae, have been removed on the animal’s nght side, which
corresponds with the front of the preparation ; and so much also of
the walls of the stomach, and intestine, and of the vesicular substance,
and of the liver in connection with them, has been similarly tuken
away, as was necessary for exposing the interior of the digestive
tract from the mouth to the anus. A black bnistle has been intro-
duced through the inhalant orifice along the intervior of the branchial
sac into the mouth and stomach, and a white one has been simi-
larly passed through the exhalant orifice into the rectum. In this
species the inhalant orifice is terminal, and the anal is lateral ;
just as in many Lamellibranchiata the imhalant siphon, or the
tentaculate portion of the mantle which corresponds to it in the
non-siphonate orders, reaches farther backwards than the anal
giphon, or the anal portion of the mantle. The mantle, which is
recognisable by its museular fibrillation, has since the death of the
animal shrunk away from the external test, the homologue of the
bivalve shell. The rectum and the generative ducts are seen to open,
as in life, a little way within the periphery of the mantle, and into
a space which is homologous with that deseribed, Preparation 21,
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p- 65, as the ¢ cloaca’ in the Anodon, but which differs from it by
being much larger, by not possessing an organ of’ Bojanus, except in
a rudimentary condition, and by not being traversed by any muscle
such as the posterior adductor, A wide interspace thus exists here
between the branchial sac and the envelopes or tunies placed ex-
teriorly to it, to which, however, it is attached continuously along
the white band seen along the median ventral line, and known as
the ¢ endostyle;” along an encircling zome, placed immediately su-
periorly in this preparation to the circlet of tentacles just within the
inhalant orifice ; along a line passing from the other end of the
endostyle to the neighbourhood of the mouth; and lastly at in-
tervals in all parts of its circumference except in the cloacal region,
by hollow tubular suspenders, which convey blood hetween its
vessels and the visceral and pallial sinuses. The line of the ¢ endo-
style’ is constituted by four folds, the two external being mem-
branous, and the two internal of a rigid yellowish substance; and
in this, as also in the relation it holds to a large wvessel, the
so-called ¢thoracic sinus’ of Milne-Edwards, passing along it
from the heart, and in the more general relations which it holds
to the other organs of the animal, it resembles the line of the
symphysis of the mantle of the Lamellibranchiata which have the
mantle lobes united inferiorly, or the free margin of the mantle
lobes of such bivalves as the Anodon (see Preparation 20, p. 61).
Along the opposite side of the branchial sac there runs the ¢ oral
lamina,” which in other species, such as Adscidia Tutestinalis, may be
represented by a row of ¢ languettes.” It is conmected with the line
of the “endostyle’ by the encircling zone already spoken of as lying
superiorly to the circlet of tentacles. In the interval between this
encircling zone and the coronet of tentacles, at the point where the
oral lamina becomes continuous with the former of these structures,
is seen the ¢ ciliated sa¢’ or anterior tubercle.” Posteriorly to the
encircling zone, or “anterior collar’ of Haneock, in the immediate
neighbourhood of the anterior tuberele, is seen the single ganglion
of the Tunicata, supplying the mantle. This ganglion therefore
would seem to be homologous with the branchial or parieto-
splanchnic ganglion of the Lamellibranchiata ; and the civelet of
tentacles will, by consequence, be seen to be homologous with the
tentaculate inhalant portion of the mantle in those animals.

The ¢oral lamina’ is seen to be underlaid by a large vessel, the

F 2
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“branchial’ or ¢dorsal sinus’ of Milne-Edwards, the ¢Lranchial
vein’ of Savigny. It is connected with the one already spoken
of as holding a similar relation to the endostyle on the opposite
side of the Lranchial sae, firstly, by means of the numerous trans-
verse vessels encircling the branchial sac; secondly, by a vessel
taking a similar course to these vessels around a zone in relation
with the ‘anterior collar;” and thirdly, by a vessel holding a
similar relation to a chord uniting' the upper end of the endostyle
to that of the oral lamina, and known as the ¢ posterior collar.’
The ¢dorsal sinus’ receives factors from the pallial plexuses by
means of tubular ties similar to those which pass from these and
the visceral plexuses on the left side of the animal’s body to the
other portions of the branchial network. Finally, it is seen to
receive a large vessel from the neighbourhood of the anus, and
by this vessel, which passes to it through the visceral mass from
the heart, it is brought into direct communication with the dorsal
end of that vasiform organ as the ¢ thoracic sinus’ in relation with
the line of the endostyle is, even more directly, with its ventral
end. On either side blood-vessels are seen crossing the interval
between the test and the mantle to join one or other of the two
rascular trunks in connection with the dorsal and ventral end of
the heart respectively.

The mouth, in all Ascidians, oceupies a point in the branchial sac
which 1s on the opposite side to the line of the ‘endostyle,” and
to that of the ¢thoracie sinus’ of Milne-Edwards, the so-called
¢ branchial arteries’ of Savigny, which are here regarded as more
closely homologous with ¢ branchio-cardiac veins.” In this species
the mouth is much nearer the upper or anterior extremity of the
sac than it 1s in Adsecidia Menfufa. The digestive tract is seen to
describe two curves ; the first of these is made up by the stomach,
and the first segment of intestine which bends sharply back upon
it ; whilst the second is made up by this first segment of intestine
and the rectum. The concavity of the first of these curves looks
anteriorly, or towards the base of attachment of this erect species,
and away from the nerve ganglion; the coneavity of the second
looks posteriorly, or towards its inhalant aperture. But if, as in
this description, the single ganglion of the Tunicata be regarded
as the homologue, not of the pedal but of the parieto-splanchuic

I_‘,';lllj_';'“:ij il" their branchial sac be also I‘J..'"':J“i_ll'l]l."l.l as llulllﬂlﬂgullﬁ not
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with a dilated pharynx, but with the branchial cavity, and if their
inhalant aperture, be taken to represent, not the monuth, but the
inhalant siphon of the Lamellibranchiata, it will be seen that the
essential character of the curves deseribed by the digestive tract
beginning with the orvifice into which the upper end of the black
bristle is introduced, is the same as that of those deseribed in the
Anodon, Preparation 19, p. 58, and that the two classes cannot be
contra~distinguished as ¢ haemal’ and ¢ neural” respectively. The
digestive tract of the Ascidian is seen to differ from that of the
Anodon mainly in not possessing the two posterior of the three
concentrie coils, deseribed in that animal, whilst its first and most
important curve, and also that portion of it which is seen in the
cloaca, and in relation with the large blood-vessel passing from
the heart throngh the visceral mass to the ¢branchial’ or ©dorsal
sinus’ of Milne-Edwards, corresponds very closely in all essential
particulars with the initial and the terminal segments respectively
of the digestive tract of the bivalve. The floor of the stomach is
occupied by a longitudinally folded eminence, which again 1s pro-
longed into and along the intestine, where it forms an elevated
ridge, dividing the tube into two demi-canals, and much increasing
its absorbing surface. The liver, which Mr. Hancock (Proe. Linn.
Soc., June 1867, p. 313), has, in opposition to Savigny, shown to
exist in the genus dscidia, opens into the cavity of the stomach
by two ducts. The reproductive organs are seen in the concavity
of the second or intestinal curve of the digestive tract; and their
excretory ducts open into the cloaea, together with the anus.

The view which has been taken in this deseription of the rela-
tionship subsisting between the Lamellibranchiata and the Tunicata,
was suggested by Cuvier in his memoir on the Ascidians (Mémoires
du Muséum, 1815, tom. ii., p. 34), and was adopted by V. Baer, in
his paper on the route taken by the ova of Unionidae in passing
from the ovary into the branchial marsupium, already referred to,
and published in Meckel’s Archiv. for 1830, p. 341. This view
has been revived by Mr. Hancock (see Proceedings of Linnaean
Society, June 1867, p. 343), and illustrated by many new argu-
ments.

Professor Huxley’s view, according to which the branchial sae of
the Ascidian 1s to be regarded as a dilated pharynx, will be found
expounded by him mm the British Association Report for 1852,
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p- 77, as also in his article on ¢ Mollusea’ in the English Cyelo-
paedia. See also Professor Allman, Fresh-water Polyzoa, 1856,
p- 44, seqq., and Mr. J. D. Maedonald, Transactions of the Royal
Society of Edinburgh, vol. xxiii. 1862, 1863, for general remarks
on the morphology of the Tunicata.

Much information as to the anatomy of the various orders of this
class will be found in the memoirs of Cuvier and Hancock,
already quoted ; in the second volume of Savigny’s Mémoires
sur les Animaux sans Vertéhres ; in Milne-Edwards” ¢ Obser-
vations sar les Ascidies Composées,” published in the Mémoires
de PInstitut for 1839, and in Professor Huxley’s Papers in the
Royal Society’s Transactions for 1851.

For figures of Pyrosoma giganteum, a free social Ascidian, which
lend much probability to the wview which has been here
adopted, as to the homological identity of the branchial sac
of the Ascidian with the gills of the Lamellibranchiata, see
Le Sueur, in the Bulletin des Sciences par la Société Philo-
mathique, 1815, pl. 1. fig. 2, or Journal de Physique, June
1815; and Keferstein und Ehlers, Zoologische Beitriige, 1861,
Taf. xii., figs. iv. and v,

For the essential character and structure of the branchial sae, see
Milne-Edwards, 1. ¢. pp. 271-274; Hancock, 1. c. pp. 327-334.

For a description of the three tunies of the Ascidians, see Milne-
Edwards, 1. e. p. 27

For an account of the circulation in this elass, see Bronn, Klassen
und Ordnungen des Thierreichs, 1i. 1. pp. 172-176; Milne-
Edwards, 1. ¢. pp. 224-228 ; Hancock, 1. e. pp. 321-325.

Cuvier’s and Savigny’s figures of the various systems and organs of
Ascidians, as well as those given in V. Carus’ Icones Zooto-
micae, tab. xviii.,, from the most recent authorities, are well
worthy of being studied.

For an account of a new genus of Ascidian which possesses a
bivalve shell, see Lacaze Duthiers, Ann. Sci. Nat., Ser. v,
tom. iv., 1865, p. 293. Sur un genre nouvean d’Ascidien,
Le Chrevrenlivs Callensis, Lae. Duth., where, at p. 307, the
differences between the type of organization which the animal
named presents and that of the Lamellibranchiata are pointed
out.
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The internal anatomy of the species here deseribed resembles in
many points that of the Ascidian, dscidia Phusea, figured by
Cuvier, Mémoires du Muséum, tom. i., 1815, pl. 1, fig. g,
and described by him, L. e. pp. 29, 30; or Mémoires pour servir
A I"Histoire et & "Anatomie des Mollusques, Mémoire sur les
Ascidies, pp. 20, 21.  The mouth is similarly situated at the
hottom of the branchial sae in Adscidia Seabra, which differs
from this species, Ascidia Affinis, in being smaller and rougher
externally.

23. Broap-LEAFED HorRNwWRACK (Flustra Foliacea).

A Seawgep-LIKE Polyzoon, very common and universal in Euro-
pean seas. The Polyzoary is Hexible, of silk-like texture and ap-
pearance, ordinarily forming ereet fronds but oceasionally loosely
adnate to marine objeets. The eells, which by their mutual appo-
sition in these social ammals form the Polyzoary or Coenoecium,
are arranged multiserially in parallel longitudinal rows on both
sides of the frond they make up. The individual cells are ovoidal
in shape, and have from four to eight spines set round their larger
end, in which their mouth, which is erescentic and protected by
a lip, 1s placed subterminally. The avicularium and mandible arve
semicireular and immersed. There are no vibracula, The polypide
itself’ is, when contained in its cell, bent several times upon itself,
Its tentacles are very long. It resembles the great majority of
fresh-water Polyzoa in the absence of a gizzard. The ovicell, a
sort of marsupial pouch, analogous, in vespect of function, if not
homologous, with the cloaca of the Ascidians, and continuous with
the perivisceral space through a passage at the upper and back part
of each cell, 1s inconspicuous in this species, being deeply immersed.
The ova themselves are of a striking colour, and, as in other
Polyzoa, are set free by the death and disruption of the parent
polypide.

For excellent figures of the external and internal anatomy of this
animal, see Van Beneden, Recherches sur I’Anatomie, la Phy-
siologie, et le Développement des Bryozoaives qui habitent la
cote d’Ostende, Mem. Acad, Royale de Bruxelles, tom. xviii.,
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1844, pp. 32-34, pl. iv,, figs. 11-17. For similar figures of
another marine Polyzoon, deamarchis dvicwlaria Limx. Buguia
Avicularia, Busk. Brit. Mus. Cat. p. 45; see Bronn’s Klassen
und Ordnungen des Thierreichs, 1i. 1, Taf. v,, fig. 3, A.B.C.D.
figures of the Hippocrepian fresh-water species, see Allman,
Fresh-water Polyzoa, pl. il. ¢f passiii.

For an account of the zoological characteristics of the class, and

For

especially of the marine subdivision of it, see Busk, ¢ Fossil
Polyzoa of the Crag,” Palacontographical Society’s Memoirs,
1859, part 12; and British Museum Catalogue of Marine
Polyzoa, 1852, where, at pp. 103—108, an account of the struc-
tures above mentioned under the names of ¢ vibracula’ and
¢ avicularia,” will be found.

the microscopic anatomy of the fresh-water Polyzoa, see
Nitsche, Reichert und Dubois Reymond’s Archiv., 1868,
p. 465; and for that of the nerve.system especially, see
Taf. xiii. fig. 23. For similar observations, see Alpheus Hyatt,
Proceedings of Essex Institute, Salem, Mass., U. 8. A,, vol. iv.
No. v., 1864-1868.

For remarks as to the homologies and affinities of the class to the

For

Brachiopoda, and also to other Mollusean classes, see Lister,
Phil. Trauns. 1834, p. 385; Farre, Phil. Trans. 1837, p. 417 ;
Hancock, Phil. Trans. 1857, p. 849; Allman, L. e. pp. 43-55;
and Quarterly Journal of Microscopical Science, January, 1869,
p. 62; Hyatt, L. c. vol. v. No. v., pp. 150-157 ; Fritz Miiller,
Reichert und Dubois Reymond’s Archiv. 1860, p. 79, where
at Taf. 1. fig. 2, a larval Brachiopod 1s represented with four
arms borne upon a retractile proboscis ending in an oval pro-
tuberance closely similar to the epistome of the Hippocrepian
Polyzoa.

the identification of the Polyzoa, as belonging to the sub-
kingdom Mollusea, see Audouin and Milne-Edwards, Ann.
Sei. Nat. tom. xv. 1828 ; Milne-Edwards, ibid. tom. vi., p. 16,
1836; Recherches Anatomigues, Physiologiques et Zoologiques
sur les Polypiers de France, 1841-1844, 8vo.

For the hterary history of the nomenclature of the class, see Busk,

Ann, Nat. Hist. x., 1852.
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24. BucrLe CoRALLINE (Salicornaria Farciminoides).

Tue Polyzoary is plant-like, erect, caleareous, dividing dicho-
tomously, the internodes articulating by flexible chitinous bands
instead of being continuous as in the preceding specimen, Tt is
ordinarily about three inches high, and is attached by a fibrous
branching root-like base. The cells are arranged quincuncially
round an imaginary stem, and divide the surface of the internodes
which they make up, into more or less regularly rhomboidal or
hexagonal spaces bounded by the raised borders of the cells. The
month has a tooth on each side at its orifice within its lowest
border. The avicularia are distinet from and placed above the
cells, but not regularly. Their rostrum is immersed, and their
mandible semicircular. No vibracula are present in this species,
The ovicells, which are immersed as in the preceding specimen,
have here their position frequently identifiable by the presence of a
perforation above the mouth.

For specific characters, see Busk, British Museum Catalogue of
Marine Polyzoa, pp. 16-18, pl. Ixiv,, fig. 3; Fossil Polyzoa of
the Crag, p. 23 ; Johnston’s British Zoophytes, p. 355, 2nd ed.;
English Cyclopaedia, article ¢ Polyzoa,” p. 420, fig. 4; Cam,
Heller. Verhand. Zool. Bot. Gesellschaft im Wien, bd. xvii.,
1867, p. 85.

25. Larva oF Deard’s-sEap MorH
(Acherontia Atropos).

Turs and the following five preparations are intended to illustrate
the various points of external and internal anatomy, such as the
presence of prolegs, the absence of wings, the rudimentary con-
dition of the reproductive system, the shortness, large calibre and
straightness of the digestive tract, the great development of the
salivary glands and of the fat body, in which the larva or pupa,
or both differ from the perfect insect. The caterpillar of the
Death’s-head Moth is the largest of all European species. The
greater or less homonomy of its segments from head to tail, and
the fact that the segmentation of its legs and antennae is not very
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obvious to the unassisted eye, give the larva somewhat of a vermi-
form appearance ; and together with the absence of wings and of
the dense sealy covering clothing both wings and body in the adult
Lepidopterous inseet, put it into sharp contrast with the imago.
Each of the three segments immediately posterior to the head carries
with them a pair of quinquearticulate legs. The fourth and fifth
post-cephalic segments have no appendages, but, like the first and
unlike the second and third, arve pierced on each side by a re-
spiratory foramen known as a “spiracle’ or ¢stigma.’ The sixth,
seventh, eighth, and ninth segments possess spiracles, and carry
sucker-shaped motor organs, armed with spines, which are known
as ¢ pedes spurit’ or ‘prolegs.” The tenth and eleventh segments
are furnished with spiracles but have no prolegs; the eleventh
carries on its dorsal surface a tuberculate horn characteristic of the
farily Sphingidae, with the exception of a few species, one of
which is North American; and representing the fuwnis of the
embryo.  Posteriorly to this horn and between it and the tri-
angular supra-anal valve are two half-ring-shaped ridges, reaching
from the level of the spiracle of one side over the dorsum to the
level of the spiracle of the other. They appear to be distinet from
the ventrally-placed half-ring which earrvies the posterior or fifth
pair of prolegs, and it is possible therefore that the presence of
three segments may thus be indicated posteriorly to the eleventh,
whereby fourteen, the typieal number of post-cephalie segments in
Arthropoda, would be made up. The greater part of the covering
of the head is made up by two large seales, the ¢parietal scales’
of Lyonet, the ¢procephalic lobes’ of Huxley;’ the ©Scheitel-
platten’ of the German authors referred to below, corresponding
to the “epicranium’ of the imago. Anteriorly a triangular plate,
the ¢ frontal scale’ of Lyonet, the representative of the ¢labrum’
and ¢ clypeus’ of the perfect insect, is interposed between the pro-
cephalic lobes. These lobes or scales are each divided into two
nearly equal halves by a dark stripe, on the inferior termination of
which are to be found the six ocelli. Mesially to the lower part of
the area oceupied by the ocelli, the parvietal scales give articular
origin to the antennae, and more mesially again we have on either
side the articulation of the mandible.  From the position thus held
by the antennae of the larva relatively to that of the organs of the
mouth on the one hand, and to that of the antennae of the imago
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on the other, they have been supposed by Zaddach to correspond
to the inferior or posterior pair of antennary organs of the Crus-
taceans, the so-called ¢ antennae,” whilst the antennae of the imago
correspond with the superior or anterior antennary organs or ‘an-
tennules’ of the Crustaceans. The structures corresponding to the
maxillae and labium of such insects as the Coleoptera and Or-
thoptera, and to the two pairs of maxillae in Crustaceans, are here
more or less fused into a horizontal plate which forms a sort of
operculum to the mouth, and carries three segmented organs on its
free edge. Of these three organs, the one which is placed mesially
is the labium, modified so as to give exit to the common duct of the
two silk glands; and the organs placed one on either side of this
“spinneret’ are the maxillae, modified so as to serve not only in the
prehension of food, but also, in many larvae, in the construction of the
cocoon. The two pairs of appendages which this compound organ
thus represents in the larva, retain more of their typieal distinetness
in the imago, where they take the shape of a spiral proboscis, and a
largely developed and palpigerous labium. On the other hand, the
largely developed mandibles of the larva are represented by merely
rudimentary organs in the imago, reversing thus the history of the
posterior oral appendages, If the eyes be taken as indicating the
presence of one segment, the antennae of the larva a second, and
those of the imago a third segment, to which three other segments
would have to be added for the mandibles, maxillae and labium, the
head of the insect will be seen to consist, like that of the typical Ar-
thropod, of six segments indicated by as many pairs of appendages ;
and the six cephalic segments, together with the three thoracie and
eleven abdominal, will make up the entire number of all the seg-
ments of the body to twenty. In their possession of prolegs and
of bright colours upon the integument, the larvae of Lepidoptera
differ from those of Coleoptera and Hymenoptera Genuina, which
they resemble, as they do also those of the Diptera and Neuroptera,
in passing into a state of perfect quiescence as pupac.

For the typical number of segments in the Arthropoda, see Huxley,
“On the Agamic Reproduction and Morphology of Aphis,’
Linn. Soe. Trans., vol. xxii., 1858, p. 225.

For the indication of a distinet cephalic segment which the pre-
sence ol the eyes furnishes, see Zaddach, Die Entwickelung
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und Bau der Gliederthiere, pp. 78, 87, 88; Rathke, Mor-
phologie, pp. 126-127.

For the antennae of the larvae in relation to those of the imago,
and the antennae and antennules of Crustacea, see Zaddach,
l. e. pp. 13, 86, 3.

For a history of the metamorphoses of Lepidoptera, see Westwood,
Introduction to the Modern Classification of Inseets, vol. ii.,
pp- 310-321.

For figures of the oral organs of the Larvae of Lepidoptera, see
Lyonet, Trait¢é Anatomique de la Chenille qui ronge le bois
de Saule, pl. 1. ii., and p. 59 for functions.

For those of the imago, Savigny, Mémoires sur les Animaux sans
Vertébres, vol. i., pl. 1. i1. iii,

26. Pura or Deare’s-neap Morn
(Acherontia Atropos),

Showing the form of chrysalis known as fobtected,” or better, as * larvate’
or * gignate.”

Ix this form the external organs of the future perfeet insect arve
more or less obscurely distinguishable beneath the hard elastie
membrane in which they are inclosed instead of being free as in the
so-called ¢ exarate’ or ‘liberae’ pupae of Coleoptera and Hymen-
optera, and which is a product of the hardening of a secretion
instead of being merely the dried integument of the maggot, as
in the ¢ coarctate’ pupa of many Diptera. The conical form of the
pupa case is characteristic of the Heterocerous Lepidoptera, in
contradistinetion to the angular form of the Rhopalocerous. The
apical portion of the cone, the ¢ecremaster’ of Kirby and Spence,
is made use of by the pupa when it works its way up from the
chamber, six inches or so deep in the ground, before entering
upon the imago-stage of its existence. In possessing thus a
power of motion in the last stages of their pupa-life, the Lepi-
doptera resemble the Phryganeodeae or ¢ caddis flies,” as they do
also in many other particulars, though the chrysalis of the family
just mentioned differs from that of the Lepidoptera in being
¢ free’ or exarate’ like that of the beetles and bees. Seven
spiracles are seen on either side upon the abdeminal segments;
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an eighth, which belongs to the most anteriorly placed of the
abdominal segments, is concealed by the wing-case on either side.
The ninth abdominal ring is marked by a depression on either side
of the middle ventral line, the lines limiting which extend into
the interspace between it and the eighth segment, and indicate
thus the normal position of the outlet of the generative glands.
Posteriorly to this symmetrical depression, and separated from it
by the entire breadth of the tenth segment, is seen an azygos
depression with an antero-posterior direction indicative of the true
position of the anus, which is in relation with the eleventh ab-
dominal segment and its appendages, one of which the apical horn
may be taken to represent. The dorsal part of the mesothorax or
‘ mesonotum’ 1s largely developed ; and the wing-cases are seen
to take origin along either side of it, as well as from the much
smaller ¢ metanotum,” which is represented by a dumb-bell-shaped
mass, constrieted mesially and rugose on the surface. The ¢ pro-
notum’ 1s much larger both relatively and absolutely than in the
perfect insect, and forms a transversely elongate oval mesially
carinate shield. The head-cover is divided by faintly marked
transverse lines into three portions; the most posterior of which
gives origin to the ¢ceratothecae,” and appears to correspond to
the “parietal scales” of the larva and the ¢ epicranium’ of the imago,
whilst the two anterior portions correspond to the ¢ frontal scale’
of the larva, and the posterior and anterior ¢ clypeus’ of the imago.
The middle division of the head cover is the largest, the anterior
is minute and the smallest of the three. In the middle line infe-
riorly between the “ophthalmothecae” is seen the ¢ glossotheea’ in
which the ¢spirignatha’ or “antlia’ of the future imago is lodged ;
and externally to it on either side upwards, the ¢podothecae,’
¢ ceratothecae,” and ¢ pterothecae,” lodging respectively the future
feet, antennae, and wings.

For the relations of the posterior segments of the abdomen to the
generative and anal outlets, see Lacaze Duthiers, Annales des
Sciences Nat., 1853, tom. xix., Ser. iii,, p. 220; Huxley,
Linn. Soc. Trans., 1858, vol. xxii., p. 230.

For the nomenclature adopted by various writers for the varions
parts of the external skeleton, see Nuh—‘pnri., CJ-{']”I]'“"H!‘L"‘ ol
Anatomy and Physiology, Article  Insecta,” pp. 885,913 ; and
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for a fuller vocabulary, Burmeister’s Manual of Entomology,
translated by W, E. Shuckard, chaps. ii. and iii.

27. Imaco oF Dearn’s-neEap Morn
(Acherontia Atropos).

Tur development of wings and the differentiation of the hody
into three great heteronomous divisions, the head, the thorax, and
the abdomen, are the most prominent external points in which the
perfect insect differs from the imago., The scaly eovering of the
body and wings, the great development of the eyes, the somewhat
smaller but still not inconsiderable relative increase of the size of
the antennae and of the legs, the replacement of the fused maxillae
and labium of the larva by a spiral sucking proboscis, and a labium
provided with large palpi, and the reduction of the actively
functional mandibles to purely rudimentary structures, are almost
equally obvious points of difference between the larva and the
imago of a Lepidopterous insect. The maxillary palps are, as in
many Hymenoptera, and unlike what we observe in Diptera, very
small as compared with the labial. The prothorax is much reduced
in size. When viewed from above, the dense covering of scales
having been removed, it has the appearance of a narrow rng,
whence its technical name of “ collar,” interposed between the head
in front and the largely developed mesothorax behind.,  The
pronotum carries laterally a pair of vesicular scales covered with
hairs, and known as ‘patagia.” They are characteristic of the
order, and distinet from the ¢ tegulae’ or wing-covers, with which
they have been sometimes confounded, and which are carried by
the mesonotal pracsentum, and though very largely developed in
the Lepidoptera, are not peculiar to them.

As points of more or less classificatory importance, mostly with
reference to the differences observable as existing between the
diurnal and nocturnal Lepidoptera, may be noted, fivstly, the ter-
mination of the multi-articulate antennae m a filament, not 1n a
club ; secondly, the existence of a ¢ retinacular’ apparatus, whereby
a spinous outgrowth on the under surface of the base of the hinder
wing connects it with an annular ligament similarly developed on
the under side of the anterior wings ; and thirdly, the two pairs
of spurs on the mner side of the posterior tibiae. The family
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Sphingidae have no ocelli, and the genus Acherontia has the spiral
proboscis much shorter than other genera belonging to the family.

In their possession, when larvae, of provisional organs, of which
no traces are left in the perfect inseet, the Lepidoptera resemble the
Neuroptera and Hymenoptera Phytophaga, amongst the orders dis-
tinguished by quiescence in the pupa-stage, and said consequently
to have a ¢ perfect metamorphosis,” as also the Orthoptera Am-
phibiotica amongst Ametobolous insects. The true Hymenoptera,
on the other hand, and the Coleoptera, with a few exceptions,
possess no provisional organs in this larval state, though they pass
into perfect quiescence as prpae. This latter condition therefore
should be taken as the essential characteristic of a ¢ perfect meta-
morphosis.’

For the characteristics of perfect and imperfect metamorphosis, see
Gerstaecker, Klassen und Ordnungen des Thierreichs, bd. v,
p. 189.

28. Larva oF Goar Mora (Cossus Ligniperda),

Dissected so as to show the various internal organs of vegetable life, and the points
in which they differ from those observable in the perfect insect.

Tue dorsal integuments have been divided down the middle line,
and turned outwards on either side, together with the muscles
which were in connection with them. The greater part of the body-
cavity is oceupied by lobulated masses of adipose tissue, known
as the ‘fat body,” or ‘rete) which disappear almost completely
in the adult insect of the orders with a perfect metamorphosis.
In the middle line we see the digestive tract, which passes, without
forming any convolutions at right angles to the long axis of the
body, from the mouth to the anus. Its most anterior segment,
seen in this Preparation, is the transparent-walled oesophagus upon
which is seen the highly developed wervis recurrens. This nerve is
connected, anteriorly, with a series of three ganglia which are placed
one behind the other, and correspond with the single ganglion
Sroutale of some insects; and, posteriorly, at the junction of the
oesophagus and stomach, with a plexus into which the two lateral
stomato-gastric nerves enter. The stomato-gastric nerves undergo
less change in metamorphosis than perhaps any other system of
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the larva. The stomach succeeds to the oesophagus, from which it
15 readily distinguished by the opacity of its walls and the tracheae
which are distributed to it in great abundance. Bands of oblique
muscles are observable decussating superficially, and longitudinal
museles lying at a deeper level in its walls. The tubular renal
organs, the so-called ¢ Malpighian vessels,” are seen upon the pos-
terior half of the stomach, forming two loops on either side, the
mesially placed being shorter than the more externally placed
loops, and having its limb which passes towards the anal end of
the body bifureated, whilst the returning limb of each outer loop
remains undivided. The two loops on each side thus form three
trunks which form an intricate interlacement in the posterior part
of the body-cavity, on either side of the intestine. The two stems
themselves fuse on either side into a single trunk, which opens
into the intestine a short way below the pylorus; and as the
product of these tubules is urie acid, the portion of intestine below
their opening may be regarded as exeretory, and that intercepted
between their opening and the pylorus, as corresponding fune-
tionally with the small intestine. The point however at which
these vessels open into the digestive tract may vary, in different
orders, from the immediate vicinity of the pylorus to the immediate
vieinity of the anus. The looped portions of these organs ave of
larger calibre than the more complexly convoluted posterior por-
tions ; from which they differ also in being smooth exteriorly, and
eylindriform, instead of having a moniliform appearance, from being
beaded over with saceuli. The rectum, which is censiderably longer
than the small intestine, has 1ts external surface divided nto six
longitudinal strips by as many museular bands; and the spaces
thus marked out are again subdivided by a very much larger
number of very much smaller transversely running muscular bars,
The long convoluted white tubes, the coils of which are seen to
commence with a blind end on either side, about opposite the
junction of the stomach and intestine, are the silk glands, and they
pass to the under surface of the digestive tract, anteriorly, to end
in a common duct opening in the modified labium or ¢ spinneret.’
Underneath the coils of the silk gland of the left side, a large trans-
parent walled bladder is seen, from the posterior end of which a
tubular gland passes ofl' to form the mass of convolutions called the
¢« quene du vaissean dissolvant’ by Lyonet in his elaborate mona-
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graph of the anatomy of this larva, and bent round so as to lie
in apposition with the bladder into which i1t opens, and in the
interval between it and the stomach. The bladder, with the pos-
terior extremity of which this tubular gland is thus connected,
opens anteriorly by means of a wide duct into the mouth ; and the
organ thus made up of a duet, a bladder-like receptacle, and a
tubular gland, may be seen to correspond with the much smaller
salivary glands of the perfect insect. Neither upon the faseiculi of
tracheae which are seen passing inwards from the spiracles to dis-
tribute themselves to the viscera, nor upon the longitudinal canals
connecting the stem whence these fasciculi spring, which may be
seen here and there in the intervals left between the lobes of the
“fat body,” are there any vesicular dilatations developed in the
larval state. This relatively inferior evolution of the respiratory
system may be explained upon purely mechanical grounds, when
we consider the comparatively sluggish movements of the larva,
whilst the physiological necessity which exists during periods of
growth and development for an active performance of the renal
funections, will account for the large development of the Malpighian
vessels here observable. And the all but complete absorption and
disappearance of the ¢ fat body’ at the end of the metamorphoses
of metabolous insects, is to be explained by the need they have,
especially during their period of existence, as pupae, for a large
supply of force and matter, for the carrying out of the complex
changes in, and the superadditions to, the larval organism which the
arrangements of the museles and the evolution of the reproductive
organs in the imago may be taken as illustrating. Such dif-
ferences in the digestive apparatus of the larva as those already
spoken of (Prep. 235, p. 75) in the appendages of the oral segments,
as the larger calibre and the lesser length of the digestive canal, as
the absence of convolutions, and of a erop, and as the much larger
size of the salivary glands, are obviously correlated with the dif-
ferences existing between its mode of sustenance and that of the
butterfly. The presence of a rectal coeenm in the perfect insect,
1s to be noted as an additional point of contrast. The disappear-
ance of the silk-glands during the pupa-stage is readily explicable
by the fact, that all need for such organs ceases after the forma-
tion of the cocoon ; and the condition of semi-fluidity to which the
various organs of the pupa are reduced in the early stages of the
@
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period of quiescence, makes the method of their disappearance
easily intelligible.

A monograph of great merit and detail has been written upon the
anatomy of the larva of the Goat Moth, by P. Lyonet, Traité
Anatomique de la Chenille qui ronge le bois de Saule, 1762,
in which excellent figures will be found of the digestive system
in pl. v. xiil. xviil., of the respiratory in pl. x. x1., of the mus-
cular in pl. vi. vil. viil., of the ganglia froutalia of the azygos
stomato-gastric system, pl. xviii.,, for which see also Brandt,
Ann. Sei. Nat., Ser. ii,, tom, v., 1836, p. 9g.

For the sources for the production of fat within the animal’s body,
see Voit, Zeitschrift fir Biologie, Bd. v., Hft. i., p. 79, 186q.

For the development of the fat body” in Lepidoptera, see Hermann
Meyer, Zeitschrift fir Wissenschaftliche Zoologie, 1. 175.

For the absorption of it in the processes of growth and develop-
ment, especially of the reproductive organs, see Peters, Carus,
and Gerstaecker, Handbuch der Zoologie, p. 120, and Weis-
mann, Die Entwickelung der Dipteren, p. 178.

For the changes of consistence observable in the tissues and organs
of the Lepidopterous pupa, see Newport, Phil. Trans., 1832,
p. 390 ; and for the much more extensive changes in the way
of histolysis which appear to furnish an instance of ¢ free cell-
formation” on the one hand, and on the other to approximate
the character of the metamorphosis of the coarctate dipterouns
pupae to that of “alternation of generations,” see Weismann,
L c.; pp: 135, 164, 196, 337, 232, 239

For the respiration and temperature of insects, see Newport, Phil.

Trans., 1836, 1837.

29. Larva of Priver Hawk Mora (Sphine Ligustre),

Dissceted so as to show its nervous system.

Tue dorsal integuments and the various organs of vegetative
life have been removed; a black bristle has been passed through
the nerve collar, and slips of blue paper placed under various parts
of the chain of ventral ganglia, In the nerve system as thus ex-
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posed and prepared, twelve main ganglionic masses are readily
detectible with the naked eye. The first of these is placed above
the oesophagus, is divisible into two lobes by a shallow antero-
posterior depression, and from its relation to the eyes and antennae,
may be ealled the ¢ cerebroid” ganglion. The first sub-oesophageal
ganglion, by the commissural junction of which to the cerebroid,
the nerve collar is formed, is in closer proximity to the second than
this is to the third, or the third to the fourth, or the fourth to the
fifth. These five ganglia resemble each other in being more or less
heart-shaped, the nerves they give off being directed forwards;
the first of them supplies the organs of the mouth, and the other
four those of the thorax. The first of these ganglia is represented
in the developing Crustacean dsfacus fluviatilis by three pairs of
ganglia corresponding severally to the mandibles, the anterior, and
the posterior maxillae, but, so far as is known, it is connate in the
developing insect from the earliest periods. The second, third,
fourth and fifth pairs of ganglia are distinet in development in
both these animals ; they are fused into a single ganglionic mass
in the adult forms of both; the single mass thus formed may
retain more or less distinet indications of its originally composite
character, but in the insect it does not, as in the Crustacean spe-
cified (see Prep. 34), fuse with the similarly fused mass supplying
the three true jaws. Thus the distinctness of the head of the
insect from its thorax is preserved and reproduced in its nervous
system, whilst the fusion of head and thorax in the Crustacean is
similarly reproduced also. The fact so far as relates to the class
Insecta is sometimes expressed by speaking of their brain as con-
sisting of a sub-oesophageal as well as of a supra-oesophageal
portion, or of a ¢ cerebellum’ as well as a ¢ eerebriimn,’ the former of
which is in connexion with a chain of ventral ganglia. As however
the serial homology of the various ventrally-placed appendages of
the articulate Neuropods is universally recognised, this nomen-
clature is less to be recommended than one which by numbering
the segments of the nerve cord as is done here, enables us at once
to see where correspondence has or has not existed, or been re-
tained between the external and the internal organs. Though the
line of division between the head and thorax of the insect, both in
its larval and its perfect state, has thus a diastema in the ganglionic
chain corresponding to it internally, which is not preserved in the
G 2
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tephalo-thoracie ganglion of the Crustacea; it is by no means
mvariably the ease in other parts of the insect’s organism, that a
fusion or distinetness of external segments is reproduced internally
by a fusion or segmentation of the chain of nerve ganglia. The
sixth, seventh, eighth, ninth and tenth ganglia are more or less
spheroidal in form, the two first disappear, the three last are re-
tained in the adult insect. The eleventh ganglion is distinetly
divisible into two lobes by a bilaterally symmetrical construction,
representing thus, as also by the distribution of its nerves, the two
ganglia, by the fusion of which it is composed. In the larvae of
some 1nsects, as, for example, Plalaena wneustria, Dorcus paral-
lelepipedus, and Corethra plumicornis, these ganglia retain as much
or more of their typical distinctness, and even in the larvae of
Muscidae, where the ventral cord is not itself segmented, eleven
pairs of nerves are given off’ from it exclusively of those in con-
nection with the jaws, indicating thus that the number of post-oral
ganglia i1s twelve. The tenth, and the bilobed eleventh ganglia,
appear to correspond to the six post-abdominal ganglia of dsfecus
Jluviatilis ; and the five ganglia from the fifth to the ninth, with
the five gangha in relation with the five pair of ambulatory
limbs in the Crustacean. A slip of blue paper has been passed
underneath the two diverging cords of commissure of the third and
fourth post-oral ganglia, and we see in the intercepted space one
of the systems of ¢ respiratory,” “accessory,” or ¢ transverse’ nerves,
connecting itsellf with the larger ganglia of the ventral in much
the same way as the ¢ ganglion frontale’ and the ¢lateral nerve
ganglia’ are connected with the cerebroid ganglia. The  transverse
nerves’ of each inter-ganglionic space are not only connected with
these larger gangha, but also with each other, so as to form a
continuous chain overlying the ventral cord. From this chain,
nerves pass to the tracheae and spiracles, and also to the muscles
which act upon these organs and upon the wings. One of the
large longitudinal tracheae is seen on the right side of the future
thorax, in which part of the body the respiratory system attains
ultimately its greatest size and importance, and has the system
of transverse nerves similarly evolved in corvelation with it. One
of the diagonal muscles is seen passing through the interval between
the cords connecting the second and third ventral gangla. This
and the succeeding interspace are represented in the perfect insect
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by a single oval foramen, the third post-oral ganghon having dis-
appeared, and the mass made up by the fusion of the fourth and
fifth, having closely appreximated to that representing the second.

For a detailed account of the metamorphoses of the nervous system
in the Sphinx Ligustri, resulting in the replacement of the
eleven ventral ganglia of the larva by one sub-oesophageal,
two thoracic and four abdominal in the imago, see Newport,
Phil. Trans., 1832 and 1834 ; or, Cyclopaedia of Anatomy and
Physiology, Article ¢ Insecta,” p. 962 ; Herold, ¢ Entwickelungs-
geschichte der Schmetterlinge,” pp. 58, 59; and description
of Tab. ii., where he speaks of the ventral ganglia of the larva
of Papilio Brassicae as being twelve in number; the com-
missural cords between the eleventh and twelfth being absent.

For accounts of the first appearance of the nerve system, in the
developing embryo of various orders of insects, see Welsmann,
 Entwickelung der Dipteren,” 1864, pp. 38, 82, 190, 192;
Rathke, ¢ Zur Morphologie, Reisebemerkungen aus Taurien,’
1837, pp. 123-127; Léon Dufour, Ann. Sei. Nat., Ser. ii.
tom. 18, pl. iv. and v. See also, for the relatively late period
at which the nerve system is developed and differentiated from
the structures which underlie it, Rathke, ¢ Bildung und Ent-
wickelung des Flusskrebses,” p. 85 ; Zaddach, ¢ Die Entwicke-
lung und den Bau der Gliederthiere.’

For development of the first sub-oesophageal ganglion, see Metschni-
kow, ¢ Embryologische Studien an Insecten,” p. 79, Taf. xxx.,
fig. 33; Zeitschrift fiir Wissenschaftliche Zoologie, Bd. xvi.

For the nervi transversi,’ see Newport, L. c. 1834, p. 401 ; Leydig,
Vergleich Anat. p. 205, Taf. vii. fig. 1, Taf. ix. fig. 2.

For descriptions and figures of the systems of tracheae and of
muscles, see Lyonet, Traité Anatomique de la Chenille qui
ronge le bois de Saule, 1762; and Newport, Phil. Trans.
1836 ; and for deseriptions of the variations in the museles of
the larva of Pygaera Bucephala, see Lubbock, Linn. Soec.
Trans., vol. xxii. pt. iii., 1857.

For the relations existing hetween the external and internal strue-
tures, see Burmeister’s ¢ Manual of Entomology,” translated by
W. E. Shuckard, p. 281 ; Blanchard, Ann. Sci. Nat., Ser. iii.,
tom. v., 1846, p. 281.
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30. Common Cockroact (Periplaneta Orientalis),
FEMALE,

Dissected so as to show its digestive, renal, nervous, and reproductive systems.

Tue greater part of the dorsal integumental system has been
removed by incisions carried along either side; the short elytron,
the only representative of the wings in the females of this species,
has been left iz sifx on the right side, where it is seen reaching
just far enough back to overlap a part of the metanotum; the
greater part of the fat body which abounds in the interspaces
between the viscera, especially in the abdominal region of these
insects even in their adult state, has been removed, and the digestive
tract fastened out upon the left side of the body. The upper seg-
ment of the digestive canal, seen in this preparation, is the crop,
which is about three-fourths of the entire length of the body, and
is distended with food. The entire length of the digestive tract
would be little more than twice that of the body, and this compara-
tive shortness may be considered as eompensated for partly by the
character of the food of this species, and partly by the large quan-
tities which, as seen in this preparation, they devour. A muscular
subeonical gizzard, an organ which is not developed in the larvae
of insects with a perfeet metamorphosis such as the Coleoptera, even
in species which have 1t when adult, but is developed in the larvae
of Orthoptera, including Libellulidae, follows after the erop. Eight
coeca are arranged in a whorl round the commencement of the “chy-
lific stomach,” and a very much larger number of very much longer
and more slender tubes are similarly arranged around its lower end.
The gizzard does not open direetly into the chylific stomach, a
narrow neck of about the same length as the gizzard itself inter-
vening between the apex of the gizzard and the zone marked out
by the eight cocen just mentioned. These coeca appear, from the
facts that they often contain a yellowish fluid, and that they never
afford lodgment for particles of food even when the digestive tract
is distended, to be analogous to the liver of higher animals, whilst
the existence of uric acid in the other set of tubules already men-
tioned, the so-called ¢ Malpighian vessels,” would appear to justify
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us in speaking of them as ‘renal’ organs. The colon, which 1s
bent upon itself, and has its external surface beaded over with
eranulation-like pouches by the action of its muscular coats, 1s
connected with the lower end of the chylific stomach by a short
seement of small calibre, and of similar length fo that which
connects the upper end of the chylific stomach with the larger
end of the gizzard. The colon ends in a reetum, which is divided
into six longitudinal areae by as many longitudinal museular bands,
alternating with internally-placed lamelliform projections of the
inner coats of the intestine. A somewhat similar arrangement
has already been noted in the larva of the Goat-moth (p. 80) ; and
in the larvae of certain Libellulidae the supply of tracheae to the
ridged surface thus constituted, iz so abundant as to convert it
into a respiratory organ. On either side of the junction of the
erop to the oesophagus is seen the bilobed salivary gland.

On the right side in this preparation is seen the salivary recep-
tacle, a pellucid bladder, reaching a little farther back than the
gland. The duet from this receptacle fuses with that of its fellow
of the opposite side, and into the common duct thus formed a second
duet, formed by the junction of the ducts of the two glands, is re-
ceived, so that all the four duets find an outlet into the mouth by a
short common canal.

An azygos nerve, the nervus recurrens, from the ¢ ganglion impar’
or ‘ ganglion frontale’ of the stomato-gastric system, is seen passing
from before backwards to join a triangular ganglion placed a little
way in front of the middle point of the dorsal median line of the
erop. From this ganglion a nerve passes off on either side to the
posterior extremity of the erop, and may be seen to have an elon-
gated thickening developed upon it at the lower third of its length,
A third nerve, not seen in this preparation, has been deseribed as
passing off from the centrally-placed triangular ganglion to the
salivary glands. The ganglion impar, from which the nervus re-
currens takes origin, is not seen in this preparation, being situated
anteriorly to the cerebral ganglia, with which it is connected by
delicate filaments joining it just internally to the large antennary
nerves. The paired ganglia of the stomato-gastric system are
situated some way posteriorly to the cerebral ganglia; and the
short nerve seen on either side of the nervus recurrens, just where
the Sali'.'ury g'litl‘ll'l abuts upon the crop, 1s gi ven ofl’ l_;l}r the llfJStL'l‘iD'l'
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of the two pairs of ganglia, of which the symmetrical portion of
the stomatogastric system consists, in this as in most other insects.
The paired ganglia are connected with each other, with the cere-
bral ganglia, and finally with the nervus recurrens, which strue-
ture, however, together with the ganglia in connection with it,
constitutes in these and most other insects by far the most im-
portant part of the stomato-gastrie system.

In the abdominal region are seen six ganglia corresponding to
the six posterior ganglia of the Lepidopterous larva. The two
first of the six, which correspond to the two which become obsolete
in the butterfly, are more closely apposed to each other than are
any of the succeeding four. The last ganglion is more or less
cordiform, and larger than those which precede it, and gives off
nerves to the lower portions of the generative and digestive tubes.
The ovaries are of the kind called ¢verticillate’ by Miller; and
consist of eight moniliform tubes on either side, which are connected
anteriorly with the dorsal element of the prothorax by means of a
suspensory ligament, made up of the fusion of filaments given off
from their apices ; and which inferiorly open upon the convex end
of a pear-shaped ovidueal infundibulum, as ordinarily figured. The
infundibula of the two sides which may be seen, when undistended,
to have the egg-tubes inserted laterally as in other Orthoptera, pass
beneath the terminal nerve structures and the ¢ oviscapt’ to form a
common vagina, which opens in the interval between the eighth and
ninth abdominal segments. Immediately posteriorly to the last
nerve ganglion, in the angle limited by its branches, we may see
with a lens the receptacula seminis, which take the shape of two
short contorted coeca, one of which is rather larger in calibre than
the other, and which open by means of a single short duet in the
sternum of the ninth segment. The ¢colleterial’ or ‘sebaceous’
glands, which consist of numerouns delicate tubules of much