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PREYACE

TiE present volume is an iustalment of that part of the
treatise dealing with the great phylum Appendicnlata — a
phylum which includes the Arthropoda, Cheetopoda, and
Rotifera.  Dr. Calman having finished the present description
of the Crustacea, it has been considered advisable to publish
it at once, without waiting cither for the general intro-
duction on the classification and characters of the phylum
Appendiculata or for the completion of the fascicles devoted to
the Peripatoids, Chilopods, Arachnids, Chilognaths, Hexapod
Insects, Cheetopods, and Rotifers.
E. RAY LANKESTER.

Junuary 1909.
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CHAPTER 1
CLASS CRUSTACEA.

SuB-CLass [. Branciiopopa.

Order 1. Anostraca.
,» 2. Notostraca.
5, 3. Conchostraca.
5, 4. Cladocera.

SuB-Crass II. OSTRACODA.

Order 1. Myodocopa.
,, 2. Cladocopa.
5, 3. Podocopa.
,, 4. Platycopa.

Sup-Crass III. CoPEPODA.

Order 1. Bucopepoda.
,, 2. Branchiura.

SuB-CrLass IV. CIRRIPEDIA.

Order 1. Thoracica.
Acrothoracica.
Ascothoracica.
Apoda.
Rhizocephala,

T 0 LD

SuB-Crass V. MALACOSTRACA.
SERIES A. LEPTOSTRACA.
DiIvISioN PHYLLOCARIDA,
Order Nebaliacea.

SERIES B. LUMALACOSTRACA.
DivisioN 1. SYNCARIDA.
Order Anaspidacea.

1



2 THE CRUSTACEA

D1visioN 2. PERACARIDA.

Order 1. Mysidacea.
,, 2. Cumacea.
5 3. Tanaidacea.
,» 4. Isopoda.
,» 5. Amphipoda.

DivisioN 3. EUCARIDA.

Order 1. BEuphausiacea.
., 2. Decapoda.

Division 4. HOPLOCARIDA.
Order Stomatopoda.

Introductory.—The Crustacea form one of the Classes com-
posing the Sub-Phylum Arthropoda, and include, besides the
forms popularly recognised as Crabs, Lobsters, Crayfish, Prawns,
Shrimps, Sandhoppers, Woodlice, Barnacles, and Water-fleas, a
multitude of related organisms which are nameless in common
speech.

The Class presents so wide a range of structiral diversity that
it is all but impossible to give, in a few words, a definition which
shall apply to all its members. Of the great majority it may be
said that they are Arthropoda of aquatic habits, breathing by gills or
by the general surface of the body, having two pairs of antenniform
preoral appendages, and having at least three pairs of postoral
appendages acting as jaws, the three corresponding somites being
coalesced with the head. DBut while these characters are found
in the more primitive members, actual or hypothetical, of all the
sub-classes and orders composing the Class, the more modified types
furnish exceptions to every statement of the definition. Thus, the
land-crabs and woodlice are not only completely terrestrial in their
habits, but are provided with special organs for aerial respiration ;
the preoral appendages may be modified for locomotor or prehensile
functions, or may be quite wanting ; and some or all of the mouth-
parts may be suppressed. The most extreme modifications are
found in parasitic forms, and some of these, such as the Rhizocephala,
have lost, in the adult state, almost every trace, not only of
Crustacean, but even of Arthropodous structure. In these cases,
however, the larval stages afford indications of aflinity, while less
specialised forms provide connecting links with the typical Crustacea
and leave no doubt as to the natural character of the Class as a
whole.

Iistorical.—In  the Systema Natwrae (12th edition, 1767),
Linnaeus placed most of the Crustacea then known in his Class
Insecta (equivalent to the sub-phylum Arthropoda as now under-
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stood), where they formed, with the Arachnida, one of the divisions
of the Order Aptera. Three genera were recognised, Cuncer,
Monorulus, and Oniscus. The Barnacles, however, forming the genus
Lepus, were placed among the 'ermes testucea, hetween Chiton and
Lholus, and the genus Lernoes, comprising certain parasitic forms,
was classed wnder I'ermes molluscu.  The adjective crustate or
erustacea had been applied, more or less loosely, by the older
naturalists to animals possessing a hard exoskeleton, and Drisson,
in 1756, had used it as the designation of a group. Pennant, in
1777, appears to be the first post-Linnaean anthor to suggest the
separation of a distinet class under the name Crustacea, and this
step was definitely taken in Cuvier’s Lecons d'Anwtomie compurde
(1800), where, however, the Isopoda still remained among the
Inseets. Lamarck in 1801 included the Isopoda, and Latreille made
many changes in the classification, the most important being the
division of the class into Mulucostrace and Lnlomostruce (Genera
Crust. et Insect., 1806). This arrangement, with the further
diviston of the Mulucostraca into Edriophthalme and Podophthalma,
proposed by Leach in 1815, has been widely adopted down to the
present day.

The researches of J. C. Savigny on the structure of the mouth-
parts in Insects and Crustacea (1816) laid the foundations of modern
conceptions of Arthropod morphology. Among his immediate
suceessors in this line of research, perhaps the most prominent
names are those of V. Aundouin and H. Milne-Edwards.  The
Iistoire Naturelle des Crustucés of the last-named author (1834-1840)
marks an epoch in the history of Carcinology and is still indispens-
able to the student. It is curions that, even at this date, Milne-
Edwards did not include the Cirripedia in his survey of the
Crustacea, althongh J. Vaughan Thompson had already in 1830
described their larval stages and recognised their Crustaccan affini-
ties. Apart from this omission, the limits of the Class adopted by
Milne-Edwards differ from those now generally accepted in includ-
ing the Pycnogonida, the Xiphosura, and the Trilobita. There can
be little doubt that the affinities of these groups are with the
Avachnida, thongh it is possible that the very primitive Trilobites
were also phyletically related to the Crustacea.

It is impossible to summarise here the nnmerous changes in
classification introduced sinee the date of Milne-liddwards’ work, but
it may he mentioned that the establishment of a phylogenctic hasis
for classification is largely due to the numerous and important
works of C. Claus.

Further notes on the historical development of the subject will
be given in the chapters dealing with the separate sub-classes and
orders.
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GENERAL MORPHOLOGY.

Exoskeleton.—In the Crustacea, as in other Arthropoda, the exo-
skeleton of the body econsists typically of a series of segments or
somites which may be movably articulated or more or less coalesced
together. In its simplest form the exoskeletal somite is a ring of
chltm, conneeted with the ad]acent rings hy areas of thmner
1nteorument permitting movement in various directions, and having
a pair of appendages attached to its ventral surface. This ring may
be further subdivided into a dorsal fergite and a ventral ster mz‘e, and
the tergite may overhang the
attachment of the appendage on
each side as a frec plate called the
pleuron ! (Fig. 1).

At the posterior end of the
body is a terminal segment known

" P- as the felson, upon which the anus
‘ k opens. This segment never hears
4 typical limbs and its nature has
been variously interpreted. It has

: been regarded as a true somite or
abﬁ\()n‘ﬁl;il':lls:;)erl;;it*ssgfEcll?(? Cxoafyhgﬂe(z{?fru xttls)? as 1'95“1ti“g fI‘OIIl t’he CO&]BSCGHCG
“m}l)gge“d“"e’ 1y plewron; s, sternite; 4, of a number of somites, while some
have described it as a “median
appendage” or as a fused pair of appendages. Its true nature,
however, is clearly shown by embryology. In the larval develop-
ment of the more primitive Crustacea the body inereases in length
by the successive addition of new somites between the last-formed
somite and the terminal region which bears the anus.  The “grow-
ing-point ” in fact, situated in front of this region, and when
the full number of somites has been reached, the unsegmented part
remaining forms the telson of the adult.

In no Crustacean, however, do all the somites of the body
remain distinet.  Coalescence of somites or suppression of segmenta-
tion (lipomerism) involves more or less extensive regions where the
component somites are only indicated by the persistence of the
corresponding appendages.  This is constantly the case in the
anterior part of the body, where a varying number of somites are
united to form the head. - This fusion of cephalic somites is
associated with what Lankester has termed the “adaptational shift-
ing of the oral aperture ” hackwards from its primitive position at
the anterior end of the hody. As a result of this shifting, at least two
somites, corresponding to the antennules and antennae, come to lie

?’“‘_;-—-_

Fia. 1.

1 Sometimes called the epimeron, but this term has been used in different senses
and it seems better to abandon it altogether.,
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in front of the mouth in all Crnstacen (Fig. 2).  Perhaps an anterior
somite bearing the paired eyes should also be recognised, hut some
doubt remains as to the appendicnlar nature of the eye-stalks, and it

is possible that the eyes should be
referred to a primitively preoral region
corresponding to the prostominm of
annelid worms.  In any case, o
prostomial element may be assumed
to share in the formation of the head,
and to it may he assigned the more
or less problematical “frontal sense-
orgaus” found in various larvae and
some adnlt Crustacea. It has been
suggested by Bernard that the back-
ward shifting of the mouth was
accomplished by a hending round of
the anterior somites and that the
prostomium is represented by the
labrum or npper lip just in front of
the mouth. There is, however, little
definite cvidence in favour of this
view.

In all existing Crustacea, in
addition to the preoral somites, at
least three postoral somites, corre-

Fia. 2.

Diagram of the Crustacean head-
region, (Madified trom Goodrich.) The
nervous system is shown in black. «,
antennule; «”, antenuna; D. deutero-
eerebrum, the division of the brain
corresponrling to the antennules; [,
paired  compound eye; e, unpiired
“nauplins ” eye; fop, frontal papilla
or sense-organ: m, month ; md, man-
dible ; ma’, maxillula ; m2”, maxilla ; P,
protocerebrum, the division of the brain
corresponding to the paired eyes: T,
tritocerebrnm, the division of the brain
corresponding to the antennae, Behind
the mouth is seen the transverse com-
missure ol the antennal ganglia or
tritocerebrum.

sponding to the mandibles, maxillulae,

and maxillae, are inelnded in the head-region. Iven where a larger
number of somites are involved there is generally a more or less
marked change in the character of the appendages after the third
postoral pair. and, sinee the integumental fold which forms the cara-
pace seems to originate at this point, it is usual to take the third
postoral (maxillary) somite as the limit of the cephalon throughout
the Class. It is ¢uite probable, however, that in the primitive
ancestral type of the Crustacea, the head-region included a smaller
number of somites. The three anterior pairs of limhs (antennules,
antennae, and mandibles), which alone are present in the “ nauplius ”
larva, show peculiavities of structure and development which seem
to place them in a different eategory from the sueceeding limhs, and
there is some gronnd for regarding the three corresponding somites
as belonging to a “ primary head-region.”  I'or deseriptive pnrposes,
however, it is convenient to treat the two following somites also as
cephalie.

Mention must he made here of a remarkable feature found only
in the aberrant group of the Stomatopoda, among the Malacostraca.
This is the recappearanee of segmentation in the anterior part of the
head, where two movably articulated rings carry the cye-stalks and
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antennules.  Whether or not these rings correspond to the primitive
somites, their distinetness in the highly specialised Stomatopoda is
clearly a secondary condition sinee it is not found in their larvae nor
in any of the more primitive Malacostraca. For the same reasons
no great morphological significance can be attributed to the less
distinetly marked skeletal areas deseribed as representing the
ophthalmie, antennular, and antennal sternites in the higher
Deeapoda.

Tn nearly all cases the post-cephalic somites can be further
grouped into regions or tagmata distingnished by the shape of the
somites or the character of their appendages. In deseriptive
carcinology two sueh regions are commonly distinguished as thorex
and abdomen, but it must be pointed out that there is no morpho-
logical equivalence Dhetween the tagmata so named in different
groups. Throughout the Malacostraca, the thorax of eight and the
abdomen of six somites are sharply distingnished by the appendages.
In the other sub-classes the same names are sometimes applied to
the limh-bearing and limbless regions of the trunk, while in the
Branchiopoda they may denote respectively the regions in front of
and behind the genital apertures.

The total number of post-cephalic somites varies within very
wide limits. In the Ostracoda, where the body is not distinctly
-segmented, the number of trunk-limbs does not exceed two pairs.
In some Branchiopoda the number of trunk-somites exceeds forty.

A strueture which, from its occurrence in the most diverse
groups of Crustacea, is probably a primitive attribute of the Class,
is the dorsal shield or curapace, originating as a fold of the
integnment from the posterior margin of the cephalic region. In
its simplest form, as seen in .{pus among the Branchiopoda, the
carapace loosely envelops more or less of the trunk. In many
Branchiopoda and in the Ostracoda it forms a hivalve shell
completely enclosing the hody and Kmbs. In the Cirripedia it
forms a fleshy “mantle” usually strengthened by shelly plates.
In many cases among the Malacostraca the carapace coalesces with
the tergites of some or all of the thoracic somites, thongh it may
project freely at the sides, overbanging, as in the Decapoda, the
branchial chambers.

It is possible that, in those cases where some of the post-cephalic
somites seem to he simply fused with the head-region, a reduced
shell-fold is also involved in the coalescence. This is most probably
the case in the Isopoda and Amphipoda, where the fusion of the
first thoracic somite with the head is clearly the last vestige of a
shell-fold, traceable, with progressively diminishing extent, from the
primitive Mysidacea through the Cumacea and Tanaidacea. In the
Copepoda, on the other hand, in which one or two trunk-somites
coalesce with the head, there is less evidence that the dorsal



THE CRUSTACEA 7

“carapace” so formed really represents the shell-fold, and its lateral
extensions, which cover the hases of the legs, may be the pleura of
the coalesced somites.  Apart from the Copepoda, the only
Crustacea in which there is no trace of a shell-fold are the
Anostracous Branchiopoda, and perhaps also the anomalous Mala-
costracan A naspides. —_—

Before procceding to discuss the true limbs, mention must be
made of certain appendages which have sometimes been regarded
as homologous with the limbs, but which probably do not belong to
that category. In most Malacostraca and in certain other forms,
notably among the Copepoda, the posterior margin of the oral
aperture is hounded by a fold forming a lower lip (mefustoma or
hypostoma), nsually cleft into two lobes, known as the paragnatha,
which may bear movable terminal lappets. Since there is never
any corresponding pair of ganglia on the ventral nerve-chain, or
other evidence of the existence of a corresponding somite, there is
little ground for the view that the paragnatha are a vestigial pair
of limbs. Claus has shown that in .fpus the so-called paragnatha
are probably the proximal lobes of the maxillulae, and he has
suggested a similar connection in the Malacostraca, where, however,
an independent origin of the lower lip scems more probable. The
upper lip ov labrum, already mentioned, is plainly an nnpaired
outgrowth,

The terminal segment or telson often bears a pair of processes
or rami forming the “caudal furea.” These may be multiartieulate
filaments as in .{pns and a few Cirripedes; in the Anostracous
Branchiopoda, Copepoda, and Leptostraca they are unsegmented
rods articulated to the body ; in other cases they may be simple
processes of the telson. There seems to he very little reason for
supposing that the fureal rami represent limbs, more especially
since the telson, as stated above, has not the value of a true somite.

Limbs - General Morphology.—Tthe Hmbs of Crustacea differ very
widely in form and structure, but it is generally possible to trace
in them the modifications of a fundamental type consisting of a
peduncle, the protopodite (or sympodite), bearing two rami, the
exoporlite and  endopodite.  This siiple biramous form is seen, for
instance, in the swimming feet of the Copepoda (IMig. 3, B), the
cirri of the Cirripedia, and the ahdominal appendages of the
Malacostraca (Fig. 3, A), and in the sccond and third pairs of Hmbs
in the cwrlicsb and most primitive type of larva, the nauplius
(Fig. 5, As a rule, the protopodite is composed of two segments
Kuown as the coxvpodite (or coxa) and hasipodite ! (or basis), but one
of these may be redueed or suppressed ; while, on the other hand,
Hansen has shown that in some cases a pre-coxal segment can be

! By some writers the term basipodite ix applied to the protopodite as a whole.
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distinguished. The two rami may become specialised for different
functions, as in the case of the thoracic limbs of Malacostraca
(Fig. 3, D, E), where the endopodite forms a walking-leg, while the
exopodite becomes a swimming-branch or may disappear altogether.

Fia. 3.

Various types of Crustacean limbs. A, abdominal imb (pleopod) of Craytish. (After ux-
ley.) B, swimming-foot of Calanus (Copepoda). (Alter Sars.) €, limb of second pair
(antenna) of nauplius larva of Apus (Branchiopoda). (Aflter Claus.) D, first thoracic limb
of Anaspides (Syncarida). E, second thoracie limly of Anraspides. 0bs, basipodite ; er, coxo-
podite ; en, endopodite ; ep, epipodite ; ex, exopodite ; gn, gnathobase ; prot, protopodite,

The coxopodite often bears on the outer side an appendage (rarely
more than one), known as the epipodite, which may function as a gill.
In the appendages ncar the mouth one or hoth of the segments of
the protopodite may develop, even in the nauplius, inwardly-turned
masticatory processes or gnathobuses. The oceurrence of epipodites
and gnathobases suggests that the primitive Crustacean limh was
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more complex than the simple biramons type.  Launkester has
called attention to the lobed leaf-like appendages of the Dranchiopoda
(Fig.AT, as probably approximating to the ancestral form.  As will
be shown below, it is not altogether
easy to recognise the homologies
of the varions lobes even within
the limits of the gronp Branchio-
poda, and their exact relation to
the parts of the bhiramous imb is
still open to doubt, but it is
probable that the Branchiopod limb
preserves characters belonging to
an carly phyletic stage before the
biramouns type had become fixed.
ID does not seem I)I.Oﬁtable to Leaf-like trunk-limb of Lepidurus (Bran-
go beyond this and to attempt, gl\_x;‘z}]:oda). (Alter Sars.) en, endites; ex,
as some have done, to compare

the limbs of the Branchiopeda in detail with the Polychaete
parapodiin.

The general character of the modifications which the original
type of limh undergoes is often, thongh by no means always,
plainly correlated with the functions which the limbs discharge.
In swimming-limbs the rami are often flattened and oar-like, and
fringed with plumose hairs or flattened spines. For walking or
ereeping one of the rami, generally the inner, is stout and cylindrical,
tipped with a elaw, and having the segments connected by definite
hinge-joints allowing movement ounly in one plane. The oral
appendages have the gnathobasic lobes developed at the expense of
the rest of the limb, the rami persisting, if at all, only as sensory
“palps.” A multiarticulate flagelliform modification of the rami is
generally associated with a sensory (tactile or olfactory) function,
as in the antennules and antennae. A pincer-like (chelate or sub-
chelate) form is frequently assnmed by limbs used for prehension,
the terminal segment being flexed against the penultimate, or
opposed to a thumb-like process of the latter.

Special - Morphology  of  Linbs— Oculur  Peduncles.—In  many
Crustacea, notably in the Anostracons Branchiopoda and in the
majority of the DMalacostraca, the eyes are set npon pednncles
which are movably articulated with the head, and whieh may be
divided into two or three segments. The view that these peduncles
are homologous with the limhs was first suggested by H. Milne-
Cdwards, and has heen widely but not universally accepted. In
spite of much discussion, however, it cannot be said that the point
has heen finally decided. The fact that the eye-stalks are most
fully developed and most distinetly articulated not in the more
primitive forms, but among the highly specialised Decapoda, is

en. ex

Fia. 4.
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against the appendicular theory, and the evidence of embryology
does not support it. In the development of the Branchiopod
Branchipus, Claus has shown that the eycs are, at their first appear-
ance, sessile, and only become pedunculated at a later stage, the
lateral Iobes of the head on which they are set becoming produced
and separated from the rest of the head by a movable articulation
(Fig. 5).

The most important evidence in favour of the appendieular
natnre of the eye-stalks is that afforded by the phenomena of

Fia. 5.

Development of ocunlar peduncles in Branchipus. (After Claus.) A, head of young larva ;
B, head of older larva, 1 (in A), lateral lobe of the head bearing E, the compound eye, In B
this lobe has clongated to form the ocular peduncle, not yet movably articulated, although one
of the muscles for moving it is developed (m). ¢, unpaired or nauplius eye; f, frontal sense-
organs.

regeneration. If the eye-stalk be removed from a living prawn or
lobster, it is fonnd that, nnder certain conditions, a many-jointed
appendage, like the flagellum of an antennule, may grow in its
place. The bearing of such cases of ¢ heteromorphic regeneration ”
on questions of homology is, however, by no means clear, and their
diseussion would involve a reconsideration of some of the most
fundamental eonceptions of current morphology. For the present
it must suffice to point out that the appendicular nature of the
oeular peduncles cannot be assumed as definitely proved.

The antennules (ov first antennae) are almost nniversally regarded
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as true appendages, although they ditfer from all the other append-
ages in the fact that they are always innervated from the brain (or
supra-ocsophageal ganglia), and that they are uniramous in the
nanplins Luva (Fig. 6, «)
and in the adults of all the
sub-classes except the Malaco-
straca. s regards the in-
nervation, an apparent exeep-
tion is found in the case of
~Apus, where the antennular
nerves arise, behind the
brain, from the oesophageal
connectives.  This is -
doubtedly a secondary
position, however, and the
nerve-fibres have been traced
forward to centres in the
brain. In the Malacostraca Fre. 6.

the antennules are  often  Early nanplins larva of Copepod (Cyelops sp.)

1r: o hM rd e from below. ¢, antennule; @”, antenna: gn, gnatho-
].)“‘U“Ol.lﬁ (I< 1g. )> but there basic process ofantenna s I, labrum ; md, mandible.
18 considerable doubt as to

whether the two tlagella correspond to the endopodite and exopodite
of the other limbs.  In most cases the antennules are sensory in
funetion, but they may also be natatory or prehensile, and in the
Cirripedia they form organs of attachment.

The «anfennae (or second antennae) are of speeial interest on
account of the clear evidence that, although preoral in position in
all adult Crustacea, they were originally postoral appendages. In

the nauplins larva (Fig. 6, ¢”) their position is beside
ﬁ rather than in front of the mouth, and they may bear
;éf “hook-like masticatory processes (yn) which assist the

similar processes of the mandibles in seizing the food.
In the DBranchiopoda and less distinetly in some other
groups, the nerves to the antennae arise not from the
Y brain, but from the oesophageal connectives, and the trans-
b verse commissure of the corresponding ganghia can be traced
behind the vesophagus, even in those forms in which the
ganglia have moved forward into the brain (Iig. 2, p. 5).
Autennule . - )
of Craytish. The functions of the antennac are very varied. As
Hitiy already stated, they act as jaws in some nauplins larvac.
" In many cases they are important organs of locomotion,
and they may serve as sexnal “claspers,” or as organs of attach-
ment in parasites. In the Malacostraca they are mainly sensory,
the endopodite heing a long flagellum, while the exopodite may
form a flattened “secale” probably used as a balancer in swimming,
or may disappear altogether.

Fie. 7.
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The inaundibles, like the antennae, are, in the nauplius, bira-
mons swimming-limbs with a masticatory gnathobase arising from
the basal segment of the protopodite. This form and function are
retained with little alteration in some adult Copepoda (Fig. 8, A).
In most cases, however, the exopodite is lost and the endopodite
(with the distal part of the protopodite) forms the “palp” (Fig.
8, B) or may disappear altogether (Fig. 8, C), while the “hody”
of the mandible is formed by the coxopodite (or perhaps by the
precoxa), and has a masticatory edge armed with tubercles, teeth,
or spines. In parasitic forms with snctorial monuth-parts the
mandibles may take the shape of piercing lancets enclosed in a
tubular beak formed hy apposition of the labrum and metastoma.

Fra. &,

A, mandible of Copepod ('Wanus) (after Sars); cx, coxopodite (or precoxa, according to
1lansen), forming the ¢ body ” of the mandible ; bs, basipodite : en, endopodite ; ez, exopodite.
B, mandible of Crayfish (after IIuxley): letters as above. In both cases the basipodite
and the segments distal to it form the ¢ palp.” G, mandible of Lepiditrus (after Sars).

In Ostracoda the mandibular palp aids in locomotion, and in a few
cases the masticatory part is greatly reduced.

The maxillulae and marillee (or, as they are often termed, the
first and second maxillae) are nearly always foliaceous appendages
having gnathobasic lohes or endites horne by the segments of the
protopodite (Fig.-9). The endopodite is reduced to a “palp” or
is absent. On the outer side, lobes representing the exopodite
and epipodite may be present. These appendages undergo great
modifications in the different groups and exact comparative in-
vestigations on their morphology are still wanting.

The post-cephalic or trunlk appenduges vary greatly in number.
In some DBranchiopoda there are more than 60 pairs, while in
some Ostracoda it is uncertain whether there are any. They
present great diversity of form and function in the various groups
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and often also in the same animal.  They may be nearly all alike
as in the DBranchiopoda, where, at most, one or two of the anterior
pairs may he specialised as sensory or as grasping organs. Com-
monly, as in the Copepoda, one or two of the anterior pairs are
modified to assist the oral appendages and arve known as mexillipeds.
It is very characteristic of the Malacostraca that the series of
trunk-limhs is differentiated into two well-defined “tagmata™ or
gronps of similarly modified appendages, corresponding to the

Fia, 9,

A, maxillula of Copepod (Calonus). (After Sars.) B, maxillula of Crayfish ; €, maxilla of
Craytish. (Atter Nuxley.) en, endopodite ; ¢p, epipodite ; er, exopodite ; gn, gnathobasic lobes.
(The plate lettered ep in Cis possibly the exopodite rather than the epipodite ; see p. 268.)
thoracic and abdominal regions respectively. The thoracic limbs
have the endopodites forming, as a rnle, more or less efficient
walking-legs, and the exopodites, when present, form swimming:
branches, while the ahdominal hmbs are usnally biramous, with the
rami similar and, in the more primitive types, natatory in function.
The general similarity between the appendages of each tagma is
usnally qualified by minor modifications, sometimes leading to
the formation of subsidiary groupings. Thus, for example, in
the Decapoda a group of three pairs of maxillipeds is differentiated
from the thoracic tagma.
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Branchice.—In many of the smaller Crustacea there are no
special branchiae, and respiration is carried on by the general sur-
face of the body. When present, branchiac are usually formed by
differentiation of parts of the appendages, often the epipodites,
but the shell-fold has probably in many cases a respiratory function,
and processes from its inner surface (Cirripedia) or from the
surface of the body (some Ostracoda) may develop as branchiae.
In the more primitive of the Malacostraca, the gills are formed
by the epipodites of the thoracic limbs (podobranchiae), and this
was probably also the original nature of those branchiae which, in
the Decapoda, are attached to the articular membrane hetween the
limb and the body (arthrobranchive), or to the hody-wall itself
(plewrobranchiae). In the Isopoda the respiratory funection is
assumed by the lamellar rami of the abdominal appendages.

Many terrestrial Crustacea have no special adaptations for
aerial respiration. In land-crabs of different families, however,
the lining membrane of the hranchial chamber is covered with
vascular papillae and acts as a lung. Still more remarkable are
the breathing organs of many of the terrestrial Isopoda or Woodlice.
These are ramified tubular invaginations of the integument in
the ahdominal appendages, and are precisely analogous to the
tracheae of other air-breathing Arthropoda.

Alimentary System.—In the great majority of Crustacea the
alimentary canal is nearly straight, except at its anterior end,
where it curves downwards to the ventrally placed mouth. The
only cases hitherto described in which it is actually coiled upon
itself are in certain Cladocera and in a single genus of Cumacea.
As in other Arthropoda, it consists of stomodacum, mesenteron, and
proctodacum, the first and last with a lining of chitin continunous at
mouth and anus with the exoskeleton. The relagive proportions
of these three divisions vary greatly, and the extremc!abhreviation
of the mesenteron found in the common Crayfish is by no means
typical of the Class. Even in the closely related Lobster this
section of the gut may Dhe several inches long.

The whole length of the alimentary canal is provided, as a
rule, with circular and longitudinal muscle-fibres running in its
walls, and there are often also muscle-bands extending to adjacent
portions of the body-wall. In the anterior part of the stomodaeum
these muscles are more strongly developed to perform the move-
ments of deglutition. In a few Branchiopoda and Ostracoda the
chitinons lining of this region develops spines and hairs which
help to tritnrate and strain the food, and in some Ostracoda the
armature assumes a more complex form as a series of toothed
plates moved by special muscles. It is among the DMalacostraca,
however, and especially in the Decapoda, that this apparatus, the
so-called “ gastric mill,” reaches its greatest complexity. It con-
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sists of a framework of movably articulated ossicles developed as
thickened and caleified portions of the lining enticle of the
“stomach” or dilated part of the stomodacum. These ossicles
hear teeth and are moved by a complex system of intrinsic and
extrinsic muscles. In the posterior division of the stomach a scries
of pads and ridges heset with stifl’ hairs form a straining apparatus.

The mesenteron, in most Crustacea, has its surface increased by
pouch-like or tubwlar outgrowths, which not only serve as glands
for the secretion of the digestive juices, but may also hecome filled
by the more fluid portion of the partially digested food and
facilitate its absorption. These outgrowths vary much in their
arrangement in the different groups. Most commonly there is a
single pair, which may be more or less rumified, and may form a
massive digestive gland (““Lepato-pancreas” or “ liver”).

In o few parasites (Rhizocephale and the Monstrillidae among
Copepoda) the alimentary canal is absent or vestigial throughout
life.

Cireulatory System.—The heart of the Crustacea is of the usual
Arthropodous type, lying in a more or less well-defined pericardial
sinus, with which it commmnnicates by valvnlar openings or ostic.
In some of the Branchiopoda, such as Branchipus, the heart is of
the primitive tubular form, extending the whole length of the
body, and having a pair of ostia in each somite. Even within the
group of Branchiopoda, however, a progressive abbreviation of the
heart, with a diminution in the number of ostia, can be traced,
leading to the condition found in the Cladocera, where the heart is
a sub-glohular sac and the ostia are reduced to one pair. Among
the Malacostraca, an clongated heart with numerons ostia is found
only in the Leptostraca and Stomatopoda. In other cases the
heart 1s generally abbreviated, and even where, as in the Amphi-
poda, it is long and tubular, the ostia are restricted in number.
From the heart, the blood passes into one or more arterial trunks,
which may ramify into a more or less extensive system of arterial
vessels, or may open at once into the general lacunar system of
the hody (hacmocoel). Sometimes, as in the Branchiopody, even
the arterial trunks are absent, and the blood is discharged from the
anterior end of the hewt dirvectly into the lucunae of the haemocoel.

In many Crustacca, especially thosc of small size (many
Copepoda and Ostracoda, Chrripedia), there is mo heart and no
definite system of vessels, and the blood is simply driven hither and
thither by the movements of the body and of the alimentary eanal.

Certain genera of parasitic Copepoda (Lernanthropus, cte.) are
unique among Arthropoda in possessing a closed vasenlar system,
containing a colonred fluid, and shut off from the general cavity
of the body. The morphological relations of this system are still
obscure.
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Eucretory System.—The most important organs of renal excre-
tion in the Crustacea are two pairs of glands, lying at the base of
the antennae and of the maxillae respectively, which are probably
the survivors of a series of segmentally arranged coelonroducts
present in the primitive Arthropoda. The two pairs are never
fully developed at the same time in one individual, although one
may replace the other in the course of development. Thus, in the
Branchiopoda, the antennal gland develops early and is functional
during a great part of the larval life, but it ultimately atrophies
and the maxillary gland takes its place as the excretory organ of
the adult. In the Decapoda, where the antennal gland alone is
well developed in the adult, the maxillary gland sometimes pre-
cedes it in the larva. The structure of both glands is essentially
the same (Fig. 10). There is a more or less convoluted glandular
tube (f), of mesoblastic
origin, connected internally
with a closed “end-sac”
(e.s), representing a vestigial
portion of the coelom, and
generally a thin-walled duct
which opens to the exterior.
In the Branchiopoda the
maxillary gland is lodged
in the thickness of the
shell-fold (when this is
present), and from this
circnmstance it often
receives the somewhat mis-
leading name of ‘shell-
gland.” In the Decapoda,

Fic. 10, the antennal gland is largely
Antennal gland of a larva of Estheriu (Branchio- developed and often very
poda). (Atter Grobben.) con, connective-tissue fibres ; -
¢.s, end-sac ; v, external opening ; ¢, glandular tubule. complex, and is known as
the “green gland.”

Other excretory organs have leen described in  varions
Crnstacea, but althongh their excretory functions have been
demonstrated by physiological methods, their morphological rela-
tions are in most cases quite obscure. In some cases they consist
of masses of mesodermal cells, within which the excretory products
are stored up instead of being expelled from the body. In other
cases an excretory funetion is attributed to certain cells of the
mesenteron or to some of its diverticula.

Nervous System.—The central nervous system is constructed on
the same general plan as in the other Arthropoda, consisting of a
supra-oesophageal ganglionic mass or ‘brain,” united by circum-
oesophageal connectives with a double ventral chain of segmentally
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arranged ganglia.  In the primitive Branchio-
poda the ventral chain retains the ladder-like
arrangement found in some Annelids and lower
worms, the two halves heing widely separated
and the pairs of ganglia comnected together
across the middle line by double transverse
commissures (Fig. 11). In the other groups
the two halves of the chain are approximated
and more or less completely coalesced, and, in
addition, a coneentration of the ganglia in a
longitudinal direction takes place, leading
ultimately, in many cases, to the formation of an
unsegmented ganglionie mass. This is seen, for
example, in the Brachyura, among the Decapoda.

The brain consists, in the Branchiopoda,
mainly of two pairs of ganglionic centres, the
protocerebrum and deuterocerebrum (Fig. 2,
D, D), giving origin, respectively, to the optic
and antennular nerves. The antennal nerves
arise, in this group, from ganglionic swellings
on the oesophageal connectives. In the higher
groups, as already mentioned, the centres for
the antennal nerves have moved forwards and
are included in the brain, forming the trito-
cercbrum (Fig. 2, T), and other additional
centres are developed, so that in the highly
organised Decapoda the brain assumes an
extremely complicated structure.

Eyes.—Two kinds of cyes are found in
Crustacea, the wnpaired medicn or nuuplivs cye,
and the paived compound eyes.  The former
alone is present in the nauplius larva, and it
forms the sole organ of vision in the adult
Eneopepoda. It may coexist with the paired
eyes as in the DBranchiopoda and in some of
the more primitive Malacostraca, althongh, in

the lutter, it is generally vestigial.  When
fully developed (Fig.12), it usnally presents
three divisions, each consisting of a eup-
shaped mass of dark pigment (p), the cavity
of which is filled with columnar retinal
cells. The outer ends of these cells are con-
tinnous with the nerve-fibres (»), while at
their inner ends they contain rod-like bodies
(). In some eases the three divisions of the
eve are each supplied by a separate nerve

Fra, 11,

Nervous system  of  Bronechinerta
poludose, one of the Branchiopoda (after
Sars), showing the ladder-like form ;of
the anterior part of the ventral nerve-
chain and the absence ol ganglia and
of transverse commissures in the pos-
terior limbless part of the trunk. m
indicates the position of the month.
The existence of a  transverse com-
missure in tront of the mouth, as shown
by Prof. Sars in this drawing, is ex-
tremely doubtful. Possibly the structure
observedd may be a portion of the
visceral nerve-ring encireling the gulleg
in the region ol the labrum.

2
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arising from the brain. In many cases there is no special refracting
apparatus, but a refractive body, or lens (), is sometimes formed
on the outer side of the retinal cells, while
in the Copepoda, where the median eye may
undergo considerable modification, cuticular
lenses and other accessory structures may be
developed.

The compound eyes show considerable
agreement in the details of their structure
with those of Insects (Fig. 13). They consist

Tic. 12. of a varying number of ommufidic or visual
llorizontal section through glements, covered by a transparent region
the median eye of Cypris. . : .
(After Clans.)  oOnly two of Of the cuticle, the cornea, which is usnally
the three “;,"‘;;g:j' °,lf’ the ¢ divided into lenticular facets. Typically
1 plament ;& voddike bodies each ommatldn'nn has the stricture shown in
the accompanying figure. Immediately under
the cuticle lie a pair of corneagen cells (hy), by which the cuticular
lens is secreted and renewed on ecdysis. Below these are a group,
generally two or four, of cells forming a refractive crystalline body (cr),

!

16, 13,

A. horizontal section of the eye and ocular peduncle of Branchipus. B, four ommatidia of
same further enlarged. b, basement membrane ; ¢, corneal cuticle, which in this case is not
thickened to form lenses; er, crystalline body ; er.e, cells of the erystalline body ; f, nerve-
tibrils ; g, optic ganglia in the pedunele ; hy, hypodermis or corneagen cells; ., muscle of the
peduncle; », retinula cells surrounding the rhabdome, which is here concealed from view by the
black pigment. (After Claus.)

the lower end of which is embraced by the tips of the elongated
retinula cells (r). These swrround a rod-like body, the 2habdome,
of cuticular nature but penetrated by nerve-fibrils, and usually



THE CRUSTACEA 19

divisible into rhabdomeres corresponding in number to the retinnla
cells by which it is formed. At their bases the retinula cells pass
into nerve-fibres (f) which penetrate the hasement membrane (4) and
enter the optic ganglia. Iiach ommatidinm is more or less com-
pletely isolated by a sheath of DLlack pigment contained partly iu
the retinnlar cells, partly in speeial cells lying between them. By
movements in the protoplasm of these cells the position of the
pigment changes according to the amount of light falling upon the
eye. A layer of reflecting pigment, the fupefum, may also be
present. 1t is impossible here to summarise the details of histo-
logical structure or of physiological interpretation. It may e
stated, however, that the variations in structure found in different
Crustacea appear to be determined not so much by the systematie
affinities as by the habits of the organisms. In this connection
the work of Chun and of Doflein on the structure of the eyes in
pelagic and abyssal species may be referred to.

In many Crustacea, as already stated, the paired eyes are set
on movable peduncles, and it is probable that this condition is the
primitive one. In the primitive Branchiopoda the eyes are either
pedunculated or, if sessile, movable in such a way as to suggest
derivation from the pedunculate condition.

Other Sense-Orguns.—The other sense-organs of the Crustacea
are formed by modification of the hairs or setae on the surface of
the body and limbs (Fig. 14). As in other Arthropoda, many of
these setae are tactile.  Each consists of a hollow conical outgrowth
of the cuticle, movably articulated at the base and containing
a prolongation of some of the cells of the hypodermis. One or
more nerve-fibrils may be traced into the interior, and, in some
cases, a ganglion-cell in connection therewith lies at the base of
the seta. When feathered, or provided with secondary barbs, the
sctae will respond to movements or vibrations in the swronnding
water, and to some setae of this type an auditory function has
been attributed (Fig. 14, C). In certain DMalacostraca more
specialised organs are found which have been regarded as auditory.
In most Decapoda there is an invagination of the integnment in
the basal segment of the antennule having plumose “anditory”
setae on its inner surface. In some cases the sac remains
open to the exterior, permitting the introduction of sand-grains
which act as “otoliths.” In other cases the sac is completely
elosed, and may then contain a single “otolith” seereted by its
walls.  Otocysts are found in a few other Malacostraea in various
positions ; for example, in the endopodites of the uropods in the
Mysidae.

Recent investigations have rendered it doubtful, however,
whether aqnatic Crustacea ean hear at all, in the proper sense of
the term, and it has been shown that one function, at least, of the



20 THE CRUSTACEA

so-ealled “otoeysts” is connected with the equilibration of the
body. They are more properly, therefore, termed ¢ statocysts.”

Another modification of sensory setae is believed to be
assoeiated with the s>nse of smell. In most Crustacea the
anntenules and often also the antennae bear groups of hair-like
filaments, sometimes slender, sometimes more or less swollen, in
which the euticle is extremely delicate. These are known as
olfactory filaments or aesthetascs (Fig. 14, A, B). They are often
more strongly developed in the male sex, and are believed to guide
the males in pursuit of the females.

Fic. 14

A, antenna of Daphnic. magna bearing a group of *‘olfactory filaments.” ¢, nerve-ganglion
sending fibrils to the olfactory filaments. B, one of the filaments further enlarged. (After
Scourtield.) C, “auditory” seta from peduncle of antennule of Mysis relicte.  (After Nars.)

Glands.—Apart from the digestive and exeretory glands already
mentioned, and from other glandular structures to be described in
connection with the reproductive system, many Crustacea possess
dermal glands scattered over the surface of the body and limbs
or grouped at certain points for the discharge of special funetions.
These consist of single eells or groups, traversed by ramified intra-
cellular eanals, and eommunicating with the exterior by fine ducts.
Such glands oceurring on the walls of the oesophagus or in the
neighbourhood of the mouth have been regarded as salivary in
funetion. Others on the surface of the body and limbs may be
nsed, as in some Amphipoda, for the eonstruetion of tubular eases
or nests in which the animals live, or, as in some Copepoda, may
secrete a gelatinous envelope enabling the animals to survive dessi-
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cation.  Others, again, are Dbelieved to have a poisonous function.
The greatly developed cement-glunds of the Cirripedia are possibly
related to the same group of structures.

Phosphorescent Organs.—In this connection may be mentioned
the power of phosphorescence possessed by many Crustacea. In
some eases this is due to a Iuminous secretion produced by certain
of the dermal glands. In the Enphausiacea and certain Decapoda,
however, complex and remarkable light-producing organs are present,
which were formerly described as ‘“accessory eyes.”

Lieproductive System.—In the great majority of Crustacea, as in
other Arthropoda, the sexes are separate.  Apart from certain
isolated instances, possibly abnormal and probably non-functional,
among Branchiopoda and Amphipoda, the only exceptions are the
sessile Cirripedia and some parasitic Isopoda (Cymothoidae and
Cryptoniscina), where hermaphroditism is the rule.!  Partheno-
genesis is frequent among the Branchiopoda and Ostracoda, often
in more or less definite cyclical alternation with sexual reprodue-
tion. Where the sexes are distinet a more or less marked sexual
dimorphism often exists. The male is frequently provided with
clasping-organs for holding the female, and these may be formed
by the modification of almost any of the appendages, often the
antennules or antennae, or some of the trunk-limbs, or even the
mandibular  palp (some Ostracoda). In addition, some of the
appendages in the neighbourhood of the genital apertures may he
modified for the purpose of transferring the sperms to the female.
In the higher Decapoda the male is generally larger than the
female and has stronger chelae. In the other gronps the male
is often the smaller, and in many parasitic Copepoda and Isopoda
this disparity in size is carried to an extreme degree, and the minute
male is attached, like a parasite, to the enormously larger female.
The remarkable and complex sexnal relationships of the Cirripedia
will be discussed in the section dealing with that group.

The gonads of the Crustacea, as of other Arthropoda, are hollow
organs, the cavity communicating with the efferent ducts. They
are primitively paired but often coalesce partially or completely
with each other on the dorsal side of the alimentary canal. The
ducts are present only as a single pair, except in eertain parasitic
Isopoda (Hemioniscidae, Liriopsidac), where two pairs of oviduets
are found. Various accessory structures may he developed in
conneetion with the efferent ducts in both sexes. The oviducts
may have diverticnla serving as receptucule seminis (in cases where
internal impregnation takes place), and may Dhe provided with
glands secreting envelopes or shells around the eggs. Similarly
the glandular walls of the vasa deferentic may secrete spermatophores

! According to recent observations (as yet unpublished) by Mr. Alf Wollebaek,
certain deep-sea Decapoda also are normally hermaphrodite.
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or capsules in which the sperms are transferred to the female.
The terminal portion of the male duct is sometimes protrusible,
and acts as an intromittent organ, or this funetion may be discharged
by some of the appendages.

The position of the genital apertures varies greatly in the different
groups. The most anterior position is found in the Cirripedia,
where the oviducts open on the first trunk-somite, while in certain
Branchiopoda (Polyartemic), on the other hand, the genital apertures
lie behind the nineteenth trunk-somite. It is characteristic of the
Malacostraca that the position of the genital apertures is different
in the two sexes, the female openings being on the sixth and the
male openings on the eighth trunk-somite. In all the other groups,
with exeeption of the hermaphrodite Cirripedia, the position is the
same in the two sexes.

While very few Crustacea are viviparous in the sense that the
eggs are retained within the hody until hatching takes place (some
Branchiopoda), the great majority earry the eggs in some way or
other after their extrusion. The various devices by which this is
accomplished will be deseribed in dealing with the different
groups ; but it may he mentioned here that a few cases are known
(Cladocera, terrestrial Isopoda) in which the developing embryos
are nourished by a special seeretion while in the brood-chamber of
the mother.

EMBRYOLOGY.

The majority of the Crustacea leave the egg in a form more or
less different from that of the adult, and pass through a series of
free-swimming larval stages, but there are many cases of direct
development in which the newly hatched young resemble the
parent in general structure. The relative size of the egg is greater
in those forms which develop without metamorphosis, except where
other means exist for the nourishment of the developing embryos.

The details of the early stages of development differ consider-
ably within the limits of the class. They are chiefly of interest,
however, from the point of view of general embryology rather than
from that of the special student of the Crustacen, and ean only be
very briefly referred to here. An admirable summary of the whole
subject will be found in Korschelt and Heider’s Zeat-look of the
Embryology of Invertelwates.

Segmentation is usually of the superfieial or centrolecithal type,
or some modification thereof. The hypoblast is formed either by a
definite invagination or by the immigration of isolated cells which
wander through the yolk as “vitellophags” and later become
associated to form the mesenteron, or by some combination of the
two methods. The blastopore generally occupies a position corre-
sponding to the posterior end of the body. The mesoblast of the
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cephalic (naupliar) region probably arises in connection with the
lips of the blastopore and consists of mesenchymatous cells. In
the region of the trunk, in many cases, paired mesoblastic hands’
are formed, growing in length hy the division of teloblastic cells at
the posterior end and becoming segmented into somites. The
occurrence of true coclom-sacs is doubtful. The rudiments of the
first three pairs of appendages, antennnles, antennae, and mandibles,
commonly appear simultanconsly and, even in forms with embryonic
development, they often show differences in their mode of appear-
ance from the succeeding limbs. When this stage, corresponding
to the nauplins stage of larval development, is passed through
within the egg, it is often marked by the formation of a cuticular
membrane within which the further development proceeds.

The complex and varied larval metamorphoses of the Crustacea
have been the subject of much discussion in view of their hearing
on the phylorrenetic history of the group. In those Crustacea in
which the series of larval stages is most complete the starting-point
is the form already mentioned under the name of nauplius.  The
typical nauphus (Fig. 6, p. 11) has an oval unsegmented hody and
three pairs of limbs, corresponding to the antemmles, antennae,
and mandibles of the adult. The antennnles are uniramous, the
others biramons, and all three pairs are used in swimming. The
antennae may have a spiniform or hooked masticatory process at
the base, and share with the mandibles, which have a similar
process, the function of seizing and masticating the food. The
mouth is overhung by a large labrum or upper lip, and the integu-
ment of the dorsal surface of the body forms a more or less defimte
dorsal shield. The paired eyes are, as yet, wanting, but the median
eye is large and conspicuous. A pair of papillae or filaments,
probably sensory, are commonly present at the anterior end.
Nauplins larvae, differing only in details from the typical form
just described, are found in very diverse groups of the Crustacea,
such as the Branchiopoda, Copepoda, Cirripedia, and some Mala-
costraca. In many forms whieh bhatch from the egg at a more
advanced stage there is, as already mentioned, more or less clear
cvidence of an embryonie nauplins stage. It seems certain, there-
fore, that the possession of a nauplius larva must be regarded as
a very primitive character of the Crustacean stock.

As development proceeds, the hody of the nauplins elongates
and indications of segmentation begin to appear in its posterlor
part. At successive moults the somites increase in number by the
addition of new somites, behind those already differentiated, from
a formative zone in front of the telsonic region. In the most
primitive cases, the appendages posterior to the mandibles make
their appearance, like the somites which bear them, in regular
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order from hefore backwards. The limb-buds early become
bilobed and grow out into typically biramous appendages which
gradually assume the characters found in the adult. With the
elongation of the body, the dorsal shield of the nauplius begins
to project posteriorly as a shell-fold, whieh becomes the carapace.
The rudiments of the paired eyes appear under the integument of
the head, but only become pedunculated at a comparatively late
stage.

The course of development outlined above, leading from the
nauplius to the adult form by the successive addition of somites
and appendages in regular order, agrees so well with the process
observed in the development of the typical Annelida, that it must
be regarded as the most primitive. It is most elosely followed by
such Branchiopoda as Apus and Branchipus, and by some Copepoda.
In the majority of Crustaeea, however, this primitive scheme is
more or less modified. The earlier stages may be passed through
within the ege or in the maternal brood-chamber, so that the larva
only begins to lead an independent existence at a stage more
advanced than the nauplius. Further, the gradnal appearance of
the successive somites and appendages may be accelerated, so that
great advanees in structire take place at a single monlt. For
example, in the Cirripedia, the latest nauplius stage gives rise
directly to the so-called Cypris-larva, which possesses all the
appendages of the adult. Another common modification of the
primitive method of development consists in the aecelerated appear-
ance of certain somites or appendages, disturbing the regular order
of development. This modification is espeeially found in the
Malacostraca, in which, even among those which have most closely
adhered to the primitive order of development, the last pair of
abdominal appendages usually make their appearance before those
immediately in front of them. The same process, carried further,
leads to the very peculiar larva known as the zoéq, in the typieal form
of which, found in the Brachyura, the posterior five or six thoracic
somites are greatly retarded in development, and are still repre-
sented by a short unsegmented region of the body at a stage when
the abdominal somites are fully formed and even earry appendages.

A remarkable phenomenon observed in the development of a
few Malacostraca is the temporary retrogression and even dis-
appearance of certain appendages which redevelop in later stages.
The best-known instances of this will be further alluded to in
describing the development of the Penaeidea among the Decapoda.

In addition to the nauplius and zoéa there are many other types
of Crustacean larvae distinguished by special names, thaugh, as their
occurrence is restricted within the limits of the smaller systematic
divisions, they are of less general interest. We need only mention
here the mefuncuplius, a vaguely defined stage following the nauplius,
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possessing rudiments of some of the post-nanpliar somites and
appendages.

Most of the larval forms are pelagic in habit, and many show
special adaptations to this mode of life, especially in the develop-
ment of spines and processes which are probably less important as
defensive organs than as aids to flotation.

PHYLOGENY.

The study of fossil Crustacea has hitherto contributed com-
paratively little towards a preeise knowledge of the phylogenetic
history of the class.  Although their remains are abundant in
nearly all formations, from the most ancient up to the most
recent, in very many cases only the carapace or shell is preserved,
the limbs being lost or represented only by indecipherable frag-
ments.  Many important forms must have escaped fossilisation
altogether owing to their small size and delicate structure. Further,
many important groups were already differentiated when the geo-
logical record began. The Branchiopoda, Ostracoda, and Cirripedia
are represented in Cambrian or Silurian rocks by forms which seem to
resemble those now existing, so that palaeontology ean have little
light to throw ou the mode of origin of these gronps.  In the case
of the Malacostraca the aterial is a little more promising. It is
not improbable that the Phyllocarida, which are found from the
Cambrian onwards, may include the forernnners of the true Mala-
costraea, but nothing is definitely known of their appendages. The
recent discovery, in the Tasmanian A naspides and the Australian
Koonungn, of what are believed to be representatives of the
Carboniferons and Permian Syncarida, has given a clue to the
aftinities of forms hitherto problematieal, and may throw light on
the relations of other Palaeozoie fossils hitherto vaguely refeired
to “Schizopoda” or Decapoda. Iemains of nudoubted Decapods
are first met with in Mesozoic rocks. They are abundant in many
deposits, and are sometimes sufficiently well preserved to render
possible fairly accurate determination of their afinities. The
Isopoda and Stomatopoda are known from Mesozoic deposits, but
have hitherto yielded no results of phylogenetic importance.

In view of the scarcity of trustworthy evidence as to the actnal
forerunners of existing Crustacea, phylogenetic conclusions based
on the data of comparative anatomy and embryology remain largely
speculative. They are none the less a necessary preliminary to the
attempt to construct a natnral system of elassification.

The carlier speculations on this subject started from the assumyp-
tion that the “theory of recapitulation” could be applied to the
larval history of the Crustacea. The various forms of larvae, more
especially the naunplius and the zoia, were supposed to reproduce,
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more or less closely, the actual structure of ancestral types. As
regards the zoéa, this assumption was soon shown to be crroneous,
and the secondary nature of this type of larva is now generally
admitted. The nauplius, however, by the constancy of its general
characters in the most widely diverse groups, shows itself to be
a very ancient type, and the view has been advocated that the
Crustacea have arisen from an unsegmented nauplius-like
ancestor. To this view therc are considerable objections. Several
structures shich can hardly have heen absent from the common
stock of the Cirustacea, such as the paired eyes and the shell-fold,
are not found in the nauplins. Other characters common to
certain Crustacea and Annelids, such as the mode of growth of
the somites, the structure of the nervous system and of the heart,
can hardly be supposed to have arisen independently in the two
groups. The view now most generally adopted is that the
Branchiopoda, and especially A pus, which resemble the Annelids
in the characters just mentioned and also in the-large nwumber
and uniformity of the trunk-somites and their appendages, approach
most nearly to the primitive Crustacean type. On the other hand,
in some respects, suich as the redueced mouth-parts, the Branchiopoda
are considerably specialised. In some Copepoda the cephalic
appendages are much more primitive than in the Branchiopoda,
and the first three pairs of appendages retain throughout life, with
little modification, the shape and funetion which they have in the
nanplins stage. It is possible, however, that in these characters
the Copepoda are persistently larval rather than phylogenetically
primitive, and in other respects, especially in the absence of paired
eyes and of a shell-fold, they are certainly specialised.

In order to reconstimet the hypothetical ancestral type, there-
fore, it is necessary to combine the characters of several of the
existing groups. It may be supposed to have approximated, in
general form, to .dpus, with an elongated body of numerous similar
somites, terminating in a eaudal furea ; with the postoral appendages
all similar, and with a carapace originating as a shell-fold from the
maxillary region. The eyes were probably stalked and movable, the
antennules uniramous, and the antennae and mandibles biramons
and natatory, and both armed with masticatory processes. The
trunk-limbs were probably biramous bnt with additional endites
and exites, and all provided with gnathobases.

It is to be noted that the Trilobita, whieh, according to the
classification adopted in this work, are dealt with under Arachnida,
approximate to the structure of the primitive Crustacean here
sketched except in the absence of a shell-fold and in having the
eyes sessile.

It is not necessary, on this view, to deny all phylogenetic
significance to the nauplins. It may be regarded as an ancestral
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lurval form, corresponding perhaps (as Hatschek suggests) to the
stages immediately succeeding the trochophore in the development
of Annelids, but with some of the later-acquired Crustacean
characters superposed upon it.

The five sub-classes into which the Crustacea are divided in the
classification here adopted appear to represent independent or
nearly independent lines of descent from the primitive stock.
Their relations to each other and the probable course of evolution
within each group will he dealt with in subscquent chapters.

It may be mentioned that the classification introduced by
Latreille in 1806, in which the Malacostraca are opposed to all
the other Crustacea grouped together under the name of
Entomostraca, is still frequently adopted. The Entomostraca,
however, like the Invertebrata, constitute a very heterogeneous
group, defined only by negative characters and having no claim

to retention in a natural system of classification.
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CHAPTER II
THE BRANCHIOPODA

Sup-CrLass Drancuiorona, Latreille (1817).

Order 1. Anostraca.
» 2. Notostraca.
» 3. Conchostraca.
,, 4. Cladocera.
Sub-Order 1. Calyptomera,
Tribe 1. Ctenopoda.
» 2. Anomopoda.
Sub-Order 2. Gymnomera.
Tribe 1. Onychopoda.
» 2. Haplopoda.

Definition.—Crustacea in which the carapace may form a dorsal
shield or a bivalve shell or may be entirely absent; the number of
trunk-somites varies greatly; the posterior part of the trunk is
without limbs and usually ends in a caudal furea; the antennules
are  generally reduced and unsegmented; the mandibles have
no palp or only a vestige of one; the maxillae are reduced or
absent ; the trunk-limbs, which vary greatly in number, are
generally of uniform structure, rarely pediform, gencrally foliaceous
aud lobed ; the position of the genital apertures varies greatly ;
the paired eyes are rarely absent; development usnally with
metamorphosis ; young hatched in nauplins or metanauplius stage.

Iistoricl —The earliest mention of any of the Branchiopoda is
found in the works of Swammerdam, who, in 1669, described «
species of Duphnia as “ Pulex aquaticus arborescens,” and the name
of ¢ water-fleas” has since been commonly applied to the group of
Cladocera.  Apus and Dranchipus were described ecarly in the
cichteenth century, and, together with Duphnia, formed the sub-
jects of a series of remarkable memoirs (1752-1756) by J. C.
Schiiffer. The classical work of O. F. Miller, Enfomostraca seu
Insecta testaceu (1785), deseribed a large number of new types and
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laid the foundations of classification.
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i, 15

Lranchinecta paludosa, one of the Anostraca.
X 4. (After Sars)) A, female; 13, male. «,
antennules ; «”, antennae, enlarged in the male
to form clasping organs; p, paired penes of
the male ; «t, ventral prolougation of the genital
segment in the female, containing the “uterus ”
filled with eggs. On the front of the head,
between the antennules, is the unpaired eye,
and, just behind it, the stalked compound eye,
Dorsal to the pear-shaped mandible is seen the
groove which appears to divide the head-region
into two segments.  Following this, the trunk
shows eleven limb-bearing and eight limbless
somites (besides the telson), the tirst and second
of the latter partly coalesced.

The order Branchiopoda, as
first defined by Latreille in
1817, included Ostracoda, Cope-
poda, and Limulus ; and Milne-
Edwards, in 1340, while exclud-
ing these, retains the later added
Nebalie.  Later attempts to
extend the limits of the group
to readmit the Ostracoda and
Branehiura have not met with
support, while Claus’s demon-
stration of the DMalaeostracan
affinities of Nelbalie and its
allies is now generally aecepted.
Among the anthors who, in the
first half of the nineteenth
century, contributed to a know-

ledge of the group, Jurine,
Fischer, and DBaird may be
mentioned.  Zaddaeh’s mono-

graph on pus is still the chief
source of information on many
points of anatomy. Leydig’s
work on the Cladoeera is especi-
allyimportant as regards internal
anatomy and histology; and
Weismann’s series of papers
deal, among many other points,
with the remarkable phenomena
of their reproduetion, whieh had
attracted attention from the
time of Sehiiffer. As is the case
with most other groups of Crus-
tacea, modern eonceptions of
the morphology of the Branchio-
poda are largely indebted to
the works of Claus. Lankester’s
paper on the appendages and
nervous system of fpus greatly
influeneed opinion in favour of
the primitive position of the
Branchiopoda. Among the more
purely descriptive and faunistic
works the numerous papers of

G. O. Sars hold an important place, and mention may also be
made of the fine monograph on the Cladocera of Sweden, published
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in 1900 by Lilljeborg, who had made important contributions to

the subject so long ago as 1853.

MORPHOLOGY.

The Branchiopoda present considerable diversity of general
shape. In the Anostraca there is no shell-fold, and the clongated

{
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F1a. 16.

Lepidurus glacialis, one of the Notostraca. X 24 (After Sars.)  Dorsal view on the left,
lateral view on the right. 1n the latter, one-haif of the carapace has been ent away to show
the segmentation of the trunk and the appendages.  On the dorsal surface are seen the paired
eyes with the ‘“dorsal organ” behind and between them, the median dorsul ridge ol the
posterior part of the carapace, and the two transverse grooves just behind the eyes.

body, composed of many distinet somites, has an almost vermiform
aspect (Iig. 15). The flattened natatory feet are more laterally
placed than is usual in Crustacea, increasing the resemblance to
the Chaetopod worms. In the Notostraca also the hody is
elongated, and composed of numerous somites, but its anterior
portion is covered by a broad arched carapace (Fig. 16). In the
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Conchostraca the body tends to be laterally compressed, and is
completely enclosed in a bivalved shell closely simulating that of
some lamellibranchiate molluses (Fig. 17). In the Cladocera the
body is composed of few somites and its segmentation is more
or less obscured, while the bivalve shell, in most cases, covers the
body and limbs, leaving the head free (Fig. 18).

Fic. 17.

Estherie obliqua (Concliostraca). A, shell of female, from the left side, B, male seen from
the side, after removal of left valve of shell. (After Sars.) o, antennule; «”, antenna; ad,
adductor muscle; f, caudal furca; md, mandible, On the first and second pairs of trunk-
limbs are seen the ** claspers ' of the male.

Except in the Cladocera, the head is defined from the first trunk-
somite. In the Anostraca it is divided into two portions by w
transverse groove which crosses the dorsal surface just above the
mandibles. This groove is also found in the Conchostraca, and it
is no doubt homologous with the anterior transverse groove on
the dorsal surface of the carapace in the Notostraca. In the
Conchostraca and Cladocera the front of the head is more or less
produced downwards forming a rostral process, and in the Notostraca
it is inflected, forming a sharp semicircular anterior edge continuous
on either side with the lateral margins of the earapace.
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The carapace may be directly continuous in front with the
dorsal integument of the head as in most Cladocera, or defined
from it by a groove as in some Cladoeera and the Notostraca. In
the Conchostraca the con-
nection between the animal
and the shell is reduced to
a comparatively narrow neck
and the lateral lobes of the
shell extend forwards on each
side so as to cnelose the
whole head (Fig. 17). Gener-
ally the shell-fold does not
coalesce with any of the
trunk-somites which it en-
velops, with the exeeption
of the one or two anterior
somites which in the Clado-
cera are fnsed with the head.
In the aberrant Cladoceran
Leptodora, however, it coal-
esces with the dorsal surface
of the leg-bearing somites,
and its free’ portion, which
here, as in some other ('lado-
cera, forms merely a brood-

sac, appears to m‘ise from Daplinia. female, o, antennule: o”, antenna;
the poster]'or n};u-gin of the h.n',brood-ch':\mher;br, brain ; ¢, margin of carapace
. . - c.x, cawdal setae; e, compound eyes coalesced into
Sl,\'th tl‘u]lk-SOIDItC (Flg 19) one; f, lurca i ol m:lxivll:u‘y eland 1k, }l(’art: hep,

The carapace may be L diertonhm of s fhe it e o
more or less corneous, hut
it is never strongly ealcified. In a few Cladocera (Jlonospilus,
ete.) and in the Conchostraca (Fig. 17) the integnment of the
onter surface of the shell is not cast oft in cedysis, but remains
in position, giving rise to a series of “lines of growth” marking
the increased size of the shell at each moult.  Special modifica-
tions of the carapace for protection of the eggs will be referred
to below.

The number of trunk-somites varies very mnch. It is greatest
in the Notostraca, where 42 somites are found in certain
species of «pus.  In the Conchostraca the number is from about
13 to 28, and in the Anostraca 19 to 23. In the Cladocera the
segmentation of the body is generally more or less obscured ; at
least the first two somites are always eoaleseed with the head. In
Duphnia, according to Claus, these are followed by three limb-
bearing somites, and the succeeding apodous region is divided in
the young into three “abdominal” somites and a *“ postabdomen ”

i, 18,

-
3



34 THE CRUSTACEA

or telson. This segmentation of the apodous region is distinctly
retained in the adult Leptodora (Fig. 19).

Apart from the presence or absence of appendages, the trunk of
the Branchiopoda is not differentiated into distinet regions. By
various authors the terms “thorax” and “abdomen” have heen ap-
plied respectively, sometimes to the pre- and post-genital, sometimes
to the limb-bearing and limbless regions of the trunk. As the
limits between these regions do not coincide, even approximately,
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Fia. 19.

Leptodore kindtil, female, x 10, «’, antennule; «”, antenna ; ¢, carapace, reduced to a brood-
sac; ¢s, caudal setae (compare tigure of Daphnic, p. 33); ¢, compound eye; f, furea; p, first
trunk-limb. (After Lilljeborg.)

except in the Anostraca, it seems better to avoid altogether the use
of the terms “thoracic” and “abdominal” in dealing with this
group.

In the Notostraca a varying nnmber (4-14) of the posterior
somites are withont appendages. In the post-genital region of the
body the number of pairs of appendages greatly exceeds the number
of somites, some of the posterior somites carrying as many as six
pairs.  In the Anostraca there are from four to nine limbless
somites, but at least the two anterior are coalesced to form the
genital segment. In the Conchostraca the short post-pedal region
is unsegmented.
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The last segment of the body, or telson, carries, except in
Limuetis and Thamnocephalus, a pair of furcal rami, long antenm-
form filaments in the Notostraca (Fig. 16), unsegmented styles or
flattened plates in the Anostraca (Fig. 20, C).  In the Conchostraca
and Cladocera the posterior part of the hody is tlexed ventrally
and the furca is vepresented hy a pair of strong curved claws
(Vig. 17, f). The anus opens either at the end of the body

B. c. | ----T
}
11 S .
éﬁ\\‘ /7}§
.47[;!’.\ f!:\‘\

F1e. 20,

A, head-region of Lepidures glacialis from below ;o) antennule ; o, antenna: gr. mnatho-
base of lirst trunk-limb; L. labrum or upper lip turned torwards (in the natural position it
covers the opposed edges of the mandibles) ; 1, lower lip (according to Claus, the inner lobes of
the maxillulae) 5 m, mandible: ax’, maxillula: wr” maxilla. B, posterior end of body ot
Lepidurus glacialis 5 a, position of anal opening : pl. supra-anal plate; r, rami of caudal furea:
7, terminal segment or telson.  C, posterior end ol burdy of Lronchinecttr peludusit 5 letters as
above. (After sars.)

between the fureal rami or, in many Cladocera, some distance in
frout on the dorsal surface. In the genera Lepidurus (Notostraca)
and Themnocephalns (Aunostraca) the telson is produced as a thin
plate above the anal opening (Iig. 20, B).

Appendages.—The antennules are, for the most part, purely
sensory in function, not segmented or obscurely so, and carrying
tufts of sensory filaments.  In many Cladocera they are very small
and attached to the posterior surface of the deflexed bealk-like
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process forming the front of the head (Fig. 18, «’). In the males
of some Cladocera they form clasping organs for holding the female.

The antennae differ very much in the various orders. In the
Notostraca they are vestigial (Fig. 20, A, ¢”) and may even be
absent in certain species of Apus. In the males of the Anostraca
they are converted into powerful claspers for seizing the female,
and may assume extraordinary and complex forms. A pair of
filaments, known as froutal appendmcres (Figs. 21 and 32, f.«),
arise, in many Anostraca, from the base
of the antennae, though sometimes they
are inserted on the front of the head
and seem quite unconnected with the
antennae. They may coalesce at the
base, and may be more or less ramified,
adding to the complexity of the apparatus

Fio. 21, carried by the male. In the females the

Head of Chirocephalus diaphanys antennae are much simpler in form, and
A e o e+ ur. - are probably purely sensory in function.
antenna 5 fu, frontal appendages, It would seem from Claus’s observations
which in this species are large and 5 .
branched. on the development of Branchipus that

the endopodite of the antenna atrophies,
and that the whole apparatus of the adult develops from the
protopodite and exopodite of the larval antenna.

In the Conchostraca and Cladocera the antennae are large
hiramous swimming-organs. In the former group they have
multiarticulate rami, and they are protruded ventrally between the
valves of the shell (Fig. 17). In the latter order the rami have
few segments, and, since the head is not enclosed bhetween the
valves of the shell, the antennae project freely (Fig. 18). 1In
the genus Lafona (Cladocera) a large process from the proximal
segment of the exopodite causes the antenna to appear as if three-
branched.

The mandibles (Fig. 8, C, p. 12) are devoid of palps in all existing
Branchiopoda with the exception of Polyartemia, in which a vestigial
palp has recently been found by Ekman. As a rule, they have
broad toothed triturating surfaces, but in some predatory Cladocera
(Leptodora) they become long sickle-shaped blades.

- The mazillulae (Fig. 22, A) are of small size and snnple form.
As a rule, each cousists of a single lobe armed with spines on
the inner edge. In the Notostraca. they seem to consist of two
lobes, but it is possible, as Claus suggested, that the inner and
anterior lobes represent the lower lip, or paragnatha, otherwise
wanting in the group.

The mazillae (Fig. 22, B) are also greatly reduced and consist of a
simple lobe. In the Cladocera they are entirely wanting in the adult,
but a distinet rudiment is present in the embryo. 1In the Notostraca
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an external membranous lobe is present and was formerly regarded
as corresponding to the gill or bruct of the succeeding appendages.
Tor this reason the appendage was regarded as belonging to the
series of the trunk-limbs, and was called a “foot-jaw” or “maxilliped.”
It has been shown, however, by Claus that the so-called “bract”
is really a tubnlar process hearing the external opening of the
maxillary gland, and is in no way related to the “bract” of the
following limhs.  There is therefore no reason to doubt that the
appendage is homologons with the maxilla of other Branchiopoda.
It is of interest to notice, in connection with the great reduction of
this appendage, that there is, in Apus, no separate ganglion in the
ventral nerve-chain corresponding to it, bnt that the nerves supply-
ing it take their ovigin from the longitudinal connectives between
the ganglia corresponding to the maxillula and the first thoracic
appendage respectively.

Fio. 22,

A, maxillulae, B, maxilla, of Apws cancriformis. (After Claus.) p. the so-called inner lobes
of the maxillulae, representing, according to Claus, the paragnatha: o, opening of maxillary
«land on a tubular process connected with the maxilla.

The trunk-limbs of the Branchiopoda are generally of very
uniform structure, and are not grouped into definite “tagmata.”
On the other hand, these appendages present very great differences
in the different groups composing the sub-class, and it is not ecasy
in some cases to determine the exact homologics of the various
parts.

The most primitive form is probably that found in the Noto-
straca (A pus, Fig. 23, A).  Each appendage consists of a flattened
corm or axis to which are attached eight lateral processes or lobes.
Six of these processes spring from the inner margin of the corm and
arc termed endites, while two on the outer margin are termed crites.
The proximal endite (1), placed near the attachment of the limb to the
body, is armed with strong spines and, like some or all of the other
endites, is provided with special muscles which permit’of a limited
amount of movement on the corm. These basal endites working
against those of the opposite side function as jaws, seizing and
passing forward towards the month particles of food which are
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Frc. 23.

Trunk-limbs of varjous Biranchiopoda. A, seventh trunk-limb of Apus cuneriformis
(Notostraca). B, third trunk-limb of Estheric obliqua (Conchostraca). €, fifth trunk-limb of
Branchinecte. poludose (Anostraca). D, eleventh trunk-limb of Polyurtemic forcipate
(Anostraca). (A atter Lankester; B, C, and D after Sars.) br, branchia or bract: f,
flabellum: ¢, tactile process of the titth endite in Estherin; a, proximal exites of the Anostraca ;
1-6, the six endites, ot which the first is the gnathobase,  Between the flabellum and the
sixth endite in A is seen the “sub-apical Jobe.” Regarding the homology of the plate lettered
Ain Cand D, see the diseussion in the text.
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drawn in Dbetween them by the rhythmical movements of the
appendages in swimming.  They are therefore distinguished as
guathobuses.  The Branchiopoda are the only Crustacea in which
gnathobases are found on limbs far removed from the mouth. Of
the two exites, the distal, known as the flubellum (1), is a thin plate
with setose margins. It is moved hy special muscles and probably
serves chiefly as a swimming-plate.  The proximal exite, known as
the bract (br), is branchial in funetion, having a very thin enticle,
without setae, and is not provided with muscles. The cnd of
the corm, external to the sixth endite, is prodneed into a rounded
proeess, the “sub-apieal lobe.”

While most of the postmaxillary appendages of the Notostraca
have the general structure of that just described, differing only in
details of shape and proportion of the various parts, certain of them
are specially modified. In the first and seeond pairs, the corm is
divided, in the former into four, and in the latter into two segments.
The endites, with the exception of the gnathobase, hecome more
elongated in passing forwards along the series of limbs, and in the
first pair the second, third, fonrth, and fifth endites, counting from
the base, are produced into filiform multiarticulate rami (Fig. 20, A).
The fifth, in some species, is nearly as long as the body of the
animal. The sixth endite, however, is mueh redueed and of peeuliar
form in the limbs of the first pair.

The trunk-limbs of the Conchostraea (Fig. 23, B) can without
diflienlty be ecompared with those of Apus. The six endites are
distinet though reduced in size and less sharply marked oft' from
the unsegmented corm. The gnathohase is unprovided with
masticatory spines, bnt, like the following endites, is fringed with
setac.  The fifth endite is produced in some eases into a long
tactile process (f). Only the sixth endite is marked off’ by a
distinct articulation.  The fabellum is very large and the branchia
is redueed in size.

In the Anostraca (Fig. 23, C, D) the strueture of the parts is
rather different and their exact homologies are not quite elear.
The tlattened unsegmented eorm has its inner edge more or less
distinetly divided into six lobes. At the distal end, towards the
outer side, is a hroad oval plate (/) defined by a well-marked
articnlation and fringed with setae.  On the proximal side of this,
on the ounter edge, is the branchin, characterised as such by its
thin enticle and by the lack of sctae.  Still nearer the hase the
onter margin of the corm is produced into a rounded plate (), very
thin and not defined by an artienlation. In Polyariemic and in
some species, at least, of C(hirocephalus there are two such plates
(Fig. 23, D). Tt appears most probable that the six lobes of
the inner edge correspond to the six endites of the Notostracan
limb, in which case the distal sectose plate (#) will represent
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the flabellum. This view, however, is not accepted by Sars,
who regards the distal sctose plate as the sixth endite and
supposes that the flabellum is wanting in the Anostraca. Sars’s
interpretation gains some support from a comparison with the
Conchostracan type of limb, where the sixth endite has much the
same position as the setose plate of the Anostraca. It is further
supported Dy the fact that, in the development of the limbs of
Apus, the flabellum only appears after some of the endites have
become marked off; while in Dranchipus the first diflerentiation to
take place in the limb-buds is a bifurcation defining the distal setose
plate from the terminal lobe of the inner edge. In any case it
seems certain that the external basal plate or plates of the
Anostraca are new formations unrepresented in the Notostraca and
Conchostraca, and not, as Lankester supposed, homologous with
the branchia (or bract) of these groups.

In the Cladocera the structure of the limbs is still more difficult
to interpret. In the Ctenopoda (Fig. 24, A), where the six pairs
of “thoracic” appendages are comparatively uniform, the inner
margin forms a small gnathobasic lobe followed by a broad lobe
carrying a comb-like series of long setae. A distal lobe may
correspond to the flabellum of Apus and Estheria, or perhaps to the
sixth endite. The branchia is present and has the usunal characters.
In the Anomopoda there is considerable differentiation among
the members of the series. In Daphnia, for example, the first limb
(Fig. 24, B) is obscurely segmented and the five lobes on the inner
edge are slightly developed. The second limb (Fig. 24, C) has the
gnathobase enlarged and has an outer branch regarded as the
exopodite. Both of these limhs are adapted by the possession of
long curved setac to aid in the prehension of food. The third
(FFig. 24, D) and fourth pairs are characterised by the great
development of the proximal endite with its comb-like row of
setae. They serve to keep a current of water flowing between
the valves of the shell for the purposes of respiration and feeding.
The last pair in Duphnia are greatly reduced (Fig. 24, E).

In the Gymnomera, and especially in Leptodore (Fig. 19), the
trunk-limbs have lost the characteristic leaf-like shape and have
become cylindrical, elongated, and divided into four well-marked
segments, without any trace of endites or exites, serving only for
seizing and holding prey.

Modifications of certain of the trunk-limbs subservient to
the processes of reproduction are found in all divisions of the
Branchiopoda. In the males of most of the Conchostraca the first
two pairs have the terminal portion modified into a cheliform
clasper (Fig. 17, B), but in Limnetis and in the Cladocera only the
first pair is so modified. Sexual modifications of trunk-limbs in the
female are found only in the Notostraca and in some Conchostraca.
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In jthe former the appendages of the genital somite (the eleventh
trunk-somite) are modified to form brood-pouelies, and are kunown
as “oostegopods” (Ilig. 25). The sixth endite is coalesced with

6. 24,

Trunk-limbs of Cladocera, A, tirst trunk-limb of Sida crystallina (Cltenopoda).  B. divst,
C, second, D, third, E, tifth trunk-limbs of Dephnio gder (Anomopoda).  Ir, lwanchia; gn,
enathobase.  (After Lilljeborg.)

the sub-apical lobe, and together with it forms a hemispherical
cup, closed by a movable lid formed by the flabellum. In some
species of Conchostraca two o1 three pairs of limhs near the genital
apertures have the proximal division of the tlabellum produced
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and thickened, and to this the egg-masses are attached between
the valves of the shell.
As regards the homologies of the parts of the Branehiopod-limb
with those of the biramous type found in other Crustacea, two
views have been suggested.
Acecording to the interpreta-
tion adopted by Huxley,
among others, the “tlabel-
lum ” or distal exite of the
Apus-limb corresponds tothe
exopodite, while the distal
part of the eorm represents
the endopodite. Lankester,
on the other hand, eonsiders
the endopodite and the
1. exopodite to be represented
by the fifth and sixth
endites respeetively, the
corm being the protopodite
and the flabellum the epi-

Fia. 25. . 1 § -
Eleventh trunk-limb or oostegopod of wpus caneri- 1)0(]1‘36. The former view

Jormis, female, (After Lankester.) 1-6, the six endites, . ra, NPArison
of which the sixth is fused with the “;'ub-apical lobe 1s suppol ted b‘) comps

which forms the pouch, p, containing the eges; f, with the leaf-like thoraeie
?:?te]g:::}‘btrzl(}tmm the cover of the pouch; br, the limbs Of the Leptostmea,

while Lankester’sinterpreta-
tion is based chiefly on a comparison of the pre-oral with the post-
oral appendages in the larval Apus, and of the trunk-limhs of Apus
with the maxilla and maxillipeds of varions Decapods. Neither
view is quite free from ditfienlties, and the
divergences in strueture mentioned above
as oceurring in the Anostraca still further
complicate the matter, which requires
further investigation.

Alimentary System.—The oesophagus is
narrow and is provided with eonstrietor
and dilator as well as longitudinal mnscles.
It wsually projects a little way into the
more capacions mid-gut, and in Polyartemiu
the terminal part is armed with setae.
The hind-gnt is short and museular. In Fic. 25.
the aberrant  Cladoceran  Leptodora  the  prewroeus uncinatus (Cladocera)
oesophagus is of great length and the @fter Lifliebors), showing the
mid-gut hardly extends in front of the diverticulum.
terminal segment of the body. In many
Cladocera helonging to the families Lynecodaphnidae and Lynceidae
the mid-gut is more or less coiled, forming a simple loop or a spiral
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of one and a half turns (Iig. 26).  As a rule, the anterior part of
the mid-gut gives off a pair of diverticula. In the Notostraca aud
Conchostraca these are much ramified, and in the Anostraca they
are saccular and lobulated.  In the Cladocera they are often absent,
aid when present are simple cacea.  In some Cladocera of the
family Lynceidae the posterior part of the alimentary canal gives
off an unpaired diverticulun on the ventral side (Iig. 26). It
is usually short, hut sometimes it is of considerable length. It is
stated to arise from the hind-gut, and its walls contain large
gland-cells. ,

Circulatory System.— Except in the Cladocera, the heart is
clongated and tubular.  In the Anostraca it traverses almost
the whole length of the trunk, and has paired ostia in each somite
exeept the first and last. In the Notostraca the heart extends
throngh the first eleven trunk-somites and has eleven pairs of ostia.
In the Conchostraca it is restricted to three or four somites, with
a corresponding number of ostia. In the Cladocera the heart is
greatly abbreviated, forming a sub-globular sac with a single pair of
ostia, lying in the region of the first trunk-somite (Fig. 18, 7).
There are no distinct vessels and the blood is discharged directly
from the anterior end of the heart (through three openings in the
Notostraca) into the sinuses of the head-region.

In some genera (A pus, Branchipus, Artemia, and some Cladocera)
the fluid of the blood is coloured red, owing, as Lankester has
shown, to the presence of hacmoglobin.

Excretory System.—The maxillary gland (Fig. 18, ¢l) is well
developed in all Branchiopoda. Except in the Anostraca and some
aberrant Cladocera (Leplodora), it lies within the thickness of the
shell-fold. It shows the typical structure, consisting of end-sac,
glandunlar coiled tube, and short terminal duct. In the Notostraca,
as already mentioned, the external opening is at the end of a
tubular process arising from the nnder side of the head, close to
the maxilla.

The antennal gland is well developed in the larval stages of
Anostraca, Notostraca, and Conchostraca (Fig. 10). .\ vestige of
it persists in the adult Arfemia.

Glunds.—Belonging to the dermal series of glands are the
segmentally arranged ventral and leg glands of some Anostraca,
and the groups of nnicellular glands in the lalrum which are
probably always present.

Special interest attaches to the structure variously referred to
as “neck gland,” “dorsal organ,” or “adhesive organ,” found in
many DBranchiopoda.  In its simplest form this consists of a
thickened and glandular area of the ectoderm, on the dorsal strface
near the posterior limit of the head-region.  The adhesive sceretion
reaches the exterior through pores or slits in the euticle, and is used
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for the purpose of attaching the animal temporarily to plants or
other objects. In the Notostraca, however, where the organ is
apparently well developed, it is not used for this purpose. In the
Anostraca it is absent in the adult, though very large in the larva.
In some of the Conchostraca (Limnadic)
it is prominent and peduncnlated. In
many Cladocera it is greatly veduced or
absent, but in some it is large and
functional. In the Sididac the organ is
divided into three parts, a large median
anterior and a pair of smaller ones posterior
to it. In this case certain muscles attached
to the integument in the neighbourhood of
the organ are believed to produce a sucker-

Fia. 27

Nervous system of Simoeephalus (Cladocera) from the
dorsal side,  (Alter Cunnington.) rer, brain; gq.o, optic
vanglia, here partly fused in correlation with the fusion of
the paired eyes; ., nerve to antennule; n.¢”, nerves to
antennae, arising from the oesophageal connectives; n.f.1~
n.f.5, nerves to the five trunk-limbs; n.lhr, nerve ring
encireling oesophagus in region of the labrnm ; n.omd, nerve
to mandibles; n.mnr, nerve to maxillulae; n.o, optic nerves ;
oe, position where oesophagus passes between the nerve-cords ;
ventrally the oesophagus curves backwards so as to pass
through the ring n.lbr before reaching the mouth. The
transverse commissure corresponding to the antennal ganglia
is on a level with the roots of the posterior antennal nerves.

like action, thus aiding adhesion. In some
Lyneeidae two organs are found, one behind
the other.

Endoskeletal Structures~—In many
Branchiopoda there is a considerable de-
velopment of trabeculae and plates of
tendinous connective tissue giving attach-
ment to muscles. This system, which
almost merits the name of endoskeleton,
is most fully developed in the Anostraca,
where the external cuticle remains almost
membranons, but it is also found in the
Cladocera. In the Notostraca the chief
part of this endoskeletal system is a
tendinous plate, known as the enfosternate,
lying under the anterior part of the
alimentary canal and giving attachment to the adduetors of the
mandibles and to other muscles.

Muscular System.—In the Conchostraca and Cladocera the valves
of the shell are drawn together by a transverse adductor muscle.
In some, at least, of the Cladocera this muscle is double.
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Nervous System.—As  has been mentioned above, the nervous
system of most Branchiopoda shows very primitive characters in
the ladder-like form of the ventral nerve-chain (Fig. 11, p. 17, and
Tig 27). In some Cladocera, however (Polyphemidae and Leplo-
dora), the ventral ganglia are more or less coalesced into a single
mass. In all cases, the nerves to the antennae arise not from the
supra-ocsophageal ganglia, hut from the first post-oesophageal pair
of ganglia.  This pair of ganglia is quite distinet from the next
sueceeding pair, which innervate the muscles of the mandibles,
and, like all the ventral pairs of ganglia (with the occasional
exception of the mandibular), it has a double transverse com-
missure. It is closely connected with the origin of a “visceral”
nerve-ring which encircles the oesophagns and bears an unpaired
ganglion in the region of the labrum (Iigs. 27 and 28, a.llr).
So far as their nerve-supply is concerned
the antennac are, in the Branchiopoda,
unmistakably post-oral.  In the Noto-
straca the nerves of the antennules (Fig.
28, n.a) arise from the ocsophageal
connectives just in front of those of
the antennae. This was supposed hy
Lankester to be a primitive condition
indicating the post-oral origin of these
appendages.  Pelseneer showed, however,
that the fibres of these nerves pass
forward to a pair of nerve-eentres in the
supra-oesophageal ganglion.  In the other
Branchiopoda the corresponding nerves
arise from the posterior part of the Irain,
and there can be little doubt that the
condition in fpus is a secondary onc dne
to the brain having heen shifted forwards
and upwards in company with the paired
eyes which lie on the dorsal surface of
the head, while the antennules are in-
serted on its lower surface. In Afpus
there is no ganglion corresponding to the

e, 28,

Anterior part of the central
nervons system of A pus, fiom below,
semi - diagrammatie.  eer, brain;

reduced maxillae, and these limbs receive
a pair of nerves arising from the longi-
tudinal connective between the maxillular
and  first thoracic ganglia (Fig. 28,
wan2”).  In the Cladocera, also, where the
maxillae are quite rudimentary or absent,

there is no ganglion corresponding to this somite.

gn.a” antennal ganglion ; n.0’, nerve
to auntennule: n.e”, nerve  to
antenna; n.f’, nerves to first trunk-
limb: by, nerve-ring eneireling
oesophagus @ n.md, nerves to man-
dible ; w.mx’, nerves to maxillula;
2.m”, nerve to maxiila : oe, position
of oesophagms,  (After Lankester
and Pelseneer.)

In Dranchipus,

however, there is a distinet pair of ganglia with double transverse

commissures.



46 THE CRUSTACEA

Sense-Orguns.—The compound eyes are present in all Branchio-
poda. In the Anostraca they are elevated on movable peduneles,
hut in all other Branchiopoda they are sessile, preserving, however,
a certain degree of mobility owing to the fact that they are sunk
below the surface and covered by an invagination of the outer
cuticle, the cavity of the invagination generally remaining in
commuuication with the exterior by a pore (Fig. 29). Exeept in
the Anostraca, the two eyes
arc closely approximated;
and in some Conchostraca,
and more completely in the
Cladocera, they fuse together
into a single eye. The cornea
is not distinctly faceted.
The crystalline cone is
divided into four parts. The
rhabdom is surrounded by
five rhabdom-cells, hut (in
ranc hipus) is not distinetly
divided into rhabdomeres.

Except in some of the
Cladocera, the nauplius eye
persists in the adult of all
Branchiopoda (Figs. 18 and

Fic. 20, 29, ne). It is of the usual

Diagrammatic longitndinal section throngh the tripartite structure, and may

(AT T b hesin s ¢, externai.cnticld o be connected with the brain

e, o ool el el for vt by three separate merves or
HSTRS s 5 p, pore leading N

into the water-sac covering the compound eye and by a SIngIe one. I]] the

sending a blind diverticulum into the nauplius eye; e s .

s, the water-sac, formed by an invagination of the Cladocera it is reduced in
integument. The pore, p, is in the median line, so 2 : 3 s —
that, as a matter of fact, a strictly longitudinal size and sm)phﬁed In strue

section passiug through it would pass between the tyre, and may be entirely
compound eyes.
absent.

Frontal Organs.—In Dranchipus a pair of organs, presnmably
sensory, lie on the front surface of the head (Fig. 5, f). Each
consists of a large hypodermis cell surrounded by a group of
ganglion cells and conneected with the brain.  Below this, in
Branchipus, is & group of club-shaped cells containing peculimrly
shaped rod-like bodies and connected with nerves. In the
Cladocera the first-mentioned frontal organs are vestigial, and
appear to be represented by a gronp of “cells supplied by a
continuation of the nerve of the median eye. The club-shaped
cells, however (the ““ Nuckenorgon™ of Leydig), are well developed,
but are situated high up on the sides or on the dorsal surface
of the head. The pair of nerves supplying them originate from
the ventral snrface of the brain.
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Leproductive System.—The gonads arve generally paired, but i
some Cladocera they may be united in the middle line.  In the
Notostraca they are much ramified, but i the other Branchiopoda
they are of simple tubular form. Probably all Branchiopoda aie
of separate sexes.  In the Notostraca Bernird has described testi-
cular tissne in the ovary, but the ocenrrence of normal functional
hermaphroditism is still unproved.

In the Notostraca the genital ducts open on the 11th trunk-
somite, and this is probably also the case in all the Conchostraci.
In the majority of the Anostraca the first two apodons somites,
nanely, the 12th and 13th of the trunk, are more or less com-
pletely fnsed, forming a “ genital segment” on which the genital
ducts open.  The development indicates that the openings prob-
ably belong to the 12th somite.  In Po/yurtemia, however, the
leg-bearing somites are 19 in number, and the 20th and 21st
somites form the genital segment in the male sex.  In the female
all the apodous segments are coalesced. In the Cladocera the
female genital apertures arc lateral or dorsal in position on the
posterior apodous division of the body. The male apertures are
lateral or ventral and often placed farther back, sometimes quite
at the end of the body.

The genital openings are generally paired, but the female
opening is unpaired in the Anostraca, where the oviducts unite to
form a uterine chamber (Fig. 15, A, uf) with groups of gland-
cells on its walls. In some Cladocera the male opening is nn-
paired.  The terminal part of the vasa deferentia forms w paived
eversible intromittent organ in the Anostraca (Fig. 15, I, p) and
in some Cladocera (Sididae).

The spermatozoa are immobile and wually spherical.  In the
Cladocera, however, they present a remarkable variety of form,
differing greatly sometimes cven in the species of one genns,

In the Anostraca the eggs are retained, sometimes till they
hatch, in the uterine portion of the oviducet. In the other Branchio-
poda they are carried after extrnsion either in special receptacles
formed by the 11th pair of trunk-limbs (Notostraca) or enclosed
within the valves of the shell (Conchostraca and Cladocera).  In
the Conchostraca the egg-musses are attached to certain pairs
of specially modified trunk-limbs.  In the Cladocera a special
brood-chamber is formed between the dorsal surface of the hody
and the shell, and is closed behind by fleshy folds or prominences.
Turther, in some Cladocera, if not all, & modification of the hypo-
dermis of the dorsal surface takes place for the secretion of a
untritive flnid by which the embryos are nourished within the
hrood-chamber.  In the Cladocera the sexually produced “resting -
or “winter "-eggs are deposited within the cast-oft’ shell, and in
many a part of the shell hecomes thickened and indnrated, and
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separates from the rest at ecdysis to form a protective case known
as the eplippiumn, containing the resting-eggs.

DEVELOPMENT.

Excepting the great majority of the Cladocera and a few
Conchostraca (Cyclestheria) in which the development is embryonic,

I, 80.

Larval stages of dpus caneriformis. A, metanauplius, just hatched; B, “second” larval
stage; C, “‘fourth” larval stage. 1,antennule; 2, antenna ; 3, mandible ; 4, maxillula ; 1-XII1,
ficst thirteen trunk-somites; fs, frontal sense-organ; L, hepatic diverticula; s, carapace.
(After Claus, from Korschelt and 1leider’s Embryology.)

the Branchiopoda have a free-swimming nauplius or metanauplius
stage. Some differences exist even in closely allied forms in the
stage of development reached at hatching. In the Notostraca
(Fig. 30) and Anostraca the larva is a typical metanauplius with
an oval body, showing posteriorly the commencing division of
several trunk-somites and sometimes rudiments of their appen-
dages. The antennules are well developed, but simple. The
antennac have a movable masticatory process. The corresponding
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process of the mandible is fechly developed.  The paired frontal
sense-organs in the form of papillie develop at an carly stage,
though not present on hatching. The maxillulae and maxillac are
generally not marked ofi' till after the succeeding limbs have heen
differentiated. The “dorsal organ” or nuchal gland is very large
in the early stages even in those forms in which it is greatly
reduced or absent in the adult. The trunk-somites and their
appendages become differentiated in regular order from hefore
backwards.

In the Conchostraca the earliest larva has no trace of the
trunk -somites.  The antennnles are greatly reduced aud the
labrum is very large.  The nauplius of Limnetis is remarkable for
the broad dorsal shield and for the peculiar cruciform shape of the
front of the head. In the Conchostraca and in the Cladocera the
shell develops from paired rudiments. The later larval stages of

MG, 31,

Metanauplins of Leptodora, hatched from a *“ winter "-ega, o', antennule ; ¢”, antenna : md,
mandibular palp; ol, fabrum ; pi-gnai, rudiments of the six pairs of trunk-limbs,  (Alter Sars,
trom Korschelt and Heider's Fmbryology.)

the Conchostraca, as, for instance, Fstheriu, correspond very closely
with the adult structure of the Cladoeera.

In the Cladocera the eggs are usually large and rich in yolk,
or, when the reverse is the case, a special provision is made for the
nourishment of the developing embryos within the brood-chamber.
The egg-membrane, which in the parthenogenctic (summer”) eggs
is very thin, is early cast oft, and the devcloping embryos lie free
within the brood-echamber. In the sexually produced (*“winter”
or ‘“resting ”) eggs the whole development is gone through within
the egg-membrane. A distinet nawplius stage is passed through,
and, at least in some cases, is marked by the formation of a cuticle
which is cast off later. The rudiments of the maxillulae and
maxillae do not appear until after some of the trunk-limbs have
already appeared, and the maxillae afterwards become reduced and
disappear in the adult. In the cmbryos of some Cladocera in
which only five pairs of trunk-limbs are present in the adult, six
pairs of rudiments are formed, but the last pair disappears later.

4
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The young of the Conchostracan Cyclestheria have an embryonic
development very similar to that of Cladocera within the shell of
the parent.

A remarkahle exception to the rule of embryonic development
among Cladocera is afforded by the aberrant genus Lepfodora. The
parthenogenetic “summer "-eggs develop in the usual way within
the brood-pouch of the parent. The “ winter "-eggs, however, hatch
out as metunauplit (Fig. 31). The body is unsegmented, but the
six pairs of thoracie limbs are already visible as rmdiments. The
antennules are very short. The antennae, on the other hand, ave
unusually large, as they are also in the adult. They are withont
any masticatory process. The mandibles have long unsegmented
palps. The compound eyes are not yet developed, but the nauplius
eye is present, and persists throughout life in the individuals
hatched from *winter "-eggs, while it is absent in those hatehed
from the “summer ”-eggs. In the reduction of the antennules this
larva shows some resemblance to that of Estheria.

REMARKS oN HamIiTS, ETC.

The great majority of the Branchiopoda inhabit fresh water.
A few species of Cladocera, belonging to three genera, occur in the
sea, and the Anostracan Arfemia is found in salt lakes and brine-
pools. The Cladocera form an important part of the plankton of
lakes and ponds, and the larger Anostraca, Notostraca, and Con-
chostraca oceur chiefly in small ponds and rain-water pools. The
oceurrence, throughout the group, of sexually produced, thick-
shelled “resting ”-eggs, which can survive desiccation, in addition
to the thin-shelled eggs produced by parthenogenesis, probably
indicates the very ancient adaptation of the Branchiopoda to a
freshwater habitat.

No parasitic Branchiopoda are known.

The Cladocera are nearly all of microscopic size, and some species
which do not exceed 0:25 mm. in length are among the smallest
known Arthropoda. Of the other orders, the Notostraca comprise
the largest forms, some species of pus reaching 70 mm. in
length.

PALAEONTOLOGY.

The Conchostraca are well known as fossils, and forms
referred to the existing genus FEstheria occur as early as the
Devonian. The Notostraca are more doubtfully represented by
Protocaris from the Lower Cambrian. From the delicacy of their
structure, the Anostraca are less likely to be preserved, and almost
the only undoubted example is Branchipodites of the Oligocene. The
Cladocera are not certainly known earlier than Post-tertiary deposits.
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Many palacozoic fossils formerly classed with the ¢ Phyllopoda ”
are now referred to the Phyllocarida.

AFFINITIES AND CLASSIFICATION.

The alliance of the groups included in the Branchiopoda is
justified especially by the lobed foliaceous form of the trunk-limbs
which they have in common, but the divergences of structure in
other respects are greater than is the case in other sub-classes of
Crustacea. Thus, while the other sub-classes are more or less
strictly nomomeristic, each of the orders of Branchiopoda, and even
some of the families and genera, are markedly anomomeristic.  This
is in agreement with the view that the Branchiopoda are a primitive
group which has not attained to the fixity of general structure
found in the other sub-classes.

Their primitive character is further shown, as has been pointed
out, by the general uniformity of the trunk-somites and their
appendages, by the presence of gnathobases on all the trunk-limbs,
by the “ladder-like” form of the ventral nerve-chain and the post-
oral position of the antennal ganglia, and by the tubular heart and
its segmentally arranged ostia. The primitive character of the
larval development has also been alluded to.

It may be mentioned here that, as in other groups of Arthro-
poda, the possession by many Branchiopoda of a large number of
somites can hardly be regarded as proof. of their primitive position.
In the Notostraca, the fact that the posterior pairs of appendages
exceed in number the somites which carry them, shows that
sccondary changes, whether by coalescence of somites or, more
probably, by multiplication of appendages, have taken place. A
further argument in favour of a possible inerease in number of
somites is afforded by a consideration of the aberrant Notostracan
genus Polyartemic (Fig. 32).  Apart from the Cladocera, which the
u.bblevumon of the trunk excludes from the comparison, Polyartemiu
forms the only exception to the rule that the genital apertures of
the Branchiopoda are sitnated, approximately, in the region of the
twelfth trunk-somite. Now, the close resemblance in all other
respects between Dolyarfemiv and the other Anostraca strongly
suggests that the ninetcen somites interposed between the head
and the genital somite in that genus correspond, as a whole, to the
eleven somites which oceupy the same position in the other
Anostraca; and the agreement of the latter in this respect with
most of the other Branchiopoda seems to indicate that the smaller
number of somites is here the more primitive, the larger the more
specialised condition. If this be so, a similar multiplication of
somites in the post-genital region of Notostraca may well acecount
for the exceptionally large numbcl found in that order.
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The classification of the Branchiopoda commonly adopted differs
from that given below in grouping together the Anostraca,
Notostraca, and Conchostraca as a single order, Phyllopoda
(Latreille, 1802),! distinguished from the Cladocera chiefly by the
greater number of somites and appendages and by the prevalence
of metamorphosis in development. The groups of the Phyllopoda,

TG, 32.

Polyartemin forcipata, one of the Anostraca. X 5. (After Sars.) A, female, dorsal view ;
B, male, lateral view. «', antennules; a”, antennae, very small in the female but greatly
enlarged and three-branched in the male; fa, “frontal appendage”; p, paired penes of the
male. There are nineteen limb-bearing trunk-somites, followed, in the male, by six limbless
somites (besides the telson), of which the first and second are partly coalesced to form the
genital segment. 1n the female the limbless region of the trunk is unsegmented.

however, differ among themselves in characters which are at
least as important as those separating the Cladocera from the
Conchostraca, and it seems desirable to recognise this by giving
them the rank of orders.

1 Unfortunately some writers, following Clauns, have transposed the nanes
Rranchiopoda and Phyllopoda, applying the latter to the sub-class and the former
to one of its divisions, but this use is not sanctioned either by priority or by
universal custom.
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Scup-Crass Braxcrioropa.
Orprr 1. Anostraca.

/Cnmpacc absent ; paired eyes pedunculate; antennae prehensile in
male, reduced in female ; trunk-limbs, 11 or 19 pairs, none post-genital ;
furcal rami unsegmented ; development with metamorphosis. -

Family PorLvarreMiipae.  Dolyavtemia, Fischer (Fig. 32). Family
BRANCHIPODIDAE.  Dranchipus, Schitfer ; Chirocephalus, Prévost (Fig.
21); Arvtemia, Leach: Dranchinecta, Verrill (Fig. 15).  Family
THAMNOCEPHALIDAE.  Thamnocephalus, Packard.

OrDER 2. Notostraca.

Carapace forming a dorsal shield ; paired eyes sessile; antennae
vestigial ; trunk-limbs, 40 to 63 pairs, of which 29 to 52 are post-genital ;
furcal rami multiarticulate ; development with metamorphosis.

Family APoDIDAE. . pus, Latreille ; Lepidurus, Leach (Fig. 16).

OrpER 3. Conchostraca.

Carapace bivalved, enclosing head and hody ; paired eyes sessile,
coalescent ; antennae biramous, natatory ; trunk limbs, 10 to 27 pairs,
of which O to 16 are post-genital ; furcal rami claw-like ; development
usually with metamorphosis.

Family LiMNADIIDAE.  Liwnadia, Brongniart; FEstheria, Tiippel
(Fig. 17) ; Cyclestherie, G, O. Sars.  Family LIMNETIDAE.  Limnetis, Lovén.

Orper 4. Cladocera.

Carapace Dbivalved, generally enclosing body bnt leaving head free,
sometimes reduced and serving only as a brood-sac ; paired eyes sessile,
coalesced ; antennae biramous (except in the female Holopcdium), natatory ;
trunk-limbs, 4 to G pairs, none of which are post-genital; furcal rami
claw-like ; development embryonie, rarely with metamorphosis.

Sup-OrRDER 1. CALYPTOMERA.

Curapace completely enclosing body and limbs.

Tribe 1. CTENorop.a. Six pairs ol trunk-limbs all similar and
foliaceous.

Family Sipipar.  Sida, Straus; Latona, Straus; Penilia, Dana.
Family 11oLOPEDIIDAE.  IHolopedium, Zaddach.

Tribe 2. AxoMopopns. Five or six pairs of trunk-limbs, first two
pairs more or less preliensile.

Family Daeuxipag.  Daphnie, O. F. Miller (Fig. 18); Moing,
Baird 5 Simocephalus, Schodler (Stmost, Norman).  Family BosyiNIDaE.
Bosmina, Baird.  Family LyNcopaPENHDAE  Jlyoeryptus, G. O. Sars;
Macrothrie, Baird.  TFamily Lyxceipar.  Lyaccus, O. F. DMiiller;
Chydorus, Leach; Ewryeereus, Baird ;  Pleuroxus, DBaird (Fig. 26);
Monospilus, G. O, Sars,
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SuB-OrpER 2. GYMNOMERA.

Carapace not enclosing body and limbs,

Tribe 1. OxvcHOPODA. Four pairs of trunk-limbs, more or less
compressed.

Family PoLYPHEMIDAE.  Polyphemus, O. F. Miiller ; Bythotrephes,
Leydig; Evadne, Lovén ; Podon, Lilljeborg.

Tribe 2. HarLopoDa. Six pairs of trunk-limbs, completely pedifori,

Family LEpTODORIDAE.  Leptodora, Lilljeborg (Fig. 19).
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CIIAPTER III
TIIE OSTRACODA

Sup-Crass OsTrACODA, Latreille (1802).

Order 1. Myodocopa.
Cladocopa.
. Podocopa.
. Platycopa.

e O LY

Definition.—Crustacea in which the carapace forms a bivalve
shell ; the trunk is indistinctly segmented, its posterior part is
without limbs and ends in a caudal furea; the antennules and
antennae are large and nsed for locomotion ; the mandibles have a
palp; not more than four pairs of limbs are distinctly developed
behind the mandibles and they vary much in form; the genital
apertures are behind the last pair of limbs; the paired eyes are
sometimes present; development with metamorphosis, the young
hatehed in the form of a modified nauplins.

Historicul.—Although various species of Ostracoda were seen
and fignred by the early microscopists, the seientifie study of the
group may be said to hegin with O. F. Miiller’s Entomostraca
(1785). The hivalve shell caused these animals to be associated
in most of the earlier systems of elassification with the Cladocera,
from which they were separated by Milne-Edwards (1840). Almost
the first to give an account of the internal anatomy was Zenker.
The knowledge of their development is based chiefly on the works
of Claus. The systematic and faunistic works of G. O. Sars, Brady,
and Norman are among the most important ; while in recent years
G. W. Miiller has macde noteworthy advances towards a preeise and
detailed knowledge of morphology and classifieation.

MorrHOLOGY.

The bivalved shell which completely encloses the body and limbs
(Fig. 33) is usually elliptieal in outline as seen from the side, often
(Podocopa) somewhat flattened ventrally, but it may be nearly

56
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globular or, in some llaloeypridae, greatly elongated. The two
valves are ])1'0]):1.1)]) always more or less unsy mmetuc'tl especially
along the ventral margin.  On the dorsal side they are connected
by a hinge-joint, which may be merely an uncaleified strip of
the integument (llalocypridac), or may be strengthened hy inter-
locking ridges and tecth. The most complex hinges are found
among the Cytheridae.  The almost globular shell of Gigantocypris
is exeeptional in that the free edges of the valves occupy only
about one-third of the circumference.

The outer surface of the valves is seldom cuite smooth. It
may be beset with setae or pitted or sculptured (Fig. 33, ), and
is sometimes prodnced into wing-like processes. When the shell
is strongly ealcified and opacque more transparent spots mayv mark
the position of the eyes (Podocopa, Fig. 33, ¢). The attachment
of the adductor mmscle is nsually visible externally as a group of

Fre. 33.

Lateral view of shiell of A, Philomedes hrenda (Myodocopa), X 81 B, Cypris fuseat (Podovop'x),
X 1975 C, Cythereis ornata (1’0«10(01):1), X 33. o, attachment of :u]«lm-t,or museles ; ¢, median
oye i, antenml notch. (A after Brady and \ornmn B and C alter G. W. Muller.)

spots, the arrangement of which affords characters of systematic
importance («). When the cdges of the valves are brought
together they usnally fit closely, but in some cases openings are
left. The most important of these is the “antennal notch” found
in most Myodocopa, and permitting the protrusion of the antennae
(Fig. 33, A, @). Unieellular glands opening by pores on the
surface of the shell are frequent in Myodocopa, less so in Podocopa.

The fold which marks oft’ the shell from the body on ecaeh side
does not extend very far towards the dorsal surface. and certain of
the viscera may extend, as in some Cirripedia, into the cavity
between the outer and inner integument of cach valve.  This is
the case with the hepatic caeca in some Cyprididae (Pontoeyprinac),
and more commonly with the reproductive organs, especially the
ovaries, which in the Cyprididae are completel) and in the
Cytheridac partly lodged in the cavity of the shell-fold. In the
Cypridinidae a network of blood-channels traverses each valve,
radiating ontwards from the muscle-impression.

The posterior part of the body, which is free within the shell,
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shows, at most, only indistinet traces of segmentation (Cytherella).
The terminal part is curved ventrally, and ends in a caudal furea.
In the Myodocopa the furcal rami are flattened triangular plates,
with short, stout spines or teeth on the hinder margins (Fig. 37, E).
In the Podocopa they are slender or styliform, bearing sctae, or
may he much reduced, as in the Cytheridae.

I'1e. 34,

A, antennule of Cypridine mediterranee, @. B, antenna of Conchoceic magne, 9. C, antenna
of Cytherelle sordide. D, anteuna of Darwinula stevensoni, (After G, W. Miiller.) en, endopo-
dite, ex, exopodite, according to Miiller's interpretation.

Appendages.—The antennules may function as sensory organs,
or they may De used for swimming, ereeping, or digging in sand,
and their form and armature of setae or spines are correspondingly
varied. Each is composed of ecight segments in Cypridine (Fig.
34, A) and in Pontocypris, and this seems to be the typical number
from which the others have been derived by reduction. In the

Halocypridae the segments are reduced to two or one. Sometimes
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the antennules are modified in the male sex as organs for clasping
the female. This appears to be the function of certain highly
peculiar sctae provided with sucker-like organs found in the male
of Cypridina.

With very few exceptions the anfenne appears to be the chief
organ of locomotion, whether swimming or crecping. In the
Myodocopa it is biramous, and the outer branch is more strongly
developed than the inner, with eight or nine segments carrying
natatory setae. The inner branch has not more than three
segments, and is often modified as a clasping organ in the male.
It is characteristic of the Myodocopn that the single segment of
the peduncle is greatly expanded and ocenpied by large muscles
(Fig. 34, B). In Lolycope (Cladocopa) the two rami do not differ
greatly in length. In the Podocopa only one ramus of three or
four segments is well developed, and, according to the view of
G. W, Miiller, it is the inner ramus, the outer being represented
by a small process tipped with setae or being altogether absent
(Fig. 34, D). In Cytherella (Platycopa) the antenna differs from
that of all other Ostracoda in having the peduncle divided into
two segments and bent or geniculate between them (Fig. 34, C).
The two rami are well developed—the inner, of three segments,
resembling that of the Podocopa in the disposition of the sensory
setac. The outer ramus has two segments. In the Cytheridac a
large seta, bent at the tip, occupics the place of the vestigial outer
ramus present in the other families of Podocopa. It serves as
duct to a large unicellular gland.  This was formerly regarded as
a poison-apparatus, but, according to Miiller, it is a spinning organ,
by means of which the Ostracod covers with a network of fine.
threads the surface on which it is creeping, in order to obtain a
secure foothold.

The lubrum is nsually well developed, and is especially large in
Cypridinidae, where it contains a group of gland-cells. The lower
lip is usually small, and only rarely shows traces of a division into
paragnatha.

The mendible is characterised by the large size of the palp,
which is often biramous and is sometimes pediform or variously
modified. The gnathobase may be reduced to a small setose lohe
(Cypriding), or to a curved serrated process extending into the gullet
(sterope). In Sursielle it seems to be entirely absent, and the
strong curved spines with which the tip of the palp is armed
probably serve for seizing food and passing it into the mouth
(I'tg. 35, C).  In the other families the gnathobase is usually well
developed, and armed with spines and teeth. The palp usually
consists of four segments, but the number is often reduced. In
the Cypridinidae it is long and pediform, and is used in creeping.
In Sursiella, as already noted, it serves for the prehension of food,
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and in the male of that genus it is apparently a clasping organ.
In the Halocypridae (Fig. 35, B) and Polycopidae (Fig. 35, A)
the first segment of the palp sends inwards a process tipped
with spines, which lies alongside the gnathobase and assists in
mastication. In Cytherelle and some other genera the inner surface
of the first and second segments of the palp bears a comb-like series

Fra. 35.

A mandible of Polycope frequens. B, mandible of Conchoecia magna. C, mandible of Sar-
sielloclevis, @, D, maxillula of Philomedes interpuncte.  E, maxillula of Polycopsis scrrato. I,
manillula of Macroeypris succinea. (After G, W. Miller,) ex, exopodite.

of long setae. The eropodite is represented in most Myodocopa
by a small unsegmented appendage. In the Cyprididae and allied
families it is a flattened plate with radiating fan-like setac or
setiform processes, the so-called brauchial appendage. In Pare-
doxostome and some allied genera the mouth-parts are modified for
piercing and sucking. The mandible is styliform, with a slender
palp, and is enclosed in a conical beak formed by the labrum and
hypostoma. '
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The structure of the mazillule varies very mueh in the different
genera.  The most primitive form is probably that found in the
Cladocopa, where it consists of a protopodite of two segments, a
three-segmented endopodite, and a small exopodite of one or two
scgments (Fig. 35, E). The segments of the protopodite arc
each prodnced inwards into a slight masticatory lohe. In the
Halocypridae and most Cypridinidae (Fig. 35, D) the strmcture
is similar, save that the exopodite is wanting.  In most Podocopa
the masticatory lohes are greatly produced, and the distal one is

7
/

16, 36.

2\, third post-oral appendage (so-called ¢ second maxilla ™) of Cypridine mediterranes (youny).
B, third post-oral appendage (so-called ““lirst leg”) of Cythireis convrra, (| third post-oral
appendage (so-called ** maxilliped ”) of Macrorypris suceined, male. D, the same, female.  (After
G. W. Miiller.) en, endopodite ; er, exopodite.

divided into two. The three segments of the endopodite may he
distinet or may fuse into one. A large “branchial appendage,” with
radiating setae, may perhaps represent the exopodite (IFig. 35, ).
The third post-orul linb is of very diverse form, and has received
different names in the varions genera. Thus in the Cypridinidae
it has been called the “second maxilla,” in the Halocypridac and
Cyprididae the “maxilliped,” and in the Cytheridac and other
families the “first leg.” In the Cypridinidac it is quite maxilli-
form, and in the adult shows hardly any trace of segmentation.
In young stages, however, Miller finds that it consists of six
more or less distinct segments, of which two are assigned to the
protopodite and the remainder to the endopodite (Fig. 36, A).
A “branchial appendage ” is present and ix probably to he regarded
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as the epipodite. In the other families the appendage is more leg-
like. The “branchial plate” is commonly present, and sometimes
an unsegmented appendage which is regarded as the exopodite.
In many Cyprididae the limb forms, in the male, a strong clasp-
ing organ (Fig. 36, C), which may be unsymmetrically developed
on the two sides. In Cytherella it has, in the male, much the
same structure as in the Cyprididae, while in the female it is
entirely absent. Finally, in the Bairdiidae and Cytheridae it is
quite pediform (Fig. 36, B), with a strong terminal claw, and
with or without a branchial plate.

The completely pediform character of this appendage in many
Ostracoda suggests a doubt as to its homology with the maxilla of
other Crustacea. This doubt is further strengthened hy Miiller’s
statement that the limb appears to belong to the thoracic rather
than to the cephalic division of the body. More important still is
the fact that in the course of development a pause in the successive
appearance of the limbs occurs before this limb is added to the
series. On these grounds there seems to be considerable proba-
bility in Miiller’s view that the maxilla has been entirely lost in
the Ostracoda and that the appendage which ocenpies its place is to
be regarded as homologous with the first thoracic appendage of
other Crustacea.

In most Myodocopa the fourth post-oral limb is a maxilliform
lobed plate, distinetly segmented only in Cypridina (Fig. 37, A).
In Sursielle and Asterope it is laminar and not lobed. In the
Polycopidae it is absent.  In the other families it is more or less
leg-like (Fig. 37, B), with or without a branchial plate. In some
Cytherellidae it forms a clasping organ in the male, while in the
female it is reduced to the branchial plate.

In the Cytheridae, Bairdiidae, and Darwinulidae the fifth post-oral
limb is pediform, with a strong terminal claw, and is used for
creeping. In the Cyprididae (Fig. 37, D) it appears less adapted
for locomotion, and is probably chiefly used as a “eleaning foot”
for cleaning the other appendages and the iuside of the shell.
This is its only function in the Myodocopa (except Halocypridae),
where it has a remarkable structure, being long and cirriform,
divided into numerons segments moved by two muscles running
along its whole length (Fig. 37, C). It is set high up on the side
of the body, and the terminal part is armed with setae and
chitinous teeth. In the Halocypridae the imb is greatly reduced
and in the Cladocopa it is altogether absent.

A peculiar brush-like appendage found on the side of the hody
in the males of some Ostracods has been regarded as a vestigial
sixth post-oral limb. It is found in a few Cyprididae and in Cyfherella
behind the last leg, and its position near the first leg (third post-oral)
in the Bairdiidae and Cytheridae is explained as the result of a
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secondary shifting of position. A similar organ has been found in
one species of Cypridina.

It is not unlikely that at least one pair of limbs is involved in
the composition of the penes of male Ostracods.

Alimentary System.  The oesophagus is narrow and has muscular
walls.  Its npper or posterior end projects into the capacious mid-

16, 3T,

A, fourth post-oral appendage of Cypridina mediterranea. B, the same of Macrocypris
svesinea,  C, fitth post-oral appendage of Cypridina mediterrance. D, the same Of Mueroeypris
succinea. 14, one ramus of the cawdal furca of Cypriding syuamesa, seen from the side.  (After
G. W. Muller.)

gut, and in the Podocopa is armed internally with chitinous ridges
and teeth. In the Bairdiidae this apparatus is most fully developed
and forms an efficient “gastric mill,” moved by extrinsic and
intrinsic muscles, for the trituration of the food.

The mid-gnt in the Podocopa is divided into two parts hy a con-
striction. Hepatic cacca may he absent as in (ypridine, numerous
and small as in Halocypris, or large and reduced to a single pair
which may extend into the shell-cavity, as in Cyprididae.
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The short rectum opens on the ventral side of the furea in
Myodoeopa, but on the dorsal side in the Cyprididae and allied
families.

Cireulatory System.—A. heart is present only in the DMyodocopa
(Fig. 38, /). It is placed near the dorsal surface just above the
mandibles, and has one pair of lateral ostia and an opening in
front through which the blood is expelled. No definite vessels
exist, but a network of hlood-channels is found in the shell of the
Cypridinidae. The blood is coloured red in Krithe.

Lespiratory System.—In the majority of Ostracoda the respiratory
funetion is probably discharged by the general surface of the body
and limbs and by the inner surface of the shell. The so-ealled
“Dbranchial appendages” found on the various limbs serve to
keep up a current of water within the shell. Only in the genus
Asterope, and less distinctly in one or two species of Cypriding, are
definite branchiae found. These are lamellar appendages attached
to the dorsal surface of the posterior part of the body. Seven
pairs are present in Asterope.

Eacretory System. — Little *is known regarding the exeretory
system of the Ostracoda. *Segmental” organs in the form of
small sacs lying at the hases of the ambulatory legs are deseribed
in Puradoxostomue and Dairdie. It is doubtful whether they open to
the exterior. In Cypris a gland lying in the labrum and opening
on the first segment of the antenna and a second gland opening on
the basal segment of the third post-oral appendage (maxilla ?) have
been described.

Glands.—As already stated, dermal glands are frequently found
in the valves of the shell. In some Cypridinidac their secretion
serves to agglutinate the sand in which these animals hurrow, and
in some cases to form definite tubular dwellings. In the Halo-
cypridae the glands are most numerons near the edge of the
anterior part of the shell, and it is stated that their muens-like
secretion serves to entangle food-particles and is then swallowed.
Specially large glands opening near the margins of the valves
anteriorly are found also in some other Ostracoda, and, from their
position, suggest a eomparison with the *fronto-lateral glands”
similarly sitnated in the  Cypris-larva” of Cirripedes. Glands are
sometimes found in the labram (Cypridinidae and Cyprididae), and
are believed, in Pyrocypris, to produee a luminons secretion. The
spinning-glands of Cytheridae have already been mentioned.

Musculature.—The adductor muscle (Fig. 38, S.17) runs between
the valves of the shell on the ventral side of the alimentary canal.
In some Ostracoda, espeeially in Cyprididae, a tendinons plate is
found below the anterior part of the alimentary eanal, serving for the
attachment of the mandibular and maxillary museles. It is worthy
of note that the adductor musele does not share in its formation.
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Nervous System.—The supraoesophageal ganglion is largest in
the Cypridinidae in eorvelation with the presence of paired eyes in
that family.  The ventral nevve-chain is represented by a single

G, as,
Cypridine wediterronea,  Female (above) and male (Lelow).
show appendages and internal organs,
tourth post-otal limb; F (above), fifth post-oral limb; Fu, cawlal furea; G, brain: I, heart ;
M. mid-gay s Mdf, mandibular palp: M, maxillula; Mr”, thivd post-oral limb (maxilla): ¢

paired eye s ¢, median eve; P penis 3 S0, adductor muscle ot shell o Stz Trontal tentacle: T
testis,  (IFrom Claus's Trxthook.)

One valve of shieil removeld to
A7, antenua (the antennule is just above); F' (below),

5
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undivided mass in the Cyprididae, but in the Myodoecopa it may be
more or less eompletely divided into two or three (Halocypridae)
ganglionie masses.

Sense-Orguns.—Paired compound eyes are present only in the
Myodocopa (excluding Halocypridae), where they project slightly
from the surfaee of the head within the shell (Fig. 38, 0). The
number of ommatidia in each varies from four in Sursiells to about
fifty in some species of Asterope. The crystalline body in each is
bipartite, and the rhabdom is longitudinally ribbed. There are no
facets or cuticular lenses on the overlying euticle, nor “eye-spots”
on the shell. In Philomedes the eyes, though well developed in
the male, are rudimentary in the female.

The nauplius eye is present in the majority of the Ostracods
(Fig. 38, 0'), and consists of the usnal three pigment-eups contain-
ing each from 3 to about 100 retinal rods. In some Podocopa
the three parts are widely separated from each other. A uni-
eellular lens, or “erystalline body,” is found in many Podocopa
(Fig. 12, p. 18), and transparent “eye-spots” on the shell are
common. In the Myodocopa the nanplius-eye lies at the base of
a rod-like median process from the front of the head, the ¢ frontal
tentacle ” (Fig. 38, Siz). Sometimes (IHaloeypridae) the distal
portion of this tentacle is segmented off and is known as the
¢ capitulum,”

Olfactory filaments are present, commonly in greater numbers in
the male than in the female, on antennules and antennae, and also
on the “brush-like appendage.”

Reproductive System : Female.—The ovaries are paired, and are
generally lodged in the posterior part of the body. In the
Cyprididae, and partly in the Cytheridae, they lie in the cavities
of the shell-valves. The oviducts usnally open separately hehind
the last pair of legs. In the Haloeypridae the two oviducts unite
shortly after leaving the ovaries, and the unpaired opening is
situated on the left side just in front of the caudal furea. A
receptaculum semings, paired except in the Haloeypridae, is always
present. As a 1ule, it opens to the exterior by a special copnlatory
pore, and communicates internally with the oviduet, but sometimes
only the external opening appears to be present, while in the
Cyprididae the opening into the oviduet serves hoth for entrance
and exit.

Male.—The testes are simple in the Myodocopa (Fig. 38, 7)),
four-lobed in most of the other families. In the Cypridinidae
the two wase deferentiv unite to open by a single median pore
lying hetween the paired penes, which in this family alone are
not traversed by the ducts (Fig. 38, ). In the Halocypridae the
penis is unpaired and lies to the right of the middle line. The
vasa deferentia unite just before entering it. In the other families
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the vasa deferentia arc probably always united by a transverse
duet shortly after leaving the testes. They are often of great
length and are eoiled in a very complex fashion, differing in the
different groups. The distal part forms a ductus ejaruluiorius of
complieated structure, with museular walls.  The paired penes are
traversed by the vasa deferentia, the terminal portion forming a
protrusible copulatory tube, and the penis is often armed with
chitinous hooks moved by speeial museles.

The spermatozoa are sometimes spherical (Asterope), more
commonly filiform.  In the Cyprididae they are of a size which
relatively, if not absolutely, is unique in the animal kingdom. In
DPontocypris monstrosu the total length of the animal is ‘6 mm., while
the spermatozoa are 5:0-7-0 mm. long.

DEVELOPMENT.

The eggs are carried within the valves of the shell dorsally to
the body of the animal in the Cypridinidae, Cytherellidae, some
Cytheridae, and in the freshwater genus Darwinula, and in a
few cases the young are carvied for some time after hatehing. In
other cases the eggs are deposited on water-plants or shed free
in the water. The eowrse of development is best known in the
Cyprididae. On hatching, the larva is already cnelosed within a
bivalve shell, but otherwise corresponds in strueture to a nauplius
(Fig. 39). Three pairs of appendages are present, antennules,
antennae, and mandibles, the last
two, however, not distinetly biramons. _-€.

In the Cytheridae the mandible at
this stage is 1udimentary. The
remaining limbs are added at sue-
cessive moults in regnlar order from
before backwards.  Aceording to
Mliiller, it is not the case that, as
stated by Claus, the fourth post-oral
limbs appear before the third. There
is, however, a marked pause in the i st of cupris. o, antemnle;
development before the appearance «” antenna; ad, adductor muscle of cara-
. . . pace; e, nauplius eye; md, mandible.
of the third post-oral pair, and this, (inerCiaus,)
as already pointed out, supports the
view that a pair of appendages corresponding to the maxillac of
other Crustacea is missing.

e, 30,

REMARKS oX HaBITs, ETC.
The Ostracoda are abundant both in fresh waters and in the
sea, generally burrowing in mud or creeping among weeds. The
marine Halocypridae belong to the plankton. None are definitely
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known to be parasitic, but one species found in the gill-chambers of
Crayfish in North America may be so. The majority are minute,
very many not exeeeding 0'5 mm. in length. The Myodocopa are
usnally larger than the Podocopa, many being 1 or 2 mm. long.
The largest known Ostracod, a species of Giguntocypris, is 23 mm,
in length.

PALAEONTOLOGY.

Fossil Ostracoda are abundant in all geological formations from
the oldest to the most recent, but, with hardly an exception, only
the shell is preserved and the affinities of the numerous genera
which have been established remain quite uncertain. Most of the
Ostracoda from Cambrian rocks belong to the genera Primitia,
Jones, and Leperditia, Roualt, while Deyrichia, M‘Coy, is common
in the Silurfan.  Species referred to the recent genus Cypriding
occur in the Carboniferous, and Cythere and other recent genera are
stated to make their appearance in the Permian.

AFFINITIES AND CLASSIFICATION.

In the bivalved form of the shell, the ventrally flexed posterior
part of the body, the form of the candal furca (in the Myodocopa),
and the biramous natatory antennae (especially of the Cladocopa
and Platycopa), the Ostracoda present important resemblances to
the Conchostraca and Cladocera among the Branchiopoda. There
might, indeed, be little difficulty in regarding them as derived from
the Conchostraca, were it not for the presence of the mandibular
palp, which is absent from the Branchiopoda. The possession of
this appendage and its biramous form in many cases point to
the origin of the Ostracoda as an independent Iranch of the
primitive Crustacean stock. There appears to be no reason,
however, to suggest, as Claus has done, that the small number of
appendages is a primitive character.

In the possession of paired eyes and a heart, the Cypridinidae
are more primitive than the other Ostracoda, although in the form
of the antennae and in some other points they are probably more
specialised than the Cladocopa and Platycopa.

The classification given below is that of Sars, as modified by
Brady and Norman. In the more recent arrangement of G. W.
Miiller the Cladocopa are included in the Myodocopa and the
Platycopa in the Podocopa, and the number of families is considerably
reduced.

SUB-CLASS OSTRACODA.
OrpER 1. Myodocopa.

Shell generally with antennal notch; antennae with massive basal
segment, generally biramous, exopodite generally with eight or nine
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regments, endopodite minute and generally prehensile in male ; five pairs
of post-oral limbs ; caudal furea with lamellar rami armed with spines.

Family HavrocyPrRIDAE (CONCHOECIIDAE). Heloeypris,  Dana ;
Conchoeciry Dana.  Family ASTEROPIDAE.  Astcrope, Philippi (= (‘ylindro-
leberts, Bradv). Pamily CypripINIDAE,  Cypridina, 11. Milne-Edwards ;
Philomedes, Lilljeborg (Fig. 33, Ay Pyrocypris, G. W. Miiller; (ganto-
cypris, (1 WL Miiller.  Family Ruriperyarinar.  Rutiderma, Brady and
Norman.  Family SARSIELLIDAE.  Sersielle, Norman.

Orprr 2, Cladocopa.

Shell without antennal notch : antennae biramous, both ramni well
developed and natatory ; only three pairs of post-oral limbs; other
characters as in Myodocopa.

Family Porvcoripar.  Polycope, G. O. Sars; Polycopsis, G. W.
Miiller.

Orper 3. Podocopa.

Shell without antennal notch; antennae with basal segment not
enlarged, one ramus (exopodite, Miiller) vestigial or absent, the other of
not more than four segments ; five pairs of post-oral limbs ; candal furca
with styliform or vestigial rami.

Family PARADOXOSTOMATIDAE.  Paradoxostomn, Fischer.  Family
CyYTHERIDAE.  Cythere, O. F. Miiller; Cytherers, G. O. Sars (Fig. 33,
CY; Krithe, Brady., Family DArRwWINULIDAE.  Darwinula, Prady and
Robertson. Family BAIRDIIDAE.  Beadrdie, M‘Coy. TFamily CYPRIDIDAE.
Cypris, O. F. Miller (Fig. 33, B); DPontocyprts, G. O. Sars. TFamily
CYPRIDOPSIDAE.  ('ypridopsis, Brady.

OrpER 4. Platycopa.

Antennae biramous, protopodite of two segments, endopodite of three,
and exopodite of two sezments ; only lour pairs of post-oral limbs ; other
characters as in Padocopa.

Family CYTHERELLIDAE.  Cytherelle, Dosquet.
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CHAPTER 1V
THE COPEPODA

Sus-Crass Corkropa, H. Milne-Edwards (1830).

Order 1. Eucopepoda.
Sub-Order 1. Gymnoplea.
Tribe 1. Amphaskandria.
» 2. Ieterarthrandria.
Sub-Order 2. Podoplea.
Tribe 1. Isokerandria.
» 2. Ampharthrandria.
Order 2. Branchiura.

Definition.—Crustacea in which there is no distinet shell-fold,
though the dorsal shield of the cephalon may he enlarged by the
coalescence of one or more of the trunk-somites ; there are typically
nine free trunk-somites (besides the telson), the last four without
appendages ; the telson bears a caundal furca; the antennules and
antennac are generally large, the latter sometimes biramous,
and both may be used for locomotion or for prehension; the
mandibles may have a palp, sometimes biramous; there are
typically six pairs of trnnk-limbs, the last five biramons and
natatory, but the sixth pair wre frequently reduced or absent ; the
genital apertnres are on the seventh trunk-somite (except in
DBranchiura) ; the paired eyes are absent (except in Branchiura) ;
development with metamorphosis, the young generally hatched in
nauplius stage.  (Most of these characters are subject to modifica-
tion in parasitic forms.)

Iistoricall —The relatively large size attained by some of the
parasitic Copepoda renders it probable that they were the first to
attract attention, and it is possible, though not certain, that they
are referred to in certain passages of Aristotle.  The minute free-
living forms remained unnoticed till some of the microseopists of
the seventeenth century —notably Leeuwenhoek —described and
figured the common freshwater Cyclops. It was long, however,

71
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hefore the affinity of the two groups was recognised. Linnaeuns
included some free-living Copepods in his genus AMonoculus, among
the Crustacea, but sone of the parasites were placed under “ Vermes
mollusca” in the genus Lerncea, and others among the “Zoophyta”
in the genus Dennatule. O. F. Miiller’s great work on the
“Entomostraca” marks the beginning of a new epoch in the study
of the group. The genera Cyclops, Caliyus, and Argulus were
established Dy Miiller, besides two others based on larval stages,
one of which, the Nauplius, still bears the name given to it by
Miller.  Jurine’s Histoire des DMMonocles (1820) is unoteworthy,
among much else, for the description of the larval metamorphosis
of Cyclops, the earlier stages of which had been seen long hefore by
Leeuwenhoeck and de Geer.  Althongh an affinity between the
highly modified Lernaeidae and the less-specialised parasites like
Caligus was suggested, more or less definitely, by Oken, Lamarek,
and others, it was not until von Nordmann’s researches (1832)
threw light on their development that the Lernaeidae and their
allies were definitely accepted as Crustacea. In most systems of
classifieation, however, the parasites were more or less widely
separated from the free-living forms, and hy Milne-Edwards they
were even placed alongside of the Pycnogonida in a difterent sub-
clags. Milne-Edwards introduced the name Copepoda for the
free-living forms alone. Zenker, in 1854, secms to have been the
first to associate together free-living and parasitic forms under the
name Entomostraca. DModern conceptions of the morphology and
classification of the Copepoda are largely based upon the long series
of highly important memoirs (1857-1895) by C. Claus. Among
faunistic workers, J. D. Dana, H. Kréyer, Steenstrnp aund Liitken,
van Beneden, and Brady, may he specially mentioned. In more
recent years, W. Giesbrecht, in his splendid monograph of the
pelagic Copepoda and other important works, has given a new
aspect to the problem of classification, by showing that the
parasitic habit has been acquired not once Imt many times in the
evolution of the group, and that the line of division, maintained
even in Claus’s classification, between free-living and parasitic
forms must be abandoned. Hansen’s fine monograph of the
Choniostomatidae has raised that family, previously obscure, to the
position of one of the best known among the parasitic gronps.
Finally, G. O. Sars’s work on the Copepoda of Norway, now in
course of publication, is especially important as regards the bottom-
living marine forms, which in reecent years have heen less stndied
than the more casily collected pelagic species. The small group of
the Branchiura, associated by the older authors with the parasitie
Copepoda, were removed by Zenker to the Branchiopoda. Claus
restored them to the Copepoda, and his arrangement is followed
here, but in view of the importaunt differences which separate them
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from the Lucopepoda, it will he more convenient to deal separately
with the morphology of the two groups.

Monrnoroay or Ltcorkrona.,

Apart from the parasitic forms, which exhibit an eundless
variety of modifications, the Eucopepoda present a considerable
uniformity in general shape.  The hody is divided into two
regions, of which the anterior is sub-cylindrical or flattened,
and is more or less sharply marked off from the posterior
region, which is usnally much narrower and terminates in a well-
marked candal farea.  There wre typically ten free segments (in-
cInding the telson) hehind the head, and the limit hetween the two
regions is marked by a very movable articulation which falls either
between the fifth and sixth of these (Gymnoplea) or bhetween the
fourth and fifth (Podoplea) (Fig. 40).  (iesbrecht has suggested
that the Hmit between these
regions is really in the same 5
position in both cases, that the '
fifth thoracic somite of the
Gymmoplea is unrepresented in
the Podoplea, and that the
so-called fifth thoracic somite
of the last-named group is a
‘“pre-genital 7 somite which is
suppressed in the Gymnoplea.
The evidence in favour of this
view, however, is very slight.
The head -region is usually g
stated to inelude, in addition to

C.

the primitive cephalic somites, #
that corresponding to the
maxillipeds or first post- ¢

maxillary appendages. It
appears, however, that in some
larvae the line of articulation
defining the first frec somite
runs in front of the maxillipeds,
and it is possible that the
somite bearing theseappendages
should he regarded as coalesced
not with the head-region but
with the following somite.

1. 40.

Negmentation of the body in Gymnoplea and
Podoplea. A, outline of the body of female
Calans (Gymnoplea), dorsal view, 13, abdomen
of male Colanus, O, outline of female Cyelops
(Podoplea). i, iii, vi, second, third, and sixth
thoracic somites (commonly reckoned as first,
secomd, and fifth respectively): 142, first and
second abdominal somites, coalesced in the female
sex in both instanees ¢, telson s f, caudal furca.
> marks the position of the movable articulation
between the anterior and posterior divisions off
the body.

The next five somites bear swimming-

feet, and constitute what is commonly called the thoracie region.
It seems advisable, however, to extend the meaning of the term

thorer to inelude also the somite of the maxillipeds.

The remaining



74 THE CRUSTACEA

four somites with the telson constitute the abdomen, and are limb-
less, with the possible exception of the first or genital somite, which
bears, in hoth sexes, the external openings of the genital organs,
and may have what are sometimes regarded as the vestiges of a
pair of appendages.

In the majority of cases the nnmber of free somites is redueed
by coalescence. Very often the second (commonly reckoned as
the first) thoracic somite, bearing the first pair of swimming-feet, is
fused with the head, and not infrequently (in the Gymnoplea) the

Fic. 41.

A, Colanus finmarchicns, female, from the side, X 16; B, antenna : C, maxilla; D, maxilliped.
ii and vi, seconl and sixth thoracic somites ; 142, first and second abdominal soniites coalesced ;
o', antennule ; en, endopodite ; cx, exopodite ; f, caudal furca. (After Nars.)

last two thoracic somites fuse together. The ahdominal somites
are usually all distinet in the male sex (Fig. 40, B), but in the
female this is rarely the case, the first two Deing generally fused
(Figs. 40 and 41, A), and the number may be still further reduced.

While there is no distinet shell-fold, the head-region usually
possesses more or less well-developed pleural folds, which may be
directed downwards or even inwards so as partially to enclose the
bases of the limhs. These pleural folds are repeated on the free
thoracic somites, but are as a rule absent on the abdomen. An-
teriorly the tergal plate of the head-region is often produeed into
a rostral process which may be a flattened plate, movably articu-
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lated with the head in some Uarpacticidae, and resembling the
rostral plate of the Leptostraca. More usually the rostrom is
bent down under the head and is often forked. A very remark-
able modification of the rostrum found in some DPontellidue is
mentioned below in connection with the eve.

The two rami of the caudal furca are usnally movably
artienlated with the telson or terminal segment. Their sctae
are very constant in number and position, and aftford valuable
systematic characters. In some pelagic forms these setae attain
an exaggerated development (Fig. 42), while in some commensal or
pavasitic forms they become converted into hook-like organs of
adhesion (Doropyyus).  Between the furcal rami and somewhat on
the dorsal side is the anal aperture, covered by a small snpra-anal

Fic. 42,
Culocalunus parvo, X 16, (After Gies'necht.)

plate which may represent the post-anal region of the telson in the
Branchiopod Lepidurus and the Malacostraca.

A modification of the thoracic region which may he mentioned
here is the development in several Aseidicolidae of a dorsal hrood-
pouch formed hy a fold of the integument arising sometimes from
the fourth, sometimes from the second free thoracie somite.

The moditications which the form of the body undergoes in
parasitiec Lucopepoda consist in the coalescence of somites leading
ultimately to the disappearance of segmentation, and in the develop-
ment of lobes and processes from the various regions of the hody.
The free edges of the thoracic somites may be produced into
lamellar appendages, or wing-like lobes may be developed on the
dorsal surface (Notopterophorus).

Appenduges.  The undennules are always uniramous, and in many
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of the free-living Eucopepoda they assist in swimming. They are
further modified in many cases, in the male sex, to act as prehensile
organs for seizing the female. They are most fully developed in
the Gymnoplea, where they may exceed the body in length and
may consist of twenty-five segments (Fig. 41, A, «’). Throughout
the Gymnoplea and also in the Cyclopidae and Asterocheridae,
where the number of segments is less, Clans and Giesbrecht have
demonstrated their homology with those of the twenty-five-
segmented form. As an example we may give Giesbrecht’s com-
parison of the segmentation of the antennules in a species of
Cyelops, with the typical arrangement as found in many Gymnoplea.

Gymnopleal, 2,3, 4,5, 6,7, 8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25

N~ e S e N e e

Cyelops & 1, 2, 3,456, 7,8, 9,10.11,12,13, 14, 15, 16, 17
My e e’ N — —_—— —— ——

Cyclops @ 1, 2 3 4 5 6 1. 8 910, 11, 12,13, 14, 15, 16, 17

In the Harpacticidae and other families with a reduced number
of segments the homology has not been demonstrated, but there
can be little doubt that the twenty-five segments of the Gymnoplea
represent the typical and primitive arrangement from which the
others have hecn derived. In the parasitic forms the antenunles
are usually greatly reduced. In the Caligidae the hasal portions
of the antennules hecome coalesced with the front of the head, form-
ing a bilobed prominence. In some genera this hears, on either
side, a sncker which serves to attach the parasite to its host. Ex-
cept in this instance, however, the antennnles do not become con-
verted into organs of attachment as the antennae frequently do.

In most, perhaps in all cases, the antennule, as in other Crustacea,
hears sensory setae of the type to which Giesbrecht has given the
name ‘“‘aesthetases,” and these are commonly more numerous in the
male sex. In some cases cach antennnle bears only a single
aesthetase, whieh may then be of relatively great size.

In those Kucopepoda in which the antennule of the male is
transformed into a clasping organ for seizing the female, the distal
is flexed upon the proximal portion (Fig. 43, A). It is prohable
that the point at which this flexion takes place is the same in all
cases, corresponding to the articulation between the ecighteenth
and nineteenth of the primitive series of segments. The proximal
portion of the appendage becomes more or less swollen, owing to
the strong development of tlexor and extensor muscles of this joint,
and the opposed edges are often armed with teeth or spines. In
those Gymnoplea in which this clasping apparatus is developed,
only one, generally the right, antennule is modified (Heterarth-
randria). In the Podoplea, on the other hand, the modification,
when present, is bilateral. The occurrence of this modification of
the male antennules in many families of Encopepoda which, in any
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scheme of classification, arc widely sepavate from each other, and
especially the fact that the geniculation occurs in the same place
in some, probably in all cases, suggests that this character is a
primitive one for the whole group, and that its absence is a
scecondary modification. This view is supported by the interesting
fact observed by Clans, that in some Gymnoplea Amphaskandria
a trace of this modifieation persists in the coalescence of the
twentieth and twenty-first segments of the antennule in the male,

6. 43.

4, clasping antennule of male (entropoges typicus (Gymmoplea, Heterarthrandria) ; ¥, position
of the hinge-joint. B, last pair of thoracic limbs of the same.  en, endopodites ; er, exopodites,
that of the right side moditied as a chelate grasping organ,  (\fter Sars.)

and that in some cases this coalescence only appears in the antennule
of one side as in the allied Heterarthrandria.

The «ntennue, like the antennules, preserve in many Luco-
pepoda the general strueture and the natatory fimetion which
they have in the nanplins. They are most fully developed
in the (iymnoplea, where they consist of a protopodite of
two segments, an cndopodite of two segments, and a multi-
articulate exopodite, and bear nnmerous long natatory sctae (Iig.
11, B).  In the Podoplea the natatory funetion is less well marked,
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being usually superseded by that of eclinging organs. In the
Harpacticidae and Asterocheridae the exopodite is retained, though
often reduced to a single segment. In the other families it dis-
appears altogether. The endopodite never consists of more than
two segments, so that in the absence of the exopodite the
appendage is usually eomposed of four segments. In the parasitic
families the antennae generally form organs for attachment to
the host, provided with a strong eurved claw and, in some cases,
even with a chelate termination.

The labrum and metustoma are very variously modified, especi-
ally in the parasitic forms, and will be deseribed below in connec-
tion with the other mouth-parts. In the freeliving forms the
metastoma may either form a simple ridge or may be provided
with a pair of movable lateral lappets.

The mandibles are especially interesting from the fact that in
many ITucopepoda (especially the Gymnoplea) they retain more
eompletely than in any other Crustaeea the form of biramous
swimming-limbs which they possess in the nauplius. The body of
the mandible is formed by the proximal segment, and the remainder
of the protopodite, together with the endopodite and exopodite,
forms the “palp” (Fig. 8, A, p. 12). Hansen has pointed out the
existence in some Gymnoplea of a minute intermediate segment
between the body of the mandible and the large segment which
bears the endopodite and exopodite. It would seem, therefore,
that the body of the mandible in the Eucopepoda, and no doubt
also in other Crustacea, represents the precoxal segment of the
limb. The endopodite, as in the ease of the antennules, eonsists
of, at most, two segments, while the exopodite may consist of
five or six. The cutting edge in most free-living forms is armed
with teeth and setae.

The type of mandible just deseribed is universal among the
Gymnoplea and is found in some Harpaetieidae and Ascidicolidae.
More usually, however, among the Podoplea the palp is reduced,
as in Cyclops, to a papilla bearing a tuft of setae, or is altogether
absent. The form of the cutting edge is variously modified, especi-
ally in the parasitic and semiparasitic forms. In many of these the
mandibles have a sickle-shaped blade, with the point directed into
the cavity of the mouth, hut in those forms which have completely
suctorial mouth-parts (formerly grouped together as Siphonostomata)
the mandibles become simple piercing stylets, and are enclosed
within a conieal or tubular “siphon” formed by the upper and
lower lips. In some cases the siphon may be as long as the body
(Acontiophorns) (Fig. 44, A). The structure of this siphon is not
in all cases the same, though it does not seem to be the case, as
has been stated, that it is ever formed from the labrum alone.

The maxillulae (commonly called the maxillae) are most com-
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pletely developed in the Gymnoplea and some lHarpaceticidae, in
which endopodite, exopodite, and epipodite are distinet, and the
protopodite is produced internally into a large masticatory lobe and
two smaller distal lobes (Fig. 9,
A, p. 13).  In the Cyclopidae
the epipodite has vanished, the
exopodite aund endopodite are
very small, and only the large
masticatory process of the proto-
podite persists. In many [La-
pacticidac and in the other
families the maxillula nndergoes
various degrees of reduction.
The two pairs of appendages
succeeding the maxillulae are
commonly designated the outer
(or anterior) and inner (or
posterior) maxillipeds, and were
for long considered to represent
the separated rami of a single

A.

B.

F--s.

i

/

pair of appendages. This in-
terpretation was put  forward
by Claus, who found that, in
the metanauplius stage of
Cyelops and other forms, the
two appeared to arise from a
single rudiment. Hansen, how-
ever, has discovered, and the

&

116, 44,

A, Acontiophorus scutitus, @, from the side,
X 50. Most of the appendages are omitted.
s, suctorial siphion: vi, the radimentary sixth
pair of thoracic limbs ; 142, the coalesced first
and second abdominal somites; 43, the fourth
abilominal soniite coalesced with the telson.
(After Giesbreeht.) DB. larva of Khineddonus
nosutus in last metanauplius stage.  The outline
ol the body as seen trom above.  The tirst three
pairs of appendages are omitted, but the rudi-

ments of the posterior appendages are seen by
transparency through the body,  ma”, maxillae ;
mxp. maxillipeds, separated from the maxillae
by the line deftining the first thoracie somite ;
S, S tinst and second pairs of swinuning-feet.
(After Giesbrecht.)

observation has been confirmed
by Giesbrecht and by Clans
himself, that in the larvac of
certain marine Gymnoplea
(FEucalunus, hinculunus, Ponlellu, cte)) in which the body is more
clongated than usnal, the rudiments of the two appendages are not
only quite distinct, but are separated from each other by the suture
line which marks oftf from the head the so-called first thoracic
somite (Fig. 44, B). The “outer (or anterior) maxillipeds” are
therefore the meaillie, while the inner (or posterior) pair, for which
the name marillipeds may be retained, must he regarded as the
first of the thoracie series, and the somite corresponding to them
is, at least in some cases, coalesced with that which hears the first
pair of swimming-feet. The maxilla in its most fully developed
form consists of a flattened and shortened axis of, at most, eight
segnients, of which the first and second each bear two, and the
third a single endite (Iig. 41, C). In the Gymnoplea this appendage
is beset with plumose setae, which act as a net in collecting food-
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particles. In the Podoplea the setae are generally much reduced,
and stout spines are developed on the endites. In many cases,
especially in parasites, the armature is reduced to a single terminal
claw-like spine and the limb is exclusively a clinging organ.

In the parasitic family Lernaeopodidae, a very remarkable
apparatus of attachment is formed by two appendages which unite
to form a sucker-like organ of complicated structure (Fig. 45, B).
In some cases, when the appendages are short, they coalesce com-
pletely to the base, but in other cases they have the form of

B.

Tic. 45.

Achtheres perearum (Lernaeopodidae). A, larva in first Copepodid stage, dorsal view. B,
adult female, ventral view, x 25, «’, autennule; v” autenna; e.gl, cement gland opening into
oviduet ; e, median eye; f,candal furca ; f.gl, frontal cement gland ; mz”, maxilla : map, maxil-
liped ; o, opening of oviduet ; ord, oviduet distended with eggs ; »p, openings of spermathecae.
(After Claus, slightly modified.)

long arms, united only at the tip. These uppendages have heen
regarded sometimes as the “first maxillipeds” (maxillag) and
sometimes as the “second maxillipeds” (here called maxillipeds).
The fact that a pair of glands, identified as the maxillary
(excretory) glands, open at their base, seems to show that the
former interpretation is the correct one. An apical coalescence
of paired appendages is not knmown to oceur in any other
Arthropods.

The maeilliped (first thoracic limb) is always uniramous, and is
gencerally more elongated than the maxilla (Fig. 41, D). It consists
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of, at most, seven (perhaps eight) segments, but the mmber is
often mueh reduced, and, as in the case of the maxilla, the limb
is conmmonly modified into a clinging organ with a strong terminal
claw, or, as in a section of the Harpacticidue, into a subcehelate,
prehensile © hand.”

The five following pairs of appendages (the thoracic limbs of
the ordinary terminology, the second to the sixth of the system
Liere adopted) are in some Gymnoplea all similar and in the form
of biramous swimming-legs. This form is retained by some, at
least, of these limbs in all Copepoda in the later larval if not in the
adult stage, and constitutes one of the most general characters of
the sub-cliss.

Each consists typically of a broad and flattened protopodite of
two segments, and of an endopodite and exopodite, each with, at
most, three segments, flattened, and bearing marginal natatory setac
together \\wh, on the onter (,dtrc>, stronﬂr spines (Fig. 3, B, p. ).
I‘he proximal segments of the protopodxtcs of each pair are con-
nected with each other aeross the middle line hy a plate formed
by a transverse fold of the sternal integument (the “Bauchwirbel ”
of Zenker), so that in the hackward and forward movement in
swimming the two appendages move as one.

The last (sixth) pair of thoracic limbs are similar to the preceding
pairs only in the females of some genera of Gymmnoplea. In the
male sex of that order they are always modified into copulatory
organs, often very complex, by means of which the spermatophores
are aftixed to the copulatory aperture of the female. This modifica-
tion is asymmetrical on the two sides in correlation with the
asymmetrical development of the internal generative organs in
the group (Fig. 43, B). 1In the females of many Gymmuoplea the
appendages exhibit every stage of reduction even to complete dis-
‘appearance.  In the Podoplem the appendages are always present
(Fig. 44, A, vi), except in the more degraded parasites; always
vestigial, consisting of one or two small segments; and are not
specially modified in the male., In some Harpacticidac and Ascidi-
colidie, however, they become enlarged in the female sex into
plate-like appendages serving to proteet the egg-masses. It is
noteworthy that these \estlvnl limbs of the 11st pair may persist
even in cases where the pr ecedmD pair of limbs is suppressed.

In the Podoplea (hut not in Gymnoplea) the genital apertures
of the female on the first abdominal somite are guarded by valvular
plates moved hy muscles. These valves have been supposed to
represent a vestigial pair of appendages.

In the parasitic forms, with the loss of the power of locomotion,
the thoracic limbs become more or less reduced. In Lernacocera,
for example, they persist as microscopic though completely formed
limbs set at long intervals along the length of the unsegmented

6
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body. In the Chondracanthidae the anterior two pairs alone are
developed, and these become enlarged in the adult into clumsy,
unsegmented hifid lobes. In other cases the thoracic limbs are
reduced to minute, unsegmented processes, or some or all of them
may disappear. In a few cases the adult is entirely without
appendages, as in the Herpyllobiidae.

Alimentary System.—The alimentary canal is in many cases of
stmple form, not divided into sharply defined regions and without
diverticula. The stomodaeum and proctodaecum are short. In
many Gymnoplea there is a short median diverticulum anteriorly,
and in some cases, immediately behind this, a pair of small lateral
(hepatic) caeca which may be bifid (Fucalanus). In some Cory-
caeidae and Asterocheridae these caeca are large and mmch
branched (Fig. 46). Groups of gland-cells described as salivary
occur in the region of the
labrum and epistome.

The extrinsic muscles of
the alimentary tract are well
developed in Eucopepoda.
Certain muscles running
from the anterior part of the
gut to the dorsal and anterior
region of the body-wall are
of importance in producing a
rhythmical displacement of
the whole alimentary canal,
and serving, in the absence
of a heart, to cause a ciren-
latory movement of the blood.
In some parasites the dilator
muscles of the oesophageal

Fia. 46. region are greatly developed

s oty Ouing of bely, bon and act as o suctorial

alimentary canal. (After Giesbrecht.) apparatus. The short rectum

(proctodaeum) is usually pro-

vided with dilator muscles running outwards to the hody-wall

in addition to the usnal constrictors, and the rhythmical movements

of dilatation and contraction produced by them have been regarded
as subservient to a process of anal respiration.

The alimentary canal is nsually nearly straight (except for the
sternal flexure of the oesophageal portion), but in a few Gymnoplea
and in Cuncerille (Asterocheridae) its comrse is slightly sinuons.

Cireulatory System.—A heart is present in most Gymnoplea and
in the genus AMisophrie among the Podoplea. In all other Cope-
poda it appears to be wanting. When present it has an abbreviated
saccular form, and is situated in the region of the first or second
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free somite. There are three ostin, one median on the posterior
siwrface and a lateral pair.  Anteriorly the heart gives off an aortic
vessel, usnally very short.  Ouly in Eucalunus is the aorta described
as extending into the frontal region of the head and dividing into
two pairs of lateral vessels.

In the majority of the free-living Podoplea where the heart is
absent the blood is kept in motion mainly by the continuous
rhythmical backward and forward movements of the alimentary
canal, effected by the extrinsic muscles already mentioned. In
certain parasitic forms (Culigus, young Achtheres) a heart, or an
apparatus having an analogous function, is said to be present, but
exaect details as to its structure are wanting.

In Lernanthropus and some other Dichelestiidae a closed system
of vessels is present containing a yellowish or reddish fluid. There
is no heart, and the relation of this system to the circulatory
apparatus of other Copepoda is quite obseure.

Excretory System.—The maxillary (“shell ”) gland is the func-
tional excretory organ in the adult stage of most, if not all,
Copepoda. It is much larger in the freshwater forms, where the
duct is long and convoluted, than in the marine forms, in which it
is often hard to find, and sometimes apparently absent. The end
sac is small, and the tube terminates in a short chitin-lined duct
opening on the posterior surface of the maxilla.

In the freshwater Harpacticid Delisurius a eurious vibratile
organ is found counected with, or in close proximity to, the
maxillary gland. It has been supposed to be of the nature of
a “flame-cell,” but it is more probably a muscular fibre or
membrane aiding the circulation of the blood in the neighbour-
hood of the gland.

Glands.—Unicellular dermal glands are present on the body and
limbs of most Kucopepoda. Certain pelagic forms belonging to
various genera of the Centropagidae and Oncacidac are known to
be phosphorescent, and Giesbrecht has shown that this is due to
certain of the dermal glands, the secretion of which becomes
luminous on issuing from the apertures of the glands. In fresh-
water Cyclopidae and llarpacticidae the secretion of the dermal
glands envelops the body when the water dries up, and forms a
protective case enabling the animal to survive prolonged desiccation.

Nervous System.—The ventral nerve-cord is always short, not
veaching beyond the fourth free thoracic somite. It is divided
into distinet ganglia in the Gymnoplea, but in the Podoplea, so far
as is known, the ganglia are all coalesced. In the Corycaeidae and
in the parasitic families the whole system is still more concentrated,
forming a thick perioesophageal ring.  Even in the Gymnoplea the
distinetion between ganglia and commissures is not sharp, nerve-
cells being present abundantly on the Jatter as on the former.
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In Cyelops it has been observed that the pair of nerves to the
antennae originate from the oesophageal connectives, so that
as regards their nerve-supply these appendages are parastomial.

Sense-Orguns.—The paired compound eyes of other Crustacea
appear to be unrepresented in the Eucopepoda, although rudiments
of them were observed by Grobben in the development of Cealunus.
The nauplius-eye, on the other hand, is almost universally present
in the free-living Eucopepoda, and even in many of the parasitic
forms, and in some cases, especially among the Giymnoplea, it
attains a complexity of structure not observed in any other class
of Crustacea.

In the simplest and typical form it consists of three ocelli, each
supplied by a separate nerve from the brain. Two of the ocelli are
dorsal and look upwards and forwards, while the third is ventral,
looking downwards. Each consists of a cup-shaped mass of pigment,
containing in its cavity a number (up to ten) of retinal cells con-
tinnous at their distal ends with the nerve-fibres, and having (at
least in some cases) a rhabdome near the proximal end. In the
genus _dnomalocere. (Pontellidae) and in some Asterocheridae the
number of ocelli is increased to five, those of the dorsal pair being
doubled.

In some Bucopepoda the eye is movable by means of special
muscles. These are wanting, however, in many eases (Cyclops).

In some cases the visual apparatus is perfected by the addition
of a pair of corneal lenses formed by thickening of the cuticle
over the dorsal pair of ocelli. These may be inconspicnous as in
Cyclops, or large and well-defined as in Miracie (Harpacticidae). It
is, however, in the two widely separate families of Pontellidae and
Corycaeidae that the structure of the visnal apparatns reaches
its highest degree of complication. In the former the dorsal ocelli
are often provided with cuticular lenses, and in addition there may
be developed a vesicular crystalline body interposed between the
retinal cells and the cuticle. The ventral ocellus approaches the
sternal surface and sometimes projects as a papilliform or peduncu-
late prominence, while the deflected rostrum in front of it becomes
thiekened in such a manner as to form a biconvex lens, serving to
eoncentrate the rays of light upon it.

In the Corycaeidae (Fig. +7) the three ocelli are widely
separate and the median clement remains small, while the dorso-
lateral pair attain a much greater—sometimes relatively enormous
—development.  ISach is provided with a large biconvex cuticular
lens (I), and the retinal apparatus is at a considerable distance
from this, at the apex of a conical space the base of which is
formed by the lens and the walls by a delicate membrane. The
pigment-cup (p) is elongated into a tubular form and at its mouth
is set a vesicular “ecrystalline body ” (v). In Coryeuens the posterior
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part of the ocular apparatus reaches back into the region of the
anterior thoracie somites, and in Copilic the pigment-cups enclos-
ing the retinal cells lie together in a eonical protuberance on the
sternal surface of the hody. ‘

In this account it has been assumed that the “paired eves” of
Pontellidae and Corveacidae are derived from the dorso-lateral
clements of the nauplins-eye. It must he mentioned, however,
that Claus, while admitting this derivation in the case of the
Coryeacidac, regarded the lateral eyes of the Pontellidac as homo-
logous with the paired compound cyes of other Crustacea. If it e
the case, however, that in the Pontellid eye, as in those of other
Eucopepoda, the retinal cells are ““inverted” (or are connected
with nerve-fibrils at the end turned towards the light), this
homology would seem to he impossihle.

A plol»kmatml organ to which a visnal fanetion has been
attributed is found in the genus Plewromamme. It lies on one side

. 47,

tryear s o agli -us, male, from the side, showing one ol the large paired eyes. [, lens; ¢,
erystalline body ; p, tnbular piginent-cup,  (Atter Lenckart.)

of the cephalic shield, in the region of the maxillipeds, and consists
of a globnlar refractive body enclosed in a mass of pigment, the
whole projeeting from the surface of the hody in a little papilliform
elevation. It has also heen snggested that this is an organ of
phosphorescence, hut according to Giesbrecht this is not the case.

The “uesthetuscs,” or *‘olfactory filaments,” of the antennules
have already been mentioned.  Their nnmber and arrangement
vary very much in different forms, and aflord valuable systematic
characters.

The “f;mzl:cl sense-urquaes ™ are certain =ensory setae, generally
a single pair, on the front surface of the head above the lostrmn
which are supplied by a pair of nerves arising from the brain,
and which have heen supposed to be the seat of some special
sense,

The existence of “anditory” organs in the Eucopepoda is
donbtful. A pair of statocysts have leen described in the
anterior part of the brain in Eucolwus,
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Leproductive System.—The ovary may be paired or single. It is
generally of small size and the ova pass at an early stage into the
oviducts, which are large and give off blind diverticula (Fig. 48,
ut). In the parasitic forms the ramifications
of the oviducts (or uteri) occupy the greater
part of the body-cavity, and even, in Chondre-
canthus, invade the misshapen thoracic limbs.
In the terminal portion of the oviducts the
walls are glandular and secrete the cement
by which the eggs when expelled are agglu-
tinated together. The openings of the oviducts
are on the first abdominal somite, and may
be ventral, lateral, or dorsal in position. The
genital valves covering the openings have been
already mentioned.

In the great majority of Encopepoda the
female generative apparatus possesses another
opening or pair of openings on the ventral
side of the genital somite, serving for the

Frc. 48. entrance of the sperm and communicating
Reproductive system of jngarnally with a single or double spermatheca

fema}e Cyclops. ap, external R .
opening of oviduct; or, (Fig. 48, sp). On each side the spermatheca

g(‘;f»fl){a.}zorl;'l"gbrg;";},l;ixte;mg: gives off a duct which communicates with the
theea.s ) ‘Effft',’,‘f,}fr[;%:'; oviduct close to its external aperture. Rarely

(Plewromamima) only one sperm-duct is present.
This sperm-duct is lined with chitin, but, in some cases at least,
the spermatheca is devoid of such a lining and is difficult to
detect except when distended with spermatozoa. It is stated to
he altogether absent in Heterocope (Ciymuoplea). While the details
of this apparatus have been investigated only in a relatively small
number of forms, it seems probable that the possession of special
copulatory pores apart from the openings of the oviducts is a
characteristic of all Eucopepoda. Canu has proposed to divide
the order into two groups, Monoporodelphya and Diporodelphyx,
according as the copulatory pore is single or paired, but it appears
from Giesbrecht’s researches that the two conditions may he found
in closely allied forms. The lastnamed author has observed that
in Scottocheres (one of the Asterocheridae) the sperm-duct opens
not into the spermatheca but to the outside by a separate pore
close to the opening of the latter.

The eggs are sometimes deposited singly in the water
(some Gymnoplea), but in the great majority of the Kucope-
poda they are cemented together into packets by means of a
secretion formed by the oviduct. In all except a very few
cases (Choniostomatidae) these packets arc carried by the female
attached to the openings of the oviducts until the eggs hatch.
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The brood-pouches of the Ascidicolidac have already been
alliuded to.

The festis, like the ovary, may be paired or single, the former
eoudition oceurring chiefly among the parasitic forms. The vas
deferens is sometimes developed only on one side of the body.
This arrangement is wniversal among the Gymnoplea and is found
also in some Harpacticidae. Three regions are distingnished in the
vas deferens, which, however, are not sharply defined from each
other. A narrow proximal portion is followed by a wider part in
which the spermatozoa acenmulate and become surrounded by a
layer of secretion giving rise to the sheath of the spermatophore
and a widened terminal part in which the development of the
spermatophore 1s completed.

The possession of definite spermatophores seems to be a universal
character of the Encopepoda, distinguishing them from all the
other ‘““Entomostracan” orders. The spermatophores may he
globular, pyriform, or, eommonly, sausage-shaped, and consist of a
firm cuticular (not chitinous) investment enclosing a mass of
spermatozon together with a substance which by its expansion
serves to expel the spermatozoa. In addition, the spermatophore
contains a coagulable secretion which is expelled hefore the
spermatozoa and forms a sheath surrounding them within the
female spermatheca. Externally the “neck” of the spermatophore
is surrounded by a mass of a cementing substance secrcted in
the terminal portion of the vas deferens for attachment to the
copulatory aperture of the female. In the Gymnoplea the last pair
of thoracic feet of the male are modified to form an apparatus by
which the spermatophores are transferred to the female. In the
other Eucopepoda special copulatory appendages are absent.

DEVELOPMENT OF LKUCOPEPODA.

The majority of the Eucopepoda hateh in the form of u very
tyvpical Nauplius larva, though many parasitic forms reach a later stage
of development within the egg. The adult stage is reached by a very
gradual metamorphosis, the most marked change of shape oceurring
(in the free-living forms) in the transition from the last metanauplins
to the first “ Copepodid stage.” In the parasitic forms great changes
ocenr in the later stages, some of which are deseribed below.

The voungest nanplius stages (Fig. 6, p. 11, and Fig. 49, A)
have an oval unsegmented body from which the dorsal shield is
not yet defined, a large labrum, and the usual three pairs of
appendages, the second pair (antennae) bearing a masticatory
process, while the third pair (mandibles) are often without such a
process at this stage. A large unpaired eye and a pair of antennal
glands (which later degenerate) are present.
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The later nauplius stages pass without any sndden change into
the metuncuplius (Fig. 49, B, C), in which the dorsal shield hecomes
marked off and several pairs of appendages appear as rudiments
behind the mandibles. According to the earlier investigations of
Claus, the second pair of these rudiments were helieved to give
rise to the “onter and inner maxillipeds,” bnt, as stated alcve,
it is mow known that this is an error arising from the fact that

1116, 49,

Larval stages of Culenus finmarchicus (=Cotockilus septentrionelis), A, nanplins: B, early
metanauplius ; C, later metanauplius. 1, antennule ; 2, antenna; 3, mandible : 4, maxillula ;
5, 5, maxilla and maxilliped (formerly regarded as parts of one appendage): I, 11, tirst and
second pairs of swimniing-legs ; an, anus : ¢, brain ; ¢z, genital cells ; m, moutl ; wr, primitive
mesoderm cells 5 ol, labrum.  (After Grobben, trom Korschelt and Heider's Embruologu.)

in the metanaupliar stages of most Copepods the appendages are
very much crowded together.

The transition from the metananpliar to the Copepodid stages
(sometimes known as the “ Cyclops stuges”) is marked by a straighten-
ing of the body, which in earlier stages is ventrally curved, and by
the unsegmented posterior region hecoming sharply marked oft from
the broader anterior part. The limbs begin to show the characters
which they have in the adnlt, the antenuunles elongating and hecom-
ing divided into more numerons segments, the antennae losing the
masticatory process, and the month-parts and swimming-feet
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approximating to their permanent form. The eandal furea is also
developed at this stage.  There are typically four somites defined
in front of the nnsegmented abdominal region in the first Copepodid
stage, and three pairs of swimming-feet. In each of the five
snceeeding Copepodild stages a somite is added, giving, together
with the terminal segment or telson, the typical number of ten free
segments. In the majority of eases, however, as already mentioned,
the number of somites in the adult i1s reduced by coalescence or
suppression, with corresponding changes in the course of develop-
ment. The constriction which marks oft' the broad anterior from
the narrow posterior region falls, in the first Copepodid stage,
behind the third free somite. It is moved backward one somite at
each moult, the Podoplex reaching the final limitation of the regions
at the second and the Gymmnoplea at the third Copepodid stage.
In the more primitive forms (Culanus) the development of the
limbs, Hke that of the somites, takes place in regular order from
before backwards. In the more specialised forms, while the rudi-
ments of the limbs appear in this order, there is a tendency for the
anterior swimming-feet to outstrip in their development the maxillae
and maxillipeds, which remain for some time as rudimentary huds.

Lire-History or Parasitic ECcorkropa.

In no other group of Crustacen has parasitism- led to snch
diversity of structure and of life-history as in the Lucopepoda.
The parasitic habiv of lifc has heen adopted to a greater or less
degree by many very different families, and every transition is
found from the normal free-living types to those most completely
adapted to a parasitic life.

In those Eucopepoda which, while parasitie, retain to some
extent the power of locomotion, the general stimeture of the adult
does not differ greatly from that of the free-living types and the
sexual dimorphism is not aceentuated.  Thus in the family Astero-
cheridae, which have, as a rule, completely snctorial month-parts
and are parasitic on various Invertebrata, most of the species are
capable of swimming and retain the general Copepod form. In
the Ascidicolidae, which live rather as commensals than as parasites
in the alimentary tract of Tunicata and Echinoderma, we find a
series leading from the little-modified forms (\Nofodelphys, ete.) which
live in comparative freedom in the pharyngeal sac of the Tunicata,
and in which the adults of hoth sexes possess natatory thoracic limbs,
to those species which live in the stomach and intestine, and have
assumed in the female an almost vermiform shape, with limbs adapted
to push their way through the contents of the alimentary canal of
the host. The male in most cases is free-swimming, at least in the
adult stage, and is correspondingly less modified in general form.
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As an example, we may take Euferognathus, recently described
by Giesbrecht. This form differs from most other Ascidicolidae in
infesting, not a Tunicate, but the Crinoid nfedon rosacea. The
female (Fig. 50) has an elongated body which presents the full
number of segments. Antennules and
antennae are short and consist of few
segments. The mouth-parts are not suc-
torial. The mandible consists of a long
and mnarrow blade, with toothed eutting
edge and a vestigial palp of two seg-
ments. The maxillipeds are absent. The
first four pairs of thoracie feet are
short and biramous, with the endopodite
forming a broad, spoon-like plate, without
setae, while the exopodite forms a strong
curved claw. By movements of these feet,
and by elongation and contraction of the
body, the parasite pushes its way through
the contents of the intestine of its host.
The last pair of feet are broad lamellae
fringed with hairs, covering the point of
attachment of the egg-masses, and prevent-
ing these from being detached in the
—_— movements of the animal. The abdomen

Enterognatius comatulae, aduty. €4S i a well-marked furca, bearing a few
female, X 17. (After Giesbrecht.) ghort setae.
11, VI, second and sixth thoracic . . .
somites ; 1, first abdominal The mule is free-swimming, and pre-
—— g;l,:,?f”;";f;m{’;,;gb’? sents the typical Copepod form, with fully
segmented body and natatory thoracic
feet. Its most striking feature is the entire absence of mouth-
parts, there being no trace of the appendages between the antennae
and the first pair of swimming-feet.

The life-history is as follows.” The earlier stages are unknown,
hut it appears that the first Copepodid stage is free-swimming, and
that both sexes enter the alimentary canal of the host in the second
Copepodid stage. Retrogressive changes then take place, the sue-
ceeding stages of the female resembling the adult in general shape,
while those of the male lose the natatory setae of the thoracic feet.
In the adule male, however, these are reacquired, while the mouth-
parts disappear and the animal escapes from the host. Where it
meets with the female is not definitely known, but it is at least
probable that the latter temporarily leaves the alimentary canal of
the Crinoid, and clinging to the swface of its body, is there fertil-
ised by the male.

In certain families of the truly parasitie forms with snetorial
mouth-parts (Caligidae, Lernacidae, Lernaeopodidae) a community
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of origin is indicated by the possession of a larval glandular organ
of adhesion in the frontal region (Fig. 45, A, fyl). In the
Caligidae the first Copepodid stage becomes attached to the skin of
a fish by a long filament (frontal band) which appears to be formed
by the consolidated seerction of a convoluted tubular gland lying
i the frontal region. Larvae in this stage were described by
Burmeister as a distinet genus, under the name Chalimus, and it
may conveniently be designated the Chalimus-stage. In later
stages both sexes bhecome free, and in some species at least
retain the power of swimming freely, attaching themselves only
temporarily to fishes for the purpose of sucking their blood.
The males aud females, at the stage at which fertilisation takes
place, do not differ greatly, but after impregnation the genital
somite of the female becomes greatly distended and filiform egg-
masses are produced.

A more complex life-history is that of the Lernaeidae.  Lernaen
branchielis is hatched as a nauplins, and when it reaches a stage
corresponding to the first Copepodid stage (IFig. 51, A) it becomes
parasitic on the gill-filaments of
a fish, usnally one of the Pleuro-
nectidae, attaching itself at first
by the subchelate antennae and
the maxillae, and later hy the
frontal cement-gland. It then
passes into a “pupal” stage
(Fig. 51, B), in which the power
of movement is lost and retro-
gressive changes occur, especially
in the swimming-legs, which
losc their setac and become
unsegmented stnmps.  Later,
the power of locomotion is
regained, and the parasite leaves
its first host in a form which
corresponds to the adnlt stage
of free-living Copepods.  Sexual
maturity is now reached and
the female (Fig. 52, B) is dis- FiG. St o
tingnished by the great clonga- . i Commodit ager 1 ot <
tion of the region of the genital avtennule: o” antenna: ff, f7, lirst and second

=] o petits of swimming-leel s L, mass ol eement
segment. Impregnution takes produced by frontal uland : oc, nauplins-eye.
place in this free-swimming Fuhmtoyy o ot aed A
stage and the male does not
develop further.  The female, however, seeks a second host, a
fish of the family Gadidae, and becoming attached to the gills,
hurrows into the flesh so that the whole anterior region of the
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body is embedded. Three ramified processes grow out from the
head into the tissues of the host, and the region of the genital
somite hecomes enormously enlarged, forming the greater part of

Fra, 52
) Lernaea hranchiclis. A, male : 13, female, at copulatory stage. (. D, later stages of temale
after attachment to second host. o', antevnule; «”, antenna ¢ f4 fiv, fivst and fourth pairs of
swimming-feet ; g, opening of spermatheca ; maf, maxilliped ; o, nauplius-eye; sp, spermato-
Dhore sac; ¢, testis.  (After Claus, trom Korschelt and Heider's Kahegology.)

-

the vermiform body (Fig. 52, C, D). The swimming - feet are
retained in a vestigial condition near the anterior end.

In some other forms parasitic on fish (Lernaeopodidae, Chon-
dracanthidae) the male is attached to the female in a dwarfed
condition throughout life. The larva becomes parasitic in the
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first Copepodid stage, and the later stages of the typical series are
suppressed, the characteristic featnres of the parasite being assumed
at the next moult.

In the Choniostomatidae, which are parasitic on other Crustacea,
the larva hatches in the first Copepodid stage, with two pairs of
swimming-feet, and becomes attached to the host by an adhesive
frontal plate, corresponding probably to the “frontal thread” of other
forms. This larva may give rise at once to the adult form, or a
pupal stage with reduced limbs may intervene. The male is similar
to the female in essential structure, bhut of much smaller size.

The most extreme stage of degeneration is reached in the
[Terpyllobiidae, which are parasitic on Polychacte worms and on
Crustacea. In Rhizorhing, which is the most thoronghly known,
the adult female is entirely without appendages, and is attached by
a tubular process which ramifies within the body of the host in a
fashion recalling the “roots” of the Rhizocephala. The adnlt male
15 also entirely limbless, but remains enclosed within the last larval
skin (of the first Copepodid stage). Within it are formed a pair of
relatively enormous spermatophores, which are not expelled from
the body but discharge their contents through dnets which pass
out close to the point of attachment, and in front of the position
of the larval mouth. A number of males are attached to the body
of the female near the genital apertures.

The Monstrillidac have a very remarkable life-history, which
has only recently been made knowi.  The adnlts of hoth sexes are
free-swimming, and are without mouth-parts or alimentary canal.
The newly hatched young are also free-swimming, but the inter-
mediate stages are endoparasitic within varions Polychacte annclids.
The life-history is most fully known in the case of Jlaemocere dunae,
investigated by Malaguin (Fig. 53). The adults (I) have antennnles
and four pairs of swimming-feet, but no trace of antennac or
month-parts. The fifth pair of thoracic feet are vestigial in the
female and are stated to be absent in the male. The alimentary
system i represented by a Dlind stomodaeal mvagination and a
mass of undifferentiated endoderm cells. The female carries a
single packet of eggs (or) adhering to a pair of very long sctae
(7.s) which spring from the genital valves. The young are hatched
as nanplii, without mouth or alimentary canal, and with strong
hook-like mandibles (A). The nauplins burrows into the body of
its host (the Polychaete Selmacina), easting its cuticle in the
process and losing its limbs, so that when it reaches the hody-
cavity it consists merely of a mass of embryonic cells without «
enticle (B).  From the Dbody-cavity the parasite passes into the
vasenlar system of the host, where it undergoes its further develop-
ment. A thin enticle is now seereted, and a pair of processes begin
to grow out from one end of the ovoid body (C, pr). These
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increase in size, in some cases, to several times the length of the
body, and as the euticle covering them is very thin it is helieved
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Fic. 53.

Ntages in the life-history of Heemoeera danae. A, free-swimming nauplius-larva, x 280, B,
embryo after penetrating into the body-eavity of the host:; no organs remain except the
degenerating nauplius-eye. C, later stage, from the vascular system of the host : the absorptive
prucesses llave begun to develop. D, still later stage: the absorptive processes are tully
formed and the posterior end of the embryo is provided with rows ot reenrved hooks, B, the
adult female, just before emergenee trom the host; the anterior part of the body i distended
with eggs. F, tree-swimming female, carrying the extruded eggs, X 28 the hypodermis in the
anterior part of the body has separated trom the euntiele after expulsion of the eggs and forms
a sheath around the nerve-cord. «', antennule; br, brain; e, nauplius-eye ; f, swimming-teet ;
g.s, genital setae ; m, position of mouth ; md, mandible of nanplius ; n. nerve-cord connecting
brain with ventral nerve-chain: owv, mass of eggs carried on genital setae: ory. ovary: pr,
absorplive processes. (After Malaquin.)

that they act as absorptive organs. In some cases, but not always,
a second pair of these processes is found Dbehind the first. From
the position which they occupy relatively to the rudiments of
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appendages afterwards appearing, it is believed that they represent
the antennac and mandibles of the nauplins.  The organs of the
adult are gradually differentiated within the cuticnlar sac, which
enlarges with the growth of the animal. The pointed posterior
end of the sac is surrounded by rows of recurved hooks (1)), and
these appear to be used in boring a way out through the tissues
of the host when development is complete (12).  The reproductive
organs are developed before the parasites escape from the host.
After escaping, a single moult tikes place and sexual maturity
is reached.

The life-history of the Monstrillidac may he compared with that
of the male Fnferoynathus described ahove, in which the earlier
larval stages and the adult are free-swimming, while the intervening
stages are parasitic and degenerate, and in which also the adult is
incapable of feeding.

MORPHOLOGY OF DRANCHIURA.

The body is mneh Hlattened, and is divided into three regions,
an unsegmented, cephalothoracic region followed by three frec
thoracic somites and an unsegmented abdomen (Fig. 54).  The
cephalothoracic region is covered by a greatly developed head-shield
or carapace, which, while not projecting bevond the articulation of
the succeeding somite as o distinet “shell-fold,” is expanded on cach
side in a great wing-like plenral fold. In many species the lateral
folds are produced backwards and cover the thoracic somites and
their appendages, and sometimes even the abdomen. The abdomen
is notched or hilobed, and bears a pair of minute furcal rami (f).

Appenduges.—The antennules are small, consisting of four
segments, of which the first is divided into two parts and is
provided with a large hooked claw and some smaller spines, used
for attachment to the host. The aniennee arve also short, uniramons
in the adult, of four segments, the bhasal part provided with stout
spines.

The mouth-parts are snctorial, the upper and lower lips together
forming a proboscis (Fig. 54, p) within which are enclosed the
mandibles and maxillulac. The maxillulac are never included in
the proboseis in suctorial Encopepoda.

The mandibles are without palps in the adult and have sickle-
shaped, serrated tips. The maxillulue are stated to be wanting in
the genus Dolops.  In Argulus they are simple, lancet-like blades.
The mazillae (*“first maxillipeds”) are very remarkably modified.
Except in the genus Dolops, where they end in stout hooked claws,
they are represented chiefly by a pair of large adhesive suckers
(Fig. 54, mx"), sitnated some distance in front of the proboscis. The
sucker is developed from the basal portion of the appendage, the
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distal segments which are present in the larva persisting as a
vestige under the outer margin of the suecker or disappearing
altogether. The sucker itself is provided with strong muscles and
its margin is strengthened by radiating chitinous rods.

The first thoracic appendage (*second maxilliped ) (mrp) eonsists
of five segments, the basal one produced into a lobe armed with
strong teeth and the end of the limb carrying two stout elaws.

The next four pairs of appendages are biramous natatory fect.
The first pair is attached to the cephalothoraeic region, the remain-
ing three correspond to the three free thoracic somites. Each
consists of a stout protopodite, which, in some species at least, has

a'
e
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Fia. b,

Argdus cmericonns, lemale, from below, x 5. «’, antennnle : ¢”, antennaj e, paired eye 3
J, candal furea; wa”, sucker tormed by maxilla (“first maxilliped ”): map, first thoracic
appendage (‘* second maxilliped ™) ; p, suctorial proboscis; sp, poison spine.  (Alter Wilson.)

three segments, and an exopodite and endopodite of about equal
length. The exopodite is unsegmented, and the endopodite consists
in the first pair of three segments, in the second of one, and in
the last two pairs of two segments. DBoth rami are furnished with
two rows of long plumose setae, set along the dorsal and ventral
margins respectively. The insertion of the broadened bases of
these setac gives to the exopodite and endopodite the appearance of
being divided into numerous short segments, and they have been
so deseribed, but the arrangement of the musculatire shows that
these do not represent true segments of the limb.

On certain of the anterior legs in most of the species the
protopodite carries at its distal end, besides the endopodite and
exopodite, a slender appendage, known as the flagellum, which
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originates to the outer (or dorsal) side of the exopodite, and is bent
backwards npon the protopodite. It is provided with two rows of
plunose setae, and its probable function is to cleanse the lower
surface of the carapace. The homology of this appendage is
doubtful. 1t cannot be an epipodite sinee it springs from the
distal segment of the protopodite.  Nothing equivalent to it is
fonnd in the Eueopepoda.

In the male sex the peduncles of the last two, sometimes of the
last three, pairs of legs are modified for purposes of copulation.
The details differ in the different species, hut in all the peduncle of
the penultimate pair is excavated to form a seminal pouch which

16, 33,

A, nervons system of L rgulus americanns, e, nauplius-eye ; immediately below is the opening
through which the oesopliagus passes. 13, female reproductive organs.  owy, ovary ; od, open-
ing of oviduct ; ~p, spermatheci s the papillae on which the spermathecal ducts open are seen
Just below the opening of ovidnet 1 £.p, “ tactile papillae.” €, male reproductive organs. gl
accessory glaml 1 o, external opening ; s, seminal vesiele 5 ¢, testis,  (After Wilson,)

opens on the dorsal surface of the limb.  On the anterior surface
of the peduncle of the last pair is a peg-like process which seems to
be used for opening the month of the seminal pouch so that the
latter can be filled with sperm.  In some species in the female sex
a pair of finger-like processes (Fig. 535, B, tp) are situated at the
sides of the genital orifice between the last pair of legs. These
may possibly represent a vestigial sixth pair of thoracic appendages.

In the genus .frgulus a very peculiar poison apparatns is
situated in front of the month. Tt consists of a hollow spine (Fig.
54, xp), whieh can he withdrawn into and protruded from a sheath
by the action of speeial museles.  The duct which traverses it com-
municates with three groups of large unicellular glands lying at its

/
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base. These glands appear to be a specialisation of some of the
dermal glands which (as in many Eucopepoda) are abundantly dis-
tributed over the surface of the body.

Alimentary System.—The alimentary canal has a narrow oeso-
phageal region, with strong circular and longitudinal muscles, which
projects, funnel-like, into the wide stomach. The latter gives off
a pair of diverticula, which are much ramified, and occupy the
greater part of the lateral lobes of the cephalothorax. When feed-
ing, these diverticula, as well as the stomach and intestine, become
filied with the juices of the host. The stomach is followed by a
wide intestinal region which is separated by a sphincter from the
narrow rectum. The latter is without the dilator muscles found
not only in Eucopepoda but in most Crustacea.

Circulatory System.—The heart is sitnated at the junction of
thorax and ahdomen, and sends off an aorta which reaches as far
forward as the brain. It is provided with one or two pairs of
lateral and inferior afferent ostia and sometimes a median inferior
efferent opening at the base of the aorta. There appears to be
doubt as to the existence of a posterior median efferent opening.
In the earliest larval stages the heart is absent, and the circulation
is mainly carried on, as in the later stages it is assisted, by
rhythmical contractions of dorso-ventral muscles in the abdomen.

EBacretory System.—An excretory gland of the usnal type is
present, and has heen identified as the maxillary gland (shell-
gland). It appears from the investigations of Claus and of
Nettovich, however, that it differs from the maxillary gland of
the Eucopepoda and other Crustacea in opening not on the maxilla
but on the first thoracic limb (the so-called “second maxilliped ”),
or on the sternal surface of the body close to the base of that
appendage.

Nervous  System.—The ventral nerve-chain (Fig. 55, A) is
shortened, but six ganglia can be distinguished. The statements as
to the origin of the nerves to the two pairs of maxillipeds arc con-
flicting, but the last four ganglia supply the somites of the four
pairs of swimming-feet, the last also sending nerves to the abdomen.

Sense-Organs.—A median (nauplius) eye of the usual structure
is set upon the dorsal surface of the brain (Fig. 55, A, ¢). In
addition, there are a pair of large compound eyes (Fig. 54, ¢)
visible throngh the transparent integument of the dorsal surface.
Each is supplied by a stout optic nerve which swells into a
ganglion before entering the cye. The eye is movable, but it
differs from the similarly movable, non-pedunculated eyes of the
Branchiopoda in the fact that it moves not in a “corneal pouch”
but in a blood-space which intervenes between the outer ends of
the quadripartite crystalline bodies and the integument. Seen
from above this blood-sinus is hounded on the anterior, external,
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and posterior sides by a chitinous wall. It seems not unlikely
that further research will show the wall to bhe formed by an
lnvagination of the cuticle, in which case it may represent the
vestige of a corneal pouch like that of the Branchiopoda.

Reproductive System.—The ovary (Fig. 55, B, ory) is unpaired
and, at its first appearance in the larva, asymmetrically placed,
afterwards assuming a median position. Rudiments of two ovi-
ducts are found in the larva, bhut that situated on the same side
of the hody as the ovary atrophies, while the other develops
further and ultimately opens (o) in the middle line between the
hases of the last pair of legs.

A pair of spermathecae (lig. 55, B, sp) are found in the
abdomen. They are not connected with the ovidneal opening, but
each has a short duct which gives oft a blind divertienlum and
terminates on a papilla with a retractile spiniform tip close to
the anterior margin of the abdomen. It is Dhelieved that the
sharp points of these papillac pierce the envelopes of the eggs
when the latter arve laid, so as to permit the entrance of the
spermatozoa. The eggs are laid attached to stones or other objects.

The testes (Fig. 55, C, f) are paired and lic in the abdomen.
Their ducts unite to form an unpaired seminal vesicle (s.¢), and
after receiving the ducts of a pair of accessory glands (gf) lying
in the thoracic region again unite to open by a median pore (o)
between the bases of the last pair of legs. The seminal pouches
on the penultimate legs of the male and the structures connected
therewith have already heen mentioned.

DEVELOPMENT OF BRANCHIURA.

In some species of Argulus the newly hatched larva has all the
appendages similar to those of the adult with the exception of the
first maxillipeds, which arc not modified into suckers but are stout
clasping limbs, each consisting of fowr scgments and ending in a
double claw. In other species, however, among which is the
common Enropean . foliarens, the newly hatched larva differs still
more from the adult (Fig. 56). The antennae are biramous, having
a1 large unsegmented exopodite which is lost in the adult, and the
mandibles have a large uniramous palp of two segments. The
antennal exopodite and the mandibwlar palp are tipped with plumose
setae and serve as swimming-organs. The heart is not found in
the carliest larvae but develops after the first moult.

REMARKS ox IIABRITS, ETC.

The majority of the Iucopepoda are marine, but munerous
species, belonging chiefly to the families Centropagidae, IHarpac-
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ticidae, and Cyclopidae, are very abundant in fresh water. Most
of the Gymnoplea arc pelagic, forming a very important part
of the plankton of the sea and of lakes. The non-parasitic
Podoplea, on the other hand, with the exception of a few pelagic
groups like the Corycaeidae, belong to the bottom-fauna. A large

I1a. H6.

Newly hatclied larva of Argulus foliaveus. o, antennule; ¢”, antenna: md, mandible ; mdt,
mandibular palp; mf’, maxilla (first maxilliped); mf”, (second), maxilliped ; pl, pd, tirst and
fourth pairs of swimming-feet. (After Claus, from Korschelt and;lleider’s Ewdryoloyy.) -

proportion of the parasitic forms of various families attack fish, and
some of these, such as Lernaeocera and Achtheres, occur in fresh water.
Pennella is sometimes found on whales. - Other parasitic and semi-
parasitic forms are found on various groups of marine inverte-
brates. The Branchinra are temporary parasites on fish and occur
both in the sea and in fresh water.

Most of the free-living Eucopepoda are minute, but some of the



Tk COPEPODA 101

parasitic species attain a greater size, the largest (Pennelle) being
more than a foot in length.
No fossil remains of Copepoda are known.

APFINITIES AND CLASSIFICATION.

On the hypothesis that the Nauplius represents the ancestral
type of the Crustacea, the Eucopepoda would be regarded as the
most primitive existing members of the class, retaining, as they
do, naupliar characters in the form of the first three pairs of
appendages and in the absence of paired eyes and of a shell-fold.
As already indicated, however, it is much more probable that they
are to be regarded as a specialised and in some respects degencrate
group which, while retaining, in some cases, a very primitive
structure of the cephalic appendages, has diverged from the
ancestral stock in the reduction of the number of somites, the loss
of the paired eyes and shell-fold, and the simplified form of the
trunk-limbs.  The prevalence of parasitism and the great structural
changes associated therewith render the classification of the Euco-
pepoda a matter of peculiar difficulty, and none of the schemes
hitherto proposed is altogether satisfactory. In Claus’s system
(1880) the distinction drawn by most of the older authors between
free-living and parasitic forms is still maintained in the two chief
divisions of Guathostomata and Siphonostomata, the latter includ-
ing forms in which the mouth-parts are more or less distinetly
suctorial.  Gdiesbrecht has shown, however, that this arrangement,
and also that proposed hy Canu, based on the copulatory pores of
the female, are quite unnatural, since forms with hiting and sue-
torial month-parts and with paired and unpaired copulatory pores
may occur within the limits of the same family. Giesbrecht’s own
classification of the Fucopepoda, which is given Dbelow, marks a
distinet advance, especially as regards the separation of the more
primitive pelagic families to form the group Gymnoplea. IHis
arrangement of the remaining families, which he groups together as
Podoplea, is, however, less eonvincing, and he does not attempt to
define the position of many of the parasitic forms. The system is
therefore incomplete and can only he adopted as a temporary
expedient pending further investigation.

Some modern writers follow Zenker and Thorell in referring
the Branchiura to the Branchiopoda, although the only character
which can now bhe referred to in support of this arrangement is the
presence of paired compound cyes. On the other hand, the com-
parison instituted by Claus between the appendages of Branchiura
and Fnecopepoda shows a general similarity of structure which can-
not he disregarded. The only serious difficulty in the way of this
comparison is the difference in the position of the maxillary gland,
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which in the Eucopepoda, as in other Crustacea, opens on the
maxilla, but in the Branchiura on the first thoracic appendage. It
seems more probable, however, that a shifting of the aperture has
taken place than that the appendages do not correspond serially
in the two groups. )

SuB-Crass Coreropa, H. Milne-Edwards (1830).

OrpeR 1. BEucopepoda, Claus (1875).

Paired compound eyes absent; genital apertures on the seventh
trunk-somite; thoracic limbs without flagellum; fertilisation by
spermatophores.

SuB-OrRDER 1. Gymnoplea, Giesbrecht.

Last thoracic somite firmly connected with the preceding somite and
movably-articulated with the first abdominal somite ; last pair of thoracic
appendages in female similar to preceding pair, or reduced or absent, in
male always present and modified as copulatory organs; one or neither
of the antennnles geniculate in male; eggs deposited singly or carried in
a single packet; heart generally present; vas deferens unpaired, its
opening wnsymmetrically placed. Free-living forms, mostly pelagic.

TRIBE 1. AMPHASKANDRIS, Giesbrecht.

Antennules of male not geniculate, with more numerons aesthetascs
than in female.

Family Cavanmpap. This extensive group is divided by Sars into
twelve families. Most of these correspond to sub-families recognised by
Giesbrecht. Culanus, Leach (Fig. 41); Eucalunus, Dana; Rhincalanus,
Dana; Calocalanus, Giesbrecht (Fig. 42); Paracalanns, Boeck ; IPseudo-
calanus, Boeck ; Aetideus, Brady ; Euchucta, Philippi; Phaénna, Claus;
Seolceithrix, Brady ; Diadrts, G. O. Sars; Stephos, Scott ; Tharybis, G. O.
Sars; Pseudocyclopia, Scott.  (The families represented by the last eight
genera are separated from the Amphaskandria by Sars to form a division
Isokerandria.)

TriBe 2. HETERARTHRANDRIA, Giesbrecht.

One of the antennules geniculate in male.

Family CENTROPAGIDAE. Divided into eight families by Sars:—
Centropages, Kroyer ; Diaptomus, Westwood ; Pscudodiaptomus, Herrick ;
Heterocope, (1. O. Sars; Lucicutia, Gieshrecht ; Temora, Baivd ; Metridia,
Boeck ; Heterorhabdus, Gieshrecht ; Plenromamma, Giesbrecht ; Arietellus,
Giesbrecht. Family Psevpocycropipak. Pseudoeyclops, Brady. Family
CaNpDaCIDAE.  Uandacia, Dana. Family PoNTELLIDAE. Divided into
four families by Sars :— Pontclle, Dana ; Parapontella, Brady ; Acartia,
Dana ; Anomalocera, Templeton ; Tortanus, Giesbrecht.
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Sus-OrDER 2. Podoplea, Gieshreeht.

(Most of the following characters are subject to modification in parasitic
forms.)

Last thoracic somite movably articulated with the preceding, and
firmly united with the first ahdominal somite, which it resembles in size
and form. Last pair of thoracic feet vestigial in both sexes; mnot
modified as copulatory organs in male. Both or neither of the antennules
genienlate in the male. Eggs generally carried in paired or unpaired
masses.  Ileart abrent (except in Misophria). Male reproductive system
usnally paired.  IFree-living (rarely pelagic) or parasitie.

TRIBE 1. ISOKERANDRIA, Gieshreelit.

Swimming forms with antennules not genicnlate in male, generally
similarly segmented in both sexes, and parasitic forms allied to these.

Family CLausIDIIDAE.  Cleusidium, Kossmanu. Family CORYCAEIDAE.
Corycurus, Dana (Fig. 47); Copelic, Dana; Sapphering, J. V. Thompson.
Family Oxcagmae.  Oncacu, Philippi.  Family Licnovorcipag.  Licho-
molgus, Thorell.  Family LreastiLiDaE.  Ergesilus, Nordmann,  Family
DoMOLOCHIDAE.  Domolochus, Nordmann.  Family Cravstinae.  Cleusiy,
Claparéde.  Family NEREICOLIDAE.  Nereicolu, Keferstein.

TRIBE 2. AMPHARTHRANDRIS, Gieshrecht.

Swimming forms, with both antennules geniculate in male, generally
differently segmented in the two sexes, and pavasitic forms allied to these.

Family Mi1soPHRIIDAE.  Misvphrie, Boeck. Family HARPACTICIDAE.
This extensive gronp corresponds rather to an assemblage of families (cf.
Sars): — Huerpaceticus, Milne-Edwards ;  Longipedia, (laus;  Cereiniy,
Norman ; Ectinosomu, Boeck; Peltidium, Philippi; ZTegastes, Norman :
Porcellidium, Clans; Idya, Philippi; Thalestris, Clans; Diosuccus,
Boeck ; Cunthocwmnptus, Westwood ;  DBelisartus, Maupas: Laophoute,
Philippi ; Setella, Dana ; Miractu, Dana ; Aegisthins, Gieshreeht ; Clytem-
nestre, Dana.  Family CycLopIpa®.  Cyelops, Miiller; Oithonu, Baird.
Family MoxstriLuipag.  Monstrilla, Dana; Huemoreera, Malaquin (Fig.
53). TFamily AscIDICOLIDAE.  dscidicole, Thorell ;5 Notodelphys, Allman ,
Doropygus, Thorell ; Notopterophorus, Costa; Faterognathus, Giesbrecht
(Iig. 50). Tamily ASTEROCHERIDAE.  isterocheres, Bowvek; Acontio-
phorus, Brady (Fig. 44); Cuucertlle, Dalyell 5 Scottocheres, Gieshrecht ;
Artrotrogus, Boeek (Fig. 46).  Family Nicornorpar,  Nicothoé, Audouin.
Family  DICHELESTIIDAE. Dichelestium, Hermann; Lernanthropus,
Nordmann.

The position of the remaining families (consisting wholly of parasitic
forms) with respect to this system of classification ix not yet determined.
The groups most nsnally accepted are :—

Family Cavicrpag.  Celtgus, Miiller.  Family LERNARIDAE.  Lernaea,
Linn. (Figs. 51, 52); Pennelle, Oken; Lernucocern; Blainville.  Family
LerNaropoDIDAE.  Lernacopoda, Krover; dAcltheres, Nordmaun (Fig.
45). Family CHONDRACANTHIDAE.  (Thondracanthus, La Roche.  TFamily
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CHONIOSTOMATIDAE.  Chondostoma, Hansen, Family HERPYLLOBIIDAE.
Herpyllobius, Steenstrup and Liitken ; Rkizorhing, Hansen,

OrDER 2. Branchiura, Thorell (1864).

Paired compound eyes present; genital apertures ou fifth trunk-
somite ; thoracic limbs sometimes with flagellum ; no spermatophores.

Family ARrcUriDAE.  Argulus, O. ¥. Miiller (Fig. 54); Dolops,
Audonin ; Chonopeltis, Thiele.
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CHAPTER V
THE CIRRIPEDIA

SuB-Crass CIRRIPEDIA, Burmeister (1834).

Order 1. Thoracica.
Sub-Order 1. Pedunculata.
. 2. Operculata.
Tribe 1. Asymmetrica.
» 2. Symmetrica.
Acrothoracica.
Ascothoracica.
Apoda.
Rhizocephala.

Ot o 1

Definition.—Crustacea which are sessile in the adult condition ; the
carapace (very rarely absent) forms a mantle completely enclosing
the body and limbs, usually strengthened by shelly plates; the
posterior limbless part of the trunk is vestigial and usually ends in
a caudal furca ; the antennules are organs of attachment, becoming
vestigial in the adult, and the antennae generally disappear; man-
dibles without palp; typically six pairs of biramous cirriform trunk-
limbs ; usually hermaphrodite, female genital apertures on first
trunk-somite, male apertures behind last pair of limbs; paired eyes
absent in adult ; development with metamorphosis ; young generally
hatched in nauplius stage and passing through a so-called “cypris
stage” with bivalved shell.

Historicul—Some of the Cirripedia are sufficiently common and
conspicuous to have attracted attention from remote times. They
are probably referred to hy Aristotle, and they formed the subject
of a curiously persistent mediaeval myth, current in literature from
the twelfth to the beginning of the eighteenth century, regarding
the origin of the Barnacle Goose. While the earlier systematists
not unnaturally classed the barnacles and acorn-shells as Mollusca,
it seems strange to find this view of their affinities surviving the

106
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anatomical investigations of Cuvier. Lamarck, who was the first
to give them the name “ Cirrhipédes ” (later corrected by Burmeister
to Cirripedia), referred more or less vaguely to their affinities with
Crustacea, as did also Oken and others, without definitely removing
them from the Mollusea.

It was not until J. Vanghan Thompson, in 1830, described the
development of Dulunus from the “ Cypris” larva that the Crustacean
nature of the group was placed beyond dispute. A little later
Jurmeister (1334) and Thompson himself (1835) completed the out-
line of the life-history by discovering the carlier nauplius stage,
confirming the long-forgotten observations of Slabber, who had
figured the nauplins of Lepus as early as 1767.  Althongh notable
contributions to the anatomy of the group were made by Martin
Saint-Ange (1835) and others, its taxonomy remained in the hands
of conchologists, and new genera and species were established on
the superficial characters of the shell alone. It is curious to note,
as a survival of this period, that so recently as 1906 it was thonght
necessary to inclnde a chapter on Cirripedes in a conchological
work.  Darwin’s Monograph of the Cirripediu (1851-54) placed
the study of the group npon a new basis, and indeed still remains
the chief work of reference on the subject. The discovery of the
“complemental males” and of the remarkable genera Cryplophiclus
and Profeolepas (the latter not since re-observed) are due to Darwin,
while his systematic treatment of the normal Cirripedia (Thoracica)
has scarcely been modified by subsequent workers, except as regards
the addition of new species, for the most part from the deep sea.
Some anatomical errors in Darwin’s work were soon after correeted
by Krohn (1859). J. V. Thompson had already in 1836 pointed
out the resemblance of the nauplius larva of Sueenling to that of the
Cirripedia, and Lilljeborg (1859-60) established for that genus and
its allies the gronp of “Cirripedia Suctoria,” aud showed that they
passed through a “Ciypris” stage. Tritz Miiller (1862-63) gave a
more detailed account of the anatomy and larval stages of this group,
to which he gave the name Rhizocephala. Delage, in a remarkahle
memoir (1884), made known, for the first time, the complete life-
history of Succuling, and his results, though received with scepticism
by some, have recently heen confirmed by G. Smith (1906). The
group of Ascothoracica was established by Lacaze-Dnthiers (1883)
for the very remarkable genus Lowra, and other genera have been
added hy Norman, Fowler (1889), Knipowitsch, and others. Among
the more important contributions to the study of the normal Cirri-
pedes may he mentioned the works of Hoek on the “Challenger”
collections (1833-84), Awrivillius (1892-95), and Grvel (1904),
and on the larval stages those of Clans (1869), Groom (1895), and
Hansen (1899)



108 THE CRUSTACEA

MORPHOLOGY OF THORACICA AND ACROTHURACICA.

In general form and in many details of structure the Cirripedia
as a whole depart more widely from the common type than do any
of the other sub-classes of the Crustacea. This is correlated with
the sessile habit of life which is universal within the gronp.
In those forms which have become purcly parasitic, as in the
orders Ascothoracica, Apoda, and Rhizocephala, the modifications
are still more profound, leading, in the last-named order, to the
- disappearance of every trace of Arthropod organisation. Neverthe-
less, the life-history and even the minute characters of the larvae
are so constant thronghout the group that it is impossible to
question the close relationship of the various forms.

r+r.l.-

116, 47,

A, Lepas anotifera s B, Balunvs homeri.  (After Darwin,) e, carina: «l, carino-lateral; !,
lateral; p, pedunele ; r+7.7, rostrum coalesced with rostro-lateral ; se, scutnm ; 4, tergum.

Leaving aside for the present the parasitic orders named above,
the remaining Cirripedia, forming the orders Thoracica and Acro-
thoracica (Abdominalia of Darwin), show considerable uniformity
of structure, though differing widely in general appearance. In all
cases, the animal is attached to some foreign object by the anterior
portion of the body in the region of the antennnles. The shell-
fold is greatly developed, forming a “mantle” enclosing the body
and limbs, and strengthened, as a rule, hy shelly plates on its outer
surface.  Owing to a strongly marked dorsal flexnre of the preoral
region, the greater part of the body within the mantle comes to lie
nearly at right angles to the anterior part. The anterior part of
the cephalic region may he elongated into a flexible and musenlar
peduncle (Fig. 57, p), as in the Pedunculata, or represented only by
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a flattened dise of attachment, as in the Operculata and Acrothoracica.
When a peduncle is present, the rest of the body enclosed by the
mantle is distinguished as the cupitulum.

On acecount of the confusion which would arise from applying
the usual terms of orienta-
tion to animals of such com- A B
plex form, it is customary, ¢
in deseribing Cirripedia, to
employ an arbitrary termin-
ology in which the animal
is supposed to he placed
vertically with the capitulum
above, and the peduncle or
base of attachment below.

What is, morphologically,

the sternal aspect of the —

])CdllI]C]O and the :.Lnterlor Turrilepas Nrightii. \, \';e“‘of the whole fossil.

side of the capitulumis called B. a portion further enlarged. ¢, carinal scales;
» . C.I, carino-lateral; I, lateral; R.L, rostro-laleral;

the “I‘OStI‘Z’(.l, the OppOSlte L, rostral.  (From Gruvel's Monographie.)

being the ¢ carinal ” side.

The number and arrangement of the calcareous plates on the
outer surface of the body afford valuable systematic characters,
throwing licht on the phylogenetic history of the group. It seems
probable that in the most
primitive Cirripedia there
was no distinetion of capit-
nlum and peduncle, the
whole  Dbody being en-
veloped Ly a mantle,
probably  bivalved, and
strengthened with shelly
plates.  Such a form is
perhaps represented by
the fossil Twrrilepas (Fig.
58) from Silurian and
Devonian rocks, in which
the whole animal appears

Fii. 5. to be covered with im-

e £ el sl Gl et brieating seales_arrnged

The capitular plates are not correctly shown. (From 1 transverse rows of five
Gruvel's Mowogrophie.) : n

on ecach side. The genus

Lorienle (Fig 59), appearing in the Lower Cretaccous, has been

supposed to represent the next stage of evolution, showing the

heginning of the differentiation between pedunenlar and eapitular

plates. In the peduncular region the arrangement of the plates

is the same as in Zwrrilepas. At one end of the animal, several

C. L. L. L. L.

C.L. L. 2L
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plates of the terminal row on each side are much enlarged and
represent the capitular plates. Much older than Loricula, however,
and probably much more primitive, is the still-existing genus
Pollicipes, which dates hack to the Silurian, possibly to the
Ordovician epoch. In Pollicipes the peduncle is covered with small
scale-like plates which increase in size towards the capitular end,
and in some cases (P. sertus (Fig. 60)) show a complete gradation
of size and arrangement up to the capitular plates themselves.
The latter consist of unpaired rostrum and curing, with paired fergu
and scuta, with a varying number of luferal plates, forming a
transition to the scales of the peduncle.

From the type of Pollicipes two lines of modification may be

~
EXN

ANN,\\Q!'I ,;

AN}

Fie. 60.

Pollicipes sertus, showing
transition from peduncular Sealpallum stearnsii, X 3.
scales to capitular plates. (After Stebbing, from Ln-
(From Gruvel's Monographic.) cycl. Brit.)

F1a. 61.

traced. On the one hand, in the group Pedunculata, we find the
scales of the peduncle becoming horny and disappearing, while
the capitular plates diminish in number as we pass from
Sealpellum. (Fig. 61), through forms like Lepus (Fig. 57, A) and
Dicheluspis, to Alepus and Anelasmu, where the mantle is cntirely
membranous. )
On the other hand, the Operculata may be supposed to have
originated from a form resembling DPollicipes, or intermediate
between it and Loricule. The peduncle has disappeared, but the
whorl of plates immediately below the capitular valves have
persisted, and, together with the rostrum and earina, have hecome
united to form the outer ““wall” of tubular or conical form, within
the opening of which the scuta and terga are articulated to form
the movable operculum. The most primitive genus among the
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Operenlata is apparently Cafophragnis (Figs. 62, 63), where the
“wall” consists of eight picces (or “compartments,” as Darwin
termed them), the unpaired rostrum and carina, and the pairved
lateral, rostro-lateral, and carino-lateral plates, and is further
surrounded by several whorls of imbricating scales diminishing
in size towards the periphery, and representing the wrmature of
the vanished peduncle. In the other Operculata these scales are
wanting, and a series can be traced in which the compartments
diminish suceessively in number by coalescence, from Oclomeris,
which has eight plates, throngh Lulanus (Fig. 57, B) with six, and
Llinius with four, to Ly
goma, where all the plates
have coalesced and  the
“wall” is undivided. Each
compartment presents three

",
-

- s o
'\\\
7 3
*/ \
; )
{ }
i} |
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W\ )
\ /
A\ Vi
N
1
1. 63,
F1g. 62. _ Diagram showinz the constitu-
Catophragmus polymerus. The upper tionof the ““wall ™ in Cotophregmus.
figure represents the entire shell viewed The eight principal compartinentis
from above. N, scutum; 7, tergum, are surrounded by several whorls
separated and further enlarged. (From of scales. (Fron Gruvel's Mono-
Gruvel’s Monogrophic.) qruphie.)

divisions. a central paries lanked by two lateral portions known us
radii or alae aceording as they overlap or are overlapped by the
adjacent compartments. The exact manner in which the over-
lapping takes place varies in the different gencra and aftords a
basis for systematic divisions. Thus Darwin divided his Dalanidac
into two sub-families: (1) the Chthamalinae, in which the rostrum
has alae on both sides, or, in other words, is overlapped by the
adjacent compartments; and (2) the Dalaninae, in which the
apparent rostrum is really formed by the fusion of the rostrum
with the rostro-lateral compartments (INg. 57, B, r + 1), and con-
sequently has radii overlapping its neighbours on both sides. Dy
some recent writers the mrrangement of the plates is interpreted
somewhat differently, and, though its phylogenetic importance is
recognised, the classification adopted is made to rest upon the
number of eompartments distinet in the adult.
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Geenerally included with the Operculata, though possibly deserving
to rank as a separate snb-order, is the curious little group of Asym-
metrica, comprising the single genus J'erruce. These are sessile,
like the true Operculata, and have the shell composed of a wall
and closed by a movable operculum. But the operculum consists
of the sentum and tergum of one side only, those of the other side
being fused to form one-half of the wall, which is completed, on
the side of the movable opercular plates, by the greatly developed
and displaced rostrum and earina.

Diagrammatic vertical section of Lalanwus. The cirri are cut short. A, anus; ant,
antennule; B, mouth; ¢, carina; ¢, cerebral ganglion: cap, lamellae of the ‘¢wall”;
¢i, cirri; c.p, parietal canal; ec.pul, mantle-cavity; ec.r, radial canal of the base; e.t,
testicular caeca; E, stomach; gl.ce, cement-glands ; i, intestine ; inf, *infundibulnm™ (con-
taining a prolongation of the mantle); lext, external lamina of the wall ; m.u.s, adductor
scutorum muscle ; n.d.s, depressor scuti muscle ; m.d.t, depressor tergi muscle; =, ventral
nerve-mass ; o, opening of mantle-cavity ; ov, ovary; p, penis; R, rostrum ; 8, scutum; s.oe,
egg-mass in mantle.cavity ; s.ro, rostral blood-sinns ; 7', tergum ; v.s, seminal vesicle. (From
Gruvel’s Monographie.)

In the Pedunculata the shell is formed of simple calcified plates,
inereasing in thickness by the application of successive layers on
the inner surface, while the uncalcified cuticle between them scales
off periodically to admit of growth, with the formation of a new
cuticle underneath. In the simpler Operculata (Chthumalus), the
compartments forming the wall are of this nature, bnt in most of
the genera composing this gronp they have a more complex
structure, being traversed by eanals running parallel with the
surface and containing prolongations of the hypodermis (Fig. 64,
e.p and inf). The complexity of the shell reaches its maximum
in the genus (oronulu, the species of which attach themselves to
the skin of whales. In these, the folding of the wall gives rise to
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chambers on the inner and outer surfaces, receiving respectively
brauches of the ovaries of the Cirripede and prolongations of the
epidermal tissue of the host.

The basc of the shell in the Operculata may be simple and
membranous or it may become calcified, and in the latter case it
may be traversed by radial canals (Fig. 64, c.r) carrying prolonga-
tions of the hypodermis.

In Xenobalunus (Iigs. 63, 66) among the Operenlata the wall is
reduced to a small vestige and the opercular plates are absent.
The mantle-sac is elongated and appears as if divided into capitular
and pednncular portions, giving the
animal an extraordinarily close rve-
semblance to certain Pedunculata such
as Alepus.

It may he mentioned here that in
the Pedunenlate A nelasma, which is
parasitic on sharks, the peduncle
becomes imbedded in the mmnscles of

R
Iic. 65. Fra. 66.
Xenobalenus  alobiripitis, Diagram of the rednced © wall ™ of Nrao-

B, the reduced “wall”: p, balonus.  C, carina; (.L+L, cariuo-lateral
penis. (From Gruvel's Mono-  fused with lateral ; R.L. rostro-lateral; R,
yraphie.) rostrunt.  (From Gruvel’s Monogrephie.)

the host and gives ofl minute ramifying filaments which no doubt

serve for the absorption of nutriment.

The body, enclosed within the mantle, consists of a cephalic
region (“prosoma” of Darwin), followed by a “thoracie” region
corresponding to the somites bearing the six pairs of cirri.  These
somites are usnally indistinctly defined in the membranous integu-
ment and the first is always coalesced with the head. There is no
distinet “abdomen” in the adnlt exeept in so far as it is repre-
sented by the candal furea which is present in most Pedunenlata
and a few Operculata.  The furcal rami are usnally small, unjointed
or with few segments.  Exceptionally they may be long and multi-
articulate.

Appendages.—The antennules, which serve for attachment in the
larva, usually persist in a functionless condition imbedded in the
cement which fastens the end of the peduncle or the base of the

S
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shell to the substratum (Fig. 64, ant, Fig. 67, 4’). They appear,
however, to be absent in the Acrothoracica.

The anfennae disappear in the adult in all normal Cirripedia.
Their possible persistence in the Ascothoracica will be referred to
later.

The mouth-paits consist of simply formed mandibles, maxillulue,
and maxillac, the last united at the base to form a lower lip. The
upper lip is large, often bullate, and at the sides, between it and
the mandibles, are a pair of setose
lobes which have heen sometimes in-
terpreted as lateral lobes of the labrum,
but which seem nundoubtedly to be the
mandibular palps.

The appendages of the ¢ thoracic”
region, of which there are normally
six pairs, form the characteristic “cirri”
from which the name of the order is
derived (Fig. 67, (f). Each consists of
a two-segmented protopodite bearing
two long multiarticulate rami, the seg-
ments of which are fringed with long
hairs forming, when the cirri are pro-
truded from the orifice of the shell, a
‘“casting-net ” for the capture of prey.
The cirri increase in length and in the
number of segments in the rami from
before backwards, and the number of
segments also increases with the age
of the animal. The first pair are com-

Fio. 67, mouly, at least in the Pedunculata,
Dissection of Lepas from the side. Sepm‘&tell by a little space from the
A antennule; C, carina; Cd, cement- fo]lowine  pairs, and more closely

gland and duct; Cf, cirri (thoracic K N
appendages); L, hepatic caeca; M, agsociated with the mouth-parts.

3‘3‘;‘%}“"%’“ lf)secnlfs’; Ogc osvclsgucztn 0122 Further, the first two or the first
f;;g‘;,of;u;?ﬁ;‘b;o{’)d’ vas deferens: three pairs are distinguished from

the posterior pairs by being shorter
and by having the segments beset with stiff spines which prob-
ably aid in the prehension of food. In the parasitic Anelusme the
cirri are short, obscurely segmented, and quite devoid of setae
(Fig. 68).

In the Acrothoracica the cirri are reduced in number by the
disappearance of the second and sometimes also of the third pair,
and the first is separated by a wide space from the remaining pairs,
which are crowded together at the posterior end of the hody. The
first pair are reduced to small papillae in Crypfophialus, but in the

remaining genera they are closely approximated to the month-parts,
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and have two unsegmented rami. In Alcippe the last three pairs
of cirri are uniramous.

In many Pednneulata a membranous process (“filamentary
appendage,” Darwin) grows out from the side of the body just
below the origin of the first cirrus. In Conchoderma similar
appendages are also attached to the peduncles of some of the
cirrd, and in that genus and in Pollicipes others spring from the
sides of the prosoma. These processes may be occupied internally
by diverticula of the testes. In many Dalanidae a setose plate is
produced from the outer side of the peduncle of the third pair of
cirri, and projects half-way aecross the dorsal surface of the body.
In Cryptophivlns two pairs of filamentary processes spring from the
dorsal surface of the body. It seems possible
that some of those appendages which are attached
to the peduncles of the eirri or in the ncigh-
bourhood of their articulation to the hody may
be of the nature of epipodites. In many Cirri-
pedia a fold of the integument projecting into
the mantle-cavity originates on each side of the
cephalie region at the point where the mantle
joins the body. In the Pedunculata these folds,
the “ovigerous frena” of Darwin, usnally serve
for the attachment of the egg-masses, and are
equipped for that purpose with knobbed spines.
In the Verrueidae they are absent, but in the
other Operculata they are represented by large
plicated membranes no doubt branchial in function.

Alimentury System.—The stomodaeum appears, —
as a rule, to form only the narrow oesophagus, tnetwsmo symaticds.
the large stomach being without a euticular lining. Ovelmll of mantle re.

moved to show the
In some Acrothovaciea (Cryptophialus), however, body and the reduced

a triturating apparatus is developed from the ,c\}ff;:bgn(,;}rz?cl.") Gruvel
inner end of the oesophagus, where it enters the

stomach, consisting of two opposed horny discs earrying teeth and
several rows of setae. The anterior part of the stomach generally
gives off a number of large ‘“hepatic” eaeen (Iig. 67, L), while
ramifying tubules forming the so-called ““ pancreatic glands” clothe
the posterior part and open into it by numerous small apertures.

In cdleippe, among the Aerothoracica, the rectum and anus are
absent, and the ramified hepatic caeen radiate from the stomach
into all parts of the body.

Cirenlutory System.—No heart 1s present in any Cirripede, and
the lacunar channels in which the blood cireulates are, for the most
part, ill-defined.  The most important and constant is the *“rostral
sinus” (Fig. 64, s.ro) lying on the rostral side of the adduetor
scutornm musele. It has a pair of valves at its lower end where
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it communicates, in the Pedunculata, with a canal traversing
the length of the peduncle.

Eacretory System.—The excretory organs of the Cirripedia have
been the subject of much discussion, and it is only recently that
their structure has been clearly ascertained. Darwin described as
“olfactory ” organs a pair of minute orifices, sometimes elevated on
tubular papillae, on the onter side of the maxillae. These were
shown by Hoek to be the openings of a pair of fine canals, which
lie regarded as ““segmental organs” and described as opening into
the body-cavity. This cavity has been shown by Bruntz to be the
greatly enlarged “labyrinth” of the maxillary gland, the end-sac of
which, discovered by Nussbaum, communicates with the labyrinth
by a minute aperture. The end-sac is of considerable size, and
may be divided by internal partitions. In addition to these
maxillary glands, an excretory function is discharged by the hepatic
caeca and by scattered ‘‘nephrocytes,” the most important of which
are aggregated in two masses at the sides of the cephalic region.

Flands.—A. very peculiar and characteristic feature in the
organisation of the normal Cirripedia is the cement apparatus by
means of which the attachment of the animals is effected. This
consists of a pair of much-ramified follicular glands connected with
a pair of ducts which open, in the later larval stages at least, on
the antennules. In the Pedunculata these glands are lodged in
the peduncle (Fig. 67, Cd), and iu the Operculata in the thickness
of the basal plate (Fig. 64, gl.ce). In many Pedunculata (Lepas,
Conchoderma, etc.) the openings of the ducts on the antennules
serve throughout life for the escape of the cement, but in others
(Sealpellum, Pollicipes) nmmerous additional apertures are formed
on the surface of attachment. In the Operculata the glands and
their ducts ramify in a complex way over the broad hase and
discharge the secretion through numerous pores. In one species
of Lepas (L. fusciculuris) the cement forms, at the end of the
peduncle, @ vesicular mass, serving to increase the buoyancy of the
tloating colony.

In the Acrothoracica, which bore into the shells of Mollusea
and into corals, the cement-glands are much reduced and are prob-
ably functional only in early life.

Muscular System.—In the great majority of the Pedunculata
and in the Operculata a strong adductor muscle (I'ig. 64, m.a.s,
Fig. 67, M) connects the two seuta dorsal to and in front (on the
rostral side) of the alimentary canal. When the scuta arc absent
the muscle is attached on each side to the cuticle of the mantle.
In the genus Ibla an adductor scutorum is also present, but as it
crosses the body on the ventral side of the alimentary canal
between the oesophagus and the ventral nerve-mass it cannot be
regarded as homologous with the similarly named muscle of the
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other Pedunculata and Operenlata.  In the Acrothoracica (flcippe)
also the adductor is ventral in position.

The peduncle of the Pedunnenlata is provided with longitndinal
and oblique muscular fibres, and some of these may extend into the
mantle, bnt no definite muscles other than the adductor scutorum are
connected with the valves of the shell. In the Operculata Symmetrica,
however (not in the Asymmetriea), a pair of depressor muscles are
connected with the terga and two pairs with the scuta (Iig. 64,
and.t, m.d.s).

Nervous System.—The ventral nerve-ehain is concentrated into
a single mass, within which, however, the outlines of five pairs of
ganglian may be made ont. In the Pedunculata a pair of large
nerves originating from the anterior part of the cerebral ganglia
pass down the peduncle, and may perhaps represent the antennular
nerves.

Sense-Organs.—Apart from the setae, supposed to have a sensory
funetion, on varions parts of the external snrface, and from such
doubtfully sensory structures as “ Koehler’s organ” in the pedun-
cular scales of Pollicipes, the chief organ of special sense persisting
in the adult is the nauplius-eye. This is deeply buried in the
tissues of the body, on the dorsal surface of the stomach, and may
be single (Pedunculata), or divided into two parts (Operenlata).
In Lepus it consists of two pigment-enps, each containing a single (?)
cell, the inner surface of which bears a series of rodlets imbedded
in the pigment. The structure of the paired eyes in the Operculata
is not fully known, but it seems probable that they correspond to
the two halves of the Lepadid ecye scparated, and not to the
paired compound cyes of the Ciypris larva,

Lreproductive System.—The great majority of the Cirripedia are
hermaphrodite, and eross fertilisation is rendered possible by their
gregarious habits.

The ovaries in the Pedunculata are lodged in the peduncle
(Fig. 67, Or), sometimes invading the mantle (Conchoderma), and in
the Operculata they occupy the basal and, when fully developed,
also the parietal portions of the mantle (Iig. 64, o). The paired
oviduets traverse the prosoma and open to the exterior at or near
the base of the first pair of cirri.  Just before reaching the exterior
cach oviduct expands to form a genital atrium (deseribed by
Darwin as an “acoustic organ”), with glandular walls within
which is secreted a sac ov sheath for the reecption of the eggs.
The extrnded eggs contained in these sacs form the “ovigerous
lamellae” frequently found within the mantle-eavity, where they
are retained until hatching takes place.

The festes lie for the most part in the prosoma (Fig 64, ¢!,
Tig. 67, 7), extending, however, into the thoraeic region and even
into the filamentary appendages and the bases of the cirri.
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Each vas deferens expands in the thoracic region to form a seminal
vesicle (Fig. 64, 7.5). The two vasa deferentia unite after entering
the long thread-like penis (Figs. 64, p, and 67, I’) which arises at
the posterior end of the body on the ventral side of the anus. The
penis can be protruded from the opening of the shell to deposit
spermatozoa within the mantle-cavity of an adjacent individual,
but probably self-fertilisation may oceur in isolated individuals.
The spermatozoa are filiform and motile.

Dwarf Males—In the Operculata and in the great majority of
the Pedinculata all the individuals of a species are similar and
hermaphrodite, bnt in two genera of Pedunculata, Scalpellum and

Fic. 69,
Dwarf males of—A, Sealpellum. peronii ; B, 8. gigus; C, S. velutinum.  ('n, vestige of mantle-

cavity; E, stomach; (le, cement-gland; 8, scutum}; 7, tergum; Te testis s seminal
vesicle. (From Gruvel’s Monographie.)

Ible, dwarf male individnals occur. These are attached within the
mantle-cavity of the large individuals, which may he either herma-
phrodites of the usual type, or, in some cases, purely females. In
the former case the males which are paired with hermaphrodite
individuals present a type of sexual relations not definitely known
to occur elsewhere in the animal kingdom except among the
Myzostomida, and were termed by Darwin “complemental males.”

As regards their strnctnre, the dwarf males show great differ-
ences even in closely allied species of the same genus. In one
group of species, including Scalpellum peronii, S. villosum, etc., the
male is an almost perfect miniature of the large hermaphrodite
to which it is attached (Fig. 69, A). The peduncle is distinet,
though short, and the capitular plates are well developed. The
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mouth-parts are normal, and the eirri are all present, but are composed
of a restricted number of segments. The alimentary canal is com-
plete, and in some cases even vestiges of the ovaries have been
found. In a second group, comprising S. wulgure, S. gigas, cte., the
peduncle and capitulum are no
longer distinct, and the capitular
plates are vestigial (I'ig. 69, B).
The mantle - cavity is greatly
reduced, and the eirri are re-
presented by six pairs of unseg-
mented processes each carrying
two or three long setae. The
cut ends Dlindly. In a third
group of species, represented by
S, stromii, S. velutinum, ete., the
capitular plates have entirely
disappeared and the structure is
still further degencrate (Fig. 69,
C). Tt is among the species of
the third group that complete
separation of the sexes ocenrs,
the large individuals being cuite
devoid of male organs.

The degree of degeneration
exhibited by the males appears
to be correlated, to some extent,
with their place of attachment to
the female or hermaphrodite in-
dividuals.  The less - modified
males are lodged in fossettes in
the margin of the mantle, while
in those species where the modi-
fication is more profound the
males are attached within the
mantle-cavity below or behind
the adductor InllSCl(.‘. e - . A, dwarf wmale of bl quedrivalvis.  Ce,

In Ibla the male (1‘ 18. 40) 15 duct of (‘vmont:glan(l; C.E, terminal part of
modified in a4 manner somewhat iiommn T oy Mty £
different from that observed in (i sub-oesophageal ganglion: 0, eye;

. U, vesophaius; R, rectum; Te, testis; V.s,
Scalpr‘llum. The pedu“c]e 18 ]011g seniinal vesicle; e, cirrus of last pair. B,
A R posterior end of body with caundal furca.
and the mantle is greatly reduced (¥rom Gruvel's Monographir.y
and does not enclose the body.
The mouth-parts are normal, but there are only two pairs of uni-
ramous cirri. The alimentary canal is complete. The penis is
short, in correlation probably with the length and flexibility of the

peduncle and also with the place of attachment of the males,

¥ia. 70,
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whieh are lodged quite inside the pallial cavity, on the dorsal side
of the body. Of the two species composing the
genus [ble, one, I. quadrivalvis, has hermaphrodite
individuals (Fig. 71) with complemental males,
while the other, 1. cumingii, has the sexes separate.
The males of the Acrothoracica (Iig. 72) are
still forther modified. The appendages and ali-
mentary canal are quite wanting and the mantle
forms merely a sheath for the greatly developed
penis, which, in Alcippe, can extend to three or
four times the length of the body. These an-
enterous males must of necessity be short-lived,
and in addition to the two to fourteen males which
are attached to the mantle margin of a single
female, there will often be found the remains of
Fie. 71. the adhering antennules of several others which
Ibldiquadrivelvis. have attached themselves and died sinee the last
(From Gruvel’s
Monographie.) moult of the female.
There can be but little doubt that herma-
phroditism is the primitive condition among the Cirripedia, though

Fia. 72,

Dwarf male of Aleippe lwmpus,  An, antennules ; C.def, vas deferens ; C.p, canal of the penis
(vestige of mantle-cavity); (], G, nerve-ganglia ; mus, retractor muscles of the penis; p,
penis ; pi, pigment; Tes, testis; f.¢, connective tissue; F.s, seminal vesicle. (.After Berndt,
from Gruvel’s Monographie.)
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the reverse is probably the case with regard to the class Crustacen
as a whole. It has been held by some authorities that the dioecious
state is the more primitive in the Cirripedia also, and the attempt
has been made to show that the more degraded types of the dwarf
nmales resemble in their structure the Cypris larva, which is supposed
to represent the ancestral form of the Cirripedes before the assump-
tion of the sedentary habit. As a matter of fact, however, the
points of resemblance between these males and the Cypris Luva
arc very slight. Such characters as the incomplete alimentary
canal and the reduced cirri show that these males are not primitive
but degenerate forms, and that a phylogeunetically older stage is
represented by species like S, perondi, in which the males resemble
the hermaphrodite individuals. It is very probable that the differ-
entiation of the sexes began among species in whicl, on account
of their deep-sea habitat (as in most species of Sculpellum) or
burrowing habits (as in the Acrothoracica), cross-fertilisation
between hermaphrodites was difficult. It is common, in many
speeies of Pedunculata, to find young individuals attached to the
peduncle of older ones, and it is but a step further to tind thesc
younger individuals, attached in the most favourable position for
fertilisation to the mantle-margin of the others, performing only
the function of males. It is more difficult, perhaps, to imagine
why in so few cases is the separation of the sexes complete, but
possibly the retention of male organs by the large individuals may
be regarded as a precaution against a failure in the suecession of
short-lived males.

DEVELOPMENT.

With a very few exceptions, the Cirripedia are hatehed from
the egg in the nauplius stage, and all pass through a later larval
form, known, from the superficial likeness of its bivalved shell to
that of an Ostracod, as the Cypris stage. The nanplius (IFig. 73) has a
somewhat peculiar and characteristic structure, subjeet, for the most
part, to but slight modification in the ditferent groups. The dorsal
shield is produced at the antero-lateral corners into a pair of tubular
horns, sometimes of great length. Iach horn has, at its hase, a
pair of unicellular glands (Iig. 73, dr) which discharge their secretion
through its open tip. The posterior end of the shield is rounded, at
least in the earlier stages, hut immediately beneath it arises a long
spine directed backwards. A large process projecting downwards
and backwards from the ventral surface contains, in the later stages
of development, the mdiments of the trunk and its appendages. It
must therefore be regarded as the posterior end of the body, and
the fork which terminates it must be compared with the “caudal
furea,” although the anal opening () is well in front of it on the
dorsal side.  The usual three pairs of limbs present the character-
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Fre. 73,

Larval stages of Balunus. «, late nauplius stage ; b, metanauplius, just about to pass into
the Cypris stage; 4, anus; 4’, antennule; A%, antenna; D, intestine; Dr, fronto-lateral
gland ; Fi-F¥, the six thoracic appendages of the Cypris stage beneath the cuticle of the meta-
nauplius ; Ff, frontal filament; If, fronto-lateral horn; Mdf, mandible; Mz, maxillula; 0,
pairzll fiy)e of Cypris stage ; ¢, nauplius-eye; Ol upper lip, turned forward ina. (From Claus's
Textbook.
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istic nauplius structure.  In the second and third pairs the exopodite
is multiarticulate and heset with natatory setae, and the proto-
podite has masticatory hooks. The mouth is overhung hy a
labrnm (0!) which in its great size recalls the corresponding organ of
the Branchiopod nauplins. It contains a group of gland-cells which
open at its tip. The unpaired eye (0') is always well developed,
and after the first stage a pair of sensory “frontal filaments ” appear.
The later nauplius stages are characterised, especially in the Pedun-
culata, by the development of spine-like processes from the dorsal
shield and by the clongation of the candal and posterior dorsal
spinous processes of the body. A spine which develops from
the middle of the dorsal shield was regarded by Dohim as repre-
senting the mid-dorsal spine of the Brachyuran zoga. Six pairs of
movable spinules are commonly developed in the later stages on
the ventral surface of the candal process, and these have been
regarded as corresponding to the rudiments of the six pairs of
thoracic limbs. IIowever this may be, the series of nauplins stages
is closed with a definite metanauplius stage (Fig. 73, ), in which a
rudiment of the fourth pair of appendages (maxillulae) is present.
In this stage a downward flexure of the lateral portions of the dorsal
shield is observed foreshadowing the development of a hivalve shell
which encloses the body in the succeeding Cypris stage. The six
pairs of thoracic limbs (F7%, }**') can be seen developing under the
cuticle, as can also the adhesive disc of the antennules and the paired
eompound eyes.

At the next mounlt the larva passes at once into what is known
as the Cypris stage (Fig. 74). The presence of a large bivalve shell
gives it a general resemblance to one of the Ostracoda, but it must
be noted that this resemblance does not extend to the number or
structure of the limbs nor to the internal anatomy.  All the appen-
dages of the adult are present, and the larva is now essentially a
free-swimming Cirripede.  The mouth is closed, and the stage was
styled by Darwin a “locomotive pupa.” The two valves of the
shell are continuous in the mid-dorsal line, and the free ventral
margins show a certain asymmetry as in many Ostracoda. An
adduetor muscle in the same position as in the adult serves to bring
the valves together. Near the anterior end on the ventral margin
of ecach valve is a minute aperture which in some cases (Lepus
pectinata) is clevated on a blunt hom-like process. In conncetion
with this opening is a gland which is probably to be identified with
the gland of the frontolateral horn in the nauplins stage. The
antennules (Fig. 74, 1) are protruded hetween the valves of the
shell anteriorly.  The third segment is expanded into a sucker-like
dise, on which opens the duct of the cement-gland, and which serves
for the occasional temporary attachment of the larva.  The terminal
segment is attached to the side of the third, and hears hesides
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several setae a large olfactory filament or “aesthetasc.” The
antennae are redneed to shapeless vestiges and soon disappear
entively. The labrum becomes greatly reduced in size. The
mandibles are represented only by the gnathobasie portion, the rest
of the limb being reduced to a papilliform “palp.” The maxillulae
and maxillae are closely crowded together in nearly the position
which they oceupy in the adult, and form, with the mandibles and
labrnm, a prominent buccal mass. At this stage all the mouth-
parts are devoid of setae and are not functional. The six pairs of
thoracie limbs are now well developed. Iach eonsists of a proto-
podite of two segments and two rami, each also bi-segmented,
carrying long natatory setae. The “thoracic” region of the body
is indistinetly segmented, and is followed by a small limbless

“ Pupa” (late Cypris stage) of Lepas peetinta.  co, carina; o, cement-gland ; d, alimentary
canal ; L, hepatie diverticulum ; o, mouth ; pu, paived eye; 7f, thoracic limbs, with the cirri
of the adult developing inside: s, seutum; sm, adductor muscle; ¢, tergum; we, nauplius-
eye; 1, antennule, with adhesive sucker. (After Claus, trom Korsclielt and Heider's
Embryology.)

abdomen of four segments terminating in a short setose caudal
fork.

As regards the internal anatomy, the unpaired eye (uu) persists
and is accompanied by a pair of large compound eyes (pu) which
were already visible in the last metanauplins stage.  Paired
divertieula from the anterior portion of the alimentary eanal form the
rudiments of the digestive gland, and a rudiment of the ovary is also
visible in the anterior region. Finally, the Cypris larva becomes
permanently attached hy means of the antennnles, and cousiderable
ehanges go on under the cutiele in preparation for the next moult.

The most important of these changes (Fig. 75, A, B) are the
development of the long eirriform thoracic limbs of the adult, and
a concomitant change in the position of the thoracic region of the
body which comes to lie at right angles to the long axis of the
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shell. A deep fold of the integument (y) is formed on the ventral
surface of the preoral region. At the next moult this fold hecomes
opened out, and the ventral surface posterior to it, which was at
first in contaet with the surface of attachment, hecomes erected at
right angles to this surface (Iig. 75, C).  In this way the peculiar
form of body eharacteristic of the adult Cirripede is attained. In
the Peduneulata the stalk is developed by the clongation of the
preoral region of the head. The compound eyes arc east ofl with
the Cypris cuticle, and the rudiments of the five primary valves of
the shell (scuta, terga, and carina) are developed.

Diagram illustrating the metamorphiosis of Lepas. A, Cypris stage. B, attached larva. C,
young Lepos, still surrounded by the looscnel Cypiris shell (s). ¢’, antennule; ¢h, abdomen ;
¢, carina ; d, alimentary canal ; m, mouth ; o, nauplius-eye; pov, paired eye; rf, thoracic limbs ;
s, Cypris shell ; s¢, scutum ; ¢, tergum ; x, dorsal told ; «, ventral fold. (From Korschelt and
Ileider's Embryology.)

MORPHOLOGY OF ASCOTHORACICA.

In the Ascothoracica, all of which are parasitic in Zoantharia
or Echinoderma, the mantle may have a bivalved form (Synayoge
and Petrared), or it may form a capacious sac (Laura, Fig. 76)
much larger than the body, with which it is connected by a
naurow neck, and having only a small opening to the exterior.
In Dendroguster (Fig. 78) the mantle is still more developed, and
is produced into branched lobes. In Luwre the mantle is covered
with stellate papillac penetrating the tissues of the host. and pre-
sumably absorptive. In all cases the mantle contains ramifications
of the enteric diverticula and portions of the gonads. The hody
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in Lauwre (Fig. 77) is distinctly segmented into six *thoracic” and
three limbless “abdominal” somites, and ends in a caudal furca.
In Petrarca and Dendrogaster the body is unsegmented.

In the three genera just named a pair of preoral appendages are
present (Fig. 77, ant) and, except in Lawra, are armed with hooked
spines suggesting that they are organs of fixation, They differ from
the adhering antennules of the Thoracica and Acrothoracica in being
inserted, at least in Lawra, at the sides of the buccal region and
more or less enveloped by the mantle. It is possible that they are
in reality the antennae, but there seems to be no definite evidence

Fia. 76,

Laura gerardiae, A, external view of the animal attached to a branch of the coral Gerardic
(soft tissues of coral removed). B, the mantle-sac split open showing the body in the middle.
‘The ramified hepatic diverticula, which are accompanied by branches of the ovary, are seen in
the mantle on each side. (After Lacaze-Duthiers, from Encycl. Brit.)

on the point. The cement-glands, so characteristic of other Cirri-
pedia, appear to be absent.

The mouth-parts are more or less reduced, hut appear to be
adapted for piercing.

The thoracie appendages are biramous and articulated only in
Synagoga. In Laura they are uniramous and indistinetly segmented,
and the first pair differs from the others, being long and slender,
A similar difference is observed in Pefrarca, where, however, they
are still further reduced, and in Dendrogaster they are represented
only by some indistinct papillae.

In all three genera the gnt ends blindly, and the hepatic
diverticula (Fig. 76, B; Fig. 77, F), which are large, extend into
the mantle. A digastric “adductor” muscle is present on the
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ventral side of the alimentary canal. The nervons system is
reduced. An eye is stated to be present in Synagoge. In Loure
the oviduets open at the base of the first pair of cirri. In the
other genera they have not been traced.  Pefrarca is hermaphrodite,
and the vasa deferentia open on a large penis which terminates
the body. In Luwre the testes are described as lodged in the
hases of the second, third, fourth, and fifth cirri, opening to the
exterior by numerous fine ducts, but this account is open to doubt.
Dwarf males have recently been deseribed in Dendroguster.

Fia. 7.

Laura gerardice, A, body exposed by removal of one-half of the mantle, anf, antenna;
F, hepatic diverticula ; £, caudal furca; g.s, cerebral ganglion; 4, intestine; o, opening of
mantle ; ov, ovary ; o. @, opening of oviduct ; 0. &, opening of male ducts; sae, wall of mantle.
B, one of the papillae of the mantle. fi, vascular filaments ; v, bload-vessel. (After Lacaze-
Duthiers, from Gruvel's Monographie.) .

A nauplins larva peculiar among the Cirripedia in lacking the
fronto-lateral horns of the carapace has been observed in Loura.
In Dendrogaster the nauplius stage is suppressed and the larva
hatches as a peculiar Cypris larva (Fig. 78, C), with only five
pairs of biramous thoracic limbs, a long abdomen of five somites,
stout antennules with hooks, and a very large olfactory filament
(aesthetasc). There are no eyes, and the gut alrcady sends a
diverticulum into cach valve of the shell.
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MorrHOLOGY OF APODA.

This order was established by Darwin for the reception of a
single species, Proteolepas bivincta, of which he found a solitary
specimen parasitic within the mantle-eavity of a pedunculate
Cirripede, Alepas cornute, from the West Indies, No further
specimens have been seen by later investigators.

Proteolepus (Iig. 79) is referred to the Cirripedia mainly because
it possesses adhering antennules which agree minutely with those of

o
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Dendrogaster astericole. A, young specimen; B, older specimen; C, Cypris larva. 'y
antennule ; «e, aesthetasc; «hd, abdomen; br, supra-oesophageal ganglion; £, caudal furca;
m.¢, mouth-cone; p, rudiment of penis; st, stomach, sending a diverticulum into the shell-
valve ; v.n, ventral nerve-mass. (After Knipowitscl.)

normal Cirripedes. It differs most conspieuously in the absence of
any traee of a mantle and of thoracic limbs.

The body is elongated and maggotlike. It is divided into
eleven segments, but as one of the segments is in front of that
bearing the antennules, it seems clear that this segmentation does
not express the number of true somites present, The mouth-parts,
borne on the first “segment,” seem to be adapted for piereing and
sucking. The labrum partly ensheathes the gnathites, of which
there appear to be two pairs, tnrned outwards, and serrated on the
outer margin. From the dorsal swrface of the second segment
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proceed two ribbon-like filaments (IFig. 7Y, A, waut), bearing at the
tip the larval antennules, which agree in structure, as already
noticed, with the type nsual among normal Cirripedes. The six
following “scgments” were regarded by Darwin as thoraecie and
the three remaining as abdominal.  All of them are devoid of
any trace of appendages.

The alimentary canal is greatly reduced.  According to Darwin,
only the oesophagus is present, und there is no trace of stomach,
rectum, or anus.  The ovaries lie at the sides of the anterior part
of the body and the testes posteriorly.  The vasa deferentia wuite
to open at the tip of the abdomen.  There is no penis.

I'16. T

Protealepus bicineto, A, the entire animal ; ant, antennules ; B, buccal cone; gl.ee, cemnent-
cland 5 p.p, penial papilla: tes, testis; a.s, seminal vesicle. 13, diagrammatic plan of month-
Prarts s Ls, upper lip 5 md. mandible ; o, maxillula ; w2/, maxilla. C, mandible and maxillula
separated @ w, nouscle,  (Alter Darwin, from Gruvel's Monographie.)

While Durwin was unable to investigate the development of
the species, Hansen has recently conjecturally referred to the
Apoda certain nauplins larvae obtained in various parts of the
Atlantic Ocean and the Baltie, while more recently similar larvae
have been found in the Adriatic Sea. In late nauplius stages of
this type mdiments of paired componnd eyves and of six pairs of
thoracie limhs are visible, so that it can hardly be doubted that
they helong to some form of Cirripede. On the other hand, they
differ markedly in the absence of antero-lateral horns and of frontal
filaments, in the shape of the body, and especially of the strongly
developed dorsal shield, and in other characters from the known
Cirripede larvae, which, as already indicated, show great uniformity

9
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of strncture throughout the group. After a careful discussion of
all their chdracters, Hansen considers that they must in all'proba-
bility belong to the Apoda, and he considers that the material
examined by him includes at least ten species.

MORPHOLOGY OF RHIZOCEPHALA.

The Rhizocephala are an exclusively parasitic group, nearly
all infesting Decapod Crustacea, and are distinguished from the
normal Cirripedes by the complete loss in the adult state of all

Fia. 80.

A, Secculing carcind in position on the detached abdomen of the crab ; one side of the mantle
has been removed. int, intestine of the host, surrounded by the roots of the parasite; am,
mantle; wmecs, mesentery ; o, opening of mantle-cavity ; ov, egg-masses in mantle-cavity ; p,
peduncle; v.m, visceral mass; @, opening of genital atrium; the outline of the colleteric
gland is seen surrounding it. The outline of the testis is seen above, a little to the left of the
peduncle. B, vertical section of Sacculina at right angles to the plane of the mesentery
(semi-diagrammatic) ; af, genital atrium; g, nerve-ganglion ; gi, colleteric gland opening into
genital atvium ; ovy, ovary ; +, absorptive roots ; ¢, testis ; other lettersasin A, (After Delage.)

traces of segmentation and of appendages, and (excluding for the
present the doubtfnl Sphaerothylacus) by the absence at all stages of
life of an alimentary canal.

The body (Fig. 80, A) has the form of a simple sac attached
by a short peduncle, from which root-like processes ramify through-
out the body of the host. These absorptive roots appear to be
absent in the aberrant genus Duplorbis. The visceral mass, or body
proper, is completely enveloped by the mantle, which has a narrow
aperture (v) capable of being closed by a sphincter muscle. In
Sylon the opening is double, and in Clistosaccus and Duplorbis the
mantle-cavity is completely closed. The mantle is attached to the
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viseeral mass by a narrow mesentery (mes), near to which on cach
side are the paired (more rarely unpaired) openings of the male
and female generative organs.  In the different genera the external
form varies considerably, and with it the position of the mesentery
and of the genital apertures. In Peltoguster (Fig. 81, B), which
may be regarded as the most primitive form, the body has an
clongated sausage-shape, with the mantle-opening at one end, and
is attached by the peduncle ahout the middle of its length. The
mesentery is longitudinal on the proximal side (next the peduncle).
The genital apertures are placed on each side close to the mesentery,
the female openings being nearer the end where the opening of the
mantle is sitnated. Comparison with a normal Cirripede (Fig. 81,
A), especially as regards the position of the genital apertures,
suggests that the mesentery is on the dursul side, and the mantle-

Fra. sk

biagram to illustrate comparison of Rhizocephala with normal Cirripede. A, Lepas; B,
Peltogaster i C, Sucedlina, m, mantle : mes, mesentery : n, herve-anglion ; o, opening ol mantle-
cavity., &, male generative aperture; @, female generative aperture.

opening at the anterior (or rostral) end. In Sacculine (Fig. 81, C),
which is parasitic on Brachywra, the whole body is flattened
in the plane of the mesentery, and has assnmed a sccondary and
superficial bilateral symmetry about a plane at right angles to
this and coinciding with the median plane of the host. The
mantle-aperture is in the middle of the distal edge, and the
mesentery has suffered a corresponding displacement, extending
from the mantle-opening to the point of attachment of the pedunele
on the side which, in the natwral position, is turned towards the
right side of the host. The genital openings, exeept that they are
more widely separated from each other, occupy the same relative
positions as in Pelloguster. In other genera, such as Lernacodiscus
and Triengulus, the symmetry becomes still more complieated, and
in Clistosaceus and Sylon the genital organs are unpairved.

The peduncle perforates the integument of the host and gives
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off on the inside the absorptive roots whieh, in the case of Sacculina,
penetrate into all the organs of the host, with exception of the gills
and the heart, and extend to the terminal segments of the legs and
into the antennules and eye-stalks. The roots are covered by a
very delicate cuticle, beneath which is a layer of hypodermic cells,
and the interior is oceupied by reticular connective tissne, only the
larger trunks having a central cavity. At the tips of the rootlets
in Succuling the outer layers are invaginated to form a cavity known
as the “lagena.” In the genus Duplorbis, where the root-system
appears to be absent, the peduncle is hollow, its cavity communicat-
ing with the closed mantle-cavity and opening at the other end into
the body-cavity (haemocoel) of the host.

Internal Anafomy.—Apart from a single nervous ganglion (Fig.
80, B, g) which lies close to thie mesentery near the female genital
openings, the only organs present are those of the generative
system. The ovary (ovy) is divided into two much-lobed masses
united by a median portion and giving off on eaech side a short
oviduet, which widens into a “genital atrinm ” («f) before opening
into the mantle-cavity. The walls of this atrium, as in the normal
Cirripedes, are glandular, often growing out into branched tubular
clands (gl) (“colleteric” glands) supplying the material of the
envelopes within which the eggs are packed in the mantle-cavity.
In Sacculina the egg-masses are retained in position by barbed
spines (“retinacula ”) gronped on papillae on the lining membrane
of the mantle.

The testes (¢) have each the form of an elongated sac narrowing
towards a short vas deferens. The spermatozon ave filiform and
actively motile.

F. Miiller was the first to suggest that the Cypris larvae, which,
as Lilljeborg had previously observed, are often found attached
near the mantle-opening of young specimens of Pelfoguster, might be
complemental males. Delage accepted this interpretation for the
larvac which he observed in the same position in Succuling, but he
was unable to obtain them alive or to observe any trace of male
organs. At this stage the mantle-opening is still closed by a plug
of ehitin, and it is diffienlt to sec how fertilisation conld be effected.
G. Smith, who has reecently investigated the subject, finds that the
larvae die very soon after they become attached, withont developing
further. In only one instance did he find evidence of what seemed
to be an abortive attempt of the cellular contents of the larva to
pass into the tissues of the mantle in the way in which the contents
of the larvae pass into the host in the ordinary eourse of develop-
ment.  (+. Smith believes the attachment of these larvac to be an
atavistic phenomenon ; that the larvae are, in fact, vestigial male
individuals. The same observer has found in the mantle-cavity of
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Duplorbis what appear to be extremely degraded, but still functional
male individuals. In this genus the usual testes are absent, as they
are also in Sylon, but in the latter no male individuals have been
found, and parthenogenesis may perhaps oceur.

DEVELOPMENT OF RHIZOCEPIIALA.

The development has heen most fully worked out in the case
of Sueeuline by Delage, whose results have been confirmed and
extended by G. Smith.  The larva is hatched in the form of a
nauplins (Fig. 82, A) showing a general resemblance to that of
the normal Cirripedes, but ditfering in having no alimentary canal.
The fronto-lateral horns wre well developed and each contains a
pair of gland-cells (4I). A process on the ventral side, called by
Delage the rostrum, appears to represent the labrum, but there is
no mouth. Posteriorly the body terminates in a caudal furea.
The three pairs of limbs have the usnal form, but the second and
third pairs are without the masticatory hooks found in the normal
Cirripedes.  Frontal filaments (fs) arc present, as is also the nn-
paired eye (u«) resting on a cerebral ganglion. In the later stages
the thoracic somites and their appendages hecome differentiated
within the posterior part of the body, not forming a postero-
ventral process as in the normal Cirripedes.

The Cyprisstage (Fig. 82, B) agrees in all essentials with that
of the normal Cirripedes except for the absence of & mouth and
alimentary canal, and the vestigial condition of the mouth-parts.
The fronto-lateral glands (47) open in the usual position near the
margin of the valves of the shell. The antennules consist of three
segments only, and are without any adhesive disc; the terminal
segment bears two appendages which are probably sensory and
a backwardly curved filamentous proeess which is stated to he the
organ of attachment. The six pairs of thoracic limbs have the
protopodite not distinctly segmented and the exopodite and en-
dopodite each composed of two segments. The ahdomen (uh)
is unsegmented and terminates in a pair of fnreal appendages.
The unpaired eye persists, but heyond the muscles for moving
the body and appendages no other internal organs are differentiated.
It is worthy of note that there appear to he no cement-glands in
connection with the antennnles.

After a free-swimming life of three or four days, the Ciypwis
larva hecomes attached to the host. In the case of Pritoguster,
which infests hermit-crabs, it is probable that the larva settles at or
near the spot where the adult afterwards appears on the host’s
abdomen.  In Sucealing, which attacks Brachyurous crahs, however,
the place of attachment of the larva has no relation to the place of
emergence of the adult parasite, the latter heing always found under
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the erab’s abdomen in a position inaccessible to the larva. As a
rule, the crab is attacked when the integnment is still soft after
ecdysis, and the larvae may attach themselves at any point on the
dorsal surface of the carapace or on the limbs, at the hase of one of
the large sctae where the articular ring of nncalcified cuticle allows

116, 82,

Larval stages of Sueewline coreini. A, wanplius after the first moult. B, free-swimming
Cypris-stage. C, (‘ypris-stage after attachment to a seta (0b) of the host. D, formation ot the
Kentrogon larva. E, Kentrogon-stage, after the Cypris shell has been cast off and the “dart”
lias been formed. 1Y, penetration of the dart through the cuticle of the host, 1, 2, 3, the three
pairs of nauplius-limbs, I-VI, thoracic limbs. «h, abdomen; b, seta of the host; f,-lat-
globules ; fis, frontal sense-organ ; gl, glands of the antero-lateral horns ; ov, mass of mesode1m
cells regarded by Delage as the rudiment of the ovary ; pf, “dart™; we, nauplius-eye. ' (After
Delage, trom Korschelt and Heider's Embryolegy.)

more easy penetration (Fig. 82, C). Only one of the antennules
is used for attachment, the filamentous process of the terminal
segment clasping the base of the hair. The whole of the thoracie
region of the larva, with its appendages and muscles, now becomes
detached and is thrown off, and later the bivalve shell is also
shed, while the contents of the anterior region of the body become
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retracted and enclosed in a new cuticle, remaining connected only
with the antennule which is fixed to the host (Fig. 82, D). Within
the sac thns formed, a tubnlar chitinous organ known as the “dart”
hecomes differentiated. At first the dart is invaginated into itself,
and in connection with it a second enticular sic becomes separated
within the first.  The larva at this stage was designated hy Delage
the “Kentrogon” (Fig. 82, I). The point of the dart lies within

oD-

e, 83.

Sections througlt successive stages in development of the “nucleus™ ol the Sneenlina
inferna. am, outer layer of mantle; im, inner layer of mantle; m, mesoderm cells; o,
apertnre of invagination of perisomatic cavity, not shown in B: ov, rndiment ol ovary; p,
perisornatic cavity. (Aftter Delage, from Korschelt and lteider’s Embryologn.)  According
to G. Smith, the mantle-cavity is already established when the invagination to forn the peri-
somatic cavily takes place as in A.

the fixed antennule, and when fully formed it becomes evaginated
and forces its way through the cuticle of the host (Fig. 82, F).
Throngh it the contents of the suc, consisting of a mass of
undifferentiated cells surronnded by an ectodermal layer, pass into
the body-cavity (haemocoel) of the crab, and become what Delage
alled the Swcculine inferua.  Probably the mass of cells ix at
first carried passively by the blood-currents of the host, bat it
ultimately becomes attached to the lower surface of the intestine
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immediately behind the stomach. It now begins to send ont
processes which branch to form the absorptive roots, while the
main part of the embryo grows backwards along the intestine
towards the point at which emergence of the adnlt Succuline
takes place. A thickening mnear the growing Dhorder forms

F16. S84,

Later stages in the development of Swaeenline, A, Sccculinu interne fully formed. B,
Succuling esterne just after emergence from the body of the host.  «, genital atrium; v,
outer layer of mantle; B, basal plate : &, mantle-cavity : ¢, central tumour; e, opening of
mantle-cavity ; D, intestinal wall of host; «r, colleteric gland; f, opening of perisomatic
cavity ; ¢, nerve-ganglion; o, inner layer of mantle: L, integument of host; o, ovary: p,
perisomatic cavity ; pe, ectoderm of visceral mass; £, root-processes ; f, testis.  (After Delage,
trom Korschelt and Heider's Kmbryology.)

the first rudiment of the organs of the adnlt, and is known as
the “nunclens” (Fig. 83). Within this the mantle-cavity arises by
delamination, and an outer cavity concentric with it, the ‘ peri-
somatic” cavity (p), is formed (according to G. Smith) by an in-
vagination of ectoderm. When the young Sweculing is completely
formed (Fig. S+, A) it has been carried by its backward growth
into the abdomen of the host, where it lies very close to the ventral
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integument. Its presence causes a degeneration of the musenlar
and hypodermic tissues between it and the external entiele, and
at the next moult of the crab a hole is left through which the body
of the parasite, protruding from the perisomatic sac, cmerges on
the surface (IMig. 84, B). The mantle-opening is at first closed by
i plug of ehitin, v in other vespects the young Succuline erterna
has already the essential structure of the adult.

The development of Peltogaster scems to follow much the same
course as that of Succulina, except that no perisomatic eavity is
formed. In this genus also the parasite penetrates the cuticle and
reaches the exterior without any monlt of the host.  Very little is
known of the development in other genera of Rhizocephala. In
the genus Zhompsoniv the larvae are stated to reach the Cypris-
stage while still within the mantle-cavity of the parent.

APPENDIN To RUIZOCEPHALA.

The genus Sphuerothylecus, described by Sluiter, is parasitie on
a simple Aseidian (Polycarpa), living attached by ramifying roots to
the inner wall of the branchial sac.  The globular body is enclosed
m a mantle which has a small opening.  There are no appendages,
but there is a complete alimentary eanal with mouth and anns, the
latter near the mantle-opening. The two ovaries cach consist of
two long caeea which unite to open, with those of the opposite side,
into a common atrium near the mouth, strrounded by a mass of
glandular tissue, no doubt representing the colleteric glands.  The
testes are paired simple tubes, opening close to the anns. The
nauplius larvae ditfer from those of the true Rhizocephala in the
absence of fronto-lateral horns.

The genus Surcofuces, Olsson, comprises two =pecies whieh live
embedded in the muscles of fish. Their stmcture is very imper-
fectly known, but an alimentary canal is said to be present and
there are no *““roots.” The nanplins larva is withont fronto-lateral
horns.

The systematic position of hoth genera is quite ohscure, and
only further investigation can determine what relation, if any, theyv
bear to the true Rhizocephala.

REMARKS oX Haprrs, eTc., oF CIRRIPEDIA.

The Cirripedia are exclusively marine, ounly a very few
species penetrating into brackish water.  In  correlation with
their sedentary habits the non-parasitic  Cirripedia  have
developed a peenliar method of feeding by sweeping the water
for floating particles of nutriment, with a net formed by
the tendril-like branches of the thoracic limbs.  Most species
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are attached to rocks, seaweeds, etc., at the bottom, but the species
of Lepas and other genera are found on floating timber and ships’
bottoms, while in L. fascicularis, the colonies of which gather
round small floating objects such as dead Felellae or Spirula
shells, additional buoyancy is gained by a vesicular mass of secretion
from the cement-glands. Many Operculata are found attached to
or embedded in corals, while the pedunculate Lithofrye and the
Acrothoracica burrow into corals and the shells of Mollusca.
Varions species of Pedunculata and Operculata are constantly found
attached to large marine animals such as whales, turtles, and sea-
snakes, or to the limbs and gills of large Decapod Crustacea. In
the case of the opercnlate Twbicinelle, found on whales, the shell
becomes deeply embedded in the epidermis of the host. The
line dividing commensalism from parasitisin is definitely crossed by
the peduncilate .{nelasma, in which the mouth-parts and limbs are
reduced, and the peduncle, embedded in the flesh of a shark,
absorbs nonrishment by ramified “roots.” From this it is but a
step to the parasitic and degenerate Rhizocephala, of which the
habits have already been indicated.

The smallest Cirripedia are found among the Acrothoracica, some
species of which are only two or three millimetres in length. Most
of the Thoracica are much larger, the bulkiest being Balanus
psittacus, of which the shell is stated to reach nine inches in height
by two or three inches in diameter. The peduncle of Lepas
anulifera may grow to 16 or 18 inches long.

PALAEONTOLOGY.

The characters and phylogenetic importance of some of the
Palaeozoic Chrripedia have already been alluded to. It may be
added that, like Pollicipes, the still existing genus Scalpellune dates
back to the Silurian, and that both are well represented in the later
Secondary rocks. Of the extinct genera, the Palaeozoic Turrilepas
and the Cretaceous ZLoriculs, alveady mentioned, are the most
important. The earliest undoubted Operculate is Jerrura (Asym-
metrica) from the Upper Cretaceons. Many of the existing genera
of Pedunculata and Operculata are found fossil in Tertiary
deposits.

AFFINITIES AND CLASSIFICATION.

The great structural differences separating the Cirripedia from
the other Crustacea show that they must have diverged very early
from the main line of Crustacean descent. The simple biramous
form of the trunk-limbs and their number have been regarded as
indicating an aftinity with the Copepoda, but there is little else to
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support this view. The resemblance of the bivalved shell of the
Cypris larva to that of an Ostracod extends to such characters
as the asymmetry of the valves and the presence of fronto-lateral
glands near the margins of the shell ; but the rest of the organisa-
tion differs widely from that of the Ostrucoda. Among the
characters which arve probably significant of the isolated position
of the Cirvipedia are the difference in position of the genital
apertures in the two sexes and the fuct that the female openings are
placed farther forward than in any other Crustacea. The nature of
the larval development, especially the sudden transition hetween
the sharply contrasted nanplius and Cypris stages, indicates a
high degree of specialisation, and the structure of the adult animals
is in many respects so clearly correlated with the sessile habit and
the mode of obtaining food as to afford little help in deciphering
their phylogeny. It wmay he noted here that, like other groups
of sedentary organisms, the Cirripedia show a tendency to the
assumption of a superficial radial symmetry, which hecomes very
marked in the Operenlata.

The Cirripedia were divided by Darwin into three orders,
Thoracica, Abdominalia, and Apoda. The order Abdominalia
contained the single genus Cryptophiclus, which Darwin, misled by
a superficinl segmentation of the hody, supposed to possess ap-
pendages on the abdominal region. It has been shown, however,
that the appendages in question are really thoracie, and that
Cryplophialus does not differ in this respeet from Aleippe, which
Darwin (althongh recognising the resemblance between the two
genera) placed among the Thoracica. In the classification of
Gruvel, adopted liere, these two genera and some allied forms are
gronped together as Acrothoracica, but it is to be noted that the
differences separating this order from the Thoraciea are probably
less important than those distingnishing the other orders, and
that the recently: described ANolenlepus of Stebbing helps to unite
the two.

The genus Profeolepus, the sole representative of the order
Apoda, is still known only from Darwin’s description of n single
specimen and its affinities are obseure.  In the absence of o mantle
it differs widely from all other Cirripedia.

The Rhizocephala are plainly characterised as Cirripedia by
their larval stages, hut much remains to he done in elucidating the
relationships of some of the genera at present referred provisionally
to this order.  The Ascothoracica form another order, established
since the date of Darwin’s work, but many points in their morpho-
logy and development are still too imperfectly known to allow of
their systematic relations heing precisely defined.
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SUB-CLAss CIRRIPEDIA.

OrDER 1. Thoracica.

A mantle present.  Six pairs of eirriform trunk-appendages.

Sup-OrDER 1. Pedunculata.

Peduncle and capitulum distinet.  Outer plates of shell, when present,
not forming a ¢“wall.”

Family Lerapipar.  Lepus, Linn. (Fig. 57, A); Dichelaspis, Darwin ;
Pollicipes, Leach (Fig. 60); Scalpellum, Leach (Fig. 61); Ible, Leach (Fig.
71); Lithotryu, Sowerby ; Conchoderma, Olfers ; Alepus, Rang ; Anelasme,
Darwin (Fig. 68); Roleolepas, Stebhing.

SuB-ORDER 2. Operculata.

No peduncle. Scuta and terga forming a movable operculum. Outer
No peduncle. Seuta and terga f g abl 1 Out
plates of shell coalesced to form a “wall.”

TrIBE 1. ASYMMETRICA.

Scutum and tergum of one side movable, without depressor muscles.
Family VERRUCIDAE.  Terruce, Schum.

TRIBE 2. SYMMETRICA.

Scuta and terga of both sides movable, with depressor muscles.

Family BALANIDAE.  Dalaunus, Lister (Fig. 57, DB); Coronule,
Lamarck ; Tubicinelle, Lamarck; Nenobalanus, Steenstrup (Fig. 65);
Elnwinius, Leach; Pyrogomu, Leach.  Family CHTHAMALIDAE.  Chtha-
malus, Ranzani ; Ctopliragmus, Sowerby (Fig. 62); Octomerds, Sowerhy.

ORrRDER 2. Acrothoracica.

A mantle present. Trunk-appendages rveduced in  nwumber, the
posterior pairs widely separated from the first pair
Family Avcirripar.  Aleippe, Hancock (Trypetese, Norman) (Fig. 72).
Family KocHLORINIDAE.  KNochlorine, Noll.  IFamily CRYPTOPHIALIDAE.
Cryptophielus, Darwin,
ORrDER 3. Ascothoracica.

Mantle containing diverticula of alimentary canal.  Trunk-append-
ages more or less reduced.

Family Lavrman.  Lewre, Lacaze-Duthiers (Fig. 76.  Family
SYNAGOGIDAE.  Synayoya, Norman. TFamily DPETRARCIDAE.  Petrarea,
Fowler.  Family DENDROGASTRIDAE.  Dendrogaster, Knipowitsch (Fig.
78).

OrDER 4. Apoda.

Mantle absent. No timunk-appendages.
Fawily ProTEOLEPADIDAE.  Protfeolepas, Darwin (Fig, 79).
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Orbrr 5. Rhizocephala.

Mantle present.  No appendages nor alimentary canal. A system

of absorptive roots nearly always present.

Families not defined.  Probably =cveral ~hould be recognised.  Pelto-

guster, Rathke 5 Sceeculing, Thompson (Fig. 80) 5 Sylon, Kroyer; (Wstosuc-
cus, Lilljehorg ; Lernaeodiscus, F. Miiller ; Triangulus, Smith 5 Duplorbis,
Smith; Thompsonte, Kossmami,
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CHAPTER VI
TIIE MALACOSTRACA

Sup-Crass MaLAcosTRACY, Latreille (13006).
SERIES 1. LLEPTOSTRACA.
DivisioN PHYLLOCARIDA.
Order Nebaliacea.
SERIES 1I. EUMALACOSTRACA.

DivisioN 1. SYNCARIDA.
Order Anaspidacea.

DivisioNn 2. PERACARIDA.
Order 1. Mysidacea.
,, 2. Cumacea.
,, 3. Tanaidacea.
,, 4. Isopoda.
H]

. Amphipoda.

Divisiox 3. LEUCARIDA.

3
Order 1. Euphausiacea.
2. Decapoda. &

»

DrvisioNn 4. I1OPLOCARIDA.
Order Stomatopoda.

Definition.—Crustacea in which the carapace s variously
developed or may be vestigial ; there are typically fourteen (rarely
fifteen) trunk -somites, all of which (except the fifteenth) hear
appendages; the telson rarely has a caudal furca; antennules often
biramous ; the mandibles may have a palp; the trunk-limbs are
differentiated into two tagmata, a thoracic of eight and mn
ahdominal of six pairs; female genital apertures on the sixth,
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male apertures on the eighth trunk-somite; paired eyes usually
present ; development usually with metamorphosis, young rarely
hatched in nauplius stage.

The sub-class Malacostraca ineludes such a diversity of forms
that it will be necessary to deal more fully than in the case of the
other sub-classes with the separate orders composing it. Before
doing so a bhrief account must he given of the general type of
organisation found throughout the sub-class.

Apart from the fixed number of somites, to which the Leptostraca
offer the only exception, the most characteristic feature of the
Malacostraca is the separation of the trunk-limbs into sharply
defined thoracic and abdominal tagmata. This, together with the
constancy in position of the genital apertures, on different somites
in the two sexes, is sufticient to demonstrate the unity of the
sub-class.

Leaving the Leptostraca aside for the present, the more primi-
tive members of each of the ‘“divisions” in the scheme of classi-
fication here adopted approximate to a common type of structure
from which the more specialised members of each group diverge
very widely. Thus, the possession of a carapace enveloping the
thoracic region, movably stalked eyes, biramous antennules, a
scale-like exopodite on the antenna, natatory exopodites on the
thoracic limbs, an elongated and ventrally flexed abdonien, and a
‘“tail-fan ” formed by the lamellar rami of the last pair of append-
ages spread out on either side of the telson, are characters common
to the Mysidacea, Enphausiacea, and the lower Decapoda, and,
with some modifications, to the Anaspidacea and Stomatopoda. It
scems reasonable to suppose that this combination of characters,
making up what has been ecalled the “caridoid facies,” must be
attributed to the hypothetical common stock of the Malacostraca.
At all events, it is possible to represent, in diagrammatic fashion,
a generalised Malacostracan which serves as a convenient summary
of the morphology of the group (Fig. 85). Some of the characters
of this type require to be considered in more detail.

The anlennule, as already stated, is biramons, having two
flagella springing from a pedunele of three segments. Since the
antennules in the other sub-classes are always uniramons, as they
are in the nauplins, it seems probable that the two flagella do not
represent the endopodite and exopodite. When only one flagellum
is present in the Malacostraca it is the outer which persists, and
it alone, as is shown by the sensory filaments which it carries,
corresponds to the single ramus of the other sub-classes. In certain
Deeapoda (Caridea) and in Stomatopoda there are three flagella,
the ontter flagelhun heing divided into two. .

The protopodite of the anfenna is composed of two or of three
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segments.  According to lansen the latter number is, here as
clsewhere, the more primitive. The endopodite is flagelliform, and
the expodite has the form of a plate, the so-called “scale” or
“squama,” probably of use in swimming. As a rule the first three
segments of the endopodite are enlarged and are counted with the
two (or three) segments of the protopodite as forming a five- (or six-)
segmented peduncle.

The mandible has a “palp” of three segments, never biramous.
The oral edge of the mandible is more or less distinctly divided into
a “molar process” and an “incisor process,” and between them is
armed with bristles or spines. An accessory blade, the lucinic mobilis,
lying close to the cutting edge of the incisor process and apparently

Fic. 83,

Diagram of a generalised type of Malacostraca showing the ¢ caridoid facies.” «', antennule ;
«”, antenna ; abd.som, abdominal somites; ¢, carapace ; e, eye ; ¥, exopodite of antenna; md,
mandible ; ma’, maxillula ; mx”, maxilla : plp, pleopods ; 7, rostrum : ¢, telson ; th.epp, thoracic
appendages ; wrop, nropods; & and @ indicate the positions of the genital apertures in the
male and temale sex respectively.

formed by the enlargement of one of these spines, is found in some
of the orders, and is perhaps also a primitive character.

The maxiliulee have two endites and a “palp” of several
segments.  Aeccording to Hansen, whose investigations on the
skeletal framework of the mouth-parts will be often referred to,
the two endites belong to the first and third segments of the
appendage, a small selerite which Hansen supposes to represent
the second segment having no endite in connection with it. An
exite, in the form of a rounded plate, may he present; according
to Hansen it belongs to the first segment. The maxillae are more
complex in form and the primitive plan of their structure is not
quite clear. Apparently there are two endites, each of which is
bifid, corresponding to the second and third segments, and a palp
of one or two segments.

The thoracic appenduges (Fig. 86) are all similar, none of them, in
the primitive type, being differentiated as maxillipeds. Each has a
protopodite of two segments, the coxopodite and basipodite, with,

10
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according to Hansen, a pre-coxal segment (pleuropodite of Coutiére)
which is distinet only in the Leptostraca and Stomatopoda. The |
axis of the limb is continued by the endopodite which forms an
ambulatory leg, while the flagelliform exopodite is used for
swimming. There are five segments in the endopodite, termed
by Milne-Edwards vespectively the ischiopodite, meropodite,
carpopodite, propodite, and dactylopodite (often abbreviated to
ischinm, merus, carpus, propodus, and dactylus). Hansen con-
siders that the terminal claw which is sometimes distinet from the
dactylopodite represents an additional segment, making, with the
pre-coxa, nine segments in the axis of the limb instead of the

prop.. seven usnally recognised. IE, seems
> probable, however, that this claw
(termed stylopodite hy Contiére) is
simply an enlarged spine and not
one of the segments of the limb.

At the Dbases of the thoracic
limbs on the outer side are a series
of epipodial appendages (exites)
isch-+ / & __. probably originally hranchial in
function. It is not quite clear how
many of these appendages must be
attributed to each thoracic limh of
the primitive type, but probably at

. $6. least two are to be recognised, an
Diagram of a Malacostracan thoracic (j@mdiiﬂ attached to the COXOPOd“’e
appendage. s, basipodite; curp, carpo- and a proepipodite to the pre-coxal
podite; cx, coxopodite; duct, dactylopodite; .
en, endopodite ; ep, epipodites ; e, exopo- segment. The 0082‘6‘{/21‘65, or brood-
e tmodnear ™t plates, attached to the inner side of
the coxopodite in the female sex in
some of the orders, and forming a pouch for the protection of the
eggs and young, may possibly be derived from some of these epi-
podial structures, as Claus suggests. The terminology applied to the
thoracic limbs in systematic works differs greatly in the varions orders
of Malacostraca. From one to three of the anterior pairs may be
called mawillipeds, the second and third pairs are in some cases known
as gnathopods, and the last five pairs are often termed peracopods. |

The abdominal appendages are all biramous and are used in
swimming, but the sixth pair differ in form and function from the
others. The first five pairs are known as pleopods. They have the
protopodite composed of two segments (occasionally there are
traces of a third), and the rami are fringed with long setae and
assist the thoracic exopodites in the ordinary swimming move-
ments of the animal. The appendages of each pair are coupled
together” by a group of hooked spines (retinacula) either on the
inner edge of the protopodite or on a special process of the
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endopodite known as the appendir interna.  'The sixth pair of
abdominal appendages, known as the wropods, are larger than the
others, with a short, unsegmented protopodite and broad lamellar
rami which lie at the sides of the telson and form with it the
“tail-fan ” which is used in swimming, or rather springing, back-
wards by sudden flexion of the whole abdomen.

The Leptostraca alone among the more primitive orders of
existing Malacostraca stand apart from the scheme outlined above,
and seem to have diverged from the main line of Malacostracan
descent before the assumption of the caridoid form.  Their
systematic relations will be discussed more fully later.

CLASSIFICATION OF THE MALACOSTRACA.

The group Malacostraca, established by Latreille in 1806, has
been accepted as a natural division by nearly all subsequent
writers. Almost the only divergences of opinion as to its limits
have had reference to the Leptostraca, which many zoologists
following Milne-Edwards have referred to the Branchiopoda or
have regarded as occupying an intermediate place between
Malacostraca and ¢ Entomostraca.” Claus’s investigations on the
structure of Nebalia, however, have been genecrally aceepted as
demonstrating its DMalacostracan aflinities. In the arrangement
here adopted (following Grobben) the order Nebaliacea is included
within the sub-class Malacostraca, but its distinctness from the
other orders is marked by placing it in a sceparate division
(Leptostraca) opposed to the other orders grouped together as
Eumalacostraca.

In the arrangement of the Eumalacostraca most carcinologists
hitherto have followed the lines laid down by Leach, who, in 1815,
divided the group into two legions—the Podophthalma and the
Edriophthalma—according to the condition of the eyes, movably
pedunculate in the one and sessile in the other. As originally
defined, the two groups were also distinguished from each other
by the presence in the Podophthalma of a carapace which was
absent in the Edriophthalma, this eharacter giving occasion for the
names Thoracostraca and Arthrostraca applied to the same groups
by DBurmeister in 1834. The progress of research, however,
rendered it increasingly ditficult to frame satisfactory definitions
of the two divisions. Thus, the sessile-eyed Tanaidacea were
fonnd to possess a true, though redneed, ecarapace, while the
Cumacea were still more plainly intermedinte between the two
groups. The recent discovery of the very remarkable genus A naspides,
which has stalked eyes but no carapace, and the closely allied
Roonungu with sessile cyes, makes the retention of the old arrange-
ment quite impossible.
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An important departure from the line of classification generally
followed was made in 1883 by Boas, who showed that the order
“Schizopoda ” as then understood comprised two very different
groups, which he separated as distinct orders, the Euphausiacea and
Mysidacea. Boas discarded the old divisions Podophthalma and
Edriophthalma, and divided the Malacostraca into seven orders,
Euphausiacea, Mysidacea, Cimacea, Isopoda, Amphipoda, Decapoda,
and Squillacea (or Stomatopoda). Hansen, in 1893, carried the
reform of the classification a step further. Setting apart (as
Huxley had previously done) the aberrant Stomatopoda, as well
as the Leptostraca, he showed that the remaining Malacostraca
fell into two well-defined groups, the line of division passing
through the old order Schizopoda; on the one side he placed the
Euphausiacea with the Decapoda, and on the other the Mysidacea
with the Cumacea and the Edriophthalmate orders Tanaidacea,
Isopoda, and Amphipoda. The -classification adopted here is
essentially that of Mansen, as modified and extended by the
present writer in 1904.

It will be convenient to give here definitions of the main
groups into which the Malacostraca are divided. The orders will
be considered in greater detail in the subsequent chapters.

SUB-CLASS MALACOSTRACA.

Series 1. Leptostraca, Claus (1880).

Abdomen of seven somites, the last of which is without appendages, -
and a telson bearing a pair of movably articulated furcal rami; an
adductor muscle runs between the two valves of the carapace ; thoracic
limbs all similar, more or less foliaceous, with protopodite of three
segments.

Series 1I. Eumalacostraca, Grobben (1892).

Abdomen of six somites (the number may be reduced by coalescence),
the last of which typically bears a pair of appendages, and a telson which
never bears movable furcal rami; no adductor muscle of the carapace ;
thoracic limbs rarely all similar (Euphausiacea), typically pediform,
protopodite of two segments except in Stomatopoda.

DivisioNn 1. SYNCARIDa, Packard (1886).

Carapace absent ; first thoracic somite fused with the head or defined
therefrom by a groove ; protopodite of antenna of two segments ; mandible
without lacinia mobilis ; thoracic legs flexed between fifth and sixth
segments ; no oostegites; no appendix interna on pleopods; hepatic
caeca numerous ; heart much elongated, tubular. -
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Divistox 2. Peracaring, Calman (1904).

Carapace, when present, leaving at least four of the thoracic somites
distinet ; first thoracic somite always fused with the head ; protopodite
of antenna typically of three segments; mandible with lacinia mobilis
(except in parasitic and other modified forms); thoracie legs flexed
between fifth and sixth segments; oostegites attached to some or all of
the thoracic limbs in female, forming a brood-pouch ; no appendix in-
terna on pleopods; hepatic caeca few and simple; heart generally
elongated, extending through the greater part of thoracic region, or
displaced into abdomen ; spermatozoa generally filiform ; development
taking place within the brood-pouch, young set free at a late stage.

Division 3. Evcaripa, Calman (1904).

Carapace coalescing dorsally with all the thoracic somites ; eyes
pedunculate; protopodite of antenna with, at most, two distinct seg-
ments ; mandible without lacinia mobilis in adult ; thoracic legs flexed
between fourth and fifth segments; no oostegites; an appendix interna
sometimes present on pleopods; hepatie caeca much ramified; heart
abbreviated, thoracic; spermatozoa spherical or vesicular, often with
radiating appendages ; development as a rule with metamorphosis, a free-
swimming nauplius stage in the more primitive forms.

Divistox 4. Horrocariny, Calman (1904).

Carapace leaving at least four of the thoracic somites distinet; two
movable segments are separated from the anterior part of the head, bear-
ing respectively the pedunculate eyes and the antennules; protopodite of
antenna of two segments ; mandible without lacinia mobilis; posterior
thoracic limbs with protopodite of three segments (the relation of the
segments of the anterior thoracic limbs to those of the limbs in the other
divisions is doubtful) ; an appendix interna on pleopods; hepatic caeca
nmch ramified ; heart much elongated, extending through thoracic and
abdominal regions; spermatozoa spherical; development with meta-
morphosis, a free-swimming nauplins stage is not certainly known,
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CHAPTER VII
THE LEPTOSTRACA

SERIES LEPTOSTRACA, Claus (1880).
DrvisioN PHYLLOCARIDA, Packard (1879).

Order Nebaliacea.

Definition.—To the characters mentioned on p. 148 as distinctive
of the series the following may be added: Carapace present; all
the thoracic somites distinet; eyes pedunculate ; mandible with-
out lacinia mobilis ; no oostegites ; first four pairs of abdominal
appendages biramous, with appendix interna, last two pairs reduced ;
hepatic caeca few ; heart elongated ; development embryonie, young
set free at a late stage.

Historical.—The first-known member of the Leptostraca was
the Cancer bipes of O. Fabricius, described from Greenland. Leach,
who in 1815 established the genus .Velulia, placed it among the
Macrura, but H. Milne-Edwards, while admitting its affinities with
Mysis, ranked it as a Phyllopod, and this view was long and widely
held.  Metschnikoft in 1865, from a study of its development,
replaced the genns among the Malacostraca as a “ phyllopodiform
decapod.”  Claus, in a scries of memoirs ending with his exhaustive
monograph of 1839, vindicated the title of Nebalia to rank as a
Malacostracan, and placed it in a group Leptostraca, alongside the
Arthrostraca and Thoracostraca. The resemblance of certain fossil
Crustacea to Nebalin had long been recognised, and Packard in
1879 proposed the name Phyllocarida for the group, including the
living and fossil genera. Sars has called attention to the similarity
in general form hetween Nebuliv and certain Copepoda, hnt Claus
showed this resemblance to be merely superficial.

MORPHOLOGY.

The earapace (Fig. 87) is compressed laterally so as to form a
bivalved shell (though without any definite hinge-line), loosely
enveloping the thorax and more or less of the abdomen, and quite
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concealing, in most cases, the thoraeic limhs.  The two halves of the
shell ean be approximated by the action of an adduetor muscle
traversing the body in the region of the maxillae. Anteriorly, the
carapace is produced into a movably articulated rostral plate (r),
not provided with special muscles but elevated or depressed by the
movements of the underlying parts. The earapace is not attached
to the body behind the maxillary region, and the eight thoracic
somites which, except in Nebaliopsis, are very short and erowded
together, are all distinctly marked oft by grooves on the delicate
integument. Of the abdominal somites the fourth alone may have
distinet pleural plates, or these may be altogether absent. The
telson (f) bears the two styliform or lamellar furcal rvami (f)

TFic. 87,

Nebalio, ipes, @, from the side. «, antennule; «”, antenna; «bl, «b6 ftirst and sixth
abdominal appendages ; «d, adductor muscle of carapace ; f, caudal furca ; p, palp of maxillula ;
T, rostral plate; ¢, telson; 1, 7, first and seventh abdominal somites. (After Claus.)

artieulated with it and moved by special muscles; the anus opens
between the rami towards the ventral side.

Appendages.—The antennules (Fig. 88, A) have a peduncle of
four segments bearing a flagellum of varying length and, external
to it, a movable scale. It seems probable that this scale represents
the outer ramus of the antennule of other Malacostraea, and the
occurrence of fonr (instead of three) segments in the pedunele is
paralleled in certain species of Tanaidacea.

The peduncle of the antenna (Fig. 87, «”) is apparently com-
posed of four segments, of which the last two are coaleseed in
Nebalio and Parunebulia.  Hansen recognises, in addition, a short
basal segment and another, very short, between the seeond and
third of the larger segments. The exopodite is absent. The
distal part of the endopodite forms a flagellum which, in the adnlt
male, may be nearly as long as the body. .

The mandible (Fig. 88, B) has a strong molar process; the
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incisor process is small and simple in Nebalic and Parawcbalia,
large and toothed in Nelaliclla, and absent in Nebaliopsis.  The
palp is large and has three segments.

The marillule (Iig. 88, (') has the usnal two endites. The palp
is vestigial in Nebaliopsis : in the other genera it is attached to
the distal margin but curves outwards and backwards so that the

Fra. ss,

Cephalic appendages of Nebelin, A, antennule ; B, mandible; C, maxillula;
I, maxilla.  (Alter Claus.)

very long, slender, and indistinctly segmented flagellum iu which it
terminates is directed obliquely upwards along the side of the
thorax underneath the carapace (Iig. 87, p).

The mazillee (IFig. 88, D) approximate in general form to the
thoracic limbs, except for the ahsence of an epipodite. There are
generally four endites, but the distal one is mnch rednced in
Nebalia and Paranebaliv.  The endopodite is divided into two
segments in Nebalie and, like the exopodite, is generally elongated.



154 THE CRUSTACEA

In Nebaliopsis, however, the endopodite is a short lobe and the
exopodite is hardly indicated.

The eight pairs of thorucic limbs are all similar, except in
Nebaliopsis, and they present considerable differences of structure
in the four genera.

In Nebalia (Fig. 89) the whole limb is much flattened. The
broad coxopodite and basipodite are distinctly separated, and on
the proximal side of the former Hansen has detected a small
pre-coxal segment. To the outer margin of the coxopodite is
attached the broad lamellar epipodite (ep), obscurely divided into

F1a. 89.
First thoracic limb of Nebalic. ¢n, endopodite ; ep, epipodite ; cx, exopodite. (After Claus.)

a proximal and a distal lobe by a slight notch on the outer margin
opposite the point of attachment. The basipodite bears externally
the oval flattened exopodite (ex) and is continued without any
distinet line of articulation into the narrower endopodite (en).
From the distal end of the endopodite three, or, in the ease of
the eighth pair, four segments are marked off, so that, except
for the absence of an articulation between the basipodite and
ischiopodite, all the segments of the typical malacostracan leg can
be distinguished. In Nebaliella (Fig. 90, B) the epipodite is absent,
the exopodite has more numerous marginal setae, and the articula-
tion between the basipodite and ischiopodite is more distinctly
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marked. In Plaranebalia (Fig. 90, A) the endopodite is long and
slender, projecting beyond the edges of the carapace in the natural

Thoracic limbs of Leptostraca. A, Purapeholio longipes, tifth imb, B, Nebuliollo antaretica,
fourth limb.  C, Nehaliopsis typicu, tirst limb, D, the same, second limb.  ea, endopodite ; ep,
epipodite ; er, exopodite, (A after Sars: B, C, D after Thirle.)

position. The exopodite is also long and narrow, and is provided,
on its outer edge, with numerous long plumose setae which snggest
a natatory funection. The epipodite is very small. The ischio-
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podite is defined from the hasipodite, at least in the last pair,
and Hansen recognises a minute terminal segment as well as a
pre-coxal, making altogether nine segments in the axis of the limb.
In Nebalivpsis the thoracic limbs are very difterent from those of
the other genera. Except the first and last pairs, they are unseg-
mented lanceolate lamellae (Fig. 90, D), having a slight lobe on
the onter edge to represent the exopodite, and a more distinctly
marked bilobed epipodite; the inner edge is beset with setae
along its whole length. In the last pair, which are almost without
setae, a terminal segment is marked off, and in the first pair
(Fig. 90, C) this part, although not distinctly segmented off, is
produced into a finger-shaped distal lobe (en).

In Nebalia the tip of each of the thoracic limbs carries, in the
breeding female, a fau of long plumose setae turned inwards to
form the floor of a basket-like brood-chamber which is closed
behind by rows of long setae on the inner edges of the last pair.

The first four pairs of abdominal appendages are biramous and
are nsed in swimming ; the last two pairs are small and uniramous.
The former (Fig. 91) have a stout protopodite of two segments and
long indistinetly segmented rami fringed with spines and plumose
setae. From the inner edge of the endopodite close to its base
there springs a short appendic interne (a.t) bearing a group of
hooked spines at its tip.

Alimentury System.—The mastieatory stomach, in Nebaliu, is of
a comparatively simple type. It is divided into a “cardiac” and a
“pyloric” portion, the former with masticatory ridges moved by
muscles, and the latter with two pairs of lateral setose lobes and a
dorsal groove which is continned as a delicate chitinous funnel,
open below, some distance into the mid-gut. The mid-gut extends
back to the penultimate segment of the lody. Fowr pairs of
hepatic caeca open near its anterior end and a pair of short caeca
open separately on the ventral side in the same region. Near its
junction with the proctodaenm the mid-gut gives off an unpaired
dorsal caecum, bifid at the tip.

Circulatory System. — The hewrt, in Nelalia, extends from the
cephalic region to the fourth abdominal somite. It has seven pairs
of ostia, and the last pair, which are larger than the others, are
sitnated in the region of the sixth thoracic somite. The exopodites
and cpipodites of the thoracic limbs are traversed by a close net-
work of blood-channels and no donbt serve as respiratory organs.
The valves of the carapace probably also assist in respiration, and
the hlood cireulating in them is returned to the pericardial sinus by
a definite venous channel on each side.

Eaxeretory System.—Both the anfennel and the mazillary glands
are present in a vestigial condition, the former lying in the
proximal segment of the antemnal pedunele, while the latter is
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placed close to the adductor muscle of the carapace at the hase of
the maxilla. The gland in cach case consists of a minute saccule
giving off a short duet, but the external openings have not been
detected.

Gight pairs of glands lying at the bases of the thoracic limbs
are also believed to be excretory. Each consists of a thickening of

N,
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Fra. 01.

Pleopod of second pair of Nebalio. .4, appendix interna ; en, endopodite ;
ex, exopodite, (After Claus.)

the hypodermis partly surrounding the efferent blood-channel from
the epipodite. These glands alone hecome coloured by infra vitam
treatment with indigo-carmine, while the antennal and maxillary
glands excrete particles of carmine when the animal has been fed
with that substance.

Muscular System.—The «dductor muscle (Fig. 87, ald) of the
carapace has two muscular heads attached to the valves and con-
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nected by a median tendinous part which passes under the stomnach
in the region of the maxillac. The muscle is innervated from the
maxillary ganglion.

Nervous System. — The brain is complex, admitting of close
comparison with that of other Malacostraca. The oesophageal
connectives are short and are united by the commissure of the
antennal ganglia behind the oesophagus. In the ventral chain the
ganglia of the mandibular, maxillular, and maxillary somites are
distinct, though, like the eight thoracic ganglia, they are closely
crowded together. Six abdominal ganglia are present, the seventh
somite, like the telson, having no ganglion in the adult. In the
embryo, however, a transitory seventh abdominal ganglion has been
found.

Seise-Organs.—The eyes are stated to resemble, in their intimate
structure, those of the Mysidacea. In Nebalielle and Nebaliopsis
and in one species of Nelalie (N. typhlops) the eyes are vestigial,
though the peduncles persist. On the upper and inner surfaces of
the ocular peduncle, in Nebaliu, there are two small tubercles,
supposed to be sensory organs. Olfactory filaments of the usual
type are present on the antennules and, in the male, also on the
antennae.

Leproductive System.—The most conspicuous external difference
between the sexes consists in the much greater length of the
antennal flagellum in the male. The gonads have the form of
paired tubes extending, when mature, through nearly the whole
length of the body. The short vasa deferentia open on papillae on
the coxopodites of the last thoracic limbs. The oviducts are hard
to detect, but they appear to open on the sixth thoracic somite.
The spermatozoa are spherical and are aggregated into globular
spermatophores. The eggs are earried, as already stated, hetween
the thoracic feet of the female.

Development.—The development of Nebalia takes place within
the brood-chamber of the parent without any free-swimming larval
stages, and presents many- points of resemblance to that of the
Mysidacea. The first three pairs of appendages appear simul-
taneously, giving a well-marked nauplius stage. The remaining
appendages develop in order from before backwards. The embryo
hecomes free from the cgg-membrane at a stage when all the
thoracic appendages, and sometimes also those of the abdomen, are
marked off (Fig. 92). The carapace at this stage does not extend
beyond the second thoracic somite. When the young leave the
maternal brood-chamber they have attained, in all essential respeets,
the structure of the adult.
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REMARKS ON llABITS, ETC.

All the Leptostraca are marine.  Most of the species oceur in
shallow water or at moderate depths, but Nebuliopsis helongs to the
“Dbathypelagic 7 fanna  at
depths  exceeding 1000
fathoms.  Many have un
extremely wide distribution,
the common European Nelalic
bipes, for instance, ranging
from Greenland to Chile and
Japan. The species named
appears to he very resistant
to unfavourable conditions, ¥ie. 02

.. . . - Embryo of Nehalio, just hatched,  «’, antennule ;
thl‘l\'lllg in water which 1s «”, autenna; 7. caudal furca; ad, mandible; ma’,
foul with decaying matter. PN w5 vt sl ek o - ges
Tocomotion 1is eftfected by (sfter Claus)
powerful strokes of the an-
terior four pairs of pleopods. The thoracic limbs serve the purpose
of respiration, and by their rhythmic movements produce a current
of water which brings food-particles to the mouth. The water is
drawn in from hehind and expelled in a stream below the rostral
plate.

The largest of existing Leptostraca is Nebuliopsis fypicu, Sars,
which reaches a length of about 40 mm. The other species are
from 4 to 12 mm. in length,

TR ;
2" md. mx! mxe thvm

PALAEONTOLOGY.

Certain fossil Crustacea, generally grouped together as a family,
Ceratiocaridae, are belicved to be more or less closely allied to
the existing Leptostraca. The varions genera, ranging from the
Cambrian to the Triassic epochs, differ considerably among them-
selves, nt the more typical forms, such as Ceratiocuris (INig. 93) and
Ilymenocaris, resemble Nebalie in general form, having a bivalve
carapace, sometimes with an articulated rostral plate, and an ex-
tended alhdomen. Nothing is definitely known of the appendages.
A pair of serrated phtcs ‘observed within tllc outline of the shell
in some instances have heen described as “gastric teeth,” but
may possibly be the mandibles (m). Some of the fossils are of
great size, Cerutiocuris, from Ordovician and Silurian rocks, reaching
a length of two feet.

The chief difference which can be observed between thc fossils
and the living representatives of the Leptostraca is that, in the
former, the terminal appendages of the abdomen are always more
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numerous. In most cases there are three such appendages, the
telson being produced as a median style hetween the furcal rami.

AFFINITIES AND CLASSIFICATION.

The alliance of the Leptostraca with the other Malacostraca is
amply justified by the agreement in the number of the appendages,
by the sharp distinction hetween the thoracic and abdominal series,
and by the position of the genital apertures. Other characters,
probably of less importance, are the biramous form of the anten-
nules, the possession of a masticatory stomach, and the complex
structure of the brain. The most important differences from the
Eumalacostraca are the presence of an additional somite in the
abdomen, of a candal furca, and of an adductor muscle of the carapace.

Fia. 93.

Ceratiocaris prepilio. «, traces of antennules (?); m, toothed plates, possibly
the mandibles ; =, rostal plate. (After H. Woodward.)

These are no doubt primitive features and indicate that the Lepto-
straca diverged from the Malacostracan stock before the assumption
of the typical caridoid form. It may he suggested that the
development of the uropods to form a tail-fan in the primitive
Eumalacostraca was associated with the loss of the caudal furca.
The resemblance of the lamellar thoracic limbs of Nebulia to
those of the Branchiopoda, which has led to the Leptostraca being
associated in many classifications with that group, is doubtless
significant, and it becomes still more striking in the case of
Nebaliopsis.  The absence of endites in the Leptostracan limb,
however, is an important difference. According to the view,
already mentioned (p. 42), that the exopodite is represented, in
the appendages of Apus, for example, not by the flabellum but by
the sixth endite, it would seem impossible to draw a close com-
parison with the appendages of Nebalin. Withont going so far
as this, however, it may be suggested as a possibility that the
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“phyllopod ” form of the thoracic limhs in the Leptostraca may
be to some extent secondary, having arisen by suppression of the
locomotor function in limbs of the more typical Malacostracan
form. In this case lvranebalia, in which the phyllopod character
of the thoracic appendages is very little marked, would he more
primitive than Nebaliv and Nebuliopsis.

It is diffienlt to decide how much importance should be given
to the presence of an adductor muscle as indicating an affinity
between the Leptostraca and the Conchostraca, hut the possession
by the former of a mandibular palp and well-developed maxillae
forbid their bheing derived directly from any of the existing
Branchiopoda.

As regards the relation of the Leptostraca to the various groups
of Eumalacostraca, therc secems to be a general agreement that
their nearest allies are to be songht among the Mysidacea, which
they resemble especially in their mode of development. It may
be necessary to mention that, apart from a vague similarity in
general form, perhaps the result of a similarity in habits, there
is no ground for the supposition that they have any direct affinity
with the Cumacen.

The four existing genera of Leptostraca may, for the present,
he referred to a single family. In the absence of information as
to the structure of the limbs in the fossil Ceratiocaridae, it is not
possible to assign them to a definite systematic position in relation
to the living forms.

OrpER Nebaliacea, Calman (1904).

Family NEBALNIDAE. Nebalia, Leacl; Puranebalia, Clans; Nebaliopsis,
G. O. Sars; Nebaliellu, Thiele.
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CHAPTER VIII
THE SYNCARIDA .

DivisioN SyNcaARIDA, Packard (1886).
Order Anaspidacea.

Definition.—To the characters mentioned on p. 148 as distinctive
of the Division, the following may be added: Thoracic limbs
with exopodites (except the last, or the last two pairs), and with
a double series of lamellar epipodites attached to the outer side
of the coxopodites (except the last pair); the first pair may have
gnathobasic endites on the coxopodite ; pleopoda with the endo-
podite reduced or absent except in the first two pairs in the male
sex ; uropods lamellar, forming, with the telson, a tail-fan; a
statocyst is present in the basal segment of the antennules.

Historical.—Anaspides fasmanice was first described by G. M.
Thomson in 1892, and more fully in 1894. He placed it among
the “Schizopoda,” establishing for it the family Anaspidae. In
1897 the present writer discussed some points in its morphology
and called attention to its resemblance to certain fossil Crustacea
for which Packard had established the group Syncarida. In 1904
Grobben (in his edition of Claus’s Lehrbuch der Zoologic) referred
Anaspides to a new subdivision of the DMalacostraca which he
termed Anomostraca, and in the same year the system of classifica-
tion adopted here was published. Quite recently a new and very
remarkable representative of the Syncarida has been discovered
and described by Mr. O. A. Sayce under the name Koonunga cursor.
It bas been suggested that Bathynella natans, described by Vejdovsky
in 1882, also belongs to this gronp, but our knowledge of the
structure of this minute form is still very imperfect.

MORPHOLOGY.

The body, in the living Syncarida, is elongated and sub-
cylindrical, with all the trunk-somites distinct from each other.
In Aunaspides (Fig. 94) the anterior limit of the first thoracic
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somite appears to be marked by a transverse “ cervical groove ” (c.gr)
which crosses the dorsal surface and runs obliquely forwards on
each side to end just behind the mandible. In Avonunge (Fig. 95)
this groove is obliterated dorsally, but a short portion persists on
each side running upwards from the lower margin of the head.

Fig. 94,

Anuspides tusmanive, §,x 3. e.gr, “cervical groove ”; 11, V111, second aud eighth thoracic
somites ; 1, 6, tirst and sixth abdominal somites. (Drawn by Miss G. M. Woodward.)

It has been suggested that this groove indicates the limit hetween
the mandibular and maxillular somites and corresponds to the
“cervical suleus ” of the Mysidacea, and perhaps to the transverse
groove of the head in many Branchiopoda. On the other hand,
a forward displacement of the lateral plates of the anterior thoracie

Fic. 9.

Koonunga cursor, &, X 11. (From an original drawing by
Mr. O. A. Sayce, slightly moditied.)

somites is observed in some other Malacostraca, and it is quite
probable that this groove in . fnaspides has undergone a similar
displacement and that it really does define the first thoracic somite
from the head. Running backwards from this groove on each side in
Anaspidesisa horizontal line marking oft inferiorly a quadrilateralarea.
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The front of the head is produeed, in Anaspides, into a short
rostrum. On the dorsal surface, in front of the cervical groove,
is a pigmented area with a circular central spot surrounded by four
minute pits. The significance of this structure is quite unknown,
but it may be comparable to an obscure “dorsal organ” apparently
glandular in nature, occupying a similar position in certain other
Malacostraca. It has not been observed in Koonungu.

The thoracic somites have no pleural plates and those of the
abdominal somites are slightly developed. The telson, in Anaspides
and Noonunga, is short, of simple form, with a fringe of spinules
on the posterior margin.

Appendages.—The antennules are biramous, with long flagella.
The first of the three segments of the peduncle eontains a statoeyst,
opening by a narrow slit on the dorsal surface. In the male
Anaspides the basal part of the inner flagellum is enlarged and armed
with serrated spines. It appears probable that it may be used as
a clasping-organ. In Koonungu, the antennule of the male has a
curious globular organ attached to the first segment of the outer
flagellum. The surface of the organ is covered with minute cup-
like structures which are possibly sensory.

The antenne has a seale-like exopodite in .dnaspides, but in
Koonunga this is absent. The protopodite consists of two segments,
and the first two segments of the endopodite are enlarged, so that
the peduncle consists of four segments only.

The mandibles (Fig. 96, A) have a large palp of three segments.
The serrated incisor process is separated from the molar process in
Amnaspides by a vounded lobe (s) fringed with setae. The lower lip
is large and deeply cleft.

The mazillule (Fig. 96, B) has two endites and a vestigial palp. A
small exite, not projecting beyond the outer edge, can be recognised.”

The mazille (Fig. 96, C) has three endites directed distally
and erowded together, and a short, unsegmented palp. There is
no exopodite.

The thoracic limbs are all alike in general structure. In
Anaspides (Fig. 3, E, p. 8) the endopodite is composed of six
segments (instead of the usual five) in the anterior pairs, hut the
articulation between the Dbasipodite and ischiopodite becomes indis-
tinet in passing backwards along the series, and in the last three
pairs these segments have completely coalesced. In Anaspides the
main flexure of the limb is between the fifth and sixth segments,
but in Koonunga it appears to be between the fourth and fifth.
This difference, however, is due to the faet that in all the thoracic
legs of Noomunga, as in the posterior pairs of Anaspides, the
basipodite and ischiopodite have coalesced. The terminal segment
is small, and bears from three to five stout eurved claws, one of
which on the posterior legs is larger than the others.
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In all execept the last pair of thoracic limbs the coxopodite
bears externally two ovate epipodial lamellae, cach attached by a
narrow base and having a small proximal segment marked off by a

trausverse line.  These epipodites
have a very thin euticle and no
doubt act as gills.

Lxopodites are present on all
but the last (Anaspides) or the
last two (ANoonunga) pairs of tho-
racic appendages.  On the first
pair they are short, unsegmented
rods, but on the other limbs they
are many-jointed and fringed with
plumose setae. According to G.
Smith they are not nsed in swim-
ming, but serve to keep a current
of water tlowing over the branchial
plates.

The first pair of thoracic limbs

Mouth parts of Anspies. &, man. 11 <A nespides (Fig. 3, D, p. 8) are

dible: B, maxillala; C, maxilla. er, differentiated from the others by
exite; 4, incisor process: m, molar pro- :
cess 3y palp : s, setose lobe, the presence on the inner face
of the coxopodite of two movably
articulated gnathobasic Jobes (gn). In Roonunga these lobes are
wanting, but the limb ditfers from those which follow it in being
much more stoutly built.

The pleopds have the exopodite long, many-jointed, and fringed
with setae, forming a powerful swimming-organ. The endopodite
(except in the first two pairs of the male) is small and composed
of two segments in .fnaspides, and entirely absent in Noonunga.

F1G. 6,
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Sometimes, but not always, it is absent from the last pair also in
Anaspides.  In the males of both genera the first two pairs have
the endopodites modified as copulatory organs. In the first pair
of naspides the endopodite is a thiek lobe, curved inwards and
having a group of retinacula on a short proeess (perhaps a vestigial
appendix interna) near the distal end of its inner edge. The endo-
podite of the seeond pair is composed of two segments, the first
elongated, bearing some spines and a group of retinacula near the
distal end, and the second curved and spoon-shaped. In the
natural position these appendages are turned forwards, the endo-
podites of the second pair lying within the trough formed by the
apposition of those of the first pair, and between the latter and the
sternal surface of the thorax.

The wropods in Anaspides are large, with lamellar rami, fringed
with spines and setae, and form, with the telson, a tail-fan of the
usual type. The exopodite is crossed by an incomplete suture or
line of articulation near the distal end. In Aoonnunge the protopo-
dite 1s relatively longer and the rami are not so broad, so that the
fan-like arrangement is not quite so typical. The exopodite is
undivided.

As regards the internal anatomy, our information is as yet very
restricted, and refers only to A naspides.

Alimentary System.—The masticatory stomach appears to be of
very simple type, its armature consisting of longitudinal ehitinous
ridges beset with setae. The extent of the mid-gut has not been
ascertained. The hepatic caeca are numerous, very long slender
tubes. There are two median dorsal caeca—one in the region of
the first and the other in the fifth abdominal somite.

Circulatory System.—'The heart is a long tube extending
throngh a great part of the length of the body. The number of
the ostia has not been aseertained. There is stated to he an
unpaired descending artery originating from the under-surface of
the heart between the last two thoracic somites.

Exeretory System.—On each side of the head, posterior to the
mandibles, is a glandular mass of considerable size, showing in
sections a convoluted tubular structure. No duct has yet heen
traced from it, but its position suggests that it may be the maxillary
gland.

Sense-Organs.—The paired eves of Anaspides are set on short
movable peduncles; those of Koonungu are very small and are
sessile on the sides of the head.

In both genera a saceular invagination of the integument, sup-
posed to be an otocyst (or statocyst), is found in the basal segment
of the antennular peduncle. It opens by a small slit on the dorsal
surface of the segment. Internally, on the upper side, is a row of
peculiarly modified setae. Each is divided into two segments, the
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distal one swollen and pyriform. While resembling in its position
the otocyst of Decapods, this organ differs strikingly from it in the
nature of the setac.

Leeproductive System.—The ovaries form an elongated lobed mass
on each side, extending through the posterior part of the thorax
and into the abdomen. The oviducts open on the inner face of the
coxopodites of the sixth pair of thoracic limbs. Between the bases
of the last pair of legs on the sternal surface of the thorax is a
rounded prominence directed forwards. At its tip a slit-like
aperture gives entrance to a blind sae, with thick and apparently
muscular walls. At the base of the sac on each side is a racemose
gland, apparently opening by a short duet into its cavity. It scems
probable that this strueture (originally deseribed as the opening of
the oviducts) is a receptaculum seminis. A similar organ is present
in Koonungu.

The testes are a pair of very long slender tubes, convoluted
anteriorly, lying above the alimentary canal. The vasa deferentia
terminate in a pair of oblique slit-like apertures on the sternal
surface of the last thoracic somite.

The development, unfortunately, is still entirely unknown.

REMARKS ox llamits, ETC.

Anaspides oceurs in rocky pools at an clevation of ahout 4000
feet in the mountains of Tasmania. It reaches a length of about
33 mm. Aoonunge is found in freshwater pools near Melbourne,
and does not exceed 9 mm. in length.

‘PALAEONTOLOGY.

A group of fossil Crustacea found in Carboniferous and Permian
rocks in Europe and America, for which the name Synecarida was
proposed by Packard, appear to he elosely allied to the living
Anaspides and Koonunge.  The strueture is Dest known in the case
of Uronectes (Gampsonyx) (Fig. 97), described by Jordan and von
Meyer from the Lower Permian of Saarbriicken. The exact
number of free somites is doubtful, hut there appear to he eight
in the thoracic region, and there are indications that the sixth
abdominal somite was divided in a manner recalling the condition
found in certain Mysidacea. The eves are pedunculated.  The
antennules are hiramous, and the antennac have a rounded scale-
like exopodite. One of the anterior pairs of thoracic limbs is
enlarged and armed with stout spines. The presence of exopodites
on the thoracic limbs is probable, although denied by Fritsch, but
the structure of the appendages is very obscure. The uropods are
lamellar, forming a tail-fan with the telson; the exopodites are
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divided by a suture. In Pracanaspides (Fig. 98), recently deseribed
by Dr. H. Woodward from the English Coal-measures, the seg-
mentation of the body agrees with that of Anaspides, and exopodites
are certainly present on some of the thoracic limbs. Other genera
are Palacocaris, Acantholelson, and Gasocaris.

Fia. 97.

Uronectes [= Gampsonyx] fimbrintus. «, antennule; e, supposed eye ; cx, traces of exopodites
on thoracic limbs; I, enlarged thoracic limb, probably the second; I, first thoracic somite.
(After Jordan and von Meyer.)

AFFINITIES AND CLASSIFICATION.

The existing genera of Syncarida present characters which
indicate for them a very isolated place among living Malacostraca,
while suggesting more or less remote affinities with widely divergent

Fic. 98.

Praeanaspides proecursor, from the Coal-measures of Derbyshire,
(From H. Woodward in Geul..)lug.)

groups. They have retained characters of the primitive ecaridoid
type in the tail-fan, the biramous antennules, the scale-like exopodite
of the antenna (in _4naspides), and the natatory thoracic exopodites.
With the loss of the carapace, however, the segmentation of the
body comes to resemble that of the Isopoda and Amphipoda, though
the demarcation of the first thoracic somite from the head (if this
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be indeed the signiticance of the “ cervieal groove ”) is not so distinct
in any other Bumalacostraca. The homologies of the segments of
the endopodite in the thoracic limbs are not quite clear, but the
fact that the main flexure of the limb is between the fifth and sixth
segments in A aaspides is a point of agreement with the Peracarida,
to which gronp some slight resemblance may be traced in the
structure of the maxillae.  The possession of a statocyst in the basal
segment of the antennule is only paralleled among the Decapoda, and
the presence of a receptaculum seminis on the last thoracic sternite
of the female and the modification ot the first two pairs of pleopods
in the male may also point to an affinity with that group. On the
other hand, the double series of epipodial lamellae on the thoracic
appendages of both genern, and the double gnathobasic lobes on the
coxopodite of the first pair in - nuspides, are important features not
fonnd in any other Malacostraca.

The fossil genera mentioned above show that already in
Palaeozoic times a gronp of Malacostraca existed which, while
retaining caridoid features in tail-fan, antennules, antennae, and
pednnculated eyes, had a completely segmented body and no
carapace. Anuspides alone among living Crustacea agrees with
them in this combination of characters, and there appears to be no
reason to douht that it and Aoonunge are really descendants of the
Syncarida of Carboniferons and Permian times.

Buthynelle notuns, to which allusion has been made, is a minute
Crustacean (10 mm. in length), deseribed in 1882 by Vejdovsky
from two specimens found in a well in Prague. It has not since
been rediscovered. It appears to possess eight free thoracic somites.
There are no eyes. The antennules are uniramons, and the antennae
have a small exopodite. The first seven pairs of thoracic limbs are
biramous, and cach has a single vesienlar epipodite. The last pair
are vestigial.  Only the first and last abdominal somites bear
appendages. If its stincture has been correctly interpreted, Dathy-
nelle wonld seem to be a degenerate member of the Syncarida, but
only the discovery of further specimens will enable its systematic
position to be definitely fixed.

OrDER Anaspidacea, Calman (1904).

Family ANaspIDIDAE.  Aunaspides, G. M. Thomson.  Family
KOONUNGIDAE.  Koonunga, Sayce.
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ADDENDUM.

Since this chapter was in type G. Smith has described a third living

representative of the Syncarida, Puranaspides lacustris, from the Great
Lake of Tasmania, and has given further details as to the habits and
internal anatomy of Anaspides (*° Preliminary Account of the Habits and
Structure of the Anaspididae . . .,” Proc. Royal Soc. (B) Ixxx. pp.
465-473, pl. xiii.,, 1908).
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CHAPTER IX
THE MYSIDACEA
Order Mysidacea, Boas (1883).

Definition.—Peracarida which retain more or less eompletely the
primitive caridoid facies: the earapace extends over the greater
part of the thoracie region, but does not coalesce dorsally with more
than three of the thoraecic somites; the eyes, when present, are
movably pedunculate ; the antennules are hiramous; the antennae
have usually a large scale-like exopodite ; the thoracic limbs (except
sometimes the first and second pairs) have natatory exopodites ; the
first and sometimes also the second pair are modified as maxillipeds ;
a lamellar epipodite is present on the first pair; ramified branchiae
may be attached to the body-wall close to the bases of the thoracic
limbs; the pleopods are often reduced ; the uropods are lamellar,
forming a tail-fan ; the young leave the brood-pouch provided with
all the appendages of the adult.

Historical.—The group Schizopoda, established by Latreille in
1817, and long approximated to the Stomatopoda on the authority
of H. Milne-Edwards, tinds a place in most modern systems of
classification, as comprising, after exclusion of many larval Decapods
formerly referred to it, the forms here treated of together with the
Euphausiidae. Boas, in 1833, however, discarded this grouping,
and established the two orders Mysidacea and Iinphausiacea, point-
ing out that they were by no means closely related, and this view
has been also advocated by ITansen.  Our present knowledge of the
strueture and classification of the Mysidacea is very largely due to
the work of (+. O. Sars.

MORPIOLOGY.

From five to seven of the thoracie somites are distinet, and the
last two or three of these may bhe left uncovered by the carapace
on the dorsal side. The carapace may he produced in front as a
short rostrium, and there is usually a transverse groove or “cervieal
suleus” (Fig. 99, c.s) on the dorsal surface in the region of the

171
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mandibles. The possible homology of this groove with the
cervical groove of Anaspides has been already mentioned. The
abdominal somites have the pleural plates generally redueed or
absent ; but in Gastrosaccus the pleura of the first somite are greatly
enlarged in the female to help in forming the brood-pouch. The

Fie, 90,
Mysis rvelicta, female,  e.s, cervical suleus ; m, brood-pouch. (After Sars.)

sixth somite is generally longer than any of the others, and in
Gnathophausia it is divided by a transverse groove (Fig. 100, gr)
about the middle of its length. Itis possible that we have here
two somites in process of coalescence, and that seven somites are
represented in the abdomen of the Mysidacea as in that of the

Fic. 100,

Gnathophausia willemoesii, Sars.  (According to Ortmann this is the fully adult form of (.
znea, W. Suhm.) X 4. gr, groove partially dividing the last somite. (After Sars.)

Leptostraca. It is important, however, to note that the last somite
in this case bears appendages (uropods) and that the penultimate
does not, while in the Leptostraca the reverse is the case. The
indications of a similar division of the sixth abdominal somite in
certain fossil Syncarida have already been alluded to.
Appendages.—The oculur peduncles are peculiarly modified in
many deep-sea forms in which the eyes are imperfect or absent.
In Ductylerythrops the peduncle is produced as a finger-like proeess
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beyond the eye ; in Doreomysis scyphops the distal end of the peduncle
is expanded and excavated in a enp-like form and is without
pigment or any trace of ocular structure, but in other species of
the saume genns the eyes are normally developed ; in some Detal-
ophthalmidac the peduncles are leaf-like or spiniform; while in
Pseudomma, Amblyops, and some allied genera, they are repre-
sented by broad plates extended
horizontally in front of the carapace.

In the Mpysidac the three-seg-
mented peduncle of the awfenunles
carries in the male sex, in addition
to the two flagells, a conical process
beset with numerous sensory fila-
ments.

The antennve have the protopodite
distinetly composed of three segments
(Iig. 101, 1, 2, 3). A lamellar ex-
opodite or ‘“scale” (sc) is always
present except in Arachnomysis and
allied genera, where it is represented
by a spine. In many Mysidae it is
divided into two scgments by a trans-
verse suture near the tip.

The mandibles have generally a
well-developed lacinia mobilis (Iig.
102, Lm), diftfering in form on the

two sides, and a row of spines (s) in-
terposed between the ineisor and
molar processes. The row of spines
is absent in the Lophogastridae and
Eucopiidae and some Mysidae, and
in some cases the lacinia mobilis is

Fre, 101,
Cephalothoracic region of M ysix relichr,

younyg female, trom below, Most ol the
thoracic appendages have been removed,
a’, external tlagellum of antennule ; «”,
ﬁagolll}ﬂl of antenna; (r, exopodites of
thoracic appendages : I, labrum ; md, palp
of mandible 1 o, oostegites, not vet tully

developed 3 se, seale or exopudile of an-
tenna s th 1.4k 3, tirst, second, and third
thoracic appendages; 1, 2, 3, the three
segments of the protopodite of the an-
tenna.  (Alter Sars.)

wanting. The molar process is small
or absent in a few Mysidae. A palp
is always present,and becomes greatly
enlarged in the aberrant Petulophthalmus, where it appears to have
a prehensile function.

The maxillnlue (Fig. 103, A) have two endites arising, according
to Hansen, from the first and third segments, and a slightly
developed laminar exite, which ITansen states belongs to the first
segment. In the genus Guuthophansiv (Fig. 104) a palp of two
segments is present, directed backwards beneath the carapace like
that of the Leptostraca.

The marillee (Fig. 103, B) have a complex structure. There
are two endites corresponding to the second and third segments
(Hansen), the first of which is incompletely and the second com-
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pletely divided into two. A plate-like lobe on the outer side (f)
is regarded as the exopodite and springs from the third segment
(Hansen). The palp is composed of two segments. In Guatho-
phuusic a pigmented papilla on the outer side close to the base
bears the opening of a gland producing a luminous secretion.

The thoracic uppendages have
the coxopodite very small, and

B. have usually an exopodite con-

- sisting of a peduncle and a
T multi-articulate setose flagellum
Sm--"T attached near the proximal end
m----- of the basipodite.  The ex-

opodites of the first pair may
be reduced (Lophogastridae,
Eucopiidae) or absent <(some
species of Gnathophausia, Petal-

PG, 102, .
Fac. 02 ophthalmidae), and those of the
A, mandible of Mysis. B, oral edge of same, . .
furtherenlarged. 4, incisor process ; Lin, lacinia second pair are absent in Petal-
g;ﬂ:‘?ys; m, molar process ; s, spine-row. (A after (q)htha,lmus.

The first pair of thoracic
limbs are always specialised as maxillipeds. In the Lophogastridae
and Eucopiidae they are without distinct endites. In the Mysidae
(Fig. 105, A) an endite is generally borne by the basipodite, and
sometimes also by each of the two following segments. In Pefal-
ophthalmus the first and second thoracic limbs (in the other genera
of Petalophthalmidae only the
second) have a large lamellar
endite developed from the
meropodite.

In the Lophogastridae
(Fig. 106) the last seven pairs
of thoracic limbs are all
similar, and exhibit the usual
number of seven segments, Frc. 103.
the dactylus being ]arge and A, maxillula, B, maxilla, of Mysis oculata. 1-6,

segments of the appendages; 11-14, endites of the

having generally a claw-like respective segments according to Hansen’s earlier
. ~ 1 h interpretation (in his later papers the endites here
spme at the apex. n the numbered 3 and 4 in the maxilla are regarded as

N . resulting from the division ot a single endite cor-
Lucopndae the second to the responding to the third segment, and the segments
fifth pairs are subchelate, and here numbered 5 and 6 become 4 and 5 respectively) ;

. . ’ /, flabellum or exopodite. (After Hansen.)

the next thrée pairs, which

are exceedingly long and slender, have also the dactylopodite flexed
against the propodite to form a prehensile organ. In the Mysidae
there is, as a rule, a distinction between the second and the follow-
ing limbs. The former, sometimes called second maxillipeds or
“gnathopoda,” are bent inwards towards the mouth, with the
normal number of segments and with a rounded dactylopodite
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without a elaw. The remaining pairs (Iig. 105, B) have the
propodite (except in most Petalophthalimidae and some species of

Nirielle) divided into secondary segments
from two (Lorcowmysis, Siriellt) to eight or
nine in number.  The dactylopodite is
usually small, and terminates in a claw-like
spine. In Ieferomysis the third pair are
enlarged and prehensile.

In all Mysidacea the first pair of thoracic
limbs have a simple lamellar epipodite (Fig.
105, A, e¢p) directed backwards beneath
the carapace. In the Lophogastridac and
Eucopiidae a series of ramified ¢ills (Fig.
106, br) are developed in connection with
the last seven thoracic limbs. Each consists
of three or four main branches, which are
again bipinnately or tripinnately divided.
The largest branch is hent round on the
sternal surface of the thorax between the
insertion of the limhs, a point of some
interest in connection with the position of

Fic, 104,
Maxillula of Gnathophausic
longispino. p, palp. (After
Sars.)

the gills in the Amphipoda.  Although the gills of the Lopho-

d.

Fia. 105,

A, first thoracic appendage (maxilliped) of Mysis, B, third thoracic appendage of same,
The minute coxopodite is omitted in each case. s, basipodite ; d, dactylopodite ; ep, epipodite ;

ex, exopodite ; I, masticatory lobes or endites of bas
propodite, divided into seven segments in B, (After Sars.)

wdite, ischiopodite, and meropodite ; prp,
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gastridae and Eucopiidae are attached to the body-wall or to the
articular membrane rather than to the coxopodites of the limbs, it
is probable that they are really of the nature of epipodites. In
Gnathophausia a short finger-like
process hearing long setae is
found on the outer side of the
coxopodite, and apparently re* %
presents a reduced distal epi-
podite (Fig. 106, ¢p). In the
Mysidae and Petalophthalmidae
there are no epipodites on the
limbs posterior to the first
thoracic pair, apart from some
vestiges described in Euchoe-
{tomere and allied genera. Seven
pairs of oostegites are found
attached to the coxopodites of
s all except the first pair of
R thoracic appendages in the
Fic. 106, .

Secoryl thoracie appendage of Guuthophousiu femaleﬁ of the Lophogastrldae,
longispina. Ur, branchia; ¢p, epipodial process ; Encopndae, and Petalophthal-
on, exopodite. - (After Sars.) midae, and in the genus Bereo-
mysis among the Mysidae. In the other Mysidae the number does
not exceed three pairs, and it 1s often reduced to two, corre-
sponding to the last two thoracic somites (Fig. 101, o).

The pleopods are well developed in both sexes in the Lopho-
gastridac and Eucopiidae, where they have multiarticulate rami
fringed with setae, and no special modifications are found in either
sex. In the Petalophthalmidae and Mysidae the pleopods are
vestigial in the female (except in the little-known Archucomysis),
but are often well developed in the male. When they are reduced
in the latter sex some of the pairs, most commonly the fourth, are
specially modified. In the males of some Mysidae the peduncle
hears distally, in addition to the two rami, a lobe or process of
varying form, to which a branchial function has been attributed.

The wropods have the exopodite divided into two segments by
a transverse suture in the Lophogastridae, Eucopiidae, and Petaloph-
thalmidae, and, less distinctly, in certain Mysidae. A statocyst is
present near the base of the endopodite in most Mysidae, but it
is absent or vestigial in Doreomysis and in the other families.

Alimentary System.— The stomach in AMysis (Fig. 107, sf) is
divided into a globular cardiac portion occupying the greater part
of the cavity of the head in front of the cervical suleus and a much
smaller pyloric portion. The interior of hoth chambers has
numerous ridges and prominences armed with spines and setae.
In particular, a tongue-shaped process directed backwards on the
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floor of the pyloric division, and bearing on cach side anteriorly a
double comb-like row of iridescent sctae, can he identified with a
similar process found in Amphipoda and Isopoda. The extent of
the mid-gut does not seem to have been
determined.  Five pairs of hepatic caeca
‘_(Fig. 107, hep) are found in MMysis, opening
»by a common duct on each side just behind
the tongue-shaped process on the tloor of the
pyloric chamber. Two pairs are very short
and directed forwards; of the three pairs
directed backwards, the upper and lower
extend through the greater part of the
thorax while the middle pair are much
shorter.  In Nirielle there are only three
pairs, one turned forwards and two longer
pairs turned backwards. An unpaired dorsal
diverticulum (J) is given off at the junction
of stomach and intestine. Fic. 107
Circulatory System.—The heart of the  Alimentary canal of arysis.
Mysidae is elongated, fusiform, extending { dorssl dwerticulims fen,
the whole or the greater part of the length f’{f&',.défr?;“"m"OM‘"MCI"
of the thoracic region. There are only two B
pairs of ostia, one dorsal to and slightly in advance of the other.
Anteriorly and posteriorly the heart is continued into median aortic
vessels each flanked at its origin by a pair of lateral vessels. From
the nnder-side of the heart a number of median vessels are given
off to the underlying viscera, and near the posterior end there
originates an unpaired descending artery which passes on one side
of the intestine. On approaching the sternal swrface it divides in
the median plane into three branches which pass between the con-
nectives of the nerve-chain in the fifth, sixth, and seventh thoracic
somites. The anterior branch is continued forwards as a subneural
artery through the anterior thoracic somites ; the middle branch
supplies the sixth and the posterior the seventh and eightl somites
and their limbs. The abdominal aorta gives off in each somite,
besides paired vessels which terminate in the pleopeds, a median
branch which passes on one side of the intestine and runs for a
little way alongside the ventral nerve-cord, sometimes anastomosing
with its neighbours in front and behind.  The interest of this dis-
position of the arterial trunks lies in the fact that the descending
artery given off from the posterior end of the heart, which is clearly
homologous with the similar vessel found in the Decapoda, is here
seen to* be one of a series of median vessels originating from the
under-side of the heart and of the ahdominal aorta, and contribut-
ing to the formation of a discoutinuous sternal or subneural vessel
on the ventral side of the body.

12
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Fine capillary networks surround and penetrate the optic
ganglia and those of the thoracic region. Converging venous
channels on the sides of the thorax convey the blood from the
limbs to the pericardium. Small papilliform elevations of the
integument on the course of these channels in Afysis have heen
credited with a branchial function. The chief seat of respiration
in the Mysidae, however, appears to be the carapace, in which is a
rich network of blood-channels receiving blood from the sinuses of
the anterior part of the body and returning it to the pericardinm.
The epipodite of the maxilliped may also have a branchial function,
and at all events serves, by its movements, to maintain a current
of water under the wings of the carapace. The hranchiae of the
Lophogastridae and Encopiidae have already been described.

Excretory System. — The antennal gland is well developed in
Mysis.  The canal is much convoluted and expands into a small
bladder before opening to the exterior on the second segment of
the antennal peduncle. Gronps of excretory cells are present also
at the hases of the thoracie limbs.

Nervous System.— The oesophageal connectives are elongated
and a post-oesophageal (antennal) commissure appears to be present.
In DBoreomysis the full number of eleven pairs of ganglia can be
distingnished in the cephalothoracic part of the ventral chain, but
in Mysis all are coalesced into a continuous mass within which only
ten pairs of ganglia can be made out. In Gnathophausia the first
three pairs are completely coalesced and the fourth is closely
approximated to them, but the remaining seven pairs are distinct.
In all cases six abdominal ganglia are present.

Sense-Organs.—The eyes have the cornea slightly faceted ex-
ternally. The crystalline cone is bipartite and the elongated
rhabdome is quadripartite. In certain hathypelagic Mysidae the
ommatidia are divided into two groups differing in structure. In
Gnathophausie there is, on the upper surface of the ocular peduncle,
a small prominence which probably corresponds to the sensory
papillae found in the Leptostraca.

The statocyst, which is found in the endopodite of the uropods
in nearly all Mysidae (Fig. 108), consists of a spacious vesicle
originating as an invagination of the integnment and remaining in
communication with the exterior (in some species at least) by a
narrow fissure. It contains a single large discoidal statolith (sf),
consisting of an organic nuclens surrounded by a thick shell of
calcium fluoride and resting on a group of setae springing from
the floor of the cavity. The tips of the setae are imbedded in
the substance of the statolith. Each statocyst is supplied by a
large nerve (n) from the last pair of abdominal ganglia.

Holt and Tattersall have observed in Hansenomysis a pit on the
upper surface of the proximal segment of the antennule. Although




THE M YSIDACEA 179

no sensory setac could be discovered, it scems possible that this
pit may vepresent the antennular statocyst of Syncarida and
Decapoda.

Reproductive Systen.—The two tubnlar ovaries are connected
with each other Ly a narrow bridge. The oviduets procced from
their hinder ends and probably open in the usual position at the
base of the sixth thoracic limbs.  The testes are closely approximated
in the middle line and consist each of a number of pyriform follicles
opening into the vas deferens, which is dilated near the front of
each testis to form a seminal vesicle. The external openings are
situated on papilliform clevations at the bases of the last pair of
thoracic limbs. The spermatozoa have the form of slender rods
each with a filiform tail attached at an acute angle at one end.

Fra, 108,

A, telson and one uropod of Mpysis, from above. The marginal setae of the uropod are
omitted. B, the statocyst, seen in oplical section from the side, turther enlarged. e, endo-
poidite of uropad, containing the statocyst near its base 1 «r, exopodite of uropod ; n, nerve
supplying sensory setae of statocyst; »f, statolith ; ¢, telson. (.After Sars.)

Development.—'The whole course of development takes place
within the brood-pouch. In the Mysidac segmentation is of the
discoidal type. The embryo becomes freed from the egg-membrane
after the appearance of the first three pairs of appendages, at which
stage, corresponding to the nauplius, the first larval cuticle is
formed (Fig. 109). The candal region, which within the egg was
tlexed ventrally, becomes extended and the body acquires a slight
dorsal eurvatnre. An important feature is the presenee of two
immovable setose styles (f) terminating the abdomen and re-
presenting the candal furea of the Leptostraca.  Under the cuticle
of this maggot-like nanplhing stage the remaining cephalic and
thoracic appendages (fh) appear simultanconsly, followed by the
uropods and, after an interval, by the pleopods. The elongation of
the body in the post-nanpliar region is effected by suceessive Jivisions
of a series of teloblastic cells as in Isopoda. .\ pair of lateral
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thickenings of epiblast appear very early and, approaching each
other on the dorsal side, fuse to form an invaginated ¢dorsal
organ” (d). The young animal leaves the brood-pouch with all the {
appendages developed.

Advanced embryos closely similar to those of the Mysidae have
been observed in Lophogaster and Eucopic.

REMARKS oN HABITS, ETC.

The great majority of Mysidacea are marine, but a few Mysidae
occur in fresh water either as apparently recent immigrants from
the sea, or as “relict” forms like the Aysis
relicta (Fig. 99) found in lakes in Northern
Europe, Ireland, and North America. A
few Mysidae are members of the surface
plankton, and a number of peculiarly
: modified genera of that family, like all

th. b the members of the other families, are
Fro. 100, bathypelagic at great depths. .
Embryo of Mysis (Macromysis). Most of the Mysidae are of small size,
@, antennule; o, antenna; d, few approaching Borcomysis scyphops, which
dorsal organ ; f, caudal furca ; md, o,
mandible ; #, thoracic limbs. reaches 85 mm. in length; on the other
(After Nusbaum.) . . 3
hand, Anchialus pusillus is only 3 mm.
long. Among the Lophogastridae many species are of considerable
dimensions, and Gnathophausia ingens, the largest member of the
order, reaches a length of 157 mm.

PALAEONTOLOGY.

The genus Pygocephalus was established by Huxley in 1857
for a species occurring in the Coal-measures of Scotland which he
compared with the existing genus Mysis. Dr. H. Woodward has
recently made the highly important discovery that Pygocephalus
possessed a brood-pouch formed by six or seven pairs of imbricating
oostegites (Fig. 110), thus showing that it must be classed with
the Peracarida. Pygocephalus has a broad and apparently flattened
body, with a carapace covering the thoracic region. The antennules
are biramous and the antennae have a broad scale-like exopodite.
Seven pairs of thoracic limbs are visible in the fossils (the first pair
were probably folded inwards as maxillipeds and are therefore
invisible), carrying each a multiarticulate exopodite. The uropods
and telson form a broad tail-fan. This combination of caridoid and
Peracaridan characters justifies us in assigning Pygocephalus a place
among the Mysidacea, although it is impossible at present to define
more precisely its relation to the existing families of the order.
It is not known whether the tergal portions of any of the thoracic
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somites were distinet beneath the carapace in Pygocephalus, but in
the genus Crangopsis of Salter, from the Lower Carboniferous,
Ortmann has shown that at least four somites ure distinct. It
is probable that other fossil genera, such as the Carboniferons
Anthrapalueinon, may he found to possess Mysidacean charaeters.

ATFFINITIES AND CLASSIFICATION.

The removal of the Mysidacea from their old association with
the Euphausiidae in the group ¢ Schizopoda ” is
justified by the fact that the two groups do not
have in common any characters except those of
the primitive caridoid facies which they share
with the lower Decapoda and, in part, with the
Stomatopoda.  On the other hand, the con-
nection of the Mysidacea, through the Cumacea
and Tanaidacea, with the Isopoda and Amphi-
poda is shown not only by the characters given
in the definition of the division Peracarida, hut
also by many connecting characters which link
together the individual orders. For example,
the retroverted palp of the maxillula in Guatho-
phausia is repeated inthe Cimacea and Tanaidacea,
and the branchial epipodite of the first thoracic  pygeeephatus coopers,
limb in these two orders may be derived from ?’.‘?ﬁ,'iq1‘3‘2,‘.2%?};,’:‘.{“"‘?{5,’;;
the simpler appendage found in the Mysidacea.  below,showing the imbri-

The families mentioned below are those (\{1'3;}1\\?33f3‘(’m§' (Afte
aceepted by G. O. Sars, with the addition of
the Petalophthalmidae, established by Holt and Tattersall (following
Czerniavsky). The sub-families of the Mysidae as adopted here
have been regarded by Norman as distinet families.

Fia. 110.

OrpER Mysidacea, Boas (1883).

Family LorHOGASTRIDAE.  Lophogaster, M. Sars; Guathophausia,
Willemoés - Suhm  (Fig. 100).  Family Evucornivae.  Eucopie, Dana.
Family PETALOPUTHALMIDAE.  Petalophthalmus, Willemocés-Suhm ; FHean-
senomysts, Stebbing. Family Mysipak.  Sub-Family ARCHAEOMYSINAE.
Archacomysis, Czerniavsky.  Sub-Family LiurromysiNae.  Leptomysis,
G. O. Sars; Erythrops, G. O. Sars ; Dactylerythrops, Holt and Tattersall ;
Euehaetomera, G. O. Sars ; Amblyops, G. O. Sars ; Psewdomma, G. O. Sars.
Sub-Family ARscHNoMYSINAE.  Araehnomysts, Chun.  Sub-Family
MyYSIDETINAE.  Mysidetes, Holt and Tattersall.  Sub-Family MysiNag,
Mysis, Latreille (Fig. 99) 5 Macromysis, White (= Praunus, Leach). Sub-
Family STILOMYSINAE. Stilomysis, Norman. Sub-Family HETEROMYSINAE,
Heteromysis, 3. I. Smith.  Sub-Family MysipELLINAE.  Mysidella, G. O.
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Sars. Sub-Family SIRIELLINAE.  Seriella, Dana.  Sub-Family Gastro-
SACCINAL.  Gastrosaccus, Norman; Anchialus, Kroyer (= Anchialing,
Norman and Scott). Sub-Family BorREOMYSINAE.  Doreomysts, G. O. Sars.
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CHAPTER X
THE CUMACEA
Order Cumacea, Kroyer (1846).

Definition.—DPeracarida in which the earapace coalesces dorsally
with the first three or four thoracic somites, overhangs on each
side to enclose a branchial cavity, and is produced in front into two
plates which usually meet each other above in front of the head to
form a pseudorostrum; the telson may be coalesced with the last
somite ; the eyes are generally coalesced into a single organ set on
an immovable process of the head; the antennules may be
biramous ; the antennae have no exopodite ; some of the thoracic
limbs have natatory exopodites ; the first three pairs are modified
as maxillipeds ; the first pair have an epipodite generally pro-
vided with hranchial lobules and an exopodite forming a respiratory
siphon ; the pleopods are absent in the female and often reduced
in the male ; the uropods are styliform ; the young leave the brood-
pouch before the appearance of the last pair of thoracie linibs.

Historical. —The first deseribed Cumacean was the Oniscus
scorpioides of Lepechin (1779), and other species were deseribed by
Montagu (1804), Say (1818), and H. Milne-Edwards (1828). The
last-named author established the genus Cumg, from which the
name of the order is derived, but he later regarded this as being a
larval decapod, and he maintained his opinion of the larval nature
of the gronp as late as 1838, although Kroyer had described
ovigerous females in 1841 and his discovery h'ul been confirmed
by H. Goodsir and others.  While Spenee Bate, Norman, Llll]elml
Hansen, Dohrn, and others have contributed dcscr]ptlom of species
and observations on structnre and dcvelopmcnt by far the greater
part of our present knowledge of the group is based on the elaborate
and beantiful memoirs of G. 0. Sars.

MORPHOLOGY

The general shape of the Cumacea is usnally very characteristic,
owing to the sharp distinction hetween the inflated cephalothoracic

183
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region and the slender and very mobile abdomen carrying at its tip
the styliform uropods (Fig. 111). The extreme specialisation of
the respiratory system, with the concomitant modification of the
anterior part of the carapace, are the most striking features
differentiating this from the neighbouring orders. As in the
Mysidacea and Tanaidacea the first thoracic limb (maxilliped)
carries a backwardly directed membranous epipodite lying in a
cavity between the carapace and the side wall of the body; but in
the Cumacea this epipodite is of relatively great size, and is
usually (though not always) furnished with respiratory processes or
lamellae (Fig. 112, br),” which may be very numerous and are often
better developed in the more active males than in the females.
Anteriorly, the branchial cavity is continued as a narrow channel
covered by a forward extension of the lateral plate of the carapace,

F1a. 111.

Dinstylis Goodsiri, @, from the side. X 4. @', antennule; 11, 15, first and fifth legs (fourth
and eighth thoracic appendages); m, brood-pouch ; ps, pseudorostrum ; ¢, telson ; ur, uropod.
(After Sars.)

the two lateral plates generally meeting each other above in front
of the head and forming a more or less prominent pseudorostrum (ps)
divided by a Y-shaped fissure (Fig. 112, fr). Within this channel
lies the exopodite of the same appendage in the form of a narrow
stalk bearing distally a membranous expansion, which is rolled
upon itself to form a tube, or unites with its fellow of the opposite
side in a single tube (vz) capable of protrusion from the front of
the head below the psendorostrum. Sometimes the pseudorostral
plates do not quite meet in front of the head, and in certain genera
(Zygosiphon) these plates, and the respiratory channels which they
cover, are placed wide apart at the sides of the broadly expanded
frontal region, while the exopodal tubes project as long transparent
siphons.

Eyes are altogether deficient in many genera. When present
they are usually coalesced to form a single median organ (Fig.
112, ¢) borne on the front of the head, which is produced into an
oculiferous lobe lying between the two plates of the pseudorostrum.
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When the lateral plates are removed, the eonformation of the head
and the position of the eye show some similarity to the arrange-

ment met with in the Oedicerotidac
among the Amphipoda. The two eyes
are distinct in the embryo, and in one
genus (Nuanustucus) also in the adult.

Appenduges. — The  antennules ravely
have both flagella well developed, the
inner being usnally reduced or absent.
The antennae differ remarkably in the
two sexes. In the female (Fig. 112, «”)
they are vestigial, while in the male they
cousist of a stout peduncle of five seg-
ments, of which the last two are enlarged
and clothed with a brush of long setae,
while the flagellum is filiform and may
excced the length of the body (Fig. 113).
In life this long flagellum is usually
carried folded close to the side of the
body, protected by the lower edge of the
carapace and by the plenral plates of the
abdomen, or in a special groove which
runs along the sides of the abdominal
somites. In the genus Lamprops the
antennal flagella of the male are short
and stout, and are nsed as claspinz-organs
to hold the female.

The mandibles never carry a palp, Int
in other respects conform to the type
characteristic of the Peracarida. In the
Lenconidae and in the genus Diastyloides
the body of the mandible is short and

triangnlar and the row of spines is reduced.

molar process is styliform.

Fia. 112,

Diagram of anterior part of
body of Diastylis, @, from above,

showing the internal organs. «’,
antennule; «”, autenna; br,

branchial epipodite of tirst maxil-
liped enclosed in branchial cavity
at side ol carapace; ¢, eyes, coal-
esced into one; ex, exopodite of
tirst maxilliped, forming the re-
spiratory siphon; fr, lateral
branch of ‘“frontal fissure” be-
tween the head and the lateral
plate of pseudorostrum ; h, heart :
hep, hepatic caeca; 11, tirst pair
of legs; ov, ovary; ps, pseudo-
rostrum. (After Sars.)

In Cumpyluspis the

Frc. 113.
Pterocuma pectinotwin, &, from the Caspian Sea.

The maxillulae (Fig. 114, A), exeept
lamprops, carry a retroverted palp as in
gastridae.

(Atter Xars, from Ency. Drit.)

in Plutyaspis and Para-
Tanaidacea and Lopho-

The marillee (Fig. 114, B) with their two terminal



186

THE CRUSTACEA

endites present a close approximation to those of Tanaidacea and

Isopoda.

Fic. 114

A, maxillula, B, maxilla, of Diastylis Goodsiri.
1-4, segments of the appendages; 11-14, endites
of the respective segments; f, flabellum (ex-
opodite); p, palp. According to Hansen’s later
interpretation,the chitinous piece here numbered
+ in the maxilla does not represent a distinct
segment, and the endites I3 and [+ result from
the division of a single endite belonging to the
third segment. (After Hansen.)

In Campylaspis the endites are suppressed.

The first thoracic appendages
with their respiratory epipodites
(Fig. 115) have a close resem-
blance to those of the Tanaidacea,

.in which group, however, there

is no exopodite. The basipodite
has an endite directed distally,
and carries on its inner edge
two or three hooked spines
(“ coupling-hooks ”) which inter-
lock with those of the other side.
The second and third thoracic
limbs, though less specialised,
may also be reckoned as maxilli-
peds, since they are turned for-
wards and applied to the oral

region with their basipodites flattened and meeting in the middle

line, while the terminal segments are relatively
weak and carried in a folded position. The
second pair are without exopodites, but in the
female a small scale bearing a fan-like fringe
of setac is attached behind to the base of the
limb, projecting backwards into the marsupial
chamber and serving to keep in motion the
eggs or embryos contained therein. This scale
is doubtless homologous with the oostegites,
which are well developed on the four succeed-
ing pairs of limbs, where they are firmly
attached to the small coxal segments. The
third pair are only rarely devoid of exopodites.
The fourth pair of thoracic limbs are long
raptorial or prehensile legs (Fig. 111, 7),
thongh their broad basipodites, sometimes
meeting in the middle line, are not dissimilar
to those of the preceding pair. The fifth pair
(2nd legs) often have a reduced number of
joints and differ in details from the succeed-
ing three pairs, which are all similar and appear
to be fossorial in function. The small terminal
segment in these limbs is tipped with a com-
paratively weak spine, which only in the
Nannastacidae becomes a stout curved claw.

Fia. 115.
First maxilliped of Diu-

stylis stygia. bs, basipodite;
br, branchial lamellae on
epipodite ; en, endopodite ;
ep, epipodite 5 ex, exopodite,
forming the respiratory
siphon.  (After Sars.)

Natatory cxopodites

are always present on the fourth pair (Ist legs), and usually on

one or more of the succeeding pairs in the

female sex; in the
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males (Fig. 113) they arc generally present on all save the last
pair of legs.

The pleopods arve always absent in the female and sometimes in
the male, but more usually in the latter sex from one to five pairs
are well developed and biramous. The wropods are always con-
spicuous, their slender rami furnished with eomb-like rows of spines
apparently used in eleaning the antevior appendages, for which
purpose the abdomen can be flexed ventrally and sometimes also
dorsally.

Internal  dnatomy. — The masticatory stomach is stated to
resemble closely that of the Tanaidacca. There are from one to
four pairs of hepatic cuece (Fig. 112, hep).  In one genus (Platycumna)
the anterior part of the intestine is eoiled, forming o spiral of
two and a half turns within the carapace, but it has not been
aseertained whether the eoiled part helongs to the mesenteron or
to the proctodaeum. In this genus also the hepatic caeca appear
to be absent. The heart (1) is usually somewhat elongated, but
in Platycuma it is subglobular. There arve three pairs of ostia.
Besides anterior and posterior median arteries, the heart gives off
a pair of antero-lateral vessels and an unpaired descending artery.
A well-developed marillury gland is present, which, aceording to
Claus, resembles closely that of . pseudes (Tanaidacea). The
ventral nerve-chain consists of ten thoracic and six abdominal
ganglia,

The simple tubular puired ovaries are connected, at least in the
young, by a narrow transverse bridge. The openings of the
oviducts have not been seen. The festes are separate, tubular, with
four small caeca anteriorly. The short vasa deferentia open on
the sternal surface of the last thoracic somite.

DEVELOPMENT.

The development appears to resemble, in its main features,
that of the Isopoda. In the earlier stages the embryo is curved
dorsally.  As in the Tanaidacea and Isopoda, the young leave the
brood-pouch with the last pair of legs still undeveloped. In eertain
species this deficiency persists very late, and possibly in some
cuses throughout life.

Reyarks ox IlapiTs, ETC.

The Cumacca are exclusively marine (including under this term
the group of peculiar species inhabiting the Caspian Sea), and are
generally found hurrowing in sand or mud.  No speeies appears to
he truly pelagic, althongh the actively swimming males of some
speeies, and less commonly the females, are found in the plankton
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of inshore waters. In Arctic seas the Cumacea are conspicuous by
their abundance and relatively large size, but they are also common
in suitable localities in tropical waters. Many species, often also
of considerable size, occur in the deep sea.

The thirteen species known from the Caspian Sea all belong
to the family Psendocumidae, and werc originally referred to the
single genus Pseudocuma, which comprises only three truly marine
species. It is interesting to note that several of the Caspian
species “mimic” in their general aspect widely different genera of
other families, and have on this account reccived such specific
names as diastyloides, eudorelloides, and campylaspoides.

The largest known Cumacean is the Arctic Diastylis Goodsiri
(Fig. 111), which reaches a length of 35 mm. Somec deep-sea
species are not much inferior to this, but the average size is much
less, and some species do not exceed 15 mm. in length.

No fossil Cumacea are known.

AFFINITIES AND CLASSIFICATION.

The systematic position of the Cumacea has been somewhat
obscured by the customary classification of the Malacostraca into
Edriophthalma and Podophthalma, since they unite the sessile eyes
of the former group with the carapace of the latter. As a matter
of fact, apart from characters of specialisation which seem to have
arisen within the order, they clearly stand midway between the
Mysidacea and the Tanaidacea, just as they combine, to some
extent, the swimming powers of the one with the burrowing habits
of the other.

ORrRDER Cumacea, Kroyer (1846).

Family Bopotriipar.  Bodotria, Goodsir (= Cwma, H. Milne-
Edwards) ; Cyclaspis, G. O. Sars; Zygosiphon, Calman. TFamily Vaux-
TOMPSONIIDAE.  Vauntompsonie, Spence Bate. Family LEUCONIDAE.
Leucon, Kroyer; Eudorelle, Norman. Family NANNASTACIDAE. Nan-
nastacus, Spence Bate; Campylaspis, G. O. Sars; Platycume, Calman.
Family CERaTOCUMIDAE. Ceratocwme, Calman. Family PSEUDOCUMIDAE.
Psewdocuma, G. O. Sars; Pterocuma, G. O. Sars (Fig. 113). Family
LAMPROPIDAE. Lamprops, G. O. Sars; Paralamprops, G. O. Sars. Family
PrLaTyasrIDAE.  Platyaspis, G. O. Sars.  Family DIastyLipag.  Diastylis,
Say (Fig. 111); Diustylotdes, G O. Sars.
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CHAPTER XI
THE TANAIDACEA
Order Tanaidacea, Hansen (1895).

Definition.—Peracarida in which the carapace coalesces dorsally
with the first two thoracic somites, and overhangs on each side to
enclose a branchial cavity ; the telson is not defined from the last
somite ; the eyes, when present, are usuvally set on short, im-
movable peduncles ; the antennules may be biramous ; the antennae
may have a small exopodite; vestigial exopodites are sometimes
present on the second and third pairs of thoracic limbs; the first
pair of thoracic appendages are modified as maxillipeds ; they have
an epipodite lying in the branchial cavity, but no exopodite ; the
sccond pair are chelate; the pleopods are usually present and
biramous ; the wropods are slender; the young leave the hrood-
pouch before the appearance of the last pair of thoracic limbs.

Historical.—The first known member of this order was that
described by Montagu in 1808 as Cancer gammarus talpa, now placed
in the genus Apscudes. Leach, Latreille, and others ranked the
species known to them among the Amphipoda, while H. Milne-
Edwards placed them among the Isopoda, remarking, however, that
they established a transition to the Amphipoda. Dana (1852)
united them with certain parasitic and other Isopoda in a group
Anisopoda interposed between Isopoda and Amphipoda, and Spence
Bate in 1868 combined them with the Isopod Anthuridae and
Anceidae (Gnathiidae) in a no less heterogeneous group of ““ Isopoda
aberrantia.”  Van Beneden (1861) called attention to the im-
portance of the carapace of Zanais as a systematie character, and
approximated that -genus to Cuwma and Mysis. F. Miller (1864)
also attached great weight to the same character. Gerstaecker
(1886) once more included the Tanaidacea among the Amphipoda ;
but this retrograde step has met with little support, and most
modern writers follow Sars in ranking them as one of the tribes of
Isopoda (Chelifera). Claus, however, in 1888 placed them in an
independent order, for which he adopted Dana’s name Anisopoda,
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and which he placed between Isopoda and Cumacea. Hansen
adopts the same view of their athinities, and suggests for the order
the name which is here used. Claus’s monograph on «pscudes is
the most important source of information on the anatomy of the
group, and the works of G. O. Sars are no less important as
regards the deseription and classification of genera and species.

MORTPHOLOGY.

The general form of the body (Fig. 116) resembles that typical
of the Isopoda, being depressed or sub-cylindrical, with a compara-
tively short abdominal region and with the telson coalesced with
the last somite. The homology of the reduced carapace with that
of the Cumacea and Mysidacea is indicated by the small cavity
which it overhangs on each side and within which lies the epipodite
of. the first thoracic appendage. Only the first and second thoracic

Fie. e,

Apscudes spinosus, female.  ex, vestigial exopodites of second and third thoracic limbs ; o,
ocular lobe or peduncle ; s, scale (exopodite) of antenna ; ur, flagelliform uropod. (After Nars.)

somites are coalesced with the carapace, but in Sphyrapus the third
somitc is firmly attached to the head-region, although, according
to Sars, it is not completely fused with it.

The cyes are often absent, but when present they are usually
set on fronto-lateral processes of the head (Fig. 116, oc), which in
many species are defined by grooves and, although not movable,
appear to correspond to the ocular peduneles of the podophthalmate
groups.

Appenduges.—The antennules are biramous in the Apseudidae.
In some species the two flagella are stated to arise from a common
basal segment, so that the peduncle consists of four segments. The
anfennae have, in the Apsendidae, a small exopodite (Fig. 116, sc),
and the protopodite consists of two segments, not, as is nsual in
the Peracarida, of three. The mandille carries a palp in the Ap-
seudidae, but not in the Tanaidae. The muzillulur, in the former
family (Fig. 117, B), have two endites and a palp of two segments,
but in the Tanaidae the proximal endite is wanting and the palp
is unsegmented. The maxillue of the Apsendidae (Fig. 117, C)
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have a small palp. In the Tanaidae the whole appendage is vestigial.
The lower lip of the Apseudidae (Fig. 117, A) is peculiar in having
each of the lobes terminating in a movably articulated lappet.

The first pair of thoracic appendages are maxillipeds (Fig. 117, D),
agreeing with those of the Cnmacea and Isopoda in having ecoupling-
hooks on the endite of the basipodite. The epipodite (ep) projecting
backwards into the branchial chamber is most fully developed in the
Apseudidae, where it consists of a peduncle bearing a spoon-shaped
membranous plate which terminates posteriorly in a filiform pro-
cess and is produced anteriorly as a rounded lappet fringed with
setae. The resemblance of this apparatus to the branchial
epipodite of the Cumacea is unmistakable, and the filiform
termination may be compared with the inflected apex generally
found in that group. A small lobule found in some Tanaidae may
perhaps represent the exopodite. In the Tanaidae the maxillipeds

A.

Fic. 117,

Mouth-parts of Apseudes spinosus. A, lower lip with movable lobes. B, maxillula ; p, palp.
garg.];‘“"a . D, maxilliped ; en, terminal lobe or endite of basipodite ; ep, eplpodzte (After
are more or less united at the base, the coxopodites, and some-
times also (as in the Amphipoda) the basipodites, being coalesced.

The second pair of thoracic limbs are in nearly all cases com-
pletely chelate and are usually much stronger than the succeeding
pairs. The third pair in the Apseudidae are flattened and apparently
fossorial in function. The minute exopodites (¥ig. 116, ex) with
which these two pairs are provided in many Apseudidae are placed
close to the exhalent and inhalent openings of the branchial cavity
respectively, and by their vibratory motion assist in producing the
respiratory current. In all the thoracic limbs the coxopodite is
very small, and in the posterior five or six pairs the limb ends
in a curved claw.

In the Apscudidac there are five pairs of oostegites (the first
pair very small) attached to the thoracic limbs, from the second to
the sixth pair. In some, perhaps all, Tanaidae only one pair of
oostegites is present, on the sixth thoracic limbs.

The pleopods may be fully developed in both sexes, but some-
times they are reduced in number or altogether absent in the
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female. The wropods are nearly terminal on the last segment of
the body. In . pscudes the two rami are long, multiarticulate,
and flagelliform.  In other eases the rami may he much reduced
and the exopodite is sometimes wanting.

Internul cAnatomy.—In Apseudes, the alimentary canal has three
pairs of hepatic cucca.  The lheart is elongated, extending through
the six free somites of the thorax, giving off a median aortic vessel
anteriorly and a pair of diverging abdominal arteries (but no
median vessel) posteriorly. In Lepfochelie and in the young of
Apseudes it has two pairs of ostia, but in the adult psendes the
right anterior ostium disappears and those of the posterior pair
hecome asymmetrically placed.  In Zanais only one pair persists.
The anterior aorta, after dividing to encircle the brain in the
median plane, forms a eircumoesophageal ring, but there is no
subneural sternal artery. The lateral folds of the carapaee are
traversed by a network of blood-channels supplied by branches
from the anterior aorta, and no doubt form the chief organs of
respiration, possibly assisted by the epipodites of the maxillipeds.

Considerable importance has been attached to the thoracic
position of the heart in the Tanaidacea as difterentiating them
from the Isopoda and indicating aftinity with the Amphipoda. As
a matter of fact, liowever, in certain Isopoda (Juaers) the anterior
end of the heart extends as far forward as it does in . pseudes,
and the suppression of the abdominal portion, leaving intact the
paired abdominal arteries, would produce a disposition of parts
essentially similar to that of the Tanaidacea.

The maxillary gland is well developed in A pseudes, and a vestige
of the antennal gland has been described.  Dermal glawnds ave
commonly found on the body and limbs, and in some Tanaidae the
secretion appears to be utilised in forming the tubes of mud in
which the animals live. In Ileferofunais groups of gland-cells are
described situated on each side of the anterior thoracic somites and
opening by long ducts on the terminal segments of the correspond-
ing legs, an arrangement which recalls that found in certain
Amphipoda.  The nerre-chain in A pseudes has all the ganglia of the
post-oral somites distinct.

It was stated by I'. Miiller that a species of Tunais possessed an
open statocyst-cavity containing a statolith in the Dbasal segment of
the antennule, but the observation has not heen confirmed.

The reproductive organs of hoth sexes are of a simple type.
The vasa deferentia, in .dpseudes, open eclose together on a median
process of the last thoracie sternum. A seminal vesicle is formed
in Tunais and in Leptochelic by fusion of the two vasa deferentia,
but here also the external opening is paired.

Sexnal differences are often strongly marked. The olfactory
filaments of antennules and antennae are, as usual, more numerous

2

3
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in the male; the chelae are often much stronger and differently
shaped ; and the pleopods are always well developed in that sex
even when they are reduced or absent in the female. In several
genera of Tanaidae the oral appendages, with the exception of the
maxillipeds, are entirely lost by the sexually mature male. Fritz
Miiller described a remarkable dimorphism of the males in a species
of Leptocheliv. One form of male was distinguished by the great
development of the olfactory filaments on the antennules, and had
chelae very similar to those of the female. In the other form the
olfactory filaments were less numerous, but the chelae were greatly
elongated and slender. These observations have been doubted by
subsequent writers, but they have recently received partial con-
firmation from the work of . Smith.

Development.—The embryo shows at first a dorsal curvature as
in the Isopoda. A paired “dorsal organ” is present. The larvae
leave the brood-pouch with the last pair of thoracie limbs and the
pleopods undeveloped. In dpseudes, according to Claus, the lateral
plates of the carapace are at first extended as wing-like processes,
becoming afterwards bent downwards over the branchial epipodites
of the maxillipeds and fixed in position by peg-like outgrowths of
the sternum on each side.

REMARKS oN Hasits, ETC.

The Tanaidacea are exclusively marine and oecur from between
tide-marks to depths of over 2000 fathoms. Many burrow in
mud, some inhabit tubes of mud agglutinated by the seeretion of
the dermal glands, and several species of Tanaidae are recorded as
living in rock-crevices among a feltlike mass of filaments, pre-
sumably also secreted by the animals.

Most Tanaidacea are minute. Many species do not much
exceed one millimetre in length, but some Apseudidae reach
13 mm. or more.

No fossil Tanaidacea are known.

A¥FINITIES AND CLASSIFICATION.

Mention has been made above of the very varied opinions
which have been held regarding the systematic position of the
members of this order. Among recent writers, however, there is
general agreement that the Tanaidacea must either stand as a
distinct order or be merged in the Isopoda as the most primitive
sub-order of that group. While their resemblance to the Isopoda
in general form is considerable, their marked divergence in such
characters as the possession of a distinet carapace, with its branchial
chambers, and the form of the epipodites of the maxillipeds, fully
justifies their separation.
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The two families into which the order is divided are dis-
tinguished by many important characters, and it may prove
neeessary in the future to rank them as sub-orders.

Orper Tanaidacea, ITansen (1895).

Tamily APSEUDIDAE.  Apseudes, Leach; Sphyrapus, Norman and
Stebbing.  Family TaNampae.  Tanals, Audouin and Milne-Edwards ;
Heterotanais, G. O. Sars ; Leptocheliu, Dana.
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Many of the works quoted in the list at the end of the next chapter deal, in
part, with the Tanaidacea. See especially those of Beddard, Delage, 1Iansen
(Plankton Expedition), Norman and Stebbing, Richardson, Sars, and Spence
Bate and Westwood.



CHAPTER XII
THE ISOPODA

Order Isopoda, Latreille (1817).
Sub-Order Asellota.
Phreatoicidea.
Flabellifera.
Valvifera.
Oniscoidea.
Epicaridea.

S

Definition.—Peracarida in which therc is no distinet carapace,
but the first thoracic somite (rarely also the second) is coalesced
with the head ; the telson is rarely defined from the last somite;
eyes sessile or set on immovable processes of the head ; antennules
uniramous (except in Bathynomus); antennae sometimes with a
minute exopodite ; thoracic limbs without exopodites; first pair
modified as maxillipeds, the epipodite, when present, not enclosed
in a branchial cavity ; remaining pairs all similar or variously
modified, coxopodite always short, often fused with the body and
expanded laterally ; pleopods typically biramous, with lamellar,
branchial rami, generally the second and sometimes also the first
pair modified in the male ; heart lying wholly or partly in abdomen ;
the young leave the brood-pouch hefore the appearance of the last
pair of thoracic limbs.

Historical.—The terrestrial habits of the more familiar members
of this order, and the close resemblance which some of them bear to
certain Diplopoda (Oniscomorphay), led to their being widely separated
from the other Crustacea in many of the earlier systems of classifi-
cation. Even Latreille, to whom the name Isopoda is due, placed
them at first among the Insecta. Leach ranked them along with
the Amphipoda in his group Edriophthalma, thus giving them the
position which they occupy in most modern systems. Our know-
ledge of the morphology and classification of the Isopoda is largely
due to the work of Scandinavian naturalists, especially to the
monographs of Schitdte, Meinert, G. O. Sars, Bovallius, Budde-
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Lund, and Hansen.  The remarkable group of the Ipicaridea has
attracted many investigators, but it is espeeially to the memoirs of
Giard and Bonnier that the stndent must turn for a clear account
of their structure and complicated life-
histories. As regards the internal anatomy
of the Isopoda, the literature is scattered
and fragmentary, but Delage’s study of
the cirenlatory system must not be passed
without mention.  Bullur's discovery of
hermaphroditism among the Cymothoidae
is also noteworthy.

MoORPHOLOGY.

In the majority of the free-living
Isopoda the body (Iig. 118) is more or
less flattened, with an oval outline as seen
from above and with a short abdomiual Fio. 11s.
region. I_n l:,he Arcturidae and Ant!mriflae, """"*f”;ﬂ;.'""&,f tgr, ;1'10:55')11 view.
however, it is elongated and subeylindrical,
and in some of the latter family it is almost vermiform. In Phrea-
toicus (Fig. 119) the body is laterally compressed and the aspect is
that of an Amphipod. In the parasitic Epicaridea the adult female

Fra, 110,

Phrcatoie s ossimilis; Q. trom the side.  x <. (After Chilton.)

becomes more or less distorted and deformed and may even lose all
trace of segmentation. In addition to the first, the second thoracie
somite hecomes united with the head in the Guathiidae and Serolidae,
in the genus Stenasellus among the Asellota, and in a few Valvifera.
The last thoracic somite occasionally remains of small size and
without appendages in the adult, as it nearly always is in the
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young. Very often some or all of the abdominal somites are fused
together, and the last somite is always coalesced with the telson
except in certain Anthuridae. The abbreviation of the abdomen
is least in the Phreatoicidae; in the other families the anterior
somites are short and crowded together, though the telsonic seg-
ment is often of large size. The abdominal somites are usually
expanded laterally into pleural plates, and the thoracic somites
may be similarly produced over the bases of the legs, but in these
the pleural plates are often supplemented or replaced hy the
expanded coxopodites which here form the corul plaies or so-called
¢ epimera.” :

Appenduges. — The anfennules arve nsnally short, and in the
Oniscoidea they are almost or quite vestigial. They are never
biramons except in Bathynomus, where a minute vestige of the
inner flagellum is present, and in the cryptoniscan larvae of some
Epicaridea.

The antennae vary much in length, heing several times as long
as the body in some Asellota, while in the Epicaridea they are
hardly more than vestiges. The peduncle nsnally consists of five
segments, but in the Asellota and in Bafhynomus and Cirolana it
has six. In the Asellota a minute movably articulated scale repre-
senting the exopodite is sometimes present on the third segment.
In all other Isopoda the exopodite is absent. In the Arcturidae the
antennae are very large and strong and are used in seizing prey.

The mouth-parts of the Isopoda show great diversity of struc-
ture, many modifications being correlated with the parasitic or
semi-parasitic habits of certain gronps. In the more typical forms
(e.9. Asellus) the mandible carries a palp of three segments, and has
a serrated incisor process, with a lacinia mobilis, at least on the
left side of the body, a row of spines, and a strong molar process.
The molar process is movably articulated with the hody of the
mandible in the Cirolaninae (Fig. 120, A). The maxillule (Fig.
120, B) has two endites (corresponding, according to Hansen, to
the first and third segments) directed distally and bearing strong
setae or spines.  There is no trace of a palp such as exists in the
Tanaidacea. The marille (Fig. 120, C) has three endites, the
proximal one directly continnous with the basal part and directed
obliquely inwards; the two others are directed distally, over-
lapping each other and movably articulated with the basal part;
Hansen regards these as resulting from the division of a single
endite corresponding to the third segment.

The first thoracic limb is always specialised as a maxilliped
(Fig. 120, D) and closely associated with the other mouth-parts.
It has a short but distinct coxopodite bearing externally a lamellar
epipodite {¢p) generally more or less indurated, and not, apparently,
branchial in function as it is in the Tanaidacea, but serving as an
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opercnlnn to cover the lateral parts of the other oral appendages.
The hasipodite is produced distally into a large endite (/?) which is
sometimes movably artienlated (Dathynomus, Ciroluna, Chiridoten),
and which bears one or more coupling-hooks (¢) interlocking with
those of the opposite side. The endopodite or palp consists, in
the typical case, of five more or less lamellar segments, but the
number is often reduced. In the ovigerous females of Aselfus and
of certain genera of Valvifera the coxopodite bears a small lappet,
fringed with setae, projecting hackwards into the marsupium and

Gt

Fra. 120,

Mouth-parts of various Isopoda. A, mandible of Cirolana borenlis. B, maxillula of Chiridotea
entomon. C, maxilla of same. 1), maxilliped of same. 1, maxilliped of adult female of Rocinela
dirpmondensis.  1°, maxilliped of adult male ot same. ¢, coupling-spine ; ep, epipodite ; 4, ineisor
process ; 11, 12, 13/ 14, endites of successive segments of the appendages (according to Hansen's
later interpretation the endites {3, /4 ot the iaxillula result from the division ol'a single endite) ;
lam}-2, laminar outgrowths of tirst and seeond segments ol maxilliped ; m, molar process ; p,
palp: %, lacinia mobilis and spine-row of mandible, which in this ease are closely associated
together ; 1, 2, 3, snccessive segments ol the appendages.  (Alter Hansen.)

resembling the coxal appendage of the second thoracic limb in the
females of Cumaecca. A similawr plate, more largely developed, is
found in the females of Cymothoidae (Fig. 120, I) and Epicaridea
and of some genera of Sphaeromidae, where it is associated with
an expansion of the hasipodite and with the epipodite, giving a
lamellar character to the whole appendage. In all these cases the
vibratory motions of the maxilliped cause a current of water to
pass through the marsupium for the acration of the developing
embryos. A similar expansion of the basipodite united with the
epipodite oceurs also in Serolis, where, however, the coxal lobe is
not developed. The position of this coxal lobe and its occurrence
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only in the adult female suggest its possible homology with the
oostegites of the following somites. :

As an example of extreme modification of the mouth-parts and
of exceptionally marked changes taking place during development,

Fre, 121,

Gunathio maxilluris, A, late larval form (Praniza-stage). 13, head of same, from below,
further enlarged, C, adult female. D, second thoracic appendage of same, further enlarged,
E, adult male. F, maxilliped (first thoracic appendage) ot same, turther enlarged. G, second
thoracic appendage of same, 4, mandible of male ; maxp, maxilliped of larva; 11 111, VI,
second, third, and seventh thoracic appendages (the eighth is nndeveloped in adults of this
family). (After Sars; I3 partly after G. Smitl.)

the oral apparatus of the very aberrant Gnathic may be here
described. In the larval state (Fig. 121, A), Gnathia is parasitic
on fish, and the suctorial mouth-parts form a short conical
proboscis (Fig. 121, B). The mandibles are styliform, finely
serrate on the inner edge, without palp, molar process, lacinia
mobilis, or spines. The maxillulae and maxillae are simple, slender



THE [SOPODA 201

styles. ‘The muaxillipeds (mrp), which close the oral cone helow,
have an elongated basipodite produced distally into a slender
endite, with many coupling-hooks; the next segment is also pro-
duced distally as an acute, serrate point, and the remaining
segments of the endopodite are coalesced into a short palp.  The
appendages of the sccond thoracic segment (11), which in this
family is coaleseed with the head, lie on ecither side of the oral cone
and end in strong curved claws which no doubt assist in pene-
trating the skin of the host. The adult animals are freeliving
and have the mouth-parts very ditferently developed in the two
sexes. In the male (Iig. 121, L) a pair of relatively enormous
mandibles (ir) are articulated at the outer corners of the front
margin of the head and are apparently used only as defensive
weapons. The small aperture of the mouth is placed mueh further
back on the lower surface of the head. The maxillulae and
maxillae are entively lost. The maxillipeds (Fig. 121, I) are broad
and flattened, composed of six segments tapering gradually to the
apex ; the endite of the basipodite is small and the other segments
are fringed externally with long phunose hairs.  The appendages
of the second segment (Fig. 121, G) have lost the pediform
character which they have in the larva and in all other Isopoda,
and form a pair of overlapping valves closing over the oral area.
Each consists of a large oval plate showing traces of three segments
and hearing distally one or two minute terminal segments. In
feeding, these valves are opened ont and the vibratory movements
of the maxillipeds produce a current of water which is supposed
to carry food-particles towards the mounth. In the female (Fig.
121, C) the mandibles have disappeared and the maxillipeds are
simila to but smaller than those of the male. The sceond
thoracic limbs (Fig. 121, D) are, however, very different, consisting
of a small leg-like appendage of three segments, having at its hase
a large oval plate which probably represents an oostegite, although,
i this genus, distinet oostegites arc not found on any of the
other limbs.

In the Epicariden the styliform mandibles are enclosed in a
sictorial “oral eone” formed hy the upper and lower lips.  The
maxillulae and maxillae are vestigial or absent, and the lamellar
maxillipeds serve, as already mentioned, to keep a current of water
flowing through the brood-pouch. In the ovigerows females of many
Cymothoidae the mouth-parts are covered by the anterior oostegites,
so that the animal is incapable of feeding, and in some genera of
Sphaeromidae the mouth-parts of the adult females (with the
exception of the maxillipeds) are reduced and functionless.

The last seven pairs of thoracic appendages in the Isopoda are
typically developed as walking-legs which may, as in the Oniscoidea,
present a uniformity of size and shape justifying the name Isopoda,
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but whieh in other cases undergo many modifications for prehensile,
natatory, and other functions. The coxopodite has the form of a
complete segment movably artienlated with the hody only in the
Asellota (Fig. 122, cx). In all
other Isopoda it is more or less
completely fused with the body
and is often expanded into a coral
plate overhanging the attachment
of the limb and replacing the
Frc. 122, pleural expansion of the somite
Thoracic somite of Juera marinu, separated  to which it be]OIIgS. An interest-
and seen from in front. bs, basipodite of tho- - . . . . .
racic leg; oz, coxopodlite; o, pleural plate,  11Z series illustrating this substitu-
tion can bhe traced within the
family Idoteidae. In Idotew hectice (Fig. 123, A), the pleural plates
(pl) of the thoracic somites are well developed and completely
cover the coxopodites (cr), of which the outline can be traced on the

A. B. C.

| CX=- ex
P - -

P'.— =

F1e, 123,

Margin of thoracic somites of, A, Iduvtec. hecticas B, I. ochotensis: C, Chiridoten sahini. The
upper tignres show the under surface, the lower the upper surtace. ¢, coxal plate (dotted);
pl, pleural plate ; o, rudiment of oostegite,

under-side of the plates near the onter edge. In other species of
the same genus (Fig. 123, B) the coxal plate projects beyond the
outer margin of the pleuron for a part of its length so as to be
visible on the upper surface. In yet other species of the genus
and in the allied (Tiridotea (Fig. 123, O), the pleura are no longer
to be distingunished, and their place is taken by the greatly de-
veloped coxal plates, which are marked off, on the dorsal surface,
by distinet sutures, generally allowing a slight amount of move-
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ment.  This condition is found in the Cymothoidae, Serolidae,
some Sphaeromidae, and in the Tylidac among the Oniscoidea.
When the suture line disappears, as in most Oniscoidea (I'ig.
118), it is impossible to distinguish the coxal plate from a true
plewron.  In all Isopoda, however, with the single exeception
of the genus Plukarthrium (Sphaeromidae), the coxopodites of
the second thoracic somite (the first free somite) are completely
coalesced with the body.

The ischiopodite of the thoracic legs is generally more or less
elongated, not very short as it
is in Tanaidacea and Amphi-
poda. The dactylopodite gener-
ally ends in a stout claw which
may be completely coalesced
with the segment or defined
from it by a sutnre. I Junire
and some other Asellota, how-
ever, there are several stout
claw-like spines.

Very commouly one or
more of the anterior pairs of
thoracic legs assume a pre-
hensile function and become
more or less completely sub-
chelate, through never forming
a perfect chela such as is
found among the Tanaidacea.
The most perfect natatory legs
are found in Alunnopsis and
related genera, where the last
three pairs have the carpus and Fre. 121,
propodns expanded into oval  Gusr branchialis (Bopyridae). a, female, seen

. . from ventral side; Brl, oostegite ; K, alvlominal
paddles fringed with long setae. appendages. b, abdomen of same’ witle adheritig

In  Amesopons  (Valvifera) {"l:illlli-u(x?,)’fxg;;%‘l;:ugsqlr'fe‘ll,bo);(‘;“ter Cornalia and
the fourth and fifth pairs of
thoracic appendages (first and second peracopods) are unrepresented,
except by the oostegites in the female, a condition curiously repeat-
ing that found in the Caprellidea among Amphipoda.

The oosteyites (Fig. 124, Brl), which, in the great majority of
Isopoda as in other Peracarida, form the brood-chamber of the
female, are clearly seen in the Ascllota to be attached to the
coxopodites of certain of the thoracic legs. In the other trihes
the coxopodites are more or less completely eoalesced with the
corresponding somites and the oostegites appear to spring from
the ventral surface of the body close to the bases of the legs. 1In
certain Cymothoidae and Epicaridea a pair of oostegites is present
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on each of the seven free thoracie somites, the last two pairs,
however, being very small. If, as has been suggested above, the
coxal lobe of the maxillipeds is homologous with the oostegites,
we have the possibility of these struetures being developed on all
the thoracic appendages. Dlore usually, however, only the first
five free somites bear oostegites, and the number may be still
further reduced, certain genera of Arcturidae possessing only one
pair attached to the fourth free somite.

Thongh the development of the oostegites has been traced in
only a few cases, it is known that important differences occur in
this vespect. In Asellus they appear as small buds from the
eoxopodites, increasing in size at successive moults until maturity
is reached. In the Oniscoidea, on the other hand, no trace of
oostegites is visible externally up to the mounlt which immediately
precedes oviposition. Just before this monlt they are developed
underneath the cuticle, and when this is cast off they at onee
expand to their full size. Special structures aiding or replacing
the oostegites in eontaining the hrood will be described later in
connection with the reprodnctive system, but it may be noted here
that in a few Isopoda (Cussidina and a few allied genera among the
Sphaeromidae, and some Ipicaridea) the oostegites appear to be
entirely wanting.

The pleopods are almost always biramous, with a short proto-
podite in which three segments can he recognised in Luthynonins,
and with lamellar rami generally overlapping each other with the
exopodite in front. One or both of the rami may be crossed by a
suture-line dividing it into two segments. In the simpler cases all
the pleopods are similar (except for the sexual modifications to be
described below), both rami serving as respiratory and in many
cases also as natatory organs. The latter function is indicated by
a marginal fringe of long setae and by the presence of a grounp of
conpling-hooks on the inner side of the peduncle. Pleopoda of
this type are found with comparatively slight modifications in the
Phreatoicidae, Gnathiidae, and Cymothoidae, but in some members
of the last two families the natatory setae, present in the yonng,
are lost in the adult. This is the ease also in the Epicaridea, where
the pleopoda of the adult may become much reduced or altogether
suppressed, or may, on the other hand, develop into arhorescent
branchiae. In the aberrant Cymothoid FButhynomus the endo-
podites bear tufts of ramified branchial filaments. Even in the
Cymothoidae, however, the nniformity of the pleopods is slightly
qualified by the fact that the endopodite of the fifth pair is always
devoid of marginal setae. This leads to the specialisation of
functions fonnd in Sphaeromidae and Serolidae, where the anterior
pairs (the first three in Serolidae and many Sphaeromidae) are
exclusively natatory and the posterior pairs exclusively branehial.
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In many Sphaeromidae one or both rami of the last two pairs are
transversely plicated so as to increase the respiratory swface. In
some members of these families the exopodite of the fifth pair is
more or less indurated and forms a kind of opercultun protecting
the more delicate appendages hehind it.  Opereular structures
having a similar funetion are formed in different ways in other
families. In some Anthuridac the first pair of pleopods are
enlarged and cover the remaining pairs. In the Ascllidac and
Stenetriidae the exopodite of the third
pair performs the same funetion. In
the Parasellidae an unpaired plate
formed by the coalescence of the first
pair forms the operculum in the female,
the male having a tripartite operculum
formed Dby the first and second pairs.
In the Valvifera (Fig. 125), finally,
the pleopods are covered in hy the
valve-like uropods. A very special
line of modification has been followed
in the case of the Oniscoidea. In the
Ligiidae, which are in many ways the
most primitive family, the pleopods are

Fre, 125,

Under-side of abdomen of male

all similar, with the exopodites stouter
than the endopodites but sharing in
the respiratory function. In many
genera of the remaining families, how-

Idotes boltics, with one ol the uropods
removed to show the pleojods, 1, 2,
3, tirst three somites of abdomen; ¢,
telsonic segment comprising the last
three abdominal somites coalesced
with the telson; plp, pleopods; ur,

uropod ; p, penes, attached to sternum

ever, the eXOPOdites Of the ﬁl'St' and of last thoracic somite. (After Sars.)

second, and sometimes of all five, pairs

are specially adapted for acrial respiration by the development
within them of small cavities opening to the exterior by slit-like
apertures and giving rise internally to a system of ramifying
tubules filled with air (Fig. 126). These tubules, which are lined
with a delicate chitinous cuticle, are known as pseudo-fracheue (ir).
In certain cases (Oniscus) in which pseudo-tracheae are absent, their
place is taken by a system of air-filled spaces immediately under
the cuticle of the exopodite. These spaces do not communicate
with the exterior, and appear to become filled with air by diffusion
throngh the cuticle.

In the majority of Isopoda the second, and sometimes also the
first, pair of pleopods present special modifications in the male sex,
the only exceptions being the Lpicaridea and the small and
aberrant family of the Gnathiidae, among the Flabellifera, where
no such modification is found. In the remaining families of the
Flabellifera and in the Phreatoicidea and Valvifera, the lamellar
endopodite of the second pair bears, in the male sex, a rod-like
process (vppendiz: masculing) (Fig. 127, m) articulated with its inner
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edge and grooved for the reeeption of the bundles of spermatozoa
which it is its function to transfer to the female. This rod appears

F1c. 126.

A, exapodite of first pleopod of Purcellio scaber ; the tuft of pseuwlo-tracheae is seen through
the transparent cuticle. ~ B, vertical transverse section through samie.  C, pait of section further
enlarged. unt, point of articnlation of exopodite with peduncle ; ¢, cuticle ; gr, ““ grooved area”
of cuticle ; by, hypodermis; n, nucleus of hypodermis of psendo-tracheal tnbe ; o, external open-
ing of pseudo-tracheae ; ¢tr, pseudo-tracheae. (After Stoller.)

to be the distal segment of the endopodite. In the groups just
mentioned the pleopods of the first pair are similar or present
but slight differences in the two
sexes, but in the majority of the
Oniscoidea and in the Asellota the
first pair are also modified in the
male sex. In the males of the
Oniscoidea the inner ramus of the
second pair is styliform and com-
posed of two segments, of which
the proximal corresponds to the
main part of the endopodite in
groups above mentioned. In the
family Ligiidae this is the only
modification of the pleopods in the
male sex, but in all the other
Oniscoidea the first pair have the
endopodites also styliform, though

Fra. 127. d
Second pleopod of an ovigerous female unsegmenbe .

of Nerocile maculate, showing persistence In the Asellota the sexnal modi-
of the appendix masculina (m). en, endo-

podite ; ex, exopodite; ¢, laminar expan- fications of the pleopods are more

sion from outer edge of protopodite. complex and differ from those of all

other Isopoda. The second pair are always absent in the female.
In the females of Asellidae the first pair are small, uniramous, and
separate ; in the Stenetriidae and Parasellidac they are coalesced,
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forming, in the latter family, a large operculum which completely
covers the following pairs.  In the male sex the Ascllidae have the
first pair not greatly different from those of the female ; the second
pair are small, with & short protopodite and two rami, cach of two
segments, the endopodite having a eavity in the distal segment. In
the Stenetriidae the first pair are partly fused together and the sccond
pair are to some extent intermediate in structure between those of
the other two familics. In the Parasellidae the first pair are fused
together, their enlarged protopodites each with a small immovable
terminal ramus forming the middle plate of a tripartite operculum,
of which the lateral parts are the enlarged protopodites of the
second pair. The rami of the latter pair are borne on the inner
margin of the protopodite; the exopodite of two segments is hook-
shaped and serves to fasten the lateral to the middle plate of the
opereulum ; the endopodite forms a geniculate copulatory organ of
two, sometimes of three segments, with a cavity in its distal part
communicating with the exterior by a narrow canal.

In most Isopoda the wropods differ widely in form and position
from the pleopods. In the adult females of some Epicaridea,
however, the uropods do not differ, except in size, from the
appendages in front of them, and this is also the case in the
Cymothoid genera _{nuropus and Branchuropus, where they resemble
the pleopods in structure and position and appear to share their
branchial function. Although the uropods are usnally biramons,
one or other of the rami may disappear in many Asellota, some
Sphaeromidae, Valvifera, and Oniscoidea. The uropods are entirely
wanting in the Sphaeromid Fireie and in some Epiearidea.  The
rami are never composed of more than one segment except in the
Asellotan fcanthocope, where the uniramous uropods present three
or five segments, including the peduncle.  In' the Valvifera
the uropods are curiously modified in form and position (I'ig. 125),
They are attached far forwards at the sides of the greatly enlarged
telsonic segment, and are folded inwards so as to cover completely
the branchial pleopods. TEach consists of a large plate formed by
the expanded protopodite with the small endopodite at its tip,
while the exopodite! is vestigial or absent. In many Anthwidae
the exopodite is attached near the base and the endopodite at the
tip of the clongated peduncle (leading to the erroncous statement
that the endopodite has two segments), and the exopodite is
usually folded backwards over the dorsal surface of the telson.

Alimentary System.—The stomodacum forms, in the majority of
Isopoda, a masticatory stomach, which is comparatively simple in

1 What is here called the exopodite is usnally regarded as the endopodite. and
vice verse. The interpretation given above depends on the asswmption that the
nropods have reached their present position by a movement of rotution, not of simple
translation.
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Asellus and  Chiridotea and more complicated in the Oniscoidea.
The number of types in which its structure has been studied is,
however, too small to admit of profitable comparisons between
them. In parasitic forms with suctorial mouth-parts the fore-gut
is probably always more or less modified, but little is known of the
details except in some Epicaridea. In the Entoniscidae the short
and narrow oesophagus leads into a spherical or bilobed chamber,
the cephalogaster, lined with villi and rhythmically contractile.
This is followed by a second chamber, of which the lumen is
reduced to a crescentic section by a
strong ridge or typhlosole on the
dorsal side clothed with setae which
constitute an effective strainer. A
third chamber with. muscular walls,
contracting alternately with the cepha-
logaster, is known as Rathke’s organ.
In the Bopyridae the cephalogaster
alone has been recognised.

Three pairs of hepatic caeca are
present in Idoteidae and Cymothoidae
(Fig. 128, hep); two pairs in Asellus,
Serolis, and the Oniscoidea (except
Ligia, which has three); and only
one pair in Guathia, Purantlura, and
the Epicaridea, in which group the

Fic. 198, caeca may give off diverticula. It
Aega psora, &, dissected from the has been stated that, apart from the
dorsal side to show the alimentary and hepatic caeca, the lnid-gut of the

reproduetive systems. 1, stomodaeal
region of the alimentary canal ; 2, thick- embryo gives 1rise to Oll]y a very

walled, sunctorial part; 3, thin-walled g .

reservoir; 4, iutestine: hep, hepatic short region of the alimentary canal;
caeca ; ts, testis ; wd, vas deferens. but this has been disputed, and it
seems not unlikely that considerable differences may exist in this
respect between the members of the order. In the blood-sucking
Aege (Fig. 128) the stomodaenm (1) is very short, so that the
point of attachment of the hepatic caeca is near the anterior end
of the gut. It is followed by a thick-walled part (2) which
may possibly have a suctorial function. At about the fourth
thoracic somite this suddenly dilates into a thin-walled chamber
(3) of relatively enormous size, completely filling and distending
the posterior thoracic somites when filled with blood. If this
reservoir be really of proctodaeal origin it seems difficult to suppose
that it does not exercise an absorptive function.

In some Epicaridea (Entoniscidae, Hlemioniscus) the proctodaeal
invagination fails to unite with the anterior part of the gut and
either ends blindly or disappears altogether in the adult.

Circulatory System.—The most striking features of the circulatory
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system in the Isopoda are the great development and minute rami-
fication of the arterial vessels in the more specialised types and the
posterior situation of the heart, the latter feature heing correlated
with the localisation of respiration in the abdominal appendages.

The heart lies at the junction of thorax and abdomen, extending
for varying distances into each. When elongated and tubnlar it
may lie for the greater part of its length in the thorax (Juera) or
be produced backwards into the abdomen. When shortened and
sacewlar it lies mainly in the abdomen, only extending into the
last thoracie somite. [t communicates with the well-defined peri-
cardinm by one or two pairs of ostia.

Anteriorly the heart gives oft’ the median aorta and seven pairs
of lateral thoracic arteries. Of these the three posterior usnally
originate separately from the heart, the remaining four arising
from a common trunk on cach side. Rarely all seven pairs spring
laterally from the aorta. Anteriorly the aorta passes behind and
helow the brain to form, except in certain degraded or parasitic
forms, an oesophageal ring encircling the gullet in front of or below
the oesophageal nerve-ring. Posteriorly this ring is connected
with a ventral system of vessels which vary considerably in their
arrangement. In the more typical cases (Cymothoidae, Sphaero-
midae) a large median subneurul artery runs backwards from the
oesophageal ring along the sternal surface of thorax and abdomen,
giving off numerons Iateral branches. The lateral thoracic
arteries mentioned above also contribute to the ventral system,
each one bifurcating as it reaches the lateral part of the
corresponding somite, one branch passing into the lmb and
the other ramifying towards the middle line.  Between the
nltimate ramifications of these two sets of vessels, those, namely,
of the subneural and of the ventro-lateral arteries respectively,
anastomoses frequently occur, and in this way a communication
is cstablished in each somite between the dorsal and the ventral
arterial systems. But, in addition, in onc or other of the thoracic
somites it is found that the ventro-lateral artery on cach side passes
directly into the subneural vessel, thus establishing a complete
arterial civele.  In certain forms ([dotee, Ligiu) the subneural
artery is for the most part absent, and the ventral system is
formed almost entirely by the ramifications of the ventro-lateral
arterics.  Vestiges of the subneural artery, however, persist
anteriorly where a short trunk runs backwards for a little way
from the ocsophageal ring, and posteriorly where an abdominal
trunk is formed by anastomosis of branches from the last pair of
ventro-lateral arteries, while in the thorax similar anastomoses give
rise to a succession of short vessels in the middle line as though the
subneural vessel had become disintegrated into sections.

The posterior end of the heart always ends blindly and is never

14



210 THE CRUSTACEA

continued into a posterior median aorta. In place of this, however,
a pair of abdominal arteries (which may unite into one immediately
after their origin), springing from the ventral surface of the heart
(or, exceptionally, from the last pair of thoracic arteries), run
backwards and send off numerous branches. In certain forms with
natatory pleopods (Conilera) where the muscles of the abdomen are
greatly developed, these vascular ramifications attain a remarkable
degree of complexity. The minute subdivision of the ultimate
arterial branches is also well shown by the vessels supplying the
hepatic caeca.

From the lacunae of the haemocoel the blood is carried to the
branchial pleopods by sinuses which vary somewhat in their
arrangement in the different types. A median ventral abdominal
sinus is nearly always present from which afferent branclial vessels
are given off. Sometimes therc are also two great sinuses running
along the lateral margins of the thorax. JYrom the pleopods the
blood is returned by efferent branchial vessels to the pericardium.
In addition to the arterial blood thus received, it appears that a
small amount of venous blood may also enter the pericardium by
some small apertures in its anterior part communicating with the
general lacunar system of the body. The existence of these apertures
is important as a starting-point for comparison with the very
different circulatory system of the Amphipoda.

Eaxcretory System.—The antennal gland of the Isopoda, unlike
that of the Amphipoda, appears to persist only in a vestigial
condition, In Asellus and some Oniscoidea it has been recognised
as a small vesicle or a solid mass of cells without communication
with the exterior. A well-developed maxillary gland of the usnal
type has been found in Asellus, and in Ligidiwm and some other
Oniscoidea. In the Oniscidae it is reduced in size, and appears in
some cases to have no external opening. It has been suggested that
in some of the terrestrial species it may have a salivary function.

It seems probable that in many Isopoda the excretory products
are got 1id of by being stored in the so-called “fat-bodies.” An
excretory function has also been attributed to certain glands opening
on the ventral surface of the posterior thoracic and ahdominal
somites.

Nervous System.—The ventral nerve-chiain presents various
degrees of concentration and coalescence of the ganglia, not always
in correspondence with the degrec of fusion of the somites. In
Chiridotea and Sphueroma seventeen distinet ganglia are found,
corresponding to all the post-oral appendages, and in Sphaeroma
an additional ganglion is found in the telson which is not repre-
sented in any other Eumalacostracan. In most cases, however, the
-ganglia in front of the second thoracic form a single mass, and not
more than four ganglia are generally distinct in the abdomen. .
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Sense-Orguns.—In Junne and some allied Asellota the eyes are
set on prominent lateral lobes of the head, but there is no evidence
that these represent the movable ocular peduncles of the primitive
Malacostraca. The number of ommatidia in each cye varies from
four in Asellus to about 3000 in Duthynomus. The crystalline body
is generally bipartite, but in one of the ommatidia in ecach eye of
Asellus it is tripartite.  The number of retinular cells and of
rhabdomeres may be 4, 5, or 7 in different genera.

The only Isopoda in which statocysts have been observed are
Anthurae gracilis! and another species of Anthuridae, where they
have recently been described by Thienemann. A pair of them are
situated in the anterior part of the telson. Iach communicates
with the exterior by a fine canal and contains a single statolith.
Muscles are attachied to the wall of each statoeyst. In view of the
sliggish movements and burrowing habits of the Anthuridae, their
possession of these organs is somewhat remarkable.

Reproductive System.—The ovaries vary in form, but are generally
elongate aud tnbular and are not connccted with each other in
the middle line. In some Epicaridea they give oft segmentally
arranged diverticula. The oviducts are short and simple, occasion-
ally (Asellus) dilating to form a sperm receptacle. A peculiarity
which is quite unique among Crustacea is presented by certain
Epicaridea (Hemioniscidae, Liriopsidae) which have fuo pairs of
oviducts. As the oviducts, or at least their external apertures, are
not developed until the segmentation of the body has disappeared
in the adult females, it is not possible to determine whether both
pairs belong to one somite.

A remarkable cycle of changes takes place in the female repro-
ductive organs of the Oniscoidea. When sexunal maturity is reached,
but hefore the oostegites have developed, the generative apertures
are present in the usual position, but instead of communicating
with the oviducts, each leads into a blind invagination of the integu-
ment, which funetions as a receptaculum seminis. After this has
been filled with sperm in copulation, it acqnires a communication
with the oviduct and the sperms pass up into the ovary. At the
next eedysis the receptacula disappear and the ovidncts no longer
communicate with the exterior. The fertilised eggs are stated to
pass into the body-cavity and from thence to the marsupinm by
way of a slitlike unpaired aperture between the last two thoracic
somites. This statement, however, can hardly be accepted without
further confirmation, as the existence of a free opening from the
body-cavity (haemocoel) to the exterior would be quite nnparalleled
among Arthropoda. A second lot of eggs are fertilised by sperms
remaining in the oviduets and pass into the marsupium after the
first brood have left it. After liberation of the sccond brood,

1 According to Gurney, the species is really Cyathura carinute (Krsyer).
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ecdysis takes place, the oostegites are cast off and receptacula are
again developed, the animal reverting to the condition in which
it was before impregnation.

The arrangement of the oostegites which form the marsupial
chamber in all normal Isopoda has already been described. In
certain cases, however, brood-ponches are formed in other ways.
In the section Cryptoniscina among the Epicaridea a series can be
traced in which the oostegites diminish in size and finally disappear,
their place being taken by lateral folds of the body. The term of
the series is given by Hemioniscus, in which the brood-cavity is
from the first completely closed, arising by delamination in a
thickening of the ventral ectoderm.

A remarkably varied series of adaptations for carrying the
eggs and young have recently been made known in the family
Sphaeromidae. In some members of this family the marsupium is
formed by the oostegites in the usual manner, but in others special
brood-pouches are formed by invaginations of the ventral integument,
and in some cases here also oostegites are quite wanting.

In addition to their protective function in sheltering the eggs
and young, it has been suggested that the oostegites may in some
cases supply nourishment to the developing embryos. In certain
Oniscoidea papilliform projections from the sternal surface of the
thoracic somites have also been credited with this function.

The testes, in the majority of Isopoda, consist each of three
follicles (Fig. 128, fs) opening into a common vas deferens (v.d).
Only in a few cases is the number of follicles reduced to one on
each side. The external openings are generally set on papilliform
or tubular processes (penes) (Fig. 125, p), which may be fused into
one (Oniscoidea, except Ligiidae, Arcturidae). In the Epicaridea
the penes are commonly absent and the aperture may be paired or
single, but in Priapion a bifurcated penis of great size is present.

The position of the penes sometimes departs a little from the
general rule among Malacostraca in so far as they may spring, not
from the last thoracic sternum, but from the articular membrane
between it and the first abdominal somite, and may even be
attached to the sternum of the latter. It is very improbable,
however, that the vasa deferentia ever perforate the copulatory
appendages of the second pleopods as they have been stated to do
in the Tylidae (Oniscoidea).

The occurrence of protandrous hermaphroditism has been
demonstrated in certain genera of the sub-family Cymothoinae
among the Cymothoidae, and of the tribe Cryptoniscina among
the Epicaridea. It is not known to occur in the other sub-families
of the Cymothoidae; and though its limits within the group
Epicaridea are not exactly known, it is certain that many of the
families, probably the whole of the tribe Bopyrina, are definitely
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of separate sexes. In certain Cymothoinae the external characters
of the male sex do not completely disappear when the individual
passes into the female phase, the copulatory appendage of the
second pleopods sometimes remaining of conspicuous size even in
specimens which have the marsupium filled with eggs (I'ig. 127).
As in many other Crustacea, traces of hermaphroditism probably
exist normally in the young of many Isopoda. In Sphaeroma,
vestiges correspounding to the three testicular follicles are found at
the anterior end of the ovary in young specimens, and what may
he a vestige of the oviduet is found in the male.

Mention may be made here of the supposed ocenrrence of
“hypodermic impregnation” in the Asellotan Juere. It is stated
that a spermatophore is inserted by the male between the thoracic
terga of the female, and that it penetrates the articular membrane
and passes into the hody-cavity, discharging its contents into the
oviduct, while the empty capsule is expelled by the oviducal
aperture.  The account of this extraordinary process cannot,
however, be accepted without further investigation.

DEVELOPMENT.

The eggs are usually large, with superficial segmentation. In
Iemioniscus, however, which, from the peculiar formation of the
marsupium, is practically viviparous, the eggs are minute, without
yolk, and undergo complete and equal segmentation, giving rise to
a hollow blastosphere. It is characteristic of the Isopoda, as con-
trasted with the Amphipoda, that the developing embryo is curved
towards the dorsal side. A “dorsal organ” is present in many
Isopod embryos, and assumes very diverse forms. In Cymothoidae
it arises as a thickened plate of cells which hecomes invaginated,
forming a small cavity opening to the exterior by a nmarrow neck.
In Oniscus, on the other hand, the thickening is stated to hecome
constricted oft from the dorsal surface and to form a saddle-shaped
plate partly enveloping the embryo and connected with it only hy
a narrow stalk, but the accuracy of this account has heen denied.
In Asellus a pair of trilobed hollow processes grow out from the
sides of the thoracic region. These have been regarded as repre-
senting the dorsal organ, but Claus has compared them with the
lateral wings of the carapace in the larva of A pseudes. A\ distinet
carapace-fold has been deseribed in the embryo of Jaery, extending,
at first, over the region of the second thoracic somite, hut afterwards
becoming reduced.  Transitory rudiments of exopodites are stated
to be present on the thoracic limbs in early embryos of Liyic.

In all Isopoda the young leave the brood-pouch with the last
pair of thoracic limbs undeveloped (as in Tanaidacea and C'umacea),
but otherwise in most free-living species the young are very similar
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to the adnlts. In many parasites, however, a certain amount of
metamorphosis occurs. In the Cymothoinae, for instance, the
young are free-swimming, but the adults lose the natatory setae of
the pleopods and undergo considerable changes of shape in becoming
permanently attached to the host. In this ease the life-history is
complicated by the fact that each individual passes through stages
in which it presents the characters, first of the male, and afterwards
of the female sex. The remarkable changes in the structure of the
mouth-parts, which are accompanied by considerable changes of
general shape, in the Gnathiidae have already been described.

It is in the Epicaridea, however, that the changes during
development are most profound. In spite of the great diversity of
structure among the adults, the natural character of this group is
rendered evident by the uniformity of the larval stages throughous
all the families. In the first or epicarid stage (*stade épicaridien,”
Bonnier) (Fig. 129, B) the body is short and broad and strongly
convex dorsally, with seven thoracic and six abdominal somites
distinet ; the antennules are very short, the antennae longer and
nsed in swimming, and both are sparingly provided with sensory
filaments ; six pairs of thoracic legs are present, all, except some-
times the posterior pairs, strongly subchelate ; the pleopods are uni-
or biramous, with natatory setae ; the uropods are usually biramous
and styliform ; the telsonic segment is generally produced into an
“anal tube”; eyes are usually present but imperfectly developed.
In the last larval or cryptoniscan stage (“stade cryptoniscien,”
Giard and Bonnier) the body is elongated ; the antennules are often
biramous, with numerous sensory filaments ; seven pairs of thoracic
legs are present, with coxal plates, and at least the anterior pairs are
subchelate; there is no anal tube; the eyes are well developed, some-
times very large. According to Sars, whose views have recently
received support from some experiments by Caullery, a third larval
stage intervenes, in some if not in all cases, between the two just
described. In this stage, formerly described as a distinct genus
under the name Alicroniscus, F. Miiller, the larva is temporarily
parasitic on pelagic Copepoda (Gymuoplea). A certain amount of
retrogressive metamorphosis takes place, the appendages are imper-
fectly segmented, the muscles appear to degenerate, and the pleopods
lose their natatory setae. Later, the larva assumes the cryptoniscan
form and leaves the Copepod to seek a second host. In those
families of the Epicaridea grouped together in the tribe Crypto-
niscina, the male becomes sexually mature in the cryptoniscan stage,
while the adult female, which, in some if not in all cases, is the
same individual in a later stage of development, hecomes variously
degenerate and may lose all appendages and even all traces of
segmentation. In the tribe Bopyrina, where the occurrence of
hermaphroditism is doubtful, both sexes pass beyond the erypto-
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niscan stage before sexnal maturity is reached. The male (Fig.
129, A) develops to the bopyroid stage (“stade bopyrien,” Bonuier),
characterised by the reduction in size of most of the appendages ;
antennules and antennae lose their sensory filaments and become
almost vestigial, the thoracic legs are shorter and without coxal
plates, the pleopods are greatly reduced, without natatory setac,
and the eycs are lost or persist only as pigment-spots. The young

Fia, 129,

A, male of Cuncrion miser (Entoniscidae), B, larva of Portunion meenadis (Entoniscidae) in
epicarid stage. aj, antennule; vy, autenna; ab, abdomen; cu, eye; h, testis; hr, heart; l,
liepatic caeca; ply-plg, the six pairs of ahdominal appendages; r, oral eone; to-t7, second to
seventh pairs of thoracic appendages (the cighth pair are undeveloped at this stage); th, thorax.
(After Giard and Bonnier, from Korschelt and Ileider's Embryology.)

post-larval female is generally similar to the male, so that we may
speak of a bopyroid stage in both sexes, hut the adnlt female is
usnally much modified, often asymmetrical and distorted by the
great development of ovaries and brood-pouch (Fig. 130). The
male is often found attached, like a parasite, to the body of the
much larger female (Fig. 124, B).
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REMARKS oX HABITS, ETC.

The great majority of Isopoda are marine, but the large group
of Oniscoidea are terrestrial in their habits, and many of them
have developed special organs for aerial respiration, as already
deseribed. The Asellidae and Phreatoicidea inhabit fresh water.
A very remarkable assemblage of forms have recently heen
described from subterranean waters in many parts of the world.
These include not only freshwater types like Asellidae and

Fic. 180.

Adult female of Portunion maenudis (Entoniscidae). A, the brood-chamber partly opened
and the oostegites spread out; the abdomen is turned to show the ventral surface. B, the
Lrood-chamber unopened, showing dorsal surface of abdomen, 17, the three lobes of the first
oostegite on the right side; 17, the same on the left side; 1l 7, 117, second oostegites, right and
left ; 111, II1 ], third oostegites, right and left ; IV, fourth oostegite ; Vr, VI, fifth oos%egites,
right and left ; ab, abdomen ; «we, vestige of antenna; ai, vestige of antennule ; ey, exopodite
of second pleopod ; eng, endopodite of third pleopod ; cg, head, dilated into a bilobed form by
the *cephalogaster ” ; h, cardiac prominence; mf, maxilliped ; ov, ovary ; pl, pleural lamelln
of first abdominal somite ; th, thorax. (After Giard and Bonnier, from Korschelt and Heider’s
Embryology.)

Phreatoicidea, but also members of the Cirolaninae, Anthuridae,,
and Sphaeromidae, which are otherwise characteristically or ex-
clusively marine in habitat. The number of parasitic forms is
very large, including many of the Cymothoidae and the whole of
the Epicaridea, the former infesting chiefly fishes and the latter
exelusively Crustacea (Ostracoda, Cirripedia, Mysidacea, Isopoda,
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including members of the same sub-order, Amphipoda, luphausiacea,
Decapoda). In hoth groups the parasitic habit is associnted with
the occurrence of hermaphroditism. The Cymothoidae present a
series leading from the predatory, actively swimming Cirolaninae,
with mouth-parts adapted for biting, to the sedentary (‘ymothoinae,
with suectorial mouth-parts. Some of the Epicaridea (Entoniscidae)
become practically endoparasitic, penetrating into the body of the
host, although remaining enveloped by an invagination of the

Bathynowus gigaatens, dorsal view, about three-sevenths of natural size.
(After Milne-Edwards aud Bouvier.)

integument.  The mode of absorbing nutriment by root-like
processes penetrating the body of the host, which is found in
the Rhizocephala and some Copepoda, appears to be adopted by
some of the Liriopsidae.

Some of the smallest Isopoda are found among the Asellota,
certain speecies of which do not exceed 11 mum. in length when
adult. A length of three inches is exceptional in the Order, and
Luthynomus giganteus (Fig. 131), which reaches nearly eleven inches
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in length by five in breadth (270 x 118 mm.), is by far the largest
known Isopod.

PALAEONTOLOGY.

Fossil remains which may be definitely referred to the Isopoda
are comparatively rare, and the little that is known of their
morphology leaves their systematic position in most cases doubtful
and throws no light on the phylogenetic history of the group. No
palaeozoic forms can be referred, with any certainty, to this Order,!
but several genera are known from Secondary rocks. The genus
Urdu, Miinster, from the Jurassic of Solenhofen, if it be an Isopod,
presents very peculiar characters, having large mandibles projecting
in front of the head as in the male Guathiv, which it seems to
approach also in the number and relative sizes of the hody-somites,
although differing in the large size of the eyes. Cyclosphaeroma
(Jurassic) and Pulaege (Chalk) strongly resemble in general shape
the recent Sphaeromidae and Acginae respectively. Several genera
of Sphaeromidae and Oniscoidea are described from Tertiary deposits.
A deformation of the carapace of the Brachyuran Palaeocorystes from
the Greensand has heen supposed to indicate the presence of an
Epicaridean parasite.

AFFINITIES AND CLASSIFICATION.,

The close affinity of the Isopoda with the Tanaidacea, and
through them with the more primitive members of the Peracaridan
division, is clear; they represent the termination of one of the
lines of divergence from the caridoid type. The most primitive
characters, on the whole, have bheen retained by the Asellota, which
have small and complete coxopodites on the thoracic legs, six
distinct segments in the peduncle of the antennule, and sometimes
a vestigial exopodite on the same appendage. The Cirolaninae,
however, have retained, in Dathynomus, a vestige of the inner
flagellum on the antennule, and have, in some cases, six segments in
the antennal peduncle, while in the more completely segmented
abdomen, and probably in the structure of the pleopods, they may
claim to be more primitive than the Asellota.

The structure of the Isopoda is so diversified, and the number of
forms included in the Order is so large, that their classification is a
matter of some difficulty. The system now most generally adopted
is that of Prof. (. O. Sars, which is given helow with some slight
modifications. The tribes (here regarded as sub-orders) into which
he divides the Order are for the most part natural groups, but they
are of very unequal value. Hansen has pointed out that the

' 1 The Devonian Oxyuropode, recently described from Ireland by Carpenter and
Swain. is, however, regarded, with considerable probability, as an Isopod.
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Ascllota stand somewhat apart from the rest, especially as regards
the structure of the pleopods. On the other hand, the Lpicaridea
are closcly related to some of the Ilabellifera, the systematic value
of the modifications due to parasitism having been here as elsewhere
somewhat overestimated. The Cmathiidae, again, are an aberrant
family whose relation to the more normal Flabellifera is not elear,
aund the same may perhaps be said of the Authuridae.

Orper Isopoda, Latreille (1817).
SuB-ORDER 1. Asellota, Latreille (1806).

All the abdominal somites coalesced (except in Stenasellus) ; antennal
peduncle of six segments; mouth-parts never suctorial; coxopodites of
thoracic legs small, the last six pairs freely movable ; first pair of pleopods
differing in the two sexes, second pair absent in female ; uropods sub-
terminal, often biramous, styliform.

Family ASELLIDAE.  dsellus, Geofiroy ; Stenasellus, Dollfus.  Family
STENETRIIDAE.  Stenetrium, Haswell. Family PARASELLIDAE. Janire,
Leach ; Juere, Leach; Munna, Boeck ; Desmosoma, G. O. Sars; Nunno-
niscus, G, O, Savs; Munnopsis, M. Sars; Euryeope, G. O. Sars ; Acantho-
cope, Beddard.

Sup-OrDER 2. Phreatoicidea, Stebbing (1893).

Abdominal somites all free; antennal peduncle of five segments;
mouth-parts normal ; coxopodites of thoracic legs emall, the last six pairs
movable ; first pair of pleopods similar in the two sexes, second pair
present in female ; uropods sub-terminal, biramous, styliform ; body more
or less laterally compressed, amphipod-like.

[family PrREATOICIDAE. Phreatoicus, Chilton (Fig. 119); Phreator-
copsts, Spencer and Hall ; Phreatotcovdes, Sayce.

Sus-OrbER 3. Flabellifera, G. O. Sars (1882).

Abdominal somites free or more or less coalesced ; antennal peduncle
rarely with six segments; mouth-parts often suctorial ; coxopodites of
thoracic legs more or less expanded into coxal plates, partially or com-
pletely fused with body ; first pair of pleopods similar in the two sexes,
second pair present in female; uropods lateral, generally biramous,
lamellar, forming a caudal fan.

Family GNATHIIDAE. Gnathia, Leach (Fig. 121) (= dnceus, Risso)
(&) and Pruniza, Latreille (@ and yg.) TFamily ANTHURIDAE.  Anthure,
Leach ; Cyathura, Norman and Stebbing; Paranthuru, Bate and West-
wood ; Crurcgens, Chilton.  TFamily CymorrOIDAE.  (The following
sub-families are often ranked as families) Sub-Family CiroLaNivae
(EtrypreiNvag).  Cirolune, Leach; Furydice, Leach; (lonilera, Leach ;
Lathynomus, A. Milne-Edwards (Iie. 131).  Sub-Family ANUROPODINAL.
Anuropus, Beddard ; Dranchuropus, Moore. Sub-Family EXCORALLANINAE.
Lxcorallana, Stebbing.  Sub-Family CorarpaNiyaz.  Corallana, Dana;
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Alevrone, Hansen ; Tachaea, Schiodte and Meinert. Sub-Family Araa-
THONINAE. Argathone, Stebbing. Sub-Family BARYBROTINAE. Burybrotes,
Schigdte and Meinert.  Sub-Family AEGINAE. Aega, Leach ; Roeinela,
Leach. Sub-Family CyymorHOINAE.  Cymothoe, Fabricius; Ceratothoc,
Dana; JMetnertia, Stebbing ; Nerocila, Leach.  Family SEROLIDAE.
Serolis, Leach. Family SPHAEROMIDAE. Sub-Family LiMNORIINAE
Limnoria, Leach. Sub-Family SPHAEROMINAE. Sphacroma, Latreille ;
Cymodoce, Leach ; Dynamene, Leach ; Campecopea, Leach ; Monolistra,
Gerstaecker ; T7ireia, Dollfus; Cassidine, H. Milne-Edwards; Aneinus,
H. Milne-Edwards.  Sub-Family PrLARARTHRUNAE.  Plakarthrium,
Chilton.

SuB-OrDER 4. Valvifera, G. O. Sars (1882).

‘Abdominal somites more or less coalesced ; antennal peduncle of five
segments ; mouth-parts normal ; coxopodites of thoracic legs expanded
into coxal plates, rarely quite concealed heneath pleural plates; first pair
of pleopods similar in the two sexes (except in Pseudidothea), second pair
present in female; uropods lateral, opercular, folded inwards over pleo-
pods, exopodite vestigial or absent.

Family IpotEIDAE. Idoteq, Fabricius; Chiridotea, Harger ; Qlyptonotus,
Eights. TFamily Cragriuiipar.  Chaetilic, Dana. Family Pseupipo-
THEIDAE.  Pscudidothea, Ohlin.  TFamily HorLoGNATHIDAE.  Holognathus,
G. M. Thomson. Family AMESOPODIDAE. Amesopous, Stebbing. Family
ARCTURIDAE (ASTACILLIDAE).,  Arcturus, Latreille ; Astacille, Cordiner ;
Anarcturus, zur Strassen.

Sup-OrDER 5. Oniscoidea, G. O. Sars (1882).

Abdominal somites rarely coalesced ; antennules minute ; antennal
peduncle of five segments ; niouth-parts not suctorial, mandibles without
palp, maxillae reduced ; coxopodites of thoracic legs expanded into coxal
plates, usually completely coalesced with body, rarely defined by sutures ;
first pair of pleopods usually differing in the two sexes, sometimes absent,
second pair present in female ; uropods sub-terminal, generally biramous and
styliform ; terrestrial in habits, often with pseudo-tracheae in pleopoads.

Family Licupae.  Ligia, Fabricius; Ligidium, Brandt. TFamily
TRICHONISCIDAE. Trichontscus, Brandt; Haplophthalmus, Schiédte. Family
Tyuipae.  Tylos, Aundouin; Hellerie, von Ebner. Family ONIsCIDAE.
Sub-Family ScypHACINAE.  Scyphax, Dana. Sub-Family ONISCINAE.
Oniscus, Linnaeus ; Porcellio, Latreille (Fig. 118). Sub-Family ARMADIL-
LIDINAE.  Armadillidium, Brandt; Cubarts, Brandt (= Armadillo,
Latreille).

Sup-OrDER 6. Epicaridea, Latreille (1831).

Parasitic forms in which the adult females are greatly modified, often
asymmetrical, sometimes without appendages and without segmentation of
the body ; mouth-parts suctorial, with simple piercing mandibles, max-
illulae and maxillae vestigial or absent ; pleopods, when present, withont
sexnal modification ; uropods uniramous, very small, often absent; late
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larval (eryptoniscan) stage with abdominal somites distinct, with coxal plates
on thoracic somites, with uni- or biramous pleopods, and with terminal,
biramous, styliform uropods ; parasitic on Crustacea.

TrIBE 1. CRYPTONISCINA.

Male becomes mature in cryptoniscan stage ; protandrous hermaphro-
ditism probably universal; brood-pouch not formed by oostegites ; first
larval stage with bLiramous pleopods.

Family HEeMIONISCIDAE.  Ilemioniscus, Buchholz (on Cirripedia).
Family CyrroNIscIDAE.  Cyproniscus, Kossmann (on Ostracoda). Family
Lirtorsipar.  Liviopsts, Schultze ; Dunalie, Giard (on Rhizoeephala).
TFamily Ascoxrscipak.  dsconiscus, G, O. Sars (on Mysidacea). Family
CRINONISCIDAE. (rinontscus, Pérez (on Cirripedia). Family PopascoNIpak.
Podascon, Giard and Bonunier (on Amphipoda). Family CaABIROPSIDAE.
Cabirops, Kossmann ; (lypeoniscus, Giard and Bonnier (on Isopoda).

TriBE 2. BoryRrixNa.

Male becomes mature in bopyroid stage; sexes probably always distinct ;
brood-pouch formed by oostegites; first larval stage with uniramous
pleopods.

Family Dasipas.  Dajus, Kréyer; Notophryzus, G. O. Sars (on
Mysidacea and Euphausiacea). Family BopyRIDAE (including PHRYXIDAE
of Bonnier). Dopyrus, Latreille ; Gyge, Cornalia and Panceri (Fig. 124);
Phryxus, Rathke (on Decapoda). Family ENTOXIsCIDAE. Entoniscus,
F. Miiller ; Portunion, Giard and Bonnier (Fig. 130); DPriapion, Giard
and Bonnier ; Cancrion, Giard and Bonnier (on Brachyura).
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CHAPTER XIII

THE AMPIIPODA

Order Amphipoda, Latreille (1816).

Sub-Order 1. Gammaridea.

’ 2. Hyperiidea.

’ 3. Caprellidea.

’ 4. Ingolfiellidea.

Definition.—Peracarida in which there is no distinet carapace,
but the first thoracic somite (more rarely also the second) is
coalesced with the head; the telson is usually distinet from the
last somite; eyes sessile; antennules often biramous; antennae
without exopodite, the peduncle typically of five segments;
thoracic limbs without exopodites; first pair modified as maxil-
lipeds, coalesced at the base, without epipodite ; remaining pairs
variously modified, the second and third commonly prehensile,
coxopodites always short, usnally expanded as coxal plates,
movably connected with the body ; branchial appendages on inner
side of coxopodites of some of the thoracic limbs; pleopods, when
fully developed, divided into two sets, the first three pairs with
multiarticulate rami, the last two pairs generally similar to the
nropods, with unsegmented rami; no sexual modification of pleo-
pods ; the young 1eave the brood pouch provided w1t;h all the
appendages of the adult.

Historical. — In  establishing the order Amphipeda (1816)
Latreille excluded from it the genus Cyamus, which he referred to
the Isopoda. Later, he established a separate order, Laemodipoda,
for Cuprelle and Cyamus, placing it between the Amphipoda and
Isopoda. This arrangement was adopted by H. Milne-Edwards,
who further divided the Amphipoda into two families, Gammarina
and Hyperina. Kroyer, in 1843, showed very clearly that the
T.aemodipoda present only an extreme modification of the Amphi-
pod type. Dana, in 1852, subdivided the Order into three groups
—Caprellidea, Gammaridea, and Hyperiidea, a classification which
has held its own to the present time. There appear to be no
suflicient grounds for establishing the additional divisions of

224
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Synopidea, Bovallins, and Subhyperini, Della Valle, and still less
reason for the inclusion of the Tanaidacea, advocated by Gerstaccker.
On the other hand, the very remarkable genus Ingolfielle, Hansen,
may conveniently, for the present, be kept apart in the sub-order
Ingolfiellina which Hansen has established for it. Among the more
important contributions to our knowledge of the group mentioned in
the list of literature at the end of this chapter, attention may be
called to Spence Bate’s British Museium Catalogue, Spence Bate and
Westwood’s Monograph of the Dritish species, and to the works of
Boeck, Bovallius, Claus, and Delage. As with so many other
groups of Crustacea, the memoirs by G. O. Sars are numerous and

Fic. 132,

Gammarus locusta, &, from the side.  x 4. a', antennule : ¢’ antenna ; oce, aceessory (inner)
tlagetium of antenunle; br, branchia; er, coxal plate; gn, gnathopods; pip'”, pleopod of
third pair; prp’, prp”, first and second peraropods (fourth and fifth thoracic appendages):
t, telson; ur, uropod (sixth abdominal appendage); 11, V111, second and eighth thoracic
somites ; 1, 6, first and sixth abdominal somites.  (Atter G. 0. Sars.)

of the first importance. Della Valle’s Monograph is valnable for
anatomical and biological details, but the systematic part of the
work is to be msed with caution. The bibliographical history of
the Order has been given at length in the admirable Introduction
to Stebbing’s Report on the * Challenger ” collection, and the same
author has recently completed a masterly revision of the Gam-
maridea for the ZTierreich. P. Mayer’s Monograph and his later
memoirs on the Caprellidea will not soon be superseded as the chief
sources of information on that sub-order.

MORPHOLOGY.

The body of a typical Amphipod, such as Gummarus (Fig. 132),
is laterally compressed, with the abdomen of considerable size and

15
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flexed ventrally between the third and fourth somites. The large
coxal plates (cx) on the thoracic somites projecting downwards
increase the depth of the body and add to the appearance of lateral
compression. Even within the sub-order Gammaridea, however,
this typical form is sometimes departed from by attenuation of the
body or by its dorso-ventral flattening, which, in LPereionotus and
some other genera, is carried so far as to give the general appear-
ance of an Isopod. In the sub-orders Hyperiidea and Caprellidea
the range of modification is much greater. The Hyperiidea, while
departing the less widely, on the whole, from the typical form,
include such extreme types as the halloon-like Afimonectes and the
almost linear Rhabdosoma (Fig. 133). The Caprellidea differ from
both the other sub-orders in the vestigial condition of the abdomen

F16. 183.
Rhabdosmne, piratwm (1Typeriidea). (After Stebbing, from Eney. Brit.)

and the coalescence of the second thoracic somite with the head ;
they comprise two families of widely different facies, the filiform
Caprellidae (Fig. 134) and the flattened, Isopod-like whale-lice,
Cyamidae (Fig. 135). . ‘

The eyes, when present, are sessile on the sides of the head.
Sometimes they coalesce in the median line, and in some Oedi-
cerotidae the fused eyes are borne on a projecting frontal lobe.
In Ingolfiella, distinct eye-lobes are present (although the eyes
are apparently deficient), defined by suture-lines from the antero-
lateral margins of the head-region. It is possible that these
lobes may represent the eye-lobes of Tanaidacea and the ocular
peduncles of more primitive Malacostraca, though the great
specialisation of Ingolfielle in other respects is rather against this
view.

Appenduges.—The antennules (Fig. 132, a”) consist typically of
a peduncle of three segments carrying two flagella. The outer
flagellum is usnally long and mnultiarticulate, while the inner (acc)



Fia. 184,

A. Phtisica, marina, @, X 3. B, Cuprella linearis, @, x 7 (Caprellidea). «’, antennule;
a”, antenna; abd, vestigial abdomen, with small appendages in A; br, branchize; gn.
wnathopods (second and third thoracic appendages); m, brood-pouch; prp’, prp”, tirst and
second peraeopods (fourth and fifth thoracic appendages), wanting in B; IV, V, fowth and
lifth thoracic somites. (After G. O. Sars.)
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FiG. 135,

Paracyamvs hoopis. A, male, dorsal view, X 4. B, maxillipeds, ', antennule; «”, antenna;
ald, vestigial abdomen ; b, branchiae ; gn, gnathopods (second and third thoracic appendages) ;
1V, V, fourth and fifth thoracic somites. (After G. O. Nars.)
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is frequently absent, and, when present, is generally inconspieuous
and eomposed of few segments.

The antennce (Fig. 132, «”) when fully developed have a
peduncle of five segments and a more or less elongated tlagellum.
A scale or exopodite is never developed. A conspicuous conieal
or spiniform tuberele on the second joint of the pedunele bears the
aperture of the antennal gland, indicating that the five segments of

Frc. 136,

Phronima Sedenteria. a, female; b, male. A’, antennule; A", antenna; D, intestine; Dr,
gland in chela of sixth thoracic appendage; ¢, genital aperturej of male; H, heamrt; K,
branchia ; Kf, mandible ; N, ventral nerve-chain; 0, eye; Ov, ovary. (From,Claus’stTextbook.)

the peduncle must be derived from the six-segmented condition by
a coalescence of two segments distal to the gland-opening, probably
the third and fourth. In many cases the antennules and antennae
are more strongly developed in the male than in the female sex,
and bear more numerous sensory setae. In some Hyperiidea
(Fig. 136) the antenna, though well developed in the male, is
represented in the female only by a rounded tubercle containing
the antennal gland on the front of the head. In some cases the
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antennac have almost a pediform character, the segments of the
peduncle being long and stout and the flagellum reduced, as in
the Amphithoidac and allied families and conspicunously in the
Corophiidac.

The mandilles have usually the typieal Peracaridan structure
with molar process, serrated incisor process, lacinia mobilis on the
left mandible or on both, a row of spines, and a palp of three
segments, but any of these parts may be modified or absent. The
palp, in partienlar, may be present or absent in genera otherwise
very closely related. :

The murillulee (Fig. 137, A) are rvemarkable in that they
commonly exceed the maxillae in size and complexity of structure.
Two endites are present, springing, according to IHansen’s inter-
pretation, from the first and third segments, and the fourth and

B.

-2,
1.
Frea. 137,

A, maxillula, B, maxilla, C, maxillipeds, of Socarnes bidenticulatus (Gammaridea). The
distal segments of the lelt maxilliped are omitted. 1.7, seginents ol the appendages ; 7113,
endites of the respective segments.  (After Hansen.)

fifth segments form a “ palp” which is turned forwards and inwards,
resembling in appearance, and no doubt also in function, a third
endite. The marillee (Iig. 137, B) are small in size and simple
in form, consisting maiuly of two plates which, according to Hansen,
are the cndites of the second and third segments. The lower
lip may attain to greater complexity than in most other divisions
of the Malacostraca and its modifications are of some systematic
importance. The two main lobes (paragnatha) of which it else-
where consists are in many cases supplemented by a pair of
accessory lobes lying hetween them, while the main lohes them-
selves may be produced at the outer corners or each divided by
incision into two as in the Amphithoidae.

The first thoraciec appendages or marillipeds (Fig. 137, C) are
always coalesced at the base, the coxopodites fusing to form an
unpaired plate.  The basipodite is produced into an endite, usually
referred to as the “inner plate” (£2), whieh may be armed with
teeth, spines, or sctae, but does not carry eoupling-hooks. The
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isehiopodite also bears an endite (the “outer plate,” 73), and the
remaining four segments form the “palp.” The palp is not
unfrequently abbreviated by the suppression of one or two of its
segments, and the coalescence of the proximal
region may involve the basipodites partially or

\ 7 completely. Both these modifications are carried

to an extreme in the Hyperiidea (Fig. 138),
where the maxillipeds are represented by an

TG, 138, unpaired plate carrying a pair of movable, un-

Reduced maxilli- jointed appendages, representing in all probability
}’:?tif?fcf%%’_"gii‘r;{‘;”’“' the isehiopodites with their endites, and a median
process corresponding to the eoalesced inner
plates. In the Cyamidae the maxillipeds are sometimes of
normal structure, but they may be greatly redueed (Fig. 135, B),
and in Platycyamus they are represented only by an unpaired
plate without any traece of articulations. In Cyamus nodosus the
interesting observation has heen made that the young animals
taken from the brood-poueh have well-developed maxillipeds with
the full number of segments, although in the adults of this species
they are reduced to a pair of unjointed appendages attached to the
eommon basal plate.

Of the remaining seven pairs of thoraeic appendages, the first
two are commonly, thongh not invariably, modified for prehension,
and are distinguished as gnathopods (Figs. 132, 134, 135, gn) from
the remaining five pairs, the peracopods, which are generally organs
of locomotion. Itach limb consists of the nsual seven segments.
The coxopodite is always short, but is usnally expanded externally
to form a coxal plate (Fig. 132, cx), sometimes of great size;
internally it bears the branchial plate (br) and oostegite when
these are present. In the Caprellidea and Ingolfiellidea the
coxopodite remains small. In some Hyperiidea it is entirely
eoaleseed with the somite. The basipodite is usnally more or less
clongated ; the ischiopodite, on the other hand, generally short,
contrary to the rule among the Isopoda. The terminal elaw is
usually coalesced with the dactylopodite.

The lateral eompression of the body in most Amphipoda has
lead to a separation of the thoracic legs into an anterior group of
four (the two gnathopods and the first two paraeopods) and a
posterior of three, which are opposed to each other in the direetion
of the principal articulations. In the ease of the anterior group
the limh is hent forwards at the articulation between the ischio-
podite and meropodite, and backwards at that hetween meropodite
and earpopodite, and the daetylopodite points backwards; in the
posterior group these directions are reversed and the dactylopodite
points forwards exeept in the case of certain Gammaridea, where
the direction of the dactylopodite (but not of the other segments)
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is reversed.! The distinctness of these two groups is further
expressed by the relations of the coxal plates. Where these are
small or of moderate size they are of similar form throughout the
series, but when, as in many (Gammaridea (Iig. 132), enlargement
takes place, it is mainly the first four that become expanded so
as to eover from the outside the hasipodites, or even the whole
limb; the last three coxal plates in this case generally remuain
small and their place in protecting the gills within is taken by
the expanded basipodites. The two pairs of legs following the
gnathopods (the fourth and fifth of the thoracie series) are, among
the Gammarideax (Fig. 132, prp’, prp”), not unfrequently more or
less ditferent from the succeeding pairs. In the Caprellidea, these
two pairs are vestigial or absent except in the genus Lhtisica (Proto)
(Fig. 134, A) and its immediate allies.

In the gnathopods of the Gammaridea every gradation may be
traced from the simple, non-prehensile leg to the well-formed,
sub-chelate, or perfectly chelate type, and even to more complex
forms, as in Lencothoi and Aova.  The gnathopods of Tugolfielle
have a very unusual structure, the propodite and daetylopodite
together forming the movable finger which is opposed to the
expanded carpopodite. Some of the peraecopods may show modifi-
cation for prehensile purposes in Gammaridea, and in LPolycheria
all of them are sub-chelate. In the Hyperiidea much greater
variety oceurs, and any of the peraeopods except the last pair may
be transformed into a chela, sometimes of large size (Fig. 130).
The gnathopods, in this group, are always small.  In the Caprellidae
(Fig. 134) the gnathopods are sub-chelate and the last three pairs
of peraeopods are also fitted for grasping. A point of interest
with regard to these peraeopods is the existence in the basipodite
of a definite “fracture-plane” at which the limb breaks off in
autotomy. A similar fracture-plane is found in the legs of many
Decapoda, where the habit of autotomy is highly developed.

The branchice (Figs. 132, 134, 135, br; IFig. 136, K) are
attached to the inner surfaces of the coxopodites, near the
posterior horder. They are generally vesieular or lamellar in
form, and in some Gammaridea the respiratory surface is in-
ereased by numerous transverse ridges or folds. In some species
of Cyamidae (Cyamus physeteris) the branchiac are ramified.
Accessory branchiane oceur in certain Gammaridae and Talitridace
on some of the thoracic limbs and also on the first abdominal
somite. The greatest number of branchiae is six pairs, occurring
on the last six thoracic limhs in many Gammaridea. The number

1 The correlation between the lateral compression of the body and this grouping
of the legs is well illustrated by comparison with Phreatoicus, the only Tsopod where
the body is laterally compressed and where the legs are divided into two groups
exactly as in Amphipods.
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in this sub-order, however, is not unfrequently reduced to five,
four, or even three pairs. In Hyperiidea the last pair of thoracie
legs never carry branchiae and the number may vary from five
to two pairs. In Caprellidea as a rule only two pairs of hranchiae
are present, on the fourth and fifth thoracic somites, but in some
genera of Caprellidae there is an additional pair on the third somite
(that of the second gnathopods).

The oostegites spring from the inner surface of the coxopodites
on the proximal side of the branchial plates. Four pairs are
eommonly present, on the third to the sixth thoracie somites, but
the number may be reduced. In the Caprellidea (Fig. 134, m)
two pairs only exist,-on the fourth and fifth somites, but in
addition a pair of small valvular appendages covering the external
apertures of the oviducts on the sixth somite are probably to be
regarded as vestiges of a third pair. Vestigial oostegites are
stated to occur normally in the male sex in a few eases (e.g.
Cyamus globicipitis and Synurella polonica).

It is very characteristic of the Amphipoda that the abdominal
appendages are sharply divided into two groups differing in
structure.  In the majority of Gammaridea (Fig. 132) and
Hyperiidea (Fig. 136) all the six pairs are present, the first three
pairs are turned forwards and consist of a pedunele carrying two
subequal rami, each of which is multiartieulate and fringed with
long setae; the inner side of the peduncle hears distally a number
of retinacula, and the first joint of the endopodite has internally
one or two peculiar “cleft spines” which no donbt serve the same
purpose of conpling together the pair of appendages. These limbs
are the chief natatory organs among Amphipoda, and they also
serve when the animal is at rest to maintain a eurrent of water
over the gills. The last three pairs of abdominal appendages are
directed backwards and are generally similar to each other, so that
the name wropods is commonly used to include them all, though
in not a few eases the last pair retain, in details of form and
size, some mark of that differentiation from the preeeding append-
ages which they show in other orders of the Malacostraca. As a
rule, the three pairs are biramous; not unfrequently the exopodite
of the last pair consists of two segments, bnt except for this the
rami of all are unjointed. Sexual differences not unfrequently
occur in the size and structure of the last pair, but in no
Amphipoda are any of the pleopods modified as copulatory organs.
The abdomen of most Caprellidea is unsegmented and may bear
vestigial appendages to the number of three pairs (Fig. 134, abd).
An interesting link with the normal Amphipoda is constituted by
the genus Cercops, where five distinet somites and a terminal piece
(perhaps the telson) are present. The first and second somites
bear, in the male sex only, minute filiform appendages of two
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segments which appear to correspond to the first and second
pleopods of the normal type, while the fourth and fifth somites
earry in both sexcs stout two-segmented limhs answering to the
first and second nropods.  In most other Caprellidae the rudimentary
appendages are more fully developed in the male than in the female
sex, but in a few the abdomen is ¢uite without appendages. In
the male Cyamidae a median appendage is present which seems to
result from the fusion of a pair of wropods. In fugolfielle the first
three pairs of abdominal limbs are represented by small triangnlar
plates, sometimes with a minute basal segment, without any trace
of rami.  The last pair is vestigial.

Alimentury System.—The alimentary canal of the Amphipoda
appears to differ from that of most Isopoda in the much greater
development of the mid-gut region, which forms the greater part of
its length. The stomodaeum forms a masticatory or triturating
stomach, the structure of which appears to be fairly uniform
throughout the Gammaridea and Caprellidea, and to be more or
less simplified in the Hyperiidea. When fully developed it presents
anteriorly two lateral ridges projecting into the cavity, armed with
spines and stiff' setac. These ridges are moved by powerful muscles
passing outwards to the body-wall on either side, and appear to be
the most important instruments of trituration. IDosterior to these
are two pairs of setose ridges running more or less transversely,
while in the floor of the cavity is a strong ridge ending behind in a
free tongue-like process and carrying anteriorly four comb-like
rows of irideseent setae. The ehitinous lining of the stomodaeum
projects baelwards into the beginning of the mid-gut as a entienlar
funnel.  In Phronime, where the apparatus appears to be adapted
for straining rather than for masticating the food, the whole stomach
is telescoped for a little way into the capacious mid-gut. The
hepatic caeca are gencrally four in number and of considerable
length, but in a few genera of Gammaridea and in most Hyperiidea
only one pair is present, while in the Caprellidea the ventral pair
and in Phronime both pairs remain rudimentary. Just above the
point where the hepatic caeca communicate with the gut by a
common aperture on each side, a short dorsal, forwardly directed
caecum, unpaired in Gammaridea, paired in llyperiidea and
Caprellidea, arises from the anterior end of the mid-gut. At the
posterior end of the mid-gut, at its junction with the proctodacum,
a second pair of caeca of very varving size is commonly present in
the Gammaridea. In a few cases only a single unpaired caccum is
present (Jlelite), and in Nynurelly, though two tubes are present in
the young, that on the right side atrophies and only that on the
left persists. Similar paired caeca are only exceptionally present
in Hyperiidea (/7%bilia) and Caprellidea (Cuprellr).  To these
posterior caeea of the mid-gut an excretory function has heen
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attributed, mainly on the ground that they sometimes contain
calcareous concretions ; as they are outgrowths of the mesenteron,
it is impossible to regard them as homologous with the Malpighian
vessels of inseets. In the Hyperiidea the anterior part of the
mid-gut may be dilated while the posterior part remains narrow.
It is stated to be lined by a very delicate cuticle of non-chitinous
nature. The proctodaeum is short, rarely reaehing forward to
the posterior limit of the thorax, or, in the Caprellidea, into the
penultimate thoracic somite. An “anal gland” in the form of a
small diverticulum is described in Synurella.

Uirculatory System.—The circulatory system of Amphipoda is
remarkable for the imperfect development of the arterial vessels
and the consequent lacunar character of the greater part of the
cireulation ; as compared with that of the Isopoda it differs also in
the position of the tubular heart, which extends throngh the greater
part of the thoracic somites but does not reach the abdomen. It
lies in a spacious pericardium which may extend backwards into
the abdomen. Three pairs of ostia are present in most Gammaridea,
but Corophium has only one pair; the Caprellidea have three pairs ;
in the Hyperiidea only two pairs are present as a rule, but in
Phlronima, although the male has only two, the female has three
pairs. The heart is continued at either end into the anterior and
posterior aortae, which are defined by valves. In addition, a pair
of arteries supplying the eyes and adjacent parts may arise from
its anterior end, but only in the Hyperiidea are there two or three
pairs of lateral arteries arising from the heart in the thorax and
comparable to the thoracic arteries of the Isopoda. The anterior
aorta is stated to divide in the median plane to eucircle the brain
in a ‘“pericerebral vascular ring” very characteristic ot the order,
with whieh is connected (except in Caprellidae) an oesophageal
ring similar to that of the Isopoda. It seems probable, however,
that these rings are rather lacunar spaees than well-defined vessels.
There is no trace of the subneural artery commonly developed in
Isopods, the oesophageal ring opening posteriorly into the great
ventral sinus which extends through the whole length of the body,
and into which the posterior aorta also empties its contents at
or near the end of the abdomen. Except perhaps in those forms
(Hyperiidea) which possess lateral thoracic arteries, the appendages
of the thorax and abdomen receive their blood-supply from this
ventral sinns.  Within the appendages the afferent blood-streams
are contained in well-marked vessels which send branches to the
gills. The efferent vessels of the appendages unite to form in each
somite (except sometimes in the abdomen) a pair of pericardial
vessels by which the blood is returned to the heart.

In comparing the circulatory system with that of the Isopods,
it is clear that the course followed hy the blood in the abdominal



THE AMPHIPODA

(3]
w
ut

region is similar in both eases, the ventral sinus sending blood into
the appendages, from which it is returned to the pericardinm by
the centripetal sinnses ; the ventral sims in Amphipoda receiving,
however, arterial blood directly from the posterior aorta. In the
thorax the course of the cirenlation is very difterent.

In the Isopoda the appendages reccive blood directly from the
heart by means of the lateral thoracic arteries and return it to the
ventral or lateral thoracie sinnses; in the Amphipoda, on the other
hand, the limbs with their branchial plates receive blood from the
ventral sinus and retnrn it directly to the pericardium by the peri-
cardial vessels.  The ventral sinns of the Amphipoda, however,
does not wholly correspond to the ventral or lateral sinuses of the
Isopoda, but, sinee it receives arterial blood both anteriorly and
posteriorly from the aorta, represents in part also the sternal
system of arteries in the last-named group, while the homologues of
the thoracic afferent pericardial vessels of the Amphipoda are to
be found in the blood-stream which enters the pericardinm of the
Isopoda through the minute apertures at its anterior end.

Lxcrefory System.—No trace of a maxillary gland has been
recognised in any Amphipod. The antennal gland, on the other
hand, is rarely, if ever, wanting. It has been most fully studied
in certain freshwater Gammaridae, where it presents the usnal
divisions of end-sac, convoluted tube, and duet, the latter being some-
times dilated into a vesicle. The gland is usually contained within
the first segment of the antenna, and its external aperture is at
the tip of au conical or spiniform process of the second segment.
“Coxal glands” are described as present in all the thoraeic aud the
first three ahdominal appendages of Gamuwwrus.  'They consist of
small groups of ecells, without duct or opening to the exterior,
rendered visible in the living animal by feeding with carmine.

Dermal (flands.—In many Amphipoda there are found groups
of unicellular glands lying in the thoracic appendages and opening
by fine ducts at or near the extremity of the limh. Among the
CGammaridea such glands are well developed in the Photidae,
Aoridae, Amphithoidae, .fassidae, Corophiidae, and some of the
allied families, where they are confined to the fourth and fifth
thoracic appendages, lying mainly in the hasipodite and conneected
with a duct which opens on the tip of the elaw. In the Ampelis-
cidae similar glands oecur but are more widely distributed on the
other appendages of the body. In all the families named the
glands secrete a cementing material which is nsed in huilding up
with partieles of mud or sand or fragments of weed the cases or
tubes in which the animals Hive. In the Talitridae, which hurrow
in sand, glands of similar structure arve scattered over the surface
of the body and appear "to scerete a mucinous substance which lines
the burrows. Glands of very similar strueture to those just
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described, but apparently with different functions, occur in many
Hyperiidea. In the Phronimidae, wherc they have been most
carefully studied, they occur in all the thoracic legs, and the
ducts open at the end of the limb or, in the case of the ante-
penultimate pair, on teeth of the palmar edge of the chela. It is
supposed that in this case they act as poison-glands. In many
Caprellidae groups of gland-cells also supposed to secrete a poison
are present in the hand of the second gnathopods, their ducts
opening on a prominent tooth of the palmar edge. Finally, glands
of similar structure may be fonnd, as in many other Crustacea, in
the oral appendages and on the oesophageal walls, and are supposed
to be salivary in function.

Nervous System. — The ventral mnerve-chain presents, in the
majority of the Gammaridea, twelve pairs of ganglia connected by
double longitudinal commissures, the sub-oesophageal supplying the
mouth-parts, followed hy seven corresponding to the free thoracic
somites and four abdominal ganglia; Dbut the nnmber may be
reduced, especially among the IHyperiidea, by the coalescence of
one or two of the anterior thoracic with the sub-oesophageal
ganglia, the fusion of the last two thoracic, and the restriction of
the abdominal ganglia to three pairs. In the Caprellidea, though
four pairs of abdominal ganglia may be distinct in the young, they
become in the adult fused into a single mass approximated to the
last thoracic ganglion and lying in the pennltimate thoracic somite.
In Phronima the nerves to the mouth-parts arise from the oeso-
phageal commissures close to the under-side of the brain. A post-oral
antennal commissure such as exists in the Isopoda is perhaps in-
dicated by the presence (in Gammaridea and Caprellidae) of a
median foramen piercing the sub-oesophageal ganglionic complex
near its anterior margin and giving passage to an unpaired strand
of muscle running between the lower surface of the stomach and
the lower lip.

Sense-Organs.—The paired eyes of the Gammaridea show great
diversity of size and disposition. They are rarely so large as to
occupy the greater part of the. surface of the head (77ischizostoma),
while on the other hand they are in not a few cases quite vestigial
or apparently absent. In the Oedicerotidae, as already mentioned,
they are coalesced to form a single organ which is advanced to the
front of the rostral process, and in a few cases (Tiron, Synopia) a
pair of small accessory eyes are placed below the main eves.. This
Ieads to the very remarkable condition found in the Ampeliscidae,
which possess two pairs of eyes, each of which is made up of numerous
ommatidia differing only in details from those forming the eyes of
other Amphipoda, underlying a single lenticular thickening of the
enticle.

In the Caprellidea the eyes are always small, but in the
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majority of the IHyperiidea (Iig. 136, (/) they are enormonsly
enlarged, occupying nearly the whole sirface of the head.  In this
ease cacll eye is commonly divided into two parts, the dorsal
diftering in the great clongation of the crystalline cones and in
other details from the lateral division. Apart from the Am-
peliseidae, the cyes of the Amphipoda are characterised by the
fact that the corneal eovering is not faeeted, or, in other woids,
that corneal lenses are not formed.

In addition to “sensory filiments” of the usual type borne
by the main tlagellam of the antennule, and sometimes partienlarly
numerous on the enlarged proximal segment of the Hagellum
(Lysianassidae, Hyperiidea), many Gammaridea have on the
antennae, and sometimes on the antennnles, peculiar organs known
as caleeoli.  These are, in the simplest eases, little flattened vesicles
attached by a narrow stalk, but in some the structire is more
complex. They are often, but not always, confined to the male
sex, and have heen varionsly interpreted as olfactory or anditory
organs, as adhesive suekers, and even as sexual ornaments.

A pair of statoeysts have been described in connection with the
anterior part of the hrain in Oxycephalidac.

Leproductive System. — The  paired ovaries and testes arc of
simple tubnlar form and lie in the thoracic region. The testes
are continned posteriorly into short vasa deferentia which may be
slightly dilated into seminal vesicles and open on short papillae
on the sternnm of the last thoracic somite. The oviduct leaves
the ovary at abont the middle of its length and opens on the inner
surface of the fifth coxal plate (sixth thoracie somite). It is stated
that an actual opening does not exist until the moment when the
eggs arce extruded.  The spermatozoa consist of a slender, rod-like
head, to which a filiform tail, stated to exhibit vermiform move-
ments in some cases, is attached at an acute angle. Definite
spermatophores are not formed, at least in the majority of Amphi-
poda. The spermatozoa are deposited on the ventral surface of the
body of the female immediately before the eggs are extruded, and
fertilisation is external.  The ocenrrence of ova within the testis
has been observed in species of Orchestiv, where it is perhaps
universal in young individuals.

)y

DEVELOPMENT.

Segmentation is at first total, later becoming superficial, with
early differentiation of the blastoderm on the ventral side. The
teloblastic mode of growth in the post-naupliar region of the
embryo which oceurs in many Isopoda and Mysidacea does not
present itself.

A “dorsal organ’

" is early developed as a median thickening
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of the ectoderm, the cells of which become pyriform, projecting
inwards and conneeted with the exterior by a narrow neck. The
larval cutiele, which is formed soon after the differentiation of
appendages has begun, remains adherent to the dorsal organ after
separating from the rest of the ectoderm. Later, the cells lose
their apparently glandular character and beeome invaginated as a
thin-walled vesicle, which persists after the embryo is freed from
the egg-membrane.

The dorsal curvature of the blastoderm as it lies upon the
spherieal surface of the yolk is early exchanged for a ventral
curvature as the abdominal region of the developing embryo
becomes folded downwards and forwards. The embryo is not
liberated from the egg-membrane until the body and appendages
have assumed more or less their final form.  The young, however,
remain within the marsupium for some time longer, leaving it
finally only at the eedysis which precedes the next aet of oviposi-
tion. The aceounts of some older writers, according to which the
young after leaving the marsupinm of the parent returned to it for
shelter when alarmed, have not been confirmed by any modern
observer.

The post-embryonic development in most Amphipoda consists
mainly in the gradual assumption of seeondary sexual charaeters
and other features of subordinate importance. Only in the
Hyperiidea, and notably in the Platyscelidae, do the changes of
form oceurring after the young leave the brood-pouch deserve the
name 6f metamorphosis.

REMARKS ON HARITS, ETC.

The Hypertidea and Caprellidea are exclusively marine (the
reported occurrence of a Caprellid in the Lake of (ieneva rests .
on insufficient evidence), as are also the great majority of the
Gammaridea. The Hyperiidea are pelagie in habitat, sometimes
ranging from the surface to great depths, and having often an
exceedingly wide horizontal distribution. The Caprellidea, though
for the most part inhabiting shallow water and almost or qnite
without the power of swimming, include some species of almost
eosmopolitan range. The Ingolfiellidea have also a very wide
distribution, for the two species which at present compose the
sub-order come from Davis Straits and from the Gulf of Siam, at
depths of 1870 fathoms and of 1 fathom respectively.

The marine Gammaridea are rarely pelagic; they are abundant
in the littoral region and penetrate to great depths. The vast
abundance of individuals and speeies in Arctic and Antaretic seas
is especially noteworthy. As regards the freshwater speeies, the
predominanee of the genus Gammarus and its nearest allies must
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he noticed ; the occurrence of species from genera otherwise marine
in the “relict” faunas of lakes in Northern Lurope and America
and in the Caspian Sea; the peculiar blind subterranean species
(Niphargus, ete.) which come to the surface in wells and penetrate
into the abyssal waters of deep lakes; and the radiation of single
genera into numerous species in a limited area in the Guminuri of
Lake Baikal and the Hyaldlue of Lake Titicaca. The only terres-
trial Amphipoda ocenr among the Talitridae, which in northern
latitndes live, for the most part, just above tide-marks, but in the
warmer regions of the globe penetrate inland to great distances.

Perhaps no Amphipoda except the whale-lice (Cyamidae) (Fig.
135) are trnly parasitic, though some forms with suctorial mouth-
parts scem to he semi-parasitic on fish (Zvischizostoma).  DMany
species, however, are commensal with sponges and other organisms.
The pelagic Phronima (Fig. 136) lives in a transparent barrel-shaped
case fashioned from the swimming-bell of a Siphonophore or from
i test of a pelagic Tuniecate.

The Gammaridea probably inclnde the smallest as well as the
largest Amphipoda, for many species do not exeeed two or three
millimetres in length. The largest is Alicelle giyuntea, Chevreux,
which reaches a length of 140 mm,

PALAEONTOLOGY.

Fossil remains of .\mphipoda are exceedingly rvare, and althongh
various problematical fossils from Palacozoie rocks have been
referred to this gronp, it is only in the Tertiary and Post-Tertiary
deposits that undoubted Amphipoda have.been found.  All helong
to the Gammaridea, and thongh a genus Palucoyuniimarus has been
established for a species fonnd in Baltic amber, its generic and even
specifie distinctness from some of the living forms of (fammarus is
uncertain.

AFFINITIES AND CLASSIFICATION.

Although the Amphipoda plainly belong to the Peracaridan
division of the Malacostraca, their relation to the other Orders of
the division is by no means so elear as in the case of the Isopoda,
It seems very likely that their affinity to the Isopoda is not so close
as has been supposed. Apart from the sessile eves and the
segmentation of the hody, characters which, there is reason to
suppose, have originated independently in at least one other case
(Koonungu), almost the only point of agreement between the two
Orders is fonnd in the possession of coxal plates on the thoracic
somites. Dut coxal plates are not developed in the most primitive
Isopoda, the Asellota, and if their appearance in that Order was
later than the wcquisition of the typical Isopodan characters, the
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coxal plates of the Amphipoda must have had an independent
origin.  The possession, by the typical Amphipoda, of a well-
developed inner ramus on the antennule and of a palp on the
maxillula are also among the characters which suggest that they
diverged from the common stock before the origin of the Isopoda.
It is quite probable, however, that their origin must he songht for
still further back. They do not show the late appearance of the
last thoracic limbs and the tendency to coalescence of the telson
with the last somite—characters which are common to Cumacen,
Tanaidacea, and Isopoda—while they possess a well-developed
antennal gland, which is never more than vestigial in these
Orders. Further, if the branchiae of the Amphipoda be, as Claus
suggests, epipodites which have become shifted from the outer to
the inner surface of the thoracic coxopodites, it follows that the
Amphipoda mnst be supposed to have diverged, not later than the
origin of the Mysidacea, from the primitive caridoid stock of the
Peracarida.

A regards the four sub-orders recognised in the classification
given below, it must be admitted that the differences separating the
Gammaridea from the Caprellidea are not very profound. A
Caprellid which shonld wnite the abdomen of Cercops with the
thoracic limbs of Phtisice would be very hard to exclnde from the
Gammaridea. The Hyperiidea hardly depart more widely from
the Gammaridea, but the retention of the three divisions is at
least convenient. The sub-order Ingolfiellidea, established by
Hansen for the two species of the genus Ingolfiellu, is not admitted
by Stebbing, who places the genus among the Gammaridea, but
there scems to be force in Hansen’s contention that its inclusion in
that sub-order would logically require the absorption of the
Caprellidea also.

The difficulties in the way of classifying the Amphipoda are of
a different order from those met with among the Isopoda. We
have to deal with a vast diversity of forms within a comparatively
small range of morphological variation, with the consecuence that
genera and even families have to be established on trivial characters,
and their limits are often hard to define.

OrpER Amphipoda, Latreille (1816).
Ste-ORDER 1. Gammaridea, Dana (1852).

Head not coalesced with second thoracic somite ; palp of maxillipeds
with two to four segments; all the thoracic legs present, usually with
well-developed coxal plates; abdominal somites generally distinct, with
well-developed appendages ; eyes rarely very large.

Family LysiaNassipaE.  Lysiunassa, H. Milne-Edwards; Alicella,
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Chevreux; Nocarnes, Boeck ; Trisehizostoma, Boeck.  Family Strco-
CEPHALIDAE.  Stegoeephalus, Kroyer. Family AMpreriscibar.  lmpelisea,
Kroyer.  Family Havstoriipas.  Haustorius, S, Miiller ; Urothoe, Dana.
Family PHOXOCEPHALIDAE.  [Phomocephalus, Stebbing.  TFamily Ameni-
LOCHIDAE.  Amphtlochus, Spence Bate. Family Lrvcornoipag.  Lencothoe,
Leach. Family ANAMIXIDAE.  Anamixis, Stebbing.,  Family METOPIDAE.
Metopu, Boeck. Family CRessIDAE.  (resse, Boeck. Family SteNo-
THOIDAE.  Stenothoe, Dana.  Fawmily PHLIANTIDAE.  Philus, Guérin
Percionvtus, Spence Bate and Westwood.  Family CoLoMASTIGIDAL,
Colomustic, Grube. Family LarvsTIIDAE.  Lafystius, Kroyer. TFamily
LAraYSTIOPSIDAE.  Laphystiopsis, G. O. Sars.  Family AcaNTHONOTO-
ZOMATIDAE.  cleunthonotozomu, Boeck.  Family PARDALISCIDAE.  Pardu-
liscu, Kroyer. Family LILLIEBORGIIDAE.  Lilljeborgie, Spence Bate.
Family OEDICEROTIDAE. Oediceros, Kroyer.  Family SyNorupak.
Synopie, Dana.  Family TiroNibak.  Tiron, Lilljeborg.  Family
Carutornpak.  Calltopius, Lilljeborg.  Family PrLeustipan.  Pleustes,
Spence Bate.  Family Paraurwirrorpak.  Paramphithoe, Bruzelius.
Family Arvripae.  Atylus, Leach. Tamily Mrerraipireipak.  Mel-
pladippa, Boeck.  Family Eousiribar.  Eusiras, NKroyer. Family
BATEIDAE.  Buatea, F. Miiller. Tamily PoxToGENENLIDAE.  Pontogenciu,
Boeck. Family GadMMaRIDAE.  Gaemmarus, Fabricius (Fig. 132);
Niphargus, Schiodte; Synurelle, Wrzesniowski ; Melit, Leach. Family
DEXAMINIDAE. Dexamine, Leach ; Polycheria, Haswell. Family TALITRIDAE
(OrcHESTIDAE). Talitrus, Latreille ; Orchestia, Leach 5 Hyalella, S. Smith.
Family AoriDaE. Adoru, Kroyer. Family PHOTIDAE.  Photis, Kroyer.
Family Isaempae. Iseeq, H. Milne-Edwards. Family AMPHITHOIDAE.
Auwmphathoe, Leach. Family JAssIDAE (PODOCERIDAE auctt.).  Jasse, Leach
(Podocerus auctt.). Family CoropRIIDAE.  Corophzim, Latreille. TFamily
CHELURIDAE. Chelura, Philippi. TFamily PoDOCERIDAE. DPodocerus, Leach
(= Platophium, Dana). Family HypeErtopsioar. Hypertopsis, G. O. Sars.

Ste-OrpeErR 2. Hyperiidea, Dana (1852).

Head not coalesced with sccond thoracic somite ; palp of maxillipeds
absent ; all the thoracic legs present, coxopodites small or coalesced with
the body; abdominal somites generally distinet, with well-developed
appendages ; eyes generally very large.

Family Scixipar.  Scine, Prestandrea. TFamily Vibiupae. 17ili,
H. Milne-Edwards. Iamily Cyrropopipak. Cyllopus, Dana. TFamily
Laxceonipak.  Lanceole, Say. Family CysTisoMaTinar.  Cystisoma,
Guérin.  Family PARAPHRONIMIDAE.  Paraphronime, Claus.  TFamily
PuroNDMIDAE.  Lhronima, Latreille (Fig 136).  Family MIMONECTIDAL.
Mumonectes, Bovallius. Family Hyrerupae., Hyperiu, Latreille ; Phroni-
mopsts, Claus; Euthemisto, Bovallius, IFamily PHRosINIDAE.  Phrosing,
Risso. Family PHorcorRruAPHIDAL,  Phorcorrhaphis, Stebbing.  Family
PrLaTYSCELIDAE.  Plutyscelus, Spence Bate.  Family SceLipae.  Thyropus,
Dana. Family Proxoipak. Pronoe, Guérin. Family TrYrHANIDAE.
Tryphana, Boeck. Family OxvcErPHALIDAE.  Oxyephalus, H. Milne-
Edwards ; Rhabdosoma, White (Fig. 133).
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SuB-OrRDER 3. Caprellidea, Dana (1852).

Head coalesced with second thoracic somite ; palp of maxillipeds with
from one to four segments (rarely absent); rarely all the thoracic legs
well developed, fourth and fifth pairs usually vestigial or absent, coxo-
podites small or coalesced with the body ; abdominal somites generally
all fused, appendages vestigial ; eyes small.

Family CapreLLIDAE.  Cercops, Krdyer; Phtisica, Slabber (Proto,
Leach) (Fig. 134, A); Caprella, Lamarck (Fig. 134, B). Family CyaMipak.
Cyamus, Latreille ; Platycyamus, Liitken; Paracyemus, G. O. Savs (Fig.
135).

SuB-OrDER 4. Ingolfiellidea, Hansen (1903).

Head not coalesced with second thoracic somite ; palp of maxillipeds
with four segments; all the thoracic legs present, coxopodites small ;
abdominal somites distinet, first three and last pairs of abdominal
appendages vestigial ; eyes wanting but articulated eye-lobes are present.

Family INGOLFIELLIDAE. Ingolfiells, Hansen.
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CHAPTER XIV
THE EUPHAUSIACEA

Order Euphausiacea, Boas (1883).

Definition.—Eucarida which retain the primitive caridoid facies ;
the exopodite of the maxilla is small; none of the thoracic limbs
are specialised as maxillipeds ; branchiae in a single series, attached
to the coxopodites of the thoracic limbs (podobranchiae); young
hatched in the nauplius-stage.

Historical.—The genus Thysanopode was placed by H. Milne-
Edwards in his tribe of “Mysiens,” and most subsequent writers
have retained the association of Euphausiacea and Mysidacea in the
group “Schizopoda.” As already mentioned, Boas was the first to
separate the two orders. Some of the later larval stages were
described as distinct genera by Dana before their true nature was
pointed out by Claus. Metschnikoft’s discovery of the nauplius-
stage of Buphausia (1869) drew special attention to the larval his-
tory of the group. The most complete account of the structure,
development, and classification of the Order is that given by G. O.
Sars in his “Challenger ” Report. The phosphorescence of certain
Euphausiaus was first observed by J. V. Thompson ; the light-pro-
ducing organs have heen investigated by several zoologists, the
most detailed account being that given by Chun.

MORPHOLOGY.

The general form of the body (Fig. 139) is completely caridoid.
The carapace coalesces dorsally with all the thoracic somites, and
is prodnced in front as a rostrum which is never of great length.

The telson (Fig. 142, C) has a pair of large movably articulated
spines (s) near the tip. Sars has shown that these are formed by
enlargement of one out of several pairs of marginal setae which are
present in the larvae, and it is therefore impossible to regard them
as representing the caudal furca of the Leptostraca.

Appenduges.—The antennules are always biramous, and some-
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times show sexual modifications in the male. The antennar have o
protopodite of two segments, a large lamellar scale or exopodite,
and an endopodite with three peduncular segments and a long

I1G. 139,
Megonyetiphanes norvegica, &, x 2.

flagellum.  The mandibles (Iig. 140, A) generally have a palp;
the incisor process is directly connected with the molar process,
there Dbeing no lacinia mobilis or row of spines in the adult,

1, 140,

Mouth-parts of Meganyctiphanes norvegice.  A. mandible; B, maxillnla: €, maxilla, »,
exite of lirst segment of maxillnla; er, exopodite of maxillaj i, incisor process; m, molar
process ; p, palp.

although some spines are present in the larval stages. The
maxillulee (Fig. 140, B) have the usnal two endites and a palp
which is generally nnsegmented, but has three segments in Dentheu-
phausic and two in some lurvae.  An exite of the third segment
(exopodite) is present in the larva, but is replaced in the adult
by an exite (¢) of the first segment, sometimes erroneonsly called
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the exopodite. The mazillee (Fig. 140, C) generally consist of
four segments; the second and third have each two endites and
the third a slightly developed flabelliform exite (exopodite); the
fourth segment generally forms the palp, but in Bentheuphausia the
palp consists of three segments. )
None of the thoracic limbs (Fig. 141) are specialised as maxilli-
peds, the first pair being similar in general structure to the
succeeding pairs. The eoxopodite is distinct and of considerable
size ; the main. flexure of the limb is between the meropodite and
carpopodite ; the terminal segment is blunt and is without a
distinct claw, bearing, as a rule, only a group of setae and

F1a. 141,

Thoracic appendages of Meganyctiphanes norvegice: A, first; B, second; C, seventh; D,
eighth. br, branchia (epipodite) ; en, endopodite ; ex, exopodite ; p, luminous organ.

spines ; the exopodite is flattened and fringed with long natatory
setae.

On the outer side of the coxopodite is attached an epipodite (),
which is small and simple in form on the first pair, but ramified in
a complex fashion on the other pairs of thoraeic limbs. These
branchiae, which are apparently quite homologous with the podo-
branchiae of Decapoda, are not covered by the carapace, but hang
out freely at the sides of the hody.

The last pair or the last two pairs of thoracic appendages are
commonly much redueed or quite vestigial, though the branchiae
connected with them are of large size (Fig. 141, D). The coxopodite
of the first pair is usually slightly produced inwards, but only in
Denthewphausic does this so-called “masticatory lobe” differ very
perceptibly from that of the sneceeding pairs. A more important
exception to the uniformity of the thoracic limbs is found in the
genera forming the sub-family Nematoscelinae. In these, one of
the pairs, the second or the third, has the endopodite greatly
enlarged and modified as a raptorial weapon. In Nematfoscelis, the
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second pair is modified and the terminal segments hear a group of
long serrated “harpoon-like” spines.  In Nemalobrachion, the details
of the raptorial limbs are very similar to those of Nematoscelis, hut
it is the third pair that is modified. In Stylocheiron, the enlarged
third pair has a prchensile form, the terminal segment being, in
most cases, opposed to a strong spine or a group of spines on the
pemultimate segment. In S, abbreviatum, G. O. Sars (=.5. chelifer,
Chun), the spines ave replaced by a process of the segment, form-
ing a perfeet chela

The pleopods (Fig. 142, A) are strongly developed in both
sexes; the rami are flattened and fringed with long sctae; the
endopodite has an appendix interna (Z) on its inner edge. The

Fiu. 142,

Abdominal appendages of Meganycliphanes norvegica (the marginal setae of the rami are
omitted). A, pleopod of third pair, B, endopodite of first pair of male, with the copulatory
apparatus unfolled, C, telson and uropod. en, endopodite; ex, exopodite; 7, appendix
interna ; s, movable sub-terminal spines ot telson ; ¢, telson.

first and second pairs are modified as copulatory organs in the
male sex, the endopodite having on its inner edge a secondary
lobe, which in the first pair (Fig. 142, B) is very large and armed
with a complex apparatus of hooks and spines. The wropods
(Fig. 142, C) have the exopodite divided by a suture only in
DBentheuphausia.

Internnl cAnatomy.—The details of the internal structure of
Enphausiacea are still very imperfectly known. The hepatic eaeca
appear to resemble those of Decapoda, being generally much rami-
fied and forming a large mass lying on each side of the thoracie
region. The heart is short, polygonal in outline, with three pairs
of ostia. The disposition of the main arterial trunks appears to
be similar to that in the lower Decapoda.  An antennal gland is
present, opcning on the proximal segment of the antennal peduncle.
In the thoracic portion of the ventral nerve-chain the full number
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of eleven pairs of ganglia can be distinguished, all of them, however,
united in a common sheath of connective tissue. The paired eyes
are each divided into two parts in the sub-family Nematoseelinae,
the fronto-dorsal division having elongated ommatidia of a structure
supposed to he adapted for perception of very faint light. The
nauplius-eye persists in the adult, lying between the paired eyes
beneath the rostrum.

No statocysts have been found in any IEuphausiacea. A
system of very remarkable organs, formerly regarded as ““accessory

; eyes ” but now known to be lumin-
ous organs (photospheres), is found
in all Euphausiacea except Denth-
euphausiv.  As a rule, two pairs
of these organs are situated in the
coxopodites of the seeond and
seventh pairs of thoracic append-
ages respectively (Fig. 141, p), an
unpaired series on the sternal sur-
face of the abdomen between the
hases of each of the first four pairs
of pleopods, and a pair, differing
in structure from the others, on
the upper surfaces of the ocular

Section through one of the thoracic pedundes‘. In Si:f/l‘)dl???'ml, Ollly
phosphorescent organs of Nematoscelis. o the posterior thoracic pair, the first
ametlne Simsoumding the lows s ' nowve; abdominal organ, and those on the
Py pigent s v veflecton; sir, striated body. - geular peduneles are present.  Each
of the thoraeic and abdominal photo-
spheres (Fig. 143) is globular in form, lying beneath and detached
from the hypodermis, and, in some cases at least, moved by special
museles. The centre of the organ is occupied hy a *striated
body ” (str) eomposed of radiating lamellae, which seems to be the
aetual souree of light, and in which the fibrils of a special nerve
appear to terminate. On the inner side of the photosphere is a
concave reflector (») composed of concentrie lamellae, and on the
outer side is a lens (1), the whole surrounded, exeept on the outer
side, by a sheath of pigment (pg). The organs on the ocular
peduncles differ in the absence of a lens, in their incomplete separa-
tion from the hypodermis, and in other details of structure.

The spermatozoa are simple round or oval nucleated eells.
They are transferred to the female in lageniform spermatophores,
which are formed within the widened terminal parts of the vasa
deferentia.

The ova are small in size and are sometimes carried, probably
only for a short time, “loose among the thoracic legs, which, with
their setae, form a sort of basket ” (Holt and Tattersall, Euphausia).

Fro. 143.
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In other cases the ova are agglutinated together in a paired or
unpaired mass, whieh is earried attached to the sternal surface of
the thorax, close to the hases of the posterior thoracie legs.  These
egg-packets are formed Dby some cementing material apparently
extruded along with the eggs, and hear no sort of morphological
resemblance to the brood-sac of the Mysidacea which is formed by
the oostegites.

DEVELOPMENT.

With the possible exception of the genus Stylockeiron, where the
relatively large size of the eggs suggests an abbreviated meta-
morphosis, the Euphausiacea leave the egg in the form of a typical
nauplius, and reach the adult stage by a series of changes closely
parallel to those occurring in the metamorphosis of the Penaeidea
among the Decapoda. Claus was the first to show that the forms
described by Dana as distinct genera under the names Culyptopis,
Furciliv, and Cyrtopiv are successive stuges in the development of
Euphausiacea, and Sars has been able to fill in, with considerable
detail for several species, the outline thus furnished.

The newly hatched nauplins, as described by Metschnikoft’ and
by Sars, has an oval unsegmented body, without shell-fold, and with
the three pairs of nauplius appendages in their typieal form, the
first uniramous, the second and third biramous ; the median eye is
not developed till the next stage. The mouth is not at first open,
and there is no masticatory process on the base of the antenna
siich as exists in Copepoda and Cirripedia.

In the next stage the larva assumes the form of a metanauplius
(Fig. 144, A), showing rudiments of three additional pairs of ap-
pendages, maxillulae, maxillae, and first thoracie limbs; the shell-
fold is defined posteriorly and partly envelops the hinder end of
the body. In later metanauplins-stages the third puir of appendages
(mandibles) lose their natatory character and become reduced to
the basal masticatory part, with only a very small rudiment to
represent the palp; the shell-fold now projects in front as well as
behind and overhangs the head in a hood-like form.

The metanauplius is succeeded hy a series of Calyplopis-
stages (Iig. 144, B, C) characterised by the elongation of the trunk-
region and the differentiation of its somites in regular order from
before backwards. The thoracic somites are very short and erowded
together. The appendages already present hecome more fully
developed, and, later, the rudiments of the last pair of abdominal
appendages appear. The paired eyes develop hut are covered at
this stage by the frontal hood of the carapace.

In the next sneceeding Furcilia-stages the paired eyes become
free and movable. The pleopods develop from hefore backwards
and, later, the anterior thoracic limbs. The Cyrlopiu-stage is



250 THE CRUSTACEA

characterised chiefly by changes in the antennules and antennae.
The former, which have become biramous already in the Calyplopis-
stage, now elongate, while the latter lose their natatory function, and
their rami, at first similar, become differentiated into “scale” and
flagellum respectively. The Cyrfopie gradually assumes the form

Fra, T44,

Larval stages of Fuphuausiv. A, metanauplius. B, calyptopis. C, later calyptopis-stage.
1, antennule ; 2, antenna ; 3, mandible ; 4, maxillula ; 5, maxilla ; 1, first thoraeic appendage ;
th, thoracic sowites ; ¢h, abdomen ; (#;)-(n5), first five abdominal somites ; «g, uropod ; an, anus,;
Jf.s, frontal sense-orcans. (A after Metschnikoff; B and C after Claus; from Korschelt and
Heider's Embryalogy.)

of the adult by the snccessive development of the remaining
thoracic limbs.

The development of the various appendages, which has been
traced in detail by Sarvs, offers many features of interest. The palp
of the mandible only begins to redevelop in the Cyrlopia-stage.
The maxillula has at first a small lobe on its outer cdge which
appears to represent the exopod and is quite independent of the
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plate which in the adult has heen regarded as the exopod, but which
is in reality a process of the first segment of the limb. .\ very
remarkable feature in the development of the paired eyes has heen
found by Sars in the case of Nematoscelis.  llere, a transitory larval
eye consisting of seven ommatidia is formed at the apex of the eye-
stalk and is later pushed to the outer side by the development of
the permanent visual organ. Though this transitory organ is stated
to disappear in the adult, it seems possible that it may really persist
as the huminous organ of the eye-stalk, especially since in other
genera (Nyctiphanes, Fuphausia) the Inminous organ appeavs hefore
the eycitself. The heart is visible already in the later metanauplius-
stages. The liver at first consists of thiee caecal tubes on each side.

REMARKS ox HaBpITs, ETC.

The Euphausiacea ave characteristically pelagic animals, forming
part of the surface-plankton of the ocean and descending to con-
siderable depths. They are generally remarkably transparent, hut
Bentheuphausia, which appears to be a true deep-sea form (1000-
1800 fathoms), is said to be *‘quite opaque and of a similar vivid
red colour to that of most other true deep-sea crustaceans.” The
adult size of most Euphausiacea lies between 10 and 40 mm.; a
species of Thysanopoda reaches 55 mm. in length.

No fossil Euphausiacea are known.

AFFINITIES AND CLASSIFICATION.

The differenees in structure which justify the separation of the
Euphaustacea from the Mysidacea have already heen insisted on.
A certain degree of resemblance in general facies is sufficiently
accounted for, on the one hand, by the approximation of the basal
members of the Peracaridan and Eucaridan lines of descent to the
common caridoid stock of the Eumalacostraca ; and on the other, by
the similarity in habitat between the Euphausiacea aud many of
Mysidacea. The resemblances between the members of the present
Order and some of the lower Deecapods, especially the Penacidea,
are of much greater importance. The complex copulatory armatnre
of the first pleopods has a general resemblance to that of the
Penacidea, the larval development of the two groups is closely
parallel, and the presence in some Sergestidac of phosphorescent
organs resembling, though differing in details from, those of the
Euphausiacea may also he an indication of aflinity.

At present, the Euphansiacea ave regarded as constituting only
a single family.
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OrpER Buphausiacea, Boas (1883).

Family EvrHavustDAE. Sub-Family ErPHAUSIINAE.  Euphausia,
Dana; Thysanopoda, Milne-Edwards; Nyctiphanes, G. O. Sars; Meganycti-
phanes, Holt and Tattersall (Fig. 139). Sub-Family NEMATOSCELINAE.
Nematoscelts, G. O. Sars; Nematobrachion, Calman ; Stylocheiron, G. O.
Sars. Sub-Family BENTHEUPHAUSIINAE.  Dentheuphausia, G. O. Sars.
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