CHAPTER XV
TIIE DECAPODA

Order Decapoda, Latreille (1802).
Sub-Order 1. Natantia.
Tribe 1. PENAEIDEA.

5 3. CARIDEA.
;3. STENOPIDEA.

Sub-Order 2. Reptantia.
Section 1. PALINURA.
Tribe 1. ERYONIDEA.
2. SCYLLARIDEA.

3
Section 2. ASTACURA.
Tribe NEPHROPSIDEA.

Seetion 3. ANOMURA.

Tribe 1. GALATHEIDEA.
2. THALASSINIDEA.
5, 3. PAGURIDEA.
,» 4. HIpPIDEA.

Section 4. BRACHYURA.
Tribe 1. DROMIACEA.
Sub-Tribe 1. DROMIIDEA.
2. HoMoLIDEA.

» -~
Tribe 2. OXYSTOMATA.
»y 9. BRACHYGNATIA.
Sub-Tribe 1. BRACHYRIIYNCIIA, -~
’ 2. OXYRHYNCIIA,

”

Definition.—Eucarida in which the caridoid facies may be
retained or may be greatly modified ; the exopodite of the maxilla
is very large (scaphognathite); the first three pairs of thoracic
limbs are specialised as maxillipeds ; branchiac typically in several
series, attached to the coxopodites of the thoracic limbs (podou-
branchiae), to the articular membranes (arthrobranchiac), and to the
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lateral walls of the thoracic somites (pleurobranchiae), very rarely
absent ; young rarely hatched in nauplius-stage.

Historical.—The great majority of the larger and more familiar
Crustacea belong to the Decapoda, and this Order received far more
attention from the older naturalists than any of the others. A
considerable number of species are mentioned by Aristotle, who
describes various points of their anatomy and habits with accuracy,
and sometimes with surprising detail. A long series of purely
descriptive writers who have added to the number of known forms
without contributing much to a scientific knowledge of them begins
with Belon and Rondelet in the sixteenth century, and perhaps
does not altogether come to an end with Herhst’s Naturgeschichie
der Krabben und Krebse (1782-1804).  Among the most noteworthy
of early contributions to anatomy are Swammerdam’s memoir on
the Hermit-Crab (1737), and that of Roesel von Rosenhof on the
Crayfish (1755). Réaumur’s observations on the phenomena of
ecdysis and the regeneration of lost parts in the Crayfish (1712-
1718) have become classical. The foundations of classification were
laid by J. C. Fabricius (1793), who divided the Linnean genus Cancer
into a large number of genera, the majority of which are still
recognised. Latreille, to whom the name of the Order is due (1802),
also began its subdivision into sub-orders and families. In this
more than in any other group of Crustacea the works of H. Milne-
Edwards, and especially his Histoire Naturelle des Crustacds, may be
taken as marking the beginning of the modern period, and his
classification of the Decapoda has heen that most generally accepted
until very recently. Almost contemporaneous with Milne-Edwards’s
great work, and often surpassing it in morphological detail and
systematic insight, was de Haan’s volume on the Crustacea of Japan
(1833-1849). The first important departure from the general plan
of classification laid down by these authors was made by Boas in
1880, and his system has been further elaborated hy Ortmann and
by Borradaile. J. Vaughan Thompson’s discovery of the larval
metamorphosis of Decapoda (1828-1831), confirming the earlier
observations of Slabber and Cavolini in the eighteenth eentury,
gave rise to a curious controversy in which Westwood and others
denied the possibility of such a metamorphosis, basing their argu-
ments chiefly on Rathke’s memoir on the development of the
Crayfish (1829). F. Miiller in 1863 made the highly important
discovery that Penacus is hatched from the egg in the form of a
nauplius, and the clue thus given to the interpretation of the other
larval stages was followed up especially by Claus. The development
of deep-sea exploration within the last thirty years has resnlted in
the discovery of a large number of important new types of Decapoda,
which have been described by Spence Bate, Miers, Henderson, A.
Milne-Edwards, Bouvier, Faxon, Aleock, and others. The numerons
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species of fossil Deeapoda have heen little studied from the point of
view of phylogeny, but reference may be made to Bouvier’s cssay
on the origin of the Brachyurn as an example of the results which
may be obtained in this department. Among other papers which
have been fruitful in snggesting lines of research for later workers
may be mentioned Huxley’s memoir on the classification and distri-
bution of the Crayfishes (1878); A. Milne-Edwards’'s note on the
transformation of the ocular peduncle into an antenna-like organ in
a Palinurid (186+4), the forerunner of much reeent work on regenera-
tion and abnormalities ; Giard’s papers on parasitic castration ; and
Faxon’s discovery of the alternating dimorphism in the males of
Cambarus.

MoORPHOLOGY.

Amid the great diversity of gencral shape exhibited by the
Decapoda, two chief types may be distinguished. In the first or
Macrurous type the gencral earidoid facies is retained, the body is
elongated and subeylindrical, the abdomen is long and terminates in
a taildan. In the Brachyurous type (which is not confined to the
Brachyura, but recurs in several groups of Anomura) the eephalo-
thorax is greatly expanded laterally and more or less depressed,
while the abdomen is reduced and folded underneath the cephalo-
thorax. A very peculiar modification is found in most Paguridea,
where the abdomen is markedly asymmetrical and spirally coiled,
in correlation with the habit of living in the empty shells of
Gasteropod Molluscs.

The carapace coalesces dorsally with all the thoraeic somites
and overhangs on each side as a lranchivstegife, enclosing the
branehial ehamber within which the gills are econcealed. Anteriorly
it may be produced into a rostrum, which in a few genera of Caridea
(Lehynchocinetes, ete.) is movably artieulated. In most Brachyura
the rostrum is reduced to a short but broad frontal plate, of which
the relations to the adjacent parts will be described below. In
some Macrura (Scyllaridae) and in many Anomura and Brachyura,
where the cephalothorax is flattened from above downwards, the
lateral portions of the carapace are abruptly bent inwards towards
the bases of the legs. The lateral margin thus produced is
commonly toothed or otherwise armed.

The surface of the carapaee is commonly marked by depressions
and grooves eorresponding in part to the insertions of various muscles,
but in part independent of these. In this way several regions
of the earapace are defined which, especially in the Brachyura,
may be still further divided into sub-regions. Ior convenience
of systematic deseription these various arcas are denominated ac-
cording to a scheme of terminology introduced for the most part
hy H. Milne-Edwards (1851). DMore recently the furrows of the
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carapace have been studied by Boas and by Bouvier. Only a few
points can be mentioned here. In the lobsters and cerayfish a con-
spicuous groove (Fig. 145, ¢) crosses the dorsal surface of the
carapace transversely about
the middle of its length
2_, and curves forwards on
either side. This groove,
namedthe ‘““cervical groove”
by Milne - Edwards (¢ in
Boas’s terminology, the
“branchial groove ” of Bou-
Fia, 145. N . 1 bv hi
Carapace of the Norway Lobster (Nephrops nor- \lel‘)., W .as Supposec . y hm
vegicus) from the side. (After Boas.) The letters refer- to indicate the line of
ring to the grooves of the carapace are those used by e .
Boas. e, ¢, the ‘‘cervical groove ” of Bouvier, ‘‘anterior division hetween the por-

cervical groove” of Borradaile; ¢, ‘ branchial groove” - . H
of Bou\'i:r, ‘* posterior cervical gr’oove " of Borradaile. tions of the car apace aris-

ing from the antennal and
mandibular somites respectively. Other writers, for instance,
Huxley, regarded it as marking the limits of the cephalic and
thoracic regions. There appears to be no ground, however, for
regarding this groove as of greater importance than some of the
other grooves of the carapace. In some cases an equally con-
spicuous transverse groove (e of Boas, ¢ cervical groove” of Bouvier)
(Fig. 145, ¢, ¢) crosses the
carapace a little in front of the
cervical, and as this is the only
transverse groove, apparently,
to be found in any of the lower
Macrura (Stenopidea, Caridea),
it seems at least as likely to
afford an important morpho- Fio. 145.
logical landmark. In some Carapace of Callicnasse novoelritunniae (Tha-
cases pOI‘tiOllS of the carapace lassinidea) from the lett side. (After Borradaile.y

.~ ¢, ¢, the grooves so lettered by Boas (see Fig. 144) 5
may he separated by a lOI]g]- la, linea anomurica (perhaps also the linea dromii-

. . dirw), the front part of which is the line b of
tudinal groove or unealeified Boas; L, linew thalussindew (1)erh_aps_ also 1_,1194
line, which may even form a f;’;?‘g‘g;’g’;";‘j”;o';l;;f;’;{“‘ part of which is the line
movable hinge. Of this nature
are the linew thalussinica (Fig. 146, L.t) of the Thalassinidea, with
which the /. homolica of the Homolidae may perhaps be identical,
and the I anomurice (L) of many Anomura, identified with the
L. dromiidice of Dromiidae and the unfortunately named “epimeral
suture” of other Brachyura.

The sternal surface of the cephalothorax is very narrow in
many Macrura, but is often broad in those which have a depressed
form. It is broad in many Anomura and in all Brachyura, with
the exception of Raninidae. The thoracic sterna are usually clearly

distinguishable, and, in the lower forms, seem to preserve a certain

(S
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degree of mobility.  In the higher forms they hecome firmly united,
with the cxception of the last thoracic sternum, which may be
movable (Astacidae, Parastacidae, and Anomura).

Inn front of the month, regions representing the sterna of the
three preoral “somites” can be distinguished, bnt on account of
the “cephalic flexure” the ophthalmic and antennnlar sterna are
directed forwards, or even upwards. The antennal sternnm is
mainly represented by the epistome, a plate of varying shape lying
hetween the labrum and the bases of the antennac. In the
Natantia the epistome is comparatively narrow, and on each side is
separated from the lateral portions of the carapace by the exhalent
branchial channels. In most of the Reptantia the epistome (Iig.
147, A, ep) is broad and comes in eontact with the carapaee on cach
side, and in the Brachyura it becomes firmly united with it. In
this way there is defined more or less distinctly a uccal frame
within which lie the mouth-parts, and which in most Brachyura is
closed by the operculiform third maxillipeds. The sides of this
buceal frame are formed by the free antero-lateral margins of
the carapace (Iig. 147. B, L), while in front it is more or less
distinetly delimited hy the epistome itsclf, or by a transverse ridge
(Fig. 147, B, ¢.m) which divides the epistome into two parts, the
cpistome proper and the endostome or palate (end). In most
Brachyura also (except the Dromiacea) the proximal segments of
the antennae are fused with the epistome. In the Macrura the
anterior margin of the carapace forms on each side of the base of
the rostium a more or less distinct “orbital noteh,” within which
the eye rests when it is turned outwards. In the Brachyura this
transverse direction of the eye-stalks is permanent, and the orbit
1s usually (exeept in Dromiacae) completed by the downgrowth
of a process (I.p) from the front, external to the antennules, which
unites either directly or, more usnally, by intervention of the second
segment of the antenna, with the sub-orbital lobe (s.0) of the cara-
pace. Further, in all the Brachyura the rostrum or frontal plate
sends downwards in the middle line a process (m.p) which unites
in front of the ophthalmic and antennular sterna with the epistome,
and separates from one another the basal segments of the antennules.
The greater part of the ophthalmic pedunele is in this way con-
cealed in a kind of sheath, and only the terminal segment appears
and is movable within the orbit.

In the Dromiacea the second segment of the antennal peduncle
is free and there is no correspouding proeess of the front, so that
the orbits arc incompletely or not at all defined. The arrange-
ment is hardly moré complete in certain Oxyrhyncha (Jlacrocheira)
(Fig. 147, B), but in most Brachyura the antennal peduncle joins
with the front to form a partition separating completely the
orbits from the “antennular fossae,” into which the antennules

17
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may be withdrawn, There is, however, great diversity in the de-
tails of structure of the ““facial ” region among the Brachyura, and
these are of considerable value as systematic eharacters.

In the Scyllaridae among the Macrurous groups the cephalic

Fic. 147.

Head and anterior part of body from below. A, Neplirops norvegicus. B, Maerocheire
Kuempferi. C, Carpilius convezus. (Drawn by Miss G. M. Woodward.) «', antennule; «”,
antenna ; «.m, ridge forming anterior margin of the mouth-frame and dividing the epistomial
area into epistome proper and endostome; ¢, point where the lateral wing of the carapace
touehes, or, in B and C, fuses with, the epistome; e, eye, in C retracted into, and partly
concealed by, the orbit; end, endostome ; ep, epistome; ex, exopodite ; I.m, lateral margin
of buceal frame ; L.p, lateral process of rostral plate, which in C eomes in eontact with the basal
segment (24-3) of the antenna ; md, mandible ; mp, median process of the front (in B and C)
uniting with anterior proeess of epistome: mrp3, third maxilliped; 7, rostrum or (in C)
frontal plate ; s.o0, suborbital lobe forming tloor of orbit; ¢, in A, tuberele bearing opening of
antennal gland, in B and C, operculum eovering the opening and probably representing the
reduced first segment of the antenna ; 1-5, the segments of the antennal peduncle.

region is modified in a way that at first sight suggests the Brachy-
urous type, the eyes heing widely separated and lodged in complete
orbits. In this case, however, the front unites in the middle line
not with the epistome hut with the greatly enlarged antennular
somite.

In the Alpheidae (Caridea) the anterior margin of the carapace
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is modified in a very peeulir manner, growing over and, in most
cases, completely enclosing the eyes.

The ditfercuces in the development of the abdominal region are
no less conspicuous than in the case of the cephalothorax, and
have been utilised as affording characters for the primary sub-
divisions of the Order. In the Natantia the ahdomen is large and,
with its appendages, forms the chief organ of swimming. Tt is
generally more or less compressed and its somites have well-
developed pleura. It is dorsally humped or bent between the
thivd and fourth somites in many Caridea (Eukyphotes, Boas) (Fig.
148), but the character is not so constant as to justify great

P16, 14».

Hetorocwrprs Alphousi (Caridea, Pandalidae), showing the ““humped * form of the abdomen
and the mnltiarticulate meropodite and carpopodite of the sccond leg. (Irom Alcock,
Neturalist in Indian Seas.)
svstematic impovtance being attached to it.  In the Palinura and
Astacura the importance of the abdominal appendages as natatory
organs is generally reduced, and the abdomen itself is not humped.

Among the Anomnra, the Thalussinidea (I'ig. 149) have vetained
the extended abdomen of the Macrurous groups, but the plenra
are more or less reduced; the Galatheidea (¥Fig. 150) have the
abdomen more or less closely flexed under the cephalothorax hut
not greatly modified ; the Paguridea, with the exception of some
interesting transitional forms (Pylochelidae) (Ilig. 151), have the
abdomen and its appendages more or less unsymmetrically developed
and its somites imperfectly indicated. In the hermit-crabs (Pagu-
ridae and Coenobitidae) the abdomen is soft-skinned and spirally
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Iconaxiopsis andamanensis (Thalassinidea). (From Alcock, Nutvralist in Indian Seas.)

Fia. 150.

Munide andronenice (Galatheidae), abdomen extended.
(From Alcock, Nutuiulist iz; Indian Seas.)
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coiled to fit into the Gasteropod shells inhabited by the animals.
Only the sixth somite and the telson are fully calcified, the tergal
portions of the other somites being merely indicated Ly widely

Fia. 151,

Pylocheles Miersii (Paguridea). «, end view of the animal lodged in a tube of water-logaed
mangrove or bamboo, its chelipeds closing the opening.  The lower lizure shows the animal
ina gon\'cntionnl attitude after removal from its refuge. (From Alcock, Naturalist in Indian
Secs.

separated chitinous plates in the membranous investment of the
dorsal surface. In the coco-nnt crab Dirgus (Coenobitidae) (Fig.
152), which has abandoned the tise of a covering for the hinder
part of the body, the abdomen, though short, is symmetrical
and its terga are well calcified. In the Lithodidac (Fig. 153),
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Fia. 152

Birgus latro, &, about ith natural size. The last pair of thoracic legs are folded out
of sight in the branchial chambers. (From Alcock, Naturelist in Tndici Seas.y

Fia. 153,

Neolithodes grimaeldii (Lithodidae). (After Milne-Edwards and Bouvier, from Ency. Brit.)
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which afford a remarkable instance of “convergence” in the assumy-
tion of the Brachyuran facies, the relationship to the hermit-crabs
is shown by the fact that the short abdomen, which is closely bent
up nnder the cq)lmlotho]a\ has the terga incompletely caleified,
and is, in the female, more or less unsy mmetl‘ical, bearing append-
ages only on one side.

Among the Brachyura the abdomen is always closely tlexed
wnder the CCI)II&]O(I]OI«L,\, and is much reduced in size. The shape
usually ditfers mnch in the two sexes, being narrow in the male
but broad and often excavated for the mccptmn of the eggs in the
female. The terga of all the six somites, as well as thc telson,
may remain distinet, but very often two or three of the somites
may become coalesced, especially in the male sex.

In the region of the thorax a system of internal skeletal strnetnres
is developed by infoldings of the euticle (apodemes) forming the
endophragmal systemn. In the Natantia, with feebly ealeified integn-
ment, this system is but slightly developed, hut in the Palinura and
Astacura, and especially in the 1":1';\clwnm, it attains a great degree
of complexity. A “sternal canal” may be formed by “the meeting
of the sternal apodemes of opposite sides above the nerve-cord, and
in the anterior part of the thorax this may give a firm plate or
“entosternite” lying hetween the nerve-cord and the alimentary
canal. It is not certain whether this entosternite involves any
elements other than those supplied by the ectodermal and enticular
infoldings forming the apodemes; if it does not it can hardly be
regarded as homologous with the entosternite already mentioned
in Branchiopoda (p. 44), which appears to be of mesodermal origin.

In the Brachyura a sternal eanal is not formed, the union of the
apodemes being confined to one or two of the posterior thoracic
somites, where it gives rise to a transverse bar known as the “seclla
turcica.”

Appendoges.—Among the Decapoda the oculur peduncles (Fig.
154) assume more the character of limhs than they do in any
other Crustacea, since they are generally (perhaps always) divided
into two, or more rarely three, movable segments. Instances of
extreme development of the eye-stalks oecur among Caridea and
Brachyura, sometimes the first (Podoplthalmus, Fig. 154, C) and
sometimes the second segment (Mocrnphthalmus, Fig. 154, D) being
elongated. The corneal surface is generally terminal, hut may be
oblique and even lateral, the peduncle running out heyond it into
a styliform process which may equal in length the rest of the eye-
stalk (Ocypodu, Fig. 155). In certain species of Gelasimus one of
the ocular peduncles terminates in a long process of this kind while
the other does not. 1In cases where the eyes are atrophied, as in
abyssal or cavernicolous decapods, the peduncle often persists in a
redueed state (Figs. 161, 162).
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The antennules have the three segments of the peduncle always
distinet, and as a rule both flagella are present. In many Caridea

Fia. 154,

Ocular peduncles of Decapoda. A, Ranina scabra (Brachynra). B, Astacus fluviatilis
(Astacura). C, Podophthalmus vigil (Brachyura). D, Macrophthulmus pectinipes (Brachyura). 1,
2, 3, successive segments of the peduncle,

F1G. 155.

Ocypode macrorere (Brachyura) in a natural attitude with the eyes clevated, showing the
styliform prolongation of the ocular peduncles. (From Alcock, Naturalist in Indian Seas.)

(Fig. 156, A) the outer flagellum is Lifurcated near the base, and
in some cases the three tlagella appear to arise separately from the
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end of the peduncle.  The proximal segment of the pednnele, which
in most cases lodges the statocyst, possesses in the Natantia a very
characteristie expuansion of its outer margin in the form of a rounded
lobe or spiniform process known as the_stylocerite (sty). In the
Brachyura the flagella are very short or quite vestigial; the basal
segment is enlarged and generally firmly fixed in the antennular
fossa, and the other two segments fold up beside it.

Certain special modifications of the antennules may be men-
tioned here. In the Sergestidae the outer flagellum of the male
is bifnrcated and forms apparently a prehensile organ. In flymeno-
cera (Caridea) the inner flagellum is broadly foliaceons. In
Solenocere  (Penaeidae) the same flagellnm is in the form of a

oA
= S5

o s

T

Fra. 156,

A\, antennule, 13, antenna, of Athanas nitescens. (After Nars.)) 1-5, segments of the peduncle
(the fourth segment in the peduncle of the antenna is not visible from above): er, **scale™
or exopuodite of antenna; 4, inner Hagellum; o, outer flagellum of antennule with its inner
branch bearing olfactory filments; s, statocyst in basal segment of antennule; sty, stylo-
cerite; {, tuberele bearing aperture of antennal gland.

half-tube ensheathing the outer flagellnm and forming with its
fellow of the other side a long siphon supposed to have a respira-
tory function. In Albunew (1lippidea), where by a rare exception
ouly one flagellum is present, a respiratory siphon is formed by the
apposition of the two antennules, which bear each a double longi-
tudinal row of setae.

In the lower Decapoda the peduncle of the antenna has five
segments, the two segments of the protopodite and the first three
of the endopodite, but the segments are usually more or less
displaced so as to articulate with cach other in a zigzag manner
(Fig. 156, B). The exopodite (»r) forms a large foliaceons *“seale ”
(squama) in the Natantia. In most Reptantia the number of
peduncular segments is reduced by the fusion of the second and
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third, and the exopodite, when present, is often reduced to a spine-
like “acicle.” In the Scyllaridea the number of free segments is
further reduced by the coaleseence of the proximal segment with
the epistome. In the Brachyura, the proximal segment is only
distinet in the Dromiacea; in the other groups it is either fused
with the epistome or, perhdns represented by a small opuculum
(Fig. 147, B and C, /) which covers the external opening of the
antennal gland. The exopodite is ahsent in all the Brachyura ex-
cept possibly in certain Dromiacea (Homolodromiidae), where an
immovable spiniform process is supposed to represent it. The
flagellum is very short in most DBrachyura and may disappear
altogether. In some Corystidae the two flagella form a long
respiratory siphon in mnch the same way as the antennules do in
Albunea.  In the Palinuridae not only the pednnele but also the
flagellum is very stout, and in the Seyllaridae the whole appendage
is expanded and flattened, and the flagellum is represented hy a
broad, shovel-hke plate..

The mandibles never have a distinet lacinia mobilis, although,
in some of the lower types (Atyidae), they may have a group of
setae or spines on the inner edge. The incisor is widely separated
from the molar process in many Caridea (Fig. 157, A), but in the
other groups the two cannot be distinguished or are separated ouly
by a groove. In some Caridea the inecisor process is wanting. A
palp of three segments is usnally present, hut the number of seg-
ments is sometimes rednced, and among the Caridea the palp is not
unfrequently entirely absent either in isolated genera (Hippolyte,
Palaemonetes) or throughout whole families (Crangonidae, Atyidae).
In the Penaeidae the palp is expanded and lamellar, and apparently
takes part in enclosing the respiratory passages.

The marilluive (Fig. 157, B, and Fig. 9, B, p. 13) have two in-
wardly turned endites, and a palp which is sometimes divided into
two, and even, in some species of Penaens (Fig. 158, A), into three or
four, segments.  An outwardly turned plate (ex) divectly connected
with the proximal endite, and having the same relations as the
large external plate of the maxillula of Enphausiacea, ean some-
times be observed, but only exeeptionally (e.gq. Curidina) is it of
considerable size. The chief difference from the maxillnlae of the
Euphausiacea consists in the absence of a distinet second segment,
which here appears to be fused with the first.

The marillue are closely eomparable to those of Iuphausiacea,
though the relative proportions of the parts are very different. 1In
the typical form such as we find in the Crayfish (Fig. 9, C, p. 13)
the two endites are each divided into two by a deep ineision, there
is an unsegmented palp, and a very large lamellar expansion on the
outer side to which the name scaphognathile is given. According
to Hansen, the two hifid endites arise here, as in the Euphausiacea,
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from the sccond and third segments of the limbh. Coutiere, how-
ever, states that in some primitive Caridea the double proximal

Fue 157,

Mouth-parts of Pundalus boreulis (Caridea). (After Sars.) A. mandible ; B, maxillnla; C,
maxilla; D, first maxilliped ; F, second maxilliped. ¢, proximal eundite of maxilla S:lccurd-
ing to Boas, the small distal lobe alone represents the endite and the large proximal lobe does
not represent the proximal division of tlie endite in other lecapoda); en, endopodite ; ¢p,
epipodite ; ex, exopodite ; i, incisor process : m, molar process of mandible’; mh, mastigobranchia ;
P, palp ; ph, podobranchia ; s, scaphognathite of maxilla ; *. lobe on exopodite of first maxilliped
characteristic of Caridea.

16, 158,

A, maxillula of Peuaens carvmote; 1-4, palp of four segments; er, exite connected with
proximal endite, B, first maxilliped of same ; 1-3, endopodite of tive segments; ep, epipodite ;
er, exopodite.  (\fter Boas.)
endite can be scen to belong to the first segment, and that the
other two lobes are independent of each other, helonging respectively
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to the second and third segments. The scaphognathite has been
varionsly interpreted as an epipodite or as consisting of epipodite
and exopodite together. A comparison with the maxilla of the
Euphausiacea shows, however, that it must be regarded as an
extreme development of the plate which in the latter case is
identified as the exopodite.

The modifications which this typical form undergoes within the
Order are not very striking nor do they afford much material of
systematic value. An undivided proximal endite is characteristic
of the Caridea, in which group (with some few exceptions) it is
also greatly reduced in size (Fig. 157, C). In the Pasiphaeidac
both endites disappear.

It is characteristic of the Decapoda that the first three pairs
of thoracie limbs are more or less distinetly differentiated from the
others as mazillipeds. 1t must be noted, however, that the line of
demarcation between the two groups of appendages is not always
sharply drawn, and that in the Penaeidea and Caridea the third
maxillipeds are often distinctly pediform.

In all Decapods, however, the first maxilliped (unlike the
corresponding appendage of the FEnphausiacea) has completely lost
its pediform character. The endopodite is greatly reduced in size,
and the coxopodite and basipodite are produced inwards as broad
endites of which the proximal is often divided by an incision.
The most primitive condition is found in certain Penacidae (Fig.
158, B), where the endopodite presents the full number of five
segments. In other Decapoda the number of segments is never
more than two and the endopodite is often unsegmented. The
exopodite is always present; in the Caridea (Fig. 157, D) it
presents a characteristic lamellar expansion of its outer margin
(lobe a of Boas), the narrow distal part corresponding apparently
to the flagellum, which in the higher forms is segmented off from
the peduncle and may be divided into numerous articulations.
The epipodite is rarely absent (c.¢. in many Anomura) and is
especially large in the Brachyura (Fig. 159, A).

The second mailliped departs less from the general type of the
thoracic limbs than does the first. The proximal segments are not
produced inwards as distinet endites. The endopodite is relatively
short, permanently flexed inwards, and its distal part is commonly
more or less flattened.

In the family Stylodactylidac (Caridea) the second maxillipeds
appear to present an anomalous structire, two terminal segments
articulating side by side on the end of the fifth segment. In the
great majority of the Caridea (Fig. 157, E) the terminal segment
articulates, not with the distal end but with the inwardly turned
(morphologically the outer) margin of the preceding segment. The
number of distinct joints is not infrequently redneed by the fusion
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of the basipodite and ischiopodite. The exopodite is rarely absent
(Sergestidae, Pasiphacidae), and is often divided into a pedunele and
a multiarticulate flagellnm.

The third maxilliped may, in the Natantia, even exceed in
length the next succeeding pair of appendages. The coxo-
podite and basipodite are almost always eonnected by an im-
movable articulation. In the Caridea the ischiopodite is «quite
coalesced with the meropodite, and the daetylopodite is ohsolete
or coalesced with the preeeding segment. A scrrate ridge or
“erista denfatu” (Fig. 147, A, map®) is commonly present on the
third segment, but no endites are developed from the first and
second segments. Among the Brachywra (Fig. 147, B, C, map?)
the third maxillipeds become greatly modified to form an oper-

Fic. 15t

A, first, B, third maxilliped of Neptunus pelugicus (Brachyuia), (After de Haan.)
en, endopodite ; ep, epipodite (mastigobranchia): er, exopodite.

culum to the huccal frame and entirely lose their pediform char-
acter. The ischiopodite and meropodite become broad plates and
the terminal three segments are often hidden behind the meropodite.
The peduncle of the exopodite may also be expanded and share
in forming the opereulum.  Its terminal flagellum is either folded
out of sight or may be eutirely lost. The epipodite forms a long
curved blade in most Brachyura (Fig. 159, B, ¢p).

The remaining five pairs of thoracic appendages (perucopods) are
typically ambulatory legs, eomposed of the usual seven segments.
Exopodites may be present on some or all of them in some Penaciden
and Caridea (Pasiphaeidae, Fig. 160, Hoplophoridae, some Atyidae,
and Crangonidae), but elsewhere they are wanting.  As a rule one
or more pairs are chelate or sub-chelate, except in the Scyllaridea
(where, however, the last pair are imperfectly chelate in the female
sex) and in some Hippidea. The first three pairs are chelate in
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most Penacidea and in the Stenopidea and Astacura (Fig. 161), the
first four or all five pairs in the Eryonidea (Fig. 162), the first two

1. 160.

Psathyrocaris frayilis (Pasiphaeidae), showing the greatly developed exopodites of the thoracie
legs (a ‘“Schizopod ” eharacter) and of the pleopods. (After Alcock.

rereemirivas

Fia. 161,

Nephropsis Carpenters (Nephropsidae), §. A deep-sea species in which the eyes have almost
disappeared but the vestigial eye-stalk can be seen below the rostrun. (From Alcock,
Naturalist in Indian Seas.)

in most Caridea, the first or the first two in Thalassinidea (Fig.
149, p. 260), and the first pair only in the other Anomura (Fig. 150,
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p- 260) and the Braehyura. In most Anomura the last pair, and in
a few Drachyura the last or the last two pairs, are subchelate. A
very remarkable form of cheln is found in the genus Pselidopus
(Caridea) (Fig. 163), in which
both fingers are movably articul-
ated with the propodite, an
arrangenient  resembling  that
found in the second maxilliped
of Styloductylus.

In most of the Reptantia,
where the first pair of legs are
chelate and much larger than
the others, they are commonly
rveferred to as the chelipeds, and
the following four pairs are
distinguished as walking-legs.
Frequently the chelipeds  are
asymmetrical in size and shape
on the two sides, the lurger
chela having the fingers armed
with blunt crushing -tubercles,
while the smaller has sharp
eutting-teeth.  In many cases,
as, for instance, in the lohster,
the larger erushing-chela may
be on the right or the left side
indifferently, but in some DBra-
chyura it is constantly on the
same side of the hody. A
curious reversal of asymmetry
sometimes oceurs as i result of
the loss of the larger chela; at
the next cedysis the remaining
chela assumes more or less com-
pletely the characters of a large
crushing-chela, while the re-
generating limb has the form
of a small entting-chela. Fia. 162,

A modification of some of . Penturkeles fiortit (Bryonidea). The vesti-

. N wial eye-stalks are lixed in notehes in the front
the legs as swimming-paddles of thé carapace. (From Aleoek, Naturalist in
ocars in various groups, for in. M S
stance, in the Portunidae (Brachyura), where the last pair are so
modified. In some Natantian and in one genus of Hippidea one
pair of legs may become multiarticulate and flagelliform.  This
modification occurs especially in the second pair of many Caridea
(formerly grouped together as Polycarpinea) (Fig. 148), where the
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this is only the ecase in the Eryonidea. In the Astacura the
first pair, and in the remaining Leptantia all the five pairs, of
legs have the basipodite and ischiopodite immovably nnited.
Perhaps correlated with this fusion is the presence of a ““fracture
plane” in the basipodite, at which separation of the limb takes
place in autotomy in many Reptantia.

In a few Decapoda some of the legs hecome quite vestigial or
even disappear altogether. In the Sergestidic the last two pairs
are redneed, and in A cefes the last pair and in Leucifer the last two are
quite absent. In the Pinnotheridac (Brachyura) the last pair may
be rudimentary or absent.  In many Crangonidae the second pair are
smaller than the others, and in Puracrangon they disappear entirely.
This case 1s especially noteworthy since the suppression of members
of a meristic series rarely ocenrs except at one end of the series.

The epipodites and associated strnctures of the thoracic limbs
will be described below in connection with the branchial system.

The pleopods of the Decapoda present typically the same structure
as those of the Euphausiacea. Of the two seginents composing the
protopodite the first is usually small, often apparently abseut, the
second elongated and often stout. The two rami may be multi-
articulate and flagelliform, more often flattened and nnsegmented,
and bear a marginal fringe of natatory setae. The endopodite may
bear on its inner margin an appendiz internu tipped with a gronp of
coupling-hooks.

It is interesting to note that the Penaeidea and Stenopidea,
which, on the whole, tale the lowest place among the Decapods,
never possess an appendix interna (except in so far as an element
derived from it may possibly sbare in forming the copulatory
appendage on the first pair of pleopods in the male), thongh the
presence of that organ in the Leptostraca, Euphausiacea, and
Stomatopoda shows that its possession must be reckoned a
primitive feature among the Malacostraca.

The pleopods are most strongly developed in the Natantia,
where they form the chief swimming-organs.  In the Reptantia the
natatory fnnetion is less important and the pleopods are generally
feebler, thongh in some fossorial Thalassinidea they are of consider-
able size. An appendix interna is wanting except in some Thalas-
sinidea and in the Seyllaridea, where the pleopods arc peculiarly
modified. In the Anomura, exclnding the Thalassinidea, the
pleopods are generally feeble, often uniramous, and are sometimes
absent from the first somite, as they are also in the Seyllariden
and Parastacidae.  They are absent altogether in the males of
Hippidea, Lithodidae, and of some other Paguridea; when present
in the Paguridea, they are, as a rule, developed only on one side
of the body and an appendix interna is sometimes present. In
the DBrachyuwra the first and second pairs (which are specially

18
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modified, as described below) alone persist in the male, while in
the female the second to the fifth pairs are (with rare exceptions)
developed as egg-carrying appendages, with short protopodite and
long and slender rami; the first pair are absent in the female ex-
cept in the Dromiacea. In Callivniden (Thalassinidea) the rami of
the pleopods are fringed with long filaments, apparently hranchial in
function ; this isolated case forms a curious parallel to the develop-
ment of branchial filaments on the pleopods in the Stomatopoda
and in Buthynomus among the Isopoda.

Sexual modifications are commonly presented by the pleopads,
most constantly by those of the first and second pairs, which in the
male assume a copulatory function. In the case of the first pair
the difference may be slight, as in most Caridea, where the endo-
podite is reduced to a small leatlet, differing more or less in shape
in the two sexes, and in the male armed with a group of coupling-
hooks. In the Penaeidea the first pair of the female have the
endopodite small or wanting ; in those of the male it is represented
by a membranous plate, often of large size and complicated strue-
ture, attached to the inner side of the peduncle, and bearing (as in
the Caridea) a group of coupling-hooks which interlock with those
of the other side. To this apparatus the name of pefasma has been
given by Spence Bate. In the Reptantia the appendages of this
pair are never biramous. In the female sex they are greatly reduced
in size or altogether absent.  Occasionally they are absent in both
sexes (Parastacidae, Scyllaridea, some Paguridea, and Hippidea),
but more commonly they are developed in the male into copulatory
appendages, usnally styliform, with a spoon-shaped or tubular
terminal part. In some Thalassinidea (Upogebia), by a rare excep-
tion, these appendages are present (uniramous) in the female but
absent in the male sex.

The second pair in the female sex are almost always similar to
those which follow. In the male sex, however, this is rarely the
case (some Scyllaridea, Parastacidae, Upogedic). As a rule, they
are modified by the development of an accessory process, the
appendiz masculing (Boas), from the inner edge of the endopodite.
This appendix is small in the Penaeidea and Caridea (in which latter
it may ecoexist with the appendix interna), but in the other groups
it increases in importance, the terminal part of the endopodite
diminishing, as does also the exopodite, until in the Brachynra
(and some Anomura) there remains only a styliform appendage of
two segments, the proximal representing the protopodite and the
distal the endopodite together with its appendix masculina.

The wropods retain in the Macrurous' groups the general
characters of the caridoid type, having a short protopodite and
broad lamellar rami, forming with the telson a tail-fan. As a rule
the exopodite is more or less distinctly divided by a transverse
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joint, and very rarely as in Luomedic (Thalassinidea) the endopodite
is similarly divided.

Among the Anomura the uropods are variously modified. In
the Galatheidea they retain morc or less the type of structure
whicl they showed among the Macrura.  In most Pagnridea they
become modified as organs for fixing the posterior end of the body
in the shell or other lodging carried by the animal, the rami are
stout and curved, with roughened, “file-like” surfaces which are
pressed against the shell, and the appendages of the two sides share
in the asymmetry of the whole abdomen. In the Lithodidae alone
among Anomura the uropods are wanting.  This is all but
universally the case also among the Brachyura, where only in
certain Dromiacea (Dromiidea) are there found traces of uropods in
the form of small plates intercalated on cach side between the lust
abdominal somite and the telson.

LDranchicl System.—With the single exception of the aberrant
genus Leucifer, all Decapoda possess hranchiae connected with some
or all of the thoracic somites and lying in the cavities enclosed hy
the branchiostegites on each side. The typical nnmber of branchiae
which may De present on each side of a somite is four, arranged as
follows: Oue is attached to the lateral wall of the somite dorsal
to the articulation of the appendage (pleurobranchia), two to the
articular membrane between the coxopodite of the appendage and the
body-wall (urthrobranchiae), and one, representing a differentiation
of part of the epipodite, is inserted on the coxopodite itself
(podobranchiv).

Four series of gills corresponding to these can be traced in a
more or less incomplete form thronghout the whole series of the
Decapods.  They are, however, not invariably distinguished from
cach other by the position of attachment in the manner just
deseribed.  In particular, the distinction between arthrobranchiae
and pleurobranchiae is often very diffieult to draw in practice,
and there are some cases where an arthrobranchia in one species
is plainly homologous with a pleurobranchia in another. Claus
has shown that in the development of Penaeus three hud-like
outgrowths appear on the proximal part of most of the thoracic
limbs (Fig. 164, A). The distal one (a) gives rise to the epipodite
with its podobranchia and the two others (J, ¢) are the arthro-
branchiac. As development proceeds an apparent change in the
position of these last is bronght abont by coalescence of the proximal
part of the appendage with the body, so that the branchiac no longer
appear as outgrowths of the limb bnt spring from that part of the
body-wall which afterwards forins the articular membrane of the
joint.  The pleurobranchia appears a little later than the other two
(Fig. 164, B, d), but its place of origin is very close to if not actnally
on the basal part of the limb 1tself Williamson has observed a
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similar transference of the gills from the limb to the hody-wall in
the development of Crungon (Caridea), and Bouvier in Uroptychus
(Galatheidea). Claus concludes from these observations that not
ounly the podobranchiae but also the arthro- and pleurobranchiae
are originally appendages of the limb. The absorption of the
proximal part of the limb into the hody-wall is of importance in
view of Hansen's recognition of a pre-coxal clement in the ap-
pendages of various Crustacea.

The origin of the podobranehiae by differentiation of part of
the epipodite is also elearly shown in the development of Penacéus.
The most distal of the three outgrowths mentioned above early
becomes bilobed. .The distal lobe, which lies in front of the

Fra. 164,

Two stages in the development of the branchial system of Penveus. (After Clans.) A, early
stage ; B, later stage atter appearance of the rndiments of pleurobranchiae. mrpl-map?,
maxillipeds ; 1115, legs; «, distal sertes of rudimeunts giving rise to mastigobranchiae and
podobranchia (on mirp?); b, ¢, radiments of arthrobranchiae ; d, rudiments of pleurobranchiae.
In B the distal rudiment on map?2 is dividing into podobranchia (pb) and mastigobranchia (mb).

proximal one, develops in the case of. the second maxilliped (Fig.
164, B, msp?) into the podobranch (in the other appendages it
disappears), while the proximal and.posterior lobe becomes the
~epipodite or smustigobranchia of the adult, a bilobed membranous
lamina whieh extends upwards into thé branchial chamber hetween
the gills. On the. first pair of maxillipeds the distal lobe remains
simple and persists as the distal part of the laminar epipodite of
the adualt. It is remarkable, however, that in the only eases in
which the epipodite of the first maxilliped develops branchial
filaments (in some Parastacidae), these are borne, not by the distal
part which appears to represent the podobranchia, but by the
proximal division.
In most Reptantia the podobranchiae have a similar relation to
the mastigobranchiae to that just described in Penaeus. In the
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Astacidae, however, the axis of the gill coalesces with the mastigo-
branchia, which has the form of a folded membranons lamina from
which the hranchial filaments spring divectly. In the Parastaecidie
this lamina is greatly reduced or disappears.

In the Caridea, the mastigobranchiae, when present, have usnally
the form of short curved rods, directed hackwards, each ending in
a hooked process which grasps a tuft of long slender setac on the
coxopodite of the next succeeding appendage. This tuft of setae,
which is also present in some Reptantia, springs from a small
papilla which Coutitre has conipared with the setiferous epipodial
process found in Guathoplhuusic (Mysidacea) (Fig. 106, ¢p, p. 176), and
which he regards as a distinet element of the Dranchial system
(setobranchic of Dorvadaile). In a species of Fironarius (Thalas-
sinidea) Coutiere has found that the coxopodite of the first leg
bears fiwro podobranchiae, one attached as usnal to the base of the
mastigobranchia, the other close to, if not actnally inserted on, the
setobranchia.  In no other Decapod is more than one podobranchia
found on any limb.

As regards their structure, each branchia consists of a stem or
axis which is attached at or near one end and bears numerous
lateral hranches. According to the form and arrangement of these
latter, three main types of gills have been distinguished, which,
however, are conneccted hy intermediate forms. In the ¢richo-
branchiate type (Fig. 165, B) the branches are filamentous, and are
arranged in several series around the axis. In the phyllobranchiate
type (Fig. 165, C) the branches are flattened laminae, and as a
rule only two opposite series are present. The dendrobranchiale
type (Fig. 165, A) is characterised by the fact that the biserial
primary branclies are themselves ramified, sometimes in a very
complex fashion. The dendrobranchiate type is pecnli:u' to the
Penacidea, but each of the other two types recurs in widely
separated groups. Thus the Caridea have phyllobranchiae, as
have also all the Brachyura, with the exception of some of the
primitive Dromiacea, which have trichobranchiae. The Stenopidea,
Palinura, and Astacura have trichobranchiae.  Among the Anomura,
phyllobranehiae are the rule, but feglew among the Galatheidea,
and the Pylochelidae, with several genera of Paguridac among the
Pagurides, have trlchol)mnchme and the gills of some T lnlassmldea
are intermediate in character.

In the number and arrangement of the- gills very great differ-
ences exist, which afford valuable systematic characters. At the
same time, the important divergences sometimes presented hy
closely allied forms render it necessary to use caution in estimating
the value of these characters (compare, e.q., Caridina and Limnocari-
dina, or Pundalus and Panduling).,  The last thoracie somite is
invariably destitute of mastigobranchia, podobranehia, or arthro-



278 THE CRUSTACEA

branchiae, though it may carry a plenrobranchia and a setobranchia.
As a rule no gills are present on the first thoracie somite, but
in some Penaeidea, Stenopidea, Astaeura, and Thalassinidea, a
wminute arthrobranchia (? pleurobranchia) is present, while in some
Parastacidae the epipodite hears some branchial filaments and is, in
fact, a rudimentary podobhranchia.

On the remaining somites the podobranchite are the most
frequently suppressed. It is characteristic of the Scyllaridea and
Astacura that they possess a full series of podobranchiae, and less
complete series are found in the more primitive Penaeidea (Cerata-
spinae and Aristeinae), in the Eryonidea and some Thalassinidea,
and in the primitive Homolodromiidae among the Dromiacea. In

Fic. 165.

Branchiae of Decapoda. The lower figures show the complete branchiae, the upper figures
transverse sections of the same. A, dendrobranchiate type (Penceus canalicvlutus). B, tricho-

branchiate type (dstacus fluviatilis). C, phyllobranchiate type (Paluemon lar). b.e, blood-
channels in axis of branchia.

all other Decapods they are absent from the legs and, except in
Brachyura, from the third, though not nncommonly present on the
second, maxillipeds. Apart from the podobranchiae, the mastigo-
branchiae and setobranehiae may persist in a more or less eomplete
series, especially in the Caridea. The plenrobranchiae are stated
to extend forwards to the somite of the third maxilliped in some
Caridea, and to that of the second in the Penaeidae; but it must
be noted that the distinction between pleuro- and arthrobranchiae
in the crowded anterior part of the hranchial chamber is often
obscure. They form the chief part of the gill-system in the Caridea,
where five are usually present, and, on the other hand, they are
quite wanting in most of the Thalassinidea. In the Brachyura a
formula of nine branchiae on each side is found in all the main sub-
divisions ; but while it is praetically nniversal in the Oxyrhyncha
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and in those families of the DBrachyrhyncha formerly grouped
together as Cyclometopa, it suflers reduction in many of the Cato-
metopa, especially in terrestrial and parasitic forms, and in the
majority of the Oxystomata.

The table on p. 280 gives the branchial formulae in a series of
representative forms,

The arrangements for maintaining a current of water through
the branehial chamber and for preventing the ingress of foreign
particles are very varied and often eomplex. The branchial
current is eaused by the vibratory movements of the seaphognathite
or exopodite of the maxilla, and as a rule it sets from behind
forwards, though it appears that in some eases, espeeially in
Deeapods which burrow in sand or mud, the direction of the
current is periodically reversed. In the simplest cases, as in most
of the Maerurous gronps, the water enters along the lower margin
of the branchial chamber, which is protected by setae, and in par-
tienlar by those of the setobranchiae. The exhalent current passes
out at the sides of the oral region in front.  This arrangement is
modified in the Brachyura by the free edge of the hranchiostegite
fitting elosely to the hases of the legs on each side, only leaving an
aperture for the ingress of water in front of the base of the eheliped.
This aperture is provided with an opereular valve formed by the
base of the long epipodite of the third maxilliped. These arrange-
ments may be further complicated in various ways, especially in
the case of burrowing forms. The exhalent passages, which in
some eases may by reversal of the enrrent become inhalent, are not
unfrequently prolonged towards the front of the head by the apposi-
tion of various appendages. In many DPenaeidea the lamellar
mandibular palps, the antennal scales, and the antennular peduncles
co-operate to this end ; in the Brachyura and some Anomura the
flattened third maxillipeds carry the exhalent channels at least as
far as the anterior margin of the buceal frame; the flagella of the
antennules in some Hippidea and of the antennae in the Corystidae
form a long exhalent (or inhalent) siphon ; and in the Leucosiidae
among the Brachyura the inhalent as well as the exhalent channels
are carried forwards to the front of the head heneath the expanded
maxillipeds.  Some special adaptations for aerial respiration will
be described below in conneetion with the cireulatory system.

Alimentary System.—The stomodaeal “ stomach ” of the Deecapods
is developed into a tritnrating and straining apparatus of great
complexity. The simplest form of the gastric armature appears to be
found in the Penacid genus Cerafuspis (I'ig. 166), recently studied by
Bonnier. Here the ehitinous lining of the stomach, althongh pro-
vided with numerous internally projecting ridges armed with setac
and spinules, is nowhere indurated or caleified to form distinct
sclerites such as are found in other Decapods, and in so far it
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Hippolyte (viridis) n. 0|0 m. |0|0} O 0| O 1 0 10 1 0o (0 1 0 [0]1] O |0]|1]|0[0|1 54+2m.
Caridea Crangon (vulgaris) m 0{0 m. {0{0O] m. 1 Q Q 0 1 Q0 |0 1 o {o/1l 0o j(ol1l0,0]1 643 m.
Iloplophorus m 0(0|1m.|0/0fm. 2| 0 ‘ m [1{ 1 [m {1 1 |m '1|1|m (1/1{0|01] 1247 m.
Atya m. 00 1 |0{0] m. 2 0 | m |1 1 m. {0 1 m. 0|1} m. |0(1]0/0]|1 046 m.
Limnocaridine o o/o] o jojof 0 o 0o 4 O |O 1 0 |0 1 0 01| 0 |0j1|0|0]0 4
Pasiphaca (sirado) m. 00| 0 (0jOf O O] O 0o | 1] 1 0 (1 1 0 1/1] 0 (0!1f0j0]1 8+m.
Astacura . Homarus m 001lm{0{0ilm. 2 0 1nm.| 2 0 (1w 12 1 {1m. 2(1[1m.[2]1|0[0|1]| 2047 m.
Palinura . Palinurns m. 0/0]1m.{1{01m. 2 0 1m.| 2 0 [1m. 2/ 1 f1m 2/1{1m. 2 1{0/0[1] 2147 m.
( Thalussine 0 0/0Jim.f1/0ltm. 2| 0 |1m |2} O {1m. 2| O m 2,0f m [2/0({0{0/0] 1546 m.
Aaxius m. 0/ 0f1m rfoj1m 2| 0 [Im |2} 0 jIlm 2/ 1 [1m 2/1{ m 211010 r.|18+2r.+7m.
Upogebin 0 00 0 [0/0] O 2 0 0 2 0 0o 2 0 0 120 0 12,0[0/0/0 10
Anomura < Galathea (squamifera) ym. 0{0f 0 0[O0} m. 2} 0 m (2] 0 [{m 2 1 [m ‘201 0 21 Oio 1| 1445 m.
Cocnobita 0 0/0] O [0/0f O r.r/ O 1 0 |rr] O 0 2| 1 0 2\1 0 {2;1]10/0|1| 10+4r.
El%".‘”“m and} 0(0lo] 0 ool 0 2( 0 o (2 0] o012 o]0 20f 0 271{0[0f0 11
ithodes J ’ }
Homolodromia m.|0|0flm. [1{0|lm."2] 0 ‘ lm.| 2 0 {1m.|2 1 j1lm 21 0 2/1|0(0]|1| 2046 m.
Diontia mfo/0|1m|0[0fm. 2| 0 |m 2| 0 0,2 1 0 |21 0 ,1/1{0]|0l1| 14+4m.
Brachvur Cuncer m, 0{0{Im 1[0f1m. \ 21 0 o 2| 0 0 (0 1 0 |01] 0 |0[|0f0|0]0 9+3 m.
CLYUTAY Oeypoda m.(0|0}1m. 10{0f1m. 12| 0 0 2| 0 0 {0 1 0 00} 0 |0(0[0)00 7+3 m.
1lia m.[0/0fm.r.:0]0[m. 1'.‘ 21 0 0o |21 0 0 |0 1 0 01| 0 [0|0f0|0]0 643 m.
Pinnothercs w. 0|0} 0 |0{0fm. (1] O 0|2 0 0 }0‘ 0 0 {00} 0 [0{0[0)0]0 842 m.
| ) | !
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resembles that of many of the more primitive Malacostraca. A
deep transverse infolding of the dorsal surface, which marks the
division into the larger anterior or cardiac and the smaller posterior
pyloric chamber, is prodnced internally into a strong median tooth
(m.t). The floor of the cardine chamber presents internally & median
(m.r) and a pair of lateral (I.r) longitudinal ridges defined by deep fold-
ings of the euticle and representing elements which in other forms
become calcified selerites ; just above these on each side are series
of stout denticles (@), of which a posterior group in the vicinity of the
“median tooth” appear to correspond to the “lateral teeth ” of other
Decapods. The pyloric division has its lumen greatly veduced hy
infoldings of its walls, and may be regarded as being divided hy a
longitudinal fold () on each side into a dorsal and a ventral portion,

Fic. 1.

Dissection of the stomach of Crretuspis monstruosns (semi-diagrammatic). cerd, cardiac
chamber ; d, lateral denticles ; I, terminal lappets projecting into mid-gut: 7.», lateral ridge ;
m.r, median ventral ridge of cardiac chamber: m.f, median tooth : pl, pyloric chamber; r,
longitudinal ridge separating dorsal and ventral divisions of pyloric chamber; w, wedge-
shaped ridge with straining apparatus. (Atter Bonnier.)

of which the former is a direct continnation of the cardiac chamber,
while the latter is a diverticulum closed in front and communi-
cating with the dorsal chamber only by a narrow slit between the
setose margins of the longitndinal ridges. The ventral chamber
has its cavity again divided into two portions by a strong median
wedge-shaped ridge (i) which rises from its floor and is produced
posteriorly into a tongne-like process overhanging the apertures of
the hepatic duets into the mid-gnt. The lateral smrfaces of this
ridge are provided with a characteristic armature which seems to
act as a straining apparatus ; it consists of numerous parallel plate-
like ridges running longitudinally and standing at right angles to
the surface, each hearing on its edge a comb-like fringe of setae
lying parallel with the surface and covering in the groove lying
between cach ridge and the next.  This wedge-shaped ridge and



282 THE CRUSTACEA

straining apparatus appear to he very constant throughout the
group, and are no doubt homologous with the very similar structures
found in other orders of Malacostraca. At its posterior end the
chitinous lining of the stomodaeum terminates in four tongue-like
lappets (I) (much elongated in Penceus) which project freely into the
cavity of the mid-gut.

In the other Penacidea the stomodaeal armature is much more
complex than that just deseribed. A large number of sclerites,
more or less caleified, are differentiated in the walls of hoth cardiac
and pylorie chambers. A dorsal and a ventral series can be dis-
tinguished, the dorsal and dorso-lateral pieces of the cardiae chamber
being in relation to the strong median and lateral teeth. From
this arrangement of the parts found in the Penaeidea, that eharac-
teristic of the Reptantia may be easily derived, the chief differences
being due to the appearance of additional sclerites, and especially
of a series of intermediate pieces on the lateral walls of the two
chambers. The elements of the dorsal series are the more important,
forming as they do a system of levers moving the dorsal and lateral
teeth.

The great majority of the Caridea diverge more widely from
the Penaeid type owing to the disappearance of the whole of the
dorsal series of sclerites and of the dorsal and lateral teeth associated
with them, the roof of at least the cardiac chamber remaining quite
membranous. Only the Atyidae and one or two others among the
families of Caridea hitherto examined possess certain elements of
the dorsal series well developed, hut they are differently arranged
from those of the other Decapods.

Mention must be made here of the gastroliths or “crab’s eyes,”
which are discoidal calcareous nodules in the lateral walls of the
cardiac division of the stomach in Crayfish (.{stacus) and Lobsters
(Homarus). They are periodically formed shortly before ecdysis
takes place, and are shed into the cavity of the stomach, to be
broken up and dissolved, apparently providing some of the material
necessary for the calcification of the new integument. No similar
structures are definitely known to oceur in any other group of
Decapods.

The mid-gut varies very much in length in different Decapoda,
but exact observations have been made only on a few types. In
the Crayfish (.fstucus) it is exceedingly short, so that the dorsal
lappet which terminates the cuticular lining of the stomodaeum
extends throngh it into the beginning of the proctodaecum. In
mnost, if not all, Brachyura it is also very short. In the Lobster
(Homarus), however, it occupies five-sixths of the post-gastrie part
of the alimentary eanal. In species of Alpheus (Caridea) the mid-
gut extends as far as the last somite, and in Paguristes it is longer
than the proctodaeum. From the upper surface of the mid-gut
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there arises anteriorly m Astacura and most Thalassinidea a short
unpaired caccum.  In Cullicnasse among the Thalassinidea and in
most Paguridea a pair of longer or shorter cacca are present, and
in most Brachyura they form two long and convoluted tubules. In
the Caridea and Galathaciden and in Puguristes (Paguriden) no
cacea are found.  Dromic possesses a single short cacecum, and so
resembles the Astacnra and differs from the other Brachyura.

An unpaired caecal tube of considerable length springs from
the dorsal surface of the intestine in the Brachyura, and a shorter
caceum is present in the Lobster, in the Thalassinidea, and in some
Puaguridae. It is probable that in all these cases the caccum arises
from the posterior end of the mid-gut. In Alpheus, according to
Coutiere, the mid-gut is produced backwards heyond its junction
with the narrower hind-gut into a number of blind saccules.

Ciroups of gland-cells on the walls of the oesophagus, on upper and
Tower lips, and on the maxillulae and maxillae, have been regarded
as salivary glands.  (nite similar glands, however, may occur through-
out the whole length of the hind-gnt also, and they are identical in
structure with the dermal glands which oceur in various situations
on the surface of the body.

With the single exception of Leucifer, which possesses only two
pairs of hepatic caeca, the voluminous “liver” of the Decapods
consists of & mass of minutely ramified tubules, lying mainly in the
thorax. It communicates with the anterior part of the mid-gut by,
as a rule, a single duet on each side, but in 4lpheus (Couticre) three
ducts are present. In Paguridae the hepatic glands are displaced
hackwards, and lie for the most part in the abdominal region.

Cirenlatory  System.—The heart in all Decapods is short,
polygonal in outline, and situated under the posterior part of
the carapace. As a rule there are three pairs of venous ostia,
of which one, or in the Brachyura two pairs are situated on the
upper surface.  Couticre has demonstrated the existence of two
additional pairs in certain Cavidea, and possibly further research
will show that these are present in other cases.

Anteriorly the heart gives off a median ophthalmic artery
which runs forward to supply the region of the eyes. Ou each
sicle of this originates an antennal artery, which, besides supplying
the antennae, sends branches also to the rostrum, eyes, and adjacent
parts.  In _fstecus, Bouvier finds that terminal branches of the
antennal arteries unite in front of the brain in a median vessel
which runs backwards to anastomose on the walls of the oesophagus
with branches of the sternal (subneural) artery—an arrangement
which recalls the cirecumoesophageal vaseular ring of some Isopoda
and Amphipoda. A second pair—the hepatic arteries—arise from
the sides of the heart a little way behind the antennal arteries,
and are distributed to the hepatic glinds and adjacent viscera.
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Posteriorly the heart sends oft a median vessel, the superior
abdominal artery, while the unpaired descending artery (some-
times called the sternal artery) may arise separately from the
heart (Brachyura) or may branch off from the superior abdominal
artery just beyond the valves which mark its origin from the
heart.

The descending artery passes on one side (either to right or left)
of the intestine and pierces the ventral nerve-chain in nearly all
Decapods, passing between the connectives uniting the sixth and
seventh thoracic ganglia. Only in some of the Brachyura, where
the concentration of the nervous system reaches its highest point
(Oxyrhyncha and some Brachyrhyncha), this perforation of the nerve-
mass does not take place, the artery passing behind instead of
throngh it. On arriving at the ventral swrface the artery bifurcates
in the median plane, a large branch, to which the name of steinal
artery is commonly applied, running forwards to supply the ventral
surface of the thorax and its appendages, while a smaller branch
running backwards also Dbeneath the nerve-chain is the inferior
abdominal artery (absent only in Paguridea). These two arteries
taken together form a median longitudinal trunk ¢nite comparable
to the subneunral vessel of Isopods, and, like it, may communicate
with the dorsal system of vessels by a circumoesophageal ring.
A further communication is very often present at the posterior end
of the abdomen, where a vasenlar ring encireling the intestine
unites the superior and inferior abdominal arteries. A pair of
posterior lateral arteries arising from the superior abdominal
artery near its origin from the heart, and often nunsymmetrically
developed, are of importance since they irrigate the branchiostegal
regions of the carapace whieh have a respiratory function.

A venous sinus in the mid-ventral line receives the blood from
the lacunar system of the body and appendages and distributes
it to the gills, whence it is returned to the pericardial sinus by
branchio-pericardial channels rnnning in the inner wall of the
branchial cavity. A minor circuit for the blood is afforded by the
lacunar network of the hranchiostegites, which, receiving blood
partly from arteries and partly from adjacent venous sinuses,
return it directly to the pericardium by special channels.

In terrestrial Decapods various modifications of the respiratory
and circulatory systems are met with. In those most completely
adapted to a terrestrial life (Birgus, Curdisoma) the lining membrane
of the branchial cavity is very vaseular and covered with minute
villi. The supply of venous blood to the sinuses of the branchio-
stegal regions is more important and more definite than in
aquatic Decapods, and the apparatus no doubt functions as a
lung. In the terrestrial Hermit-crabs (Coenobita) a very peeculiar
respiratory organ is found. A rich vasenlar network is developed
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in the delicate skin of the abdomen, especially on the dorsal side
anteriorly.  Two pairs of venons trunks running along the sides
of the abdomen return the blood to the pericardinm, a pair of
rhythmically contractile vesicles at the base of the ahdomen serving
to accelerate the flow.

FEucretory System.—In all Decapods the antennal gland is well
developed, and generally presents a complexity of structure not
found eclsewhere among Crustacea. It has in most cases lost its
original tubular form and assumed that of a compact gland.  Three
divisions are commonly distinct—the saccule, the labyrinth, and the
bladder, with its efferent duct leading to the exterior. The
saccule, which represents the end-sac of the typical antennal
gland, may retain its simple saccular form, but more commonly
it is complicated either by the development of partitions dividing
up its cavity, or by numerons branches which ramify through
the mass of the labyrinth. The labyrinth may be considered as
derived from a sac which, by the rich development of partitions
and trabeculac from its walls, has been converted into a spongy
mass traversed by a eomplex system of canals. In the Crayfish
(A stacus) the structure is still further complieated, mainly by the
clongation of a portion of the labyrinth into a whitish cord of
spongy substance which is convoluted upon itsclf, forming the
“medullary ” portion of the gland, the greenish “cortical” layer
representing the proximal portion of the labyrinth which com-
municates with the end-sac. The bladder may retain, as in the
Crayfish, the form of a simple vesicle commmunicating with the
exterior by a short duct. In many cases, however, it sends off
prolongations which may extend through a great part of the body.
In some Caridea this vesical system is very extensive, lobes from
the two sides uniting with each other to form an unpaired vesicle
above the stomach. In the Brachyura three main lobes are given
off from the bladder, which are very constant throughout the group,
such differences as do occur being correlated with the differences
in shape of the carapace. In the Paguridae, however, the vesical
system reaches its greatest complexity (Fig. 167). The bladder
sends off prolongations which ramify between the organs and
anastomose to form delicate networks and arborisations in the
region of the thorax, and two long diverticula, which may unite
with cach other, pass backwards to traverse the whole length of
the abdomen.  In Pulinurus an accessory gland not found in auy
other type opens into the duct of the bladder. The external
aperture is in most cases placed on a papilliform elevation on the
proximal segment of the antennal peduncle. In the Brachyura
the aperture is covered by an operculum (IMig. 147, B and C, ¢),
capable of being opened and closed by special muscles. It has
been shown that this opereculum in all probability represents the
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reduced proximal segment of the antenna, and the muscles attached
to it have been identified with those which move the proximal
antennal segment in the lower Decapods. This structure was
described by Audouin and Milne-Edwards
as a kind of auditory ossicle.

No trace of the maxillary gland is
known to persist in any adunlt Decapod,
though it is frequently well developed in
the larval stages.

Traces of glandular organs, presumed
to be homologous with the antennal and
maxillary glands, have been observed in
embryonic stages in certain other somites
of the trunk. In addition, certain other
structnres are found in adult Decapods, the
excretory functions of which have been
demonstrated  physiologically, although
their morphological significance remains
obscure. The most -important of these
are the ‘“branchial glands,” which are
masses of connective-tissue cells surround-
ing the venous channels in the axis of the
gills and are devoid of ducts.  Other
¢lands of the dermal type also occur in

Fic. 167. connection with the gills.
sysggl‘o’;‘}l;up?;u}}}:beﬁgzj’ﬂg ‘ Nervous System.—Grez}t diﬁ'c'rences exist
«bd, unpaired vesicle lying in in the number and disposition of the
abdomen ; «rb, arborisations of . . .
the vesical system in thorax; , ganglia composing the ventral chain.
b Htol "(‘A‘;;'e‘f';}i},c‘}’ﬁf‘)“‘g‘ Among the lower Decapods the six ganglia

corresponding to the six abdominal somites
are distinet, but those of the cephalothorax may he more or less
coalesced. The largest number of distinet ganglia appears to be
found in the Astacura, where those of the five posterior
thoracic somites are well separated, the remaining cephalotho-
racic ganglia being more or less completely coalesced to form
a large suboesophageal ganglion. In other cases coalescence
has taken place to a greater extent, and in the Scyllaridea and
some Caridea, at least, all the cephalothoracic sternal ganglia form
a single mass. Among the Anomura the degree of coalescence
varies, and sometimes the first abdominal ganglion is approximated
to the thoracic mass. Among the Brachyura the concentration of
the nervous system reaches its highest point; the whole of the
sternal ganglia are united into a rounded mass lodged in the
thorax, from which the nerves radiate outwards. As a rule this
mass is perforated in the centre for the passage of the descending

artery. In the more primitive Dromiacea, however, the concentra-
)
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tion is somewhat less complete, the outlines of five pairs of ganglia
can be distinguished in the central mass, while posteriorly is a
shortened chain of five pairs of ganglia corresponding to the
abdominal somites, althongh not extending beyond the posterior
limits of the thorax.

A system of visceral nerves is well developed in the Decapoda.
A gastric plexus is formed by anastomosis of three nerves, a median
one arising from the posterior surface of the cerebral ganglia and
a pair from the oesophageal commissures. Speeial nerves to the
rectum are given off by the last abdominal ganglion.

Sense-Orguns.—The paired eyes are well developed in the great
majority of Decapods, although, as already mentioned, they may
be reduced or entirely absent in deep-sca and cave-dwelling forms
as well as in some parasitic and burrowing species. The corneua is
generally distinetly faceted, the facets being square or hexagonal
in outline. Sometimes they are square in the centre of the corneal
area and hexagonal towards the margin.  As a rule the crystalline
cone is formed by four cells, and there are seven retinular cells
enclosing a quadripartite rhabdome. The nauplius-cye has heen
found to persist in a vestigial coudition in the adult in many of
the lower Decapoda.

A pair of stutocysts lodged iu the proximal segment of the anten-
nules oceur in the great majority of Decapods (Fig. 156, A, s, p. 263).
Ouly in certain Caridea do these organs appear to be entirely
wanting  (Pandalus, Hippolyte).  The statocyst develops as an
invagination of the integument, and in most of the lower Decapods
it remains in communication with the exterior, sometimes by a
wide aperture (Crangon), more commenly by a narrow slit.  Rarely
among the Natantia the statocyst appears to bhe quite closed
(Leucifer, Sergestes), and this is the case also in the Galatheiden
and Iippidea among the Anomura and in the whole of the
Brachywra.  In the Brachyura, after ecdysis, the statoeyst is open
to the exterior by a narrow slit, which, however, soon closes by
coalescence of the newly formed euticle covering its edges. In this
group also the cavity assumes a complex form by the folding of
its walls. In those cases where the statocyst remains open it
contains a number of foreign particles, sand-grains, which act as
statoliths, and are in some cases agglntinated together into a mass
by an organie substance scereted by dermal glands on the inner
surface of the sae. In this mass the tips of the sensory sectac
are embedded.  When cedysis takes place the chitinous euticle
lining the statoevst is thrown off and with it the contained sand-
grains, and it has been shown that fresh grains are introduced by
the animal either burying its head in the sand or placing the
grains in position by means of its chelae. When the statocyst is
without external opening it nsually eontains no solid particles.
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This is the case in the Brachyura and the majority of the Anomura.
In the few Natantia, however, which have closed statocysts, solitary
statoliths, probably of organic composition, are present, which are
no doubt formed in sifu. As with the open statocysts, the lining
membrane, and with it the statolith, is cast and renewed at each
ecdysis. In all cases the inner surface of the statocyst bears
plumose sensory setae arranged in one or more rows. In Leucifer
the tips of the sensory hairs are embedded in the substance of the
statolith.

The development of the statocysts has been traced in the
Lobster and the Shore-crab. In both cases the functional state is
assumed rather suddenly; at the fourth larval stage in the lobster
and the first Megalopa-stage in the Crah. In the latter the statocyst
is at first open to the exterior and sand-grains are found in it.

Sensory filaments occur in most cases on the external flagellum
of the antennules, commonly in larger numbers in the male than in
the female sex. In many Caridea they are confined to a specially
thickened portion of the flagellum, and when the flagellum
bifurcates the filaments are borne by the secondary branch
(Fig. 156, B, p. 265). In some terrestrial species (Coenobila) the
filaments are very short, forming a close fur.

Phosphorescent organs are now known in a number of deep-sea
Decapoda (Sergestidae, Penaeidae, Hoplophoridae, Pandalidae,
Eryonidae), but the nature of the organs ditfers widely in the
different groups. In Aristeus coruscans (Penaeidae) (Fig 168)
and Heterocarpus alphonsi (Pandalidae) (Fig. 148, p. 259) Alcock
observed a luminous fluid to be emitted from the base of the
antennae, apparcntly from the orifices of the antennal glands.
This case may be compared with that of Guuthophausia among
the Mysidacea, where a Inminons secretion is produced by a gland
on the maxilla which may possibly be the exeretory maxillary gland.
Polycheles phosphorus (Eryonidac) was found by the same observer
to be “luminous at two points hetween the last pair of thoracic
legs, where there is a triangular glandular patch.” Numerous
phosphorescent organs have been found by Coutiére on the body
and limbs of various Hoplophoridae, but their structure has not
been examined. In Sergestes challengeri Hansen has found an
extraordinary number of luminons organs (about 150) on the
body and limbs, although they are not fonnd in other species of
the genus. In this case the structure recalls that found in the
Kuphausiacca. Each organ has, internally, a reflector, composed
apparently of concentric lamellae, enclosing a wmass of cells.
There is nothing corresponding to the ‘“striated body” of
Euphausiacea, and the “lens” is double, the onter part being
formed by a thickening of the cuticle which has mo counterpart in
the Euphausiacea.
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Lleproductive System.—The festes as a rule lic partly in the
thoracic region and partly in the abdomen, and, except in some
Paguridac, are connected with cach other across the middle line.
In the simplest cascs, as in some Caridea, they are tnbular in form,
but as a rule they send off numerous caecal diverticula. In
Leucifer the two testes unite with each other to form an unpaired
mass lying below the intestine. In the Paguridae they are dis-
placed backwards so as to lie wholly in the abdominal region, where
they are unsymmetrically placed on the left side, either fused into
a single mass or entirely separated from cach other, the right testis
Iving in front of the left.

The vas deferens presents typically three divisions (whieh,
however, are not distinctly defined in many Caridea): (1) a narrow

Fra. 168.
Aristeus coruscons (Penaeidae). (From Alcock, Nuturalist in Indian Seas.)

efferent duet leading from the testis; (2) a glandular part, with
wider lumen, often convoluted ; (3) a terminal ductus ejaculatorius
with muscular walls.  In Brachynra (except Dromiidae) the distal
portion of the seeond or glandular division is provided with caecal
divertiecnla which in some cases are very numerous, forming a large
glandular mass.  In Leucifer the structure of the vas deferens is
very complex, and there are two distinet glandular regions.

In nearly all cases the terminal portion of the vas deferens
perforates the eoxopodite of the last pair of legs, or emerges on the
arthrodial membrane between the coxopodite and the body. In
the majority of cases no penes are formed, but in some genera of
Paguridae (Spiropagurus, ete.) a membranous tubular penis is present
on one side only. In all Brachyura a pair of penes are present,
the tips of whieh lie within the grooves of the first pair of
abdominal appendages. In those families of Brachygnatha formerly

19
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grouped together as Catometopa these penes either lie for a short
distance from their base within grooves excavated in the last
thoracic sternum, or else they perforate the sternum directly, the
vasa defercntia in this case not entering the coxopodites of the
legs at all, as they do in most other Decapods.

In most Macrura and in the Dromiidae the spermatozoa when
discharged are enclosed by a sheath of secretion which sets to a
firm membrane, forming a continuous cord-like mass. In Seyllorus
and in the Anomura this is broken up into separate spermatophores
attached by one end in a row on a strip of membrane. In the
Brachyura (except the Dromiidae) the spermatophores arve quite
separate.

The spermatozoa are remarkably varied and complex in
structure. As a rule they are provided with stiff radiating pro-
cesses which serve to attach them to the surface of the egg, and,
in some cases, an ‘““explosive” apparatus is present which effects
penetration of the egg-membrane. :

The ovaries generally resemble the testes in shape and position.
In the Penaeidae they may extend through the whole length of
thorax and abdomen, but in most cases they are of less extent. In
Leucifer, and in most if not all Thalassinidea and Paguridea, they
lie wholly in the abdomen. They are always united across the
middle line, sometimes at more than one point. In the Crayfish
the two ovaries (like the testes) are joined together posteriorly so
that the organ has a trilobed form. Except in Leucifer and in the
Brachynra, the oviducts are simple in form and open on the
coxopodites of the sixth thoracic appendages (third legs). 1In
Leucifer, which is peculiar in so many points of structure, the
oviducts have receptacula seminis connected with them and unite
to open by a median aperture on the sternal surface of the thorax.
In the Brachyura, where intromittent organs are developed in the
male, the terminal part of the ovidnet is of considerable length and
serves as a vagina, while a lateral pouch, sometimes double, with
glandular walls, forms a receptaculum seminis. In the Dromiacea
the receptacnlum seems to be a temporary structure formed at the
time of copulation. In the Brachyura, with exception of the
primitive Dromiacea and of certain Oxystomata (Raninidae, some
Dorippidae), the oviducal apertures are removed from the coxo-
podites of the legs and open on the sternum of the corresponding
somite.

In addition to the internal receptacula seminis mentioned ahove,
an external organ having apparently the same function is found
in certain Decapods. It is best known in the Penaeidae, where it
has been named the thelycum and affords characters of systematic
importance. It lies on the sternal surface of the thorax and
appears to be formed by two or more outgrowths from the last
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thoracic somite enclosing a cavity within which may sometimes be
found the large foliaceous spermatophores deposited by the male.
In the Lobster (Zlomurus) (Fig. 169) a median pouch enclosed by
three processes on the sterna
of the last two thoracic
somites has the same function,
and in the Crayfishes of the
genus Cambarus (but mot in
AAstacus) a more complicated
organ in the same position
is known as the “annulus
ventralis.” These structures
have not hitherto heen studied
from a comparative point of
view, but it seems likely that
an investigation of their mor-
phology and their relation to
the structures occupying a Fia. 169.

similar position in the Syn- sl sriss of poserin thorsce somiis
carida would yield important receptacnlum seminis, ~V1-VILI, bases of the last

N 1 three pairs of legs; ¢, external openings of ovi-
results. duets ; L.p, lateral process on penultimate sternum ;

In the great majority of fifsichan troces on b thoraie siermum; 7
Decapods the eggs after ex-
trusion are carried by the female attached to the abdominal append-
ages. Only in the Penacidea they appear to be shed free into the
water immediately on extrusion, or carried for a short time only, as
in Leucifer, where they have been found attached to the posterior
thoracic limbs. The attachment of the eggs to the abdominal
appendages of the parent is effected by means of a cementing
material.  As a rule this material seems to be produced by dermal
glands, which are found abundantly developed on the inner faces of
the pleural plates of the abdomen and on the uropods. In some
cases (Stenopus and Thalassinidae), where the plenral plates are
slightly developed, the glands oceur mainly on the pleopods, and in
the Paguridac they are distributed over the ventral integument of
the abdomen. In the Brachyura, however, such glands are absent
or only little developed, and the function of producing the cementing
material is stated to be discharged by the receptaculum seminis.

Secondary sexual characters among the Decapods are numerous
and varied. In many cascs the males are distinguished from the
females by the greater size and different shape of the chelipeds and
by the narrower abdomen. Dimorphism of the males has been
noted in many cases, and Faxon discovered that in Crayfishes of the
genus Camdarus the two forms are alternating hreeding and non-
breeding phases in the life-history of the same individual. A
closely similar series of changes has been found hy Coutitre and by
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G. Smith in the males of some Oxyrhyncha, and it is very probable
that it may occur also in other groups of Decapoda.

Mention may be made here of the remarkable phenomena of
‘“ parasitic castration,” discovered by Giard in Decapods infested by
Rhizocephala, Entoniscidae, and other parasites, and more recently
investigated by G. Smith. The latter observer finds that, in
Brachywa infected with Succuling, the females show very little
modification of external characters heyond a reduction in size of
the pleopods, although the gonad is reduced in size or even
completely eradicated. Infected males, however, assume in varions
degrees the secondary sexual characters proper to the female; the
chelipeds (in species with dimorphic males) remain in the form of
the non-breeding phase and resemble those of the female; the
abdomen becomes more or less broadened and may assume com-
pletely the female form; the copulatory styles (first and second
pleopods) are greatly reduced, and small pleopods may appear on
the third to the fifth abdominal somites. In the most completely
modified specimens only the reduced copulatory styles remain to
show that they once were males. The very remarkable observation
has been made that these completely modified males, in the rare
cases when they recover sufficiently from the parasitic infection
to regenerate a gonad, hecome perfect hermaphrodites, the gonad
producing hoth spermatozoa and ova.

Observations, as yet unpublished, made by A. Wollebaek,
seem to indicate that certain deep-water Decapoda are normally
hermaphrodite.

DEVELOPMENT.

With some noteworthy exceptions to be mentioned below, the
Decapoda pass through a more or less extensive metamorphosis
after leaving the egg. The most complete series of changes oceurs
among the Penaeidea, some at least of which are hatched as free-
swimming nauplii and have a larval history closely parallel to that
of the Euphausiacea.

In the Penaeidae the development was first made known
by Fritz Miiller, and further elucidated by Claus, Brooks, and
Kishinouye. The Nauplius (Fig. 170, A), which has been hatched
from the egg by the last-named of these authors, has a quite typical
form. The pear-shaped or oval body is without a shell-fold and
has two terminal setae posteriorly. The median eye is present and
the three pairs of nauplius-limbs, the third pair of which are with-
out any masticatory process. In the succeeding Mefanauplius-stage
four pairs of limb-rudiments are developed behind those already
present, the masticatory process appears on the third pair, the
swimming-branches of which begin to diminish, and a pair of
papillae on the anterior margin represent the *frontal organs,”
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which persist through several of the later stages.  The next stage
observed is the I’rofozoew (Fig. 170, B), in which the seven pairs
of limbs already indicated are well developed ; the carapace covers
the anterior part of the body ; the aubdomen, which has a furcate
termination, is still unsegmented, hnt the six posterior thoracic
somites are defined, though very short. The mandibular palp has
quite disappeared (to reappear at a later stage), and the first ani
second thoracic appendages are biramous swimming-limbs, At this
stage the rudiments of the paired eyes hegin to appear beneath the
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FiG, 170, N
Ealy stages of Peacens. A, nauplius; B3, carly !
Protozoea-stage.  (Ater F. Muller, from  Eucy.
Lrit.) \
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carapace, there are threc pairs of hepatic cacca, and the heart is
developed, though as yet with only one pair of ostia. In a later
Protozoea-stage (Fig. 171, A) the five anterior abdominal somites
are indicated, the sixth being not yet marked off’ from the telson,
and the rudiments of the third pair of thoracie limbs appear. In
the following stage, to which the name of Zoew is given, the paired
eyes become free from the carapace and are movable, the carapace
begins to grow out into a median rostral spine, the third pair of
thoracic limbs are biramous, and rudiments of the remaining five
pairs are present.  The first five pairs of abdominal appendages
(Fig. 171, B) are present as very small buds, but the sixth pair
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have already begun to outstrip these in order of development and
are larger and bilobed. In a later Zoea-stage (Fig. 171, C) the
sixth pair form with the furcate telson a well-marked tail-fan, but
the first five pairs of abdominal limbs are stated to be temporarily
suppressed, to reappear again at a later stage; a retrograde change
is also observed in the peduncle of the antennule, which in the
later Protozoea was divided into five segments but now becomes
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Fio. 171.

Later stages of Penrens, A, older I'rotozoea-stage. 13, under-surface of thorax and
abdomen of somewhat later stage with rudiments of limbs, C, Zoea-stage. D, Schizopod-stage.
1, antennule ; 2, antenna ; 3, mandible ; 4, maxillula; 5, maxilla ; 1-V111, thoracic appendages ;
(IV-V111), the posterior thoracic somites; oj-o5 pleopods; g, uropods; al, abdomen ; en,
endopodite ; ex, exopodite : fr, frontal sense-organ; I, hepatic caeca; ¢, telson. (After
Claus, from Korschelt and Heider's Embryology.)

once more unsegmented. The five posterior pairs of thoracic
limbs (legs), which in this stage are bilobed rndiments, develop in
the succeeding Schizopod-stage (Iig. 171, D) (usually called the
Mysis-stage) into biramous natatory limbs and take up the function
of locomotion hitherto fulfilled chiefly by the antennae. The
abdomen has now increased greatly in size as compared with the
cephalothorax, and the first five pairs of abdominal appendages
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begin to reappear. The varions appendages now begin to assume
the form which they have in the adnlt. The antennnles have a
three-segmented peduncle, with two flagella as yet unsegmented.
The endopodite and exopodite of the antenna hecome respectively
flagellum and scale.  The palp of the mandible begins to redevelop.
In a later stage, which may be called post-larral, the exopodites of
the thoracic limhs become reduced and the abdominal appendages,
now well developed, take on the function of swimming-organs.
While it is tolerably certain that the general conrse of develop-
ment in the Penaeidae is as described above, it is to he observed
that as yet the complete series of larval forms has not been traced
out in the case of any onc species, and it is just possible that some
of the changes stated to oceur, e.g. the alleged temporary disappear-

Fia. 172,

Metanauplius-stages of Leveifer. A, just hatched ; 13, later stage. o', antenuule; %,
antenna ; d, shell-fold ; md, mandible ; wf’, first maxilliped ; ma’, maxillula: mr”, maxilla;
ol, labrum ; p, paragnatha. (After Brooks, from Korschelt and 1leider’s Embryology.)

auce of the first five abdominal appendages in the later Zoca-stage,
may Dbe due to confusing together in one series the larvae of
different species. In the closely related family of the Sergestidac,
however, Brooks has been able to trace out in considerable detail
the life-history of a single species, Leucifer typus.  In this case the
animal leaves the cgg as a metananplins (Iig. 172, A) with four
pairs of limb-luds already visible behind the three pairs of
nauplins-limbs.  This is followed by a later metanauplins (Fig. 172,
B) in which the shell-fold and the masticatory process of the
mandible appear. The Protozoea (Fig. 173, A), with seven pairs
of functional limbs, differs from that of ZPenaeus chiefly in the
different shape of the earapace, which has already the beginning
of a rostrum, and in having only fonr of the six posterior thoracie
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somites defined. The rudiments of the paired eyes appear in the
later Protozoea-stage (Fig. 173, D), when also the seventh thoracic

Fic. 173.

Protozoea and Zoea stages of Leucifer. A, first Protozoea-stage. 1B, maxillula of same,
C, maxilla of same. D, later Protozoea-stage (Erichthina, Dana). E, Zoea-stage. «', antenmule ;
o', antenna ; ahg, uropods ; en, endopodite; er, exite; &, heart; I, hepatic diverticula ; md,
maundible ; mf-mf”’, the three pairs of maxillipeds; mp™, somite of third maxillipeds ; ma’,
maxillula; mz”, maxilla; o, paired eye; oc, nauplius-eye; ol, labrum ; v, rostrum ; thl-thd,
rudiments ot fourth to seventh thoracic limbs (first four legs); ¢1.¢4, fourth to seventh thoracic
soniites ; 1-6, abdominal somites. (After Brooks, from Korschelt and Heider’'s Embryology.).

somite (the eighth remains undeveloped in the adult Leucifer) and
the first four abdominal somites appear. The Zoea-stage (Fig. 173,
E) differs from that of Penaens in the fact that the eyes are not
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vet free from the erapace, and that the third thoracic Ilimbs, like
the four following pairs, only appear as bilobed rudiments. The
uropods are present as rudiments, but the pleopods are not yet
indicated. A Schizopod-stage (Fig. 174, 2\) follows, with movable
paired eyes, with seven pairs of biramous thoracic appendages
functioning as swimming-feet, and with well-developed tail-fan.
Later stages (Iig. 174, B) show rudiments of the first five pleopods.
A Mastigopus-stage (Fig. 174, C) intervenes before the assumption
of the adult form.

The larvae of Sergestes, though differing remarkably in appear-
ance from those of Leucifer, conform elosely to the same type of
development. The youngest known larvae are Protozocae (Fig.
175, A), which differ from those of Leucifer in their eompact
form and in the possession of stalked eyes and of biramous third
maxillipeds. The most echaracteristic feature, however, is the
armatnre of the carapace. A rostrum, a median dorsal, and a pair
of lateral spines are present as in ZLeucifer, but mnch stronger,
and each bearing a donble row of secondary spines. The Zoea
(Elaphoruiis of Dana) has this spine armature still more developed,
and an additional pair of compound spines appear on either side
of the rostrum. In the Schizopod-stage (known as Acanthosoma)
(Fig. 175, B) the armatwre of the earapace is very much reduced.
Before the adult stage is reached a Mustigopus-stage intervenes,
characterised by the temporary disappearance of the last two
pairs of thoracie limbs, which are present alike in the Acanthosoma
and in the adult animal. It is interesting to notice that in this
charaeter Leucifer represents a permanent Alastigopus-form.

In the remaining groups of Decapoda no cuse is known where
the larva is hatched at a stage preceding the Zoea, though in some
instances a larval cuticle, moulted soon after hatehing, has heen
supposed to present charaeters of the Protozoea.

Among the Caridea the earliest larval form is a Zoea in which
the third thoracic appendages are already well developed. The
posterior thoraeic region is undeveloped, though the abdominal
somites, with the exception of the last, are defined. The carapace
has a rostrum and supra-orbital and antennal spines, but no further
armature. In many eases the stage at hatching is still farther
advaneed, the paired eyes are stalked and movable, and one or more
pairs of the posterior thoracic appendages are present as rudiments.
In spite of the retarded development of the last five thoracic somites,
it is noteworthy that the appendages appear in regular order from
hefore backwards, with the exception of the nropods, whieh generally
develop preeociously. In the Schizopod-stage it is a very general
but not universal character of the Caridean larva that it is with-
out exopodites on the last thoracie feet. In many Caridea there
is still further abbreviation, leading to complete suppression of the
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larval stages, more especially among Arctic, abyssal, and freshwater
forms, A specially interesting case is that of Palaemonetes varians,

Fic, 174,

Later stages of Leucifer. A, younger Schizopod-stage.~ !B, later Schizopod-stage (less
magnified). C, Mastigopus-stage. «/, antennule; «”, antenna; abj-uhs, pleopods ; abg,
uropods ; ¢, carapace ; dr, antennal gland ; en, flagellum, ez, scale, of antenna ; md, mandible ;
wf, mf”, tirst and second maxillipeds ; m#/, maxillula ; mz”, maxilla; o, paired eye : oc, nauplius+
eye; ol, labrum; =, rvostru; 1-6, abdominal somites. (After Brouks, from Korschelt and
Heider’s Embryology.)
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of which two races are known, the one found in Southern Europe
being exclusively freshwater in habitat ; the other, found in Britain
and Northern Europe, inhabiting brackish or salt water. The
former hatches at a stage when all the limbs exeept the uropods
are present, and the first two pairs of legs have exopodites. In

G, 175,

Larval stages of Sergestes. A, Protozoea-, 13, Schizopod-stage (Aleonthosoma), ¢, antennule ;
o, antenna; mf’-mf"”, the three pairs of maxillipeds ¢ ma’, maxillula ; ma”, maxilla ; of, labran
«l, maxillary gland,  (After Claus, from Korschelt and lleider's Embruology.)

the northern race all the ambulatory legs are rudimentary on
hatching, and there are no abdominal limbs.

Noue of the Astacura are known to possess a Zoca-stage. The
Lobster (Zlomarus) is hatched in the Schizopod-stage (Fig. 176),
with natatory exopodites on all the thoracic limbs, hut without
any abdominal appendages. In the further cowrse of development
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the uropods are the last to appear. In Nephrops (Fig. 177) the
course of development is very similar, but the larvae are
distinguished by the long spines of the abdominal somites and
telson. The freshwater Cray-
fishes have a direct develop-
ment, the young on hatching
resembling the adult in most
points, but lacking the first
and the last pairs of abdominal
appendages.

The Scyllaridea have a
very peculiar and character-
istic series of larval forms,
which were long described as
adults under the generic name
Plyllosoma (Fig. 178). These

F1a. 176 larvae are remarkable for the

Larva of American Lobster (Homarus ameri- |aroe size to which some attain
canus), in Schizopod-stage. «’, antennule; «”, o . ’
antenna; m/”, third maxilliped ; pipr, the five and for their extremely flat-
gélllllst?mt;](lleHgi'ider(‘nggﬁfbr;élalg}/,)bm]th’ from fKor- tened and leaf-like form and
glassy transparency. The body

is sharply divided into three regions. The first, which is covered
by the oval carapace, includes the head and the first two thoracic
somites. The remainder of the thorax forms a discoidal plate and

Fic. 177.

Late Schizopod-stage of Nephrops norvegicus. «, antennule; «”, antenna; mf™”, third
maxilliped ; pl-pS, the tive pairs of legs; pl2, pl5, pleopods; », rostrum. (After Sars, from
Korschelt and 1leider’s Embryology.)

is followed by the narrow and indistinetly segmented abdomen.
The last two thoracic appendages are not developed in the newly
hatched larva, but the four pairs in front of them are long and
slender, with natatory exopodites. The first thoracic limbs are
rudimentary (Palinurus) or absent (Scyllarus), and the second pair
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are uniramous. It will thus be seen that the Phyllosoma represents
a modification of an early Schizopod-stage.

A point of some interest in these forms is the occurrenee of
retrogressive changes in the course of development. Thus the
antenna and the maxilla undergo a certain degree of degeneration
before hatching, and the seventh and eighth thoracic and the
abdominal somites, which are well defined in the embryo, become
indistinct in the larva.

The development of Thalassinidea is interesting on account of
the points of resemblance which it shows with the Caridea. The
earliest larva is a Zoea, which in some cases (Callienusse and
Culocaris) resembles that of Caridea in having the three maxillipeds

\

Fiu, 175,

Phylosoma-larva of Palinurus, just before hatehing., ad, abdomen ; L, hepatic caeca ; 11-V1,
thoracie appendages (second and third maxillipeds and tirst three pairs ol legs) ; 1, antennule ;.
2, antenna. (After Claus, (rom Korschelt and lleider's Embryology.)

biramous and natatory ; but in others ( Upogebic and Juirea) only the
first and second are present on hatching, the third hecoming natatory
ouly in the following Schizopod-stage, while the endopodite is still
rudimentary, as in other Anomura. The existence of a Schizopod-
stage, in which only the last two thoracic limbhs are rudimentary
and the uropods and rudiments of the pleopods are present, consti-
tutes an important distinction from the other Anomura.  The larvae
of Jureu ( = Calliazis) are of exceedingly peculiar form, having the
cephalic region produced into a long “neck” resembling at first
sight that of Leucifer. 'To this larval type the name of Truchelifer
has been given. The remaining groups of the Anomura and the
Brachyura differ from those just described in the suppression of the
Schizopod-stage, the legs developing without exopodites in a
Metazoeu-stage which follows the Zoea. In the Anomura the Zoea
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(Fig. 179, A) possesses two pairs of maxillipeds, the third pair
(Fig. 179, C) being present as rudiments. The carapace has its
posterior border produced into two lateral spines (greatly elongated
in Porcellana, Fig. 180), and a long rostrum is present. In the
next succeeding stage, the Metazoea (Fig. 179, B), the third
maxilliped becomes biramous and natatory (a poiunt of distinction
from the Brachyuran type), and the uniramons ambulatory limbs
and the pleopods are developed as rudiments.

The Brachyura, as a rule, are stated to hatch in‘the Zoea-stage
(Fig. 181), but since rudiments of the posterior thoracic limhs are

Fra. 170,

Larval stages of Eupagurus bernhordus (Paguridea). A, Zoea. B, Metazoea. C,rudiments
of third maxillipeds in Zoea-stage. D, caudal fan of Metazoea. «', antennule; «”, antenna ;
«5, fifth pleopod ; 8, uropod ; k, rudiments of gills ; mf-mf”, the three pairs of maxillipeds ;
ol, labrum ; pi-piv, first four legs ; , rostrum ; ¢, mandibular palp.  (After Sars, from Korschelt
and Heider’s Embryology.)

frequently present, it might be more correct to call thé larva a
Metazoca. Throughout the group a very characteristic form is
given to the Zoea by the development of long spines on the
carapace. As a rule, a rostrnm, a median dorsal, and a pair of
lateral spines are present. Of these, the dorsal spine (d.s) is
vhe most constant; great importance was formerly attached to
it as a characteristic of the Zoea-stage. In many Brachywa the
larva when hatched is enclosed in a cuticle which is moulted shortly
after hatching, and this cuticle in many cases presents characters
differing from those of the larva which escapes from it. In
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Curcinus muenas, for instance, the fivst larval skin lacks the spines
of the carapace, the antennac arc larger

and differently formed, the shape of 3
the caudal fork and its spine armature

are ditferent from those of the succeed-

ing stage, and the abdominal portion is

not distinetly segmented. These char-

acters have been snpposed to indieate

that we have here the last traces of a

Protozoca-stage like that of the Pen- |
aeidea.

The Metazoeal stages, which differ
from those of the Anomura in the fact
that the third maxilliped does not
assume a natatory function, are suc-
ceeded in nearly all eases by a Megalopa-
stage (Fig. 182, A, B), in which all the
appendages have assumed very much
the form which they have in the adult,
but the abdomen is large and usnally
carried extended, and the five pairs of
pleopods are used for swimming. In
some cases the Megalopa-stage is sup-
pressed, the Metazoea being succeeded
by a stage in which the animal has
assumed the chief characters of the
adult.

Complete suppression of the meta-
morphosis oceurs in some (perhaps all)
Potamonidae, and probably in some
other freshwater and terrestrial Brachy-
ura. In those Anomura which have
become most completely terrestrial (Dir-
gus and Coenobita) Borradaile has shown
that the youung arc marine, and that
hatching takes place at the Zoea-stage.

ReEMARKS ox HABITS, ETC.

The habits and habitats of the
Decapoda are more varied, and have
been mueh more studied, than in the i, 150,
case of any other gronp of Crustacea. (Gﬂmmﬁ';)of l;z;;‘_«"'f";g'- Iirl):gifa::‘f:
Space will not pOl‘Dlit of allusion to pairs of ma,\:lillipe:ls: ]1’, rudiments
more than one or two of the More Foienets it lividas tmrmioge)

salient points.
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Truly freshwater Decapods (apart from estuarine or brackish-
water species which may penetrate into fresh water) are found
among the Natantia in the
family Atyidae and in several
gerera of Palaemonidac; of
the Reptantia, the Crayfishes
of the families Astacidae and
Parastacidae, the monotypic
Aegleidae among the Ano-
mura, and the Potamonidae
(Thelphusidae) and numerouns
species of Grapsidae among
the Brachyura, are also dwel-
lers in fresh water. Some of
these are more or less am-
phibious in their habits, like
many Potamonidae, and some
Crayfishes are found burrow-
ing in the earth far from
streams or ponds, their bur-
rows reaching down to the
ground-water. The same is
reported of the marine or
brackish-water Thalassina.
Fic. 181. Truly terrestrial species

First Zoea-stage (after the first moult) of Carcinus are found among Pagul’idae

maenas. «,antennule ; a”,antenna ; abd, abdomen ; N ) .
d.s, dorsal ’spine of carapa’ce (the so-called “ Zoea " (BZ?{/ZLS and Oomwblm) and

'ispin?);f,”furca@ te}spn; md, ma.nditl)le ; ma’y maxil- Bmchynra (Gecarcin{dae),‘

ula; ma”, maxilla; r, rostrum ; thi, thii, first and LY. .

second maxillipeds, biramous and natatory ; thiii-thv, and 1t is mterestmg to note

zx?g:;e;;io?:)three following thoracic appendages. that these are derived not
from freshwater but from

marine types, and all (except, possibly, some Gecarcinidae) pass

their early stages in the sea.

The Sergestidae belong to the plankton, ocenrring at the surface
and descending to great depths. A few Brachyura (Planes and
some other Grapsidae) lead a pelagic life, clinging to driftweed,
floating timber, and the like.

It is worthy of note that the deep-sea Decapods include the
more primitive members of each of the chief subdivisions: the
Aristeinae among the Penaeidea, the Hoplophoridae among the
Caridea, the Eryonidea among the Palinura, the Pylochelidae among
the Pagnridea, and the Homolodromiidae among the Brachyura.

Parasitism and commensalism in varying degrees are common.
The Paguridae alone, which live in the empty shells of Gasteropod
molluscs, present a whole series of cases of commensal association
with Sponges, Coelentera (Fig. 183), and Polychaete worms ;
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Spongicolu, Typton, and Ficonarins live in sponges, many Pontoniinae
and Pinnotheridae (as Aristotle knew) in the mantle-cavity of bivalve
molluses; members of the fivst-named family inhabit the pharyngeal
cavity of Tunicates, and some Pinnotheridac are found in the
“respiratory trees” of Holothurians and the rectum of sea-nrchins.
Many Decapods are constantly found among living corals, and the
Hapalocarcinidae live in “galls” on the hranches of corals. A
very peculiar habit is that of some crabs of the genus Aleliv, which
carry in cach cheliped a living Aetinian and use it as a weapon.

Fra, 182,

Later stages of Carcinus maeaos. .\, youny Megalopa. B, older Megalopa. C, post-larval
stage. d, dorsal spine of carapace ; r, rosttun (A after Spence Bate ; B and C alter Brook.
Trom Korschelt and Heider's Ewmbryology.)

Speeial interest attaches to the stridulating organs, found in
many Decaporda, since their possession is presumptive evidence that
the animals do have some power of hearing. A\ few DPenacidae,
some Palinuridae, and a considerable mumber of Brachywra are now
known to have stridulating orgaus in various parts of the body.
That of Orypodu, shown in Fig. 184, is one of the few of which the
sound-producing funetion has heen demonstrated by observation of
the living animals. It consists of a file-like series of ridges () on
the inner surface of the propodite of one of the chelipeds, which can
be rubbed up and down upon a sharp ridge (b) on the ischiopodite
of the same appendage, producing & hissing sound, which probably

20



306 THE CRUSTACEA

serves to warn intruders from entering the burrows of these shore-
living crabs. In the case of purely aquatic species, the function of
these organs is less easy to understand.

The range of size in Decapoda is greater than in any other
group of Crustacea. Some Natantia do not exceed half an inch
in length, one Pagurid is adult when 8 mm. long, a species of
Porcellanid has a carapace measuring 3 mm. by 5 mm., and some
Brachyura are no larger. The largest forms are found among the

Fia. 183.

Paropagurus pilosinenus (Paguridae), lodged in a colony of zoantharian polypes.
(From Alcock, Naturalist in Indicn Seas.)

Reptantia ; some Palinuridae and Astacwia reach one or even two
feet in length and are hulky in proportion. The largest living
Avrthropod is the Japanese erab Alacrocheira (or Kaempferia) Kaempferi,
of which the carapace may measure 15 inches in length, and the
extended chelipeds of the male may span more than 10 feet.

PALAEONTOLOGY.

Fossil remains of Deeapods are not known with certainty from
any Palaeozoic deposits. Many genera from the Devonian upwards
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have indeed been described as belonging to this group, but in no
case is enough known of their characters to enable more to be said
than that they agree with the “caridoid ” groups of the Malacostraca
in the possession of a carapace and of a tail-fan.

In the Mesozoie rocks many undoubted Decapods ocenr, inelud-
ing vepresentatives of all the chief groups now living.  Many
genera of Penaeidea are found from the Jurassie, perhaps from
the Triassic period onwards, some of the earliest even resembling
closely the existing genus Penacus, to which they have been referred.
Aeger, from Triassic and Jurassic rocks, presents characters which
siggest an atlinity with the Stenopidea.  True Caridea appear later,
in the Upper Jurassic, some at least presenting primitive characters
in the retention of exopodites on the ambulatory limbs.  Fresh-
water Caridea of doubtful aftinities ocenr in the Miocene. The
Lryonidea are especially interesting since the few existing deep-

I, 184,

Lavger cheliped of Ocypodi mucrocers, from the inner side, showing the stridulating
mechanism. o, file-like series ol ridges on propodite ; b, vidge or scraper on ischiopodite
azainst which the ridges ol the propodite can he rubbed when the limb is fexed.  (From
Alcock, Netvrolist i Indiow Seas.)

sea forms appear to be only the surviving remnants of what was in
the Mesozoic period a dominant group.  The genus Eryon (F'ig. 185)
appears in the Trias and persists until the earlier Cretaccous.  The
Glyphaeidae, a wholly extinet group having much the same range
in time as have the fossil Eryonidae, have been supposed to stand in
the direct line of descent of the Scyllaridea. True Scyllaridea oceur
probably in the Jurassie, certainly in the Cretaccous period. The
existing genus Linuparus, or a very close ally, dates back to the
upper Chalk.  Astacura are known from Jnrassic and later deposits
in considerable numbers.  Eryme, from the Lias, and Hoploparia
(Cretaceous and Tertiary) are well-known forms.

The Anomura are almost unknown as fossils, except for some
Thalassinidea referred to the existing genus Callienesse occurring
from the Upper Jurassic onwards. The Brachyura, on the other
hand, are well represented.  The earliest forms present characters
of the Dromiacen, and are referred, for the most part, to the extinet
family Prosoponidae, which Bonvier has shown to have close rela-
tions with the most primitive of existing Brachywra, the Homolo-
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dromiidae. One of the oldest, and at the same time one of the
most completely known, is Pulveinachus (Woodward) from the
Forest Marble (Lower Oolite), which has many generalised characters.
Later forms belonging to Frosopon (v. Meyer) and other genera give
evidence, according to Bouvier, of the divergence of a lomoline
and of a Dynomeno-Dromiine line of descent leading to such forms as

F1c. 185.
Lryon propinquus (from the Jurassic rocks of Nolenhofen), under-side. (After Oppel.)

Homolopsis (Bell) and Dromiopsis (Reuss) from the Upper Cretaceous,
and to the existing Homolidae, Dynomenidae, and Dromiidae. The
remaining Brachyura have not yet yielded resnlts of so much phylo-
genetic interest. The Oxystomata appear about the middle of the
Cretaceous system and the Brachygnatha abont the same time. In
the Tertiary many Brachynra are found, representing the chief
existing types of the group.
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AFFINITIES AND CLASSIFICATION.

The resemblances between the lower Decapoda, especially the
Penacidea, and the Euphausiacea have heen mentioned in dealing
with the latter Order, and justify the alliance of the two Orders in
the Division Buecarida. It may be mentioned that the exopodites
of the thoracic legs, the absence of which still survives in text-hooks
as distinguishing the Decapoda from the “Schizopoda,” are at least
as strongly developed in many Caridea (Hoplophoridae, cte.) (Fig.
160, p. 270) as in Euphausiacea or Mysidacen.  Couticre has recently
called attention to some curiows resemblances between certain
primitive Caridea and the Lophogastrid Mysidacea.  These
resemblances, however, by no meuns ontweigh the important
differences between the two gronps, and may he either primitive
characters derived from the common caridoid stock or convergences
due to similarity of habits.

The classification of the Decapoda is a very ditlicult problem,
and none of the schemes hitherto proposed can be regarded as
entirely satisfactory. The traditional eclassification of the group
into the long-tailed Macrura and short-tailed Brachynra was estab-
lished by Latreille in 1806 ; but the diffieulty of defining these
groups is shown by the varying limits which have been assigned to
the intermediate group of Anomura established by Milne-Idwards
in 1334, Boas, in 1880, was the first to make a radical departure
from this system. He pointed out that the Brachyura and Anomura
were only single branches of the Decapod stock, and by no means
equal in systematic value to the Macrwry, which included several
other branches not more closely connected with each other. 1In
other words, just as in the classification of the Malacostraca as a
whole, so within the Order Decapoda, the retention of the primitive
“caridoid facies” does not necessarily imply close affinity between
the groups exhibiting it.  Boas proposed a division of the Order
into the two primary groups of Natantia and Reptantia as defined
below,  This division is undoubtedly a more natinal one than those
formerly employed, although it is hardly more casy to find constant
and exclusive struetural characters by which to define the sub-orders
than it was in the case of the Macrura, Anomura, and Brachyura.
A further ditticulty is presented by the small group of Stenopidea,
which combine, to some extent, the characters of Natantia and
Reptantia, and may perhaps deserve separation as a third sub-order.
Tmportant modifications of Boas’s scheme have been introduced hy
Ortmann and by Dorradaile, and the classification of the last-named
author has been adopted here, with some alterations, chiefly of a
formal kind, as, on the whole, the most satisfactory yet proposed.
Borradaile’s chief innovations are the inchision of the Thalassinidea,
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formerly ranked with the Macrura, among the Anomura, the
establishment of a group Brachygnatha, opposed to the Dromiacea
and Oxystomata among the Brachyura, and the abandonment of the
old divisions Cyclometopa and Catometopa among the families
which he unites as Brachyrhyncha. These changes appear to be
quite justified on morphological gronnds, and to conduce to clearness
in the delimitation of the groups. Much work remains to be done,
Lowever, in readjusting the subdivisions of the smaller groups, and,
in particular, the classification of the Caridea is still in a very
unsatisfactory condition.

Although abandoned as a systematic category, the name Macrnra
may still be nused (as it has been above) as a convenient descriptive
term for those Decapoda which retain more or less the caridoid
facies, that is to say, the Natantia with the Palinura and Astacura
among the Reptantia.

With regard to many of the generic names mentioned helow, it
is necessary to warn the student that recent “reforms” of nomen-
clatire have resulted in lamentable confusion, more especially in
the naming of long-known and familiar Decapoda, and it is not safe
to assume that when an author mentions “ Astacus” or *“ Crangon”
he is referring to the genera including the common Crayfish and
the edible Shrimp.

OrpER Decapoda, Latreille (1802).
SuB-OrpER 1. Natantia, Boas (1880).

Body almost always laterally compressed ; rostrum usnally compressed
and serrated ; first abdominal somite not much smaller than the rest ;
antennules generally with stylocerite ; antennal scale generally large and
lamellar ; legs usunally slender, except sometimes a stout chelate limb or
pair, which may be any one of the first three pairs, with basipodite and
ischiopodite very rarely coalesced and with only one fixed point in the
carpo-propedal articnlation (with some doubtful exceptions), sometimes
with exopodites, podobranchiae hardly ever present on the first three
and never on “the last two pairs; male genital apertures in articular
nembrane ; pleopods always present in full number, well developed, used
for swimming.

Trise 1. PENAEIDEA.

Pleura of second abdominal somite not overlapping those in front ;
autennae generally with stylocerite ; mandibular palps straight; first
maxillipeds without expansion at base of exopodite, endopodite long ;
second maxillipeds with terminal segments normal ; third maxillipeds
with seven segments; third legs clielate (except when legs are much
reduced), not stouter than first pair; first pleopods of male with petasma ;
gills dendrobranchiate.

Family PENAEIDAE. Sub-Family CgraTaspiNag.  Cerataspis, Gray.
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Sub-Family ARwsTEINABG.  Aristens, Duvernoy (Fig. 168, p. 289);
Benthesicymus, Spence  Bate.  Sub-Family SicvoNiNag.  Sieyonia, 1.
Milne-Edwards.  Sub-Family PENARINAE.  DPenceus, Falricins ; Solenocera,
Lueas. TFamily SERGESTIDAE.  Sub-Family SERGESTINAE,  Sergestes, H.
Milne-Edwards. Sub-Family LevcireEriNag.  Leucifer, H, Milne-Edwards
= Lucifer, J. V. Thompson). [Sub-Family AMpmioNINAE.  Amphion,
H. Milne-Edwards.  (The validity and the systematic place of this genus
are still doubtful.)]

TrIBE 2. CARIDEA.

Pleura of second abdominal somite overlapping those in front;
antennae generally with stylocerite ; mandibular palp, if present, straight ;
first maxillipeds with expansion at base of exopodite, endopodite short ;
second maxillipeds usually with last segment articulating laterally with
preceding ; third maxillipeds with four to six segments; third legs never
chelate ; first pleopods of male without petasma ; gills phyllobranchiate.

Family PaSIPHAEIDAE.  DPasiphaea, Savigny; Psathyrocaris, Wood-
Mason (Fig. 160, p. 270). Family BrESILIDAE.  Dresilia, Calman.
Family HorLoPHORIDAE (ACANTHEPHYRIDAE).  Hoplophorus, I1. Milne-
Edwards ; Acanthephyra, A. Milne-Edwards. Iamily NEMATOCARCINIDAE.
Nematocarcinus, A. Milne-Edwards,  Family Arvipae.  Atya, Leach;
Caridine, H. Milne-Edwards ; Limnocariding, Calman. Family Styro-
DACTYLIDAE. Styloductylus, A. Milne-Edwards.  Family PsaLiporopinak.
Psalidopus, Wood-Mason and Alcock (Fig. 163, p. 272).  Family
Paxnavtinag. Sub-Family PaxpaviNae. Pandalus, Leach ; Heterocarpus,
A. Milne-Edwards (Fig. 148, p. 259) ; Panduling, Calmman. Sub-Family
THALASSOCARINAE.  Thalussocaris,  Stimpson.  TFamily ALPHEIDAE.
Alpheus, Fabricius ; Athanas, Leach.  Family HiproLytinae.  Hippolyte,
Leach (= T7irbius, Stimpson); Spirontocaris, Spence Bate; Latreufes,
Stimpson.  Family RavxcBoCINETIDAE.  Rhynchoctnetes, H. DMilne-
Edwards. Family PavaEdoyxipar.  Sub-Family PaLaEMoNINAE.
Palaemon, Fabricius ; Palaemonctes, Heller; Leunder, Desmarest. Sub-
Family PoxtoztiNar.  Pontontv, Latreille ; Typton, Costa.  Sub-Family
HYMENOCERINAE.  Hymenocere, Latreille.  Fanily GNATHOPHYLLIDAE.
Gnathophyllum, Latreille.  Family Procrssipas.  Processa, Leach (Nko,
Risso). Family GLYPHOCRANGONIDAE.  Glyphocrangon, A. Milne-Edwards.
Family CRANGONIDAE.  Crangon, Fabricius ; Paracranyon, Dana.

TRIBE 3. STENOPIDEA.

Pleura of second abdominal somite not overlapping those in front;
antennae without stylocerite ; mandibular palp curved inwards; first
maxillipeds without expansion at base of exopodite, endopodite short ;
second maxillipeds with terminal segments normal; third maxillipeds
with seven segiments; third legs chelate, one or both much longer and
stouter than first two pairs: first pleopods of male without petasma ;
gills trichobranchiate.

Family SteNopIDAE.  Stenopus, Latreille ; Spongicola, de Haan.
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Sus-OrpER 2. Reptantia, Boas (1880).

Body not compressed, often depressed ; rostrum often absent, depressed
if present; first abdominal somite distinctly smaller than the rest;
antennules without stylocerite ; antennal scale generally small or absent ;
legs strong, the first pair usually, the others never, stonter than their
fellows, basipodite and ischiopodite almost always coalesced in the first
pair, generally also in the others, two fixed points in the carpo-propodal
articulation, exopodites never present, podobranchiae often on some of
the first four pairs ; male genital apertures on coxopodites or on sternum ;
pleopods often reduced or absent, not used for swimming.

SEcTioN 1. PALINURA.

Abdomen extended, well-armoured, with well-developed pleura and
broad tail-fan ; carapace fused at sides with epistome ; rostrum generally
small or absent; exopodites of maxillipeds with flagella directed forwards ;
third legs like the first, chelate or simple ; appendix interna present on
some pleopods, at least in female ; exopodites of uropods not distinctly
segmented ; branchize numerous.

TridE 1. ERYONIDEA.

Antennae with exopodite, first segment not fused with epistome ; first
fonr pairs or all the legs chelate ; first pleopods present.

Family ERrRYONIDAE.  Polycheles, Heller; Pentacheles, Spence Bate
(Fig. 162, p. 271); Eryon, Desmarest (Fossil) (Fig. 185, p. 308).

TRIBE 2. SCYLLARIDEA.

Antennae without exopodite, first segment fused with epistome ;
none of the legs chelate except sometimes the last pair in the female ;
first pleopods absent.

Family PALINURIDAE. Palinwrus, Fabricius ; Linuparus, White ;
Palinurellus, von Martens. Family ScYLLARIDAE. Seyllarus, Fabricius;
Ibacus, Leach ; Thenus, Leach.

SECTION 2. ASTACURA.

Abdomen as in Palinura ; carapace not fused at sides with epistome ;
rostrum well developed ; exopodites of maxillipeds as in Palinura ; first
three pairs of legs chelate ; no appendix interna on pleopods ; exopodites
of uropods divided by a suture ; branchiac numerous.

TriBE NEPHROPSIDEA.

Family NupHROPSIDAE. Nephrops, Leach ; Nephropsis, Wood-Mason
(Fig. 161, p. 270); Homarus, H. Milne-Edwards. Family PARASTACIDAE.
Parastacus, Huxley ; Paranephrops, White. TFamily Astacipag. Astacus,
Fabricius (Potamobius, Samouelle) ; Cambarus, Erichson.
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SECTION 3. ANOMURA.

Abdomen rarvely as in Palinura, generally soft, or hent upon itself,
pleara generally small or absent, tail-fan often reduced ; carapace not
fused with epistome; exopodites of maxillipeds with ilagella, when
present, bent inwards ; third legs unlike the first, never chelate ; ap-
pendix interna sometimes present; uropods rarely absent; exopodites
sometimes segniented ; brauchiae few.

TriBE 1. GALATUEIDEA.

Abdomen hent upon itself, symmetrical; body depressed; rostrum
often well developed ; first legs chelate ; tail-fan well developed.

Family AEGLEIDAE. eglra, Leach. Tamily UroprycRIDAE.  Urop-
tychus, Henderson : Chivostylus, Ortmann.  Family GALATHEIDAE.  Sub-
Family GALATHEINAE.  Gulathea, Fabricius; Mwuunida, Leach (Fig. 150,
p- 260).  Sub-Family MoxiporsiNag.  Munidopsis, Whiteaves. Tamily
PORCELLANIDAE.  Dorcellana, Leach 1 Petrolisthes, Stimpson.

TRiBE 2. THALASSINIDEA.

Abdomen extended, symmetrical ; body compressed ; rostrum some-
times well developed ; first legs chelate, rarely sub-chelate; tail-fan well
developed. :

Family Ax1tpag.  Axiws, Leach (including Eiconaxzius, Spence Bate,
and Iconariopsis, Alcock (Fig. 149, p. 260), as subgenera) ; Calocaris, Bell,
Family LaoMEDIIDsE  Laomedia, de Haan; Jawea, Nardo. Family
CALLIANASSIDAE.  Sub-Family CALLIANASSINAE.  (wllianassa, Leach
Calliunides, . Milne-Edwards. Sub-Family UroGEBIINAE. Upogebid,
Leach (= Gebiu, Leach). TFamily THALASSINIDAE.  Thalassina, Latreille.

TRIBE 3. PAGURIDEA.

Abdomen nearly always asymmetrical, either soft and twisted or bent
under thorax ; rostrum generally small or absent ; first legs chelate ; tail-
fan not typical, wropods (when present) adapted for holding the body
into hollow objects.

Family PyLocHELIDAE.  P’ylocheles, A, Milue-Edwards (INig. 151,
p. 261).  Family DPaGURIDAE.  Sub-Family PacuriNag.  DPagurus,
Fabricius ; Clibanarins, Dana.  Sub-Family EupacUrINar  Fupagurus,
Brandt ; Spiropagurus, Stimpson ; Parapagures, S. 1. Smith (Fig. 183,
p. 306).  Family Coevosrripar.  Coenobitu, Latreille; Dirgus, Leach
(Fig. 152, p. 262). Tamily LitHopmpar.  Sub-Family LiTHODINAE.
Lithodes, Latrveille 5 Neolithodes, Milne-Edwards and Bouvier (Fig. 153,
p- 262).  Sub-Family HararocasTRINAE.  apalogaster, Brandt.

Trier 4. Hirripea.

Abdomen bent under thorax, symmetrical ; rostrum =mall or absent ;
first legs styliform or sub-chelate ; tail-fan not adapted for swimming.
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Family ALBUNEIDAE.  Albunea, Fabricinus.  Family HIrripaE.
Heppa, Fabricius ; Remaipes, Latreille,

SECTION 4. BRACHYURA.

Abdomen small, symmetrical, bent under thorax, tail-fan not
developed ; carapace fused with epistome at sides and nearly always in
the middle ; exopodites of maxillipeds with flagella, when present, bent
inwards; first legs always, third legs never, chelate ; noappendix interna
on pleopods ; uropods rarely present, never biramous ; branchiae gener-
ally few.

TrisE 1. DROMIACEA.

Last pair of legs modified, dorsal in position ; female openings on
coxopodites ; first pleopads present in female; Dbranchiae sometimes
numerous ; mouth-frame quadrate.

Sup-TRIBE 1. DROMIIDEA.

Sternum of female with longitudinal grooves; vestiges of uropods
usnally present ; branchiae 14-20 on each side ; eyes completely sheltered
by orbits ; no linea homolica on carapace.

Family HoloLovroMIIDAE.  Homolodromia, A. DMilne-Edwards.
Family DRroMIIDAE. Dromia, Fabricius. Family DyNOMENIDAER.

Dynomene, Latreille.

SuB-TrIBE 2. HoMOLIDEA.

Sternum of female without longitudinal grooves; muo uropods;
branchiae 8-14 on each side; eyes not completely sheltered by orbits ;
linea homolica usually present on carapace.

Family Hodxonipar.  Homole, Leach,  Family LATREILLIIDAE.
Latreilliu, Roux.

TrIBE 2. OXYSTOMATA.

Last pair of legs normal or modified ; female openings generally on
sternum ; first pleopods wanting in female ; branchiae few ; mouth-frame
triangular, produced forwards over epistome.

Family Dorippipag.  Dorippe, Fabricius ; Ethusa, Roux ; Cyclodorippe,
A. Milne-Edwards.  Family Raxmvwbar.  Runine, Lamarck. Family
Cavaprivag.  Sub-Family CavapriNak. . Calappe, TFabricius.  Sub-
Family OrrrayiNae.  Orithye, Fabricins. Sub-Family DMATUTINAE.
Mutute, Fabricing. Family LeucosiipAe.  Sub-Family LEUCOSIINAE.
Leucosia, Fabricius ; Ebalia, Leach. Sub-Family ILiNaE. Ilia, Leach.

TrIBE 3. DRACHYGNATHA.

Last pair of legs normal, rarely reduced or dorsal in position ; female
openings on sternum ; first pleopods wanting in female ; branchiae few ;
mouth-frame (uadrate.
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SuB-TrIBE 1. DRACHYRIIYNCHA.

Body not narrowed in front ; rostrum reduced or wanting ; orbits well
formed.

Family Corystipar.  Corystes, Latrcille.  Family PoORTUNIDAE.
Sub-Family CarciNiNvag,  Curcinus, Leach (Curcinides, Rathhun).  Sub-
Family PorTuMmMNINAE.  Portumnus, Leach. Snb-Family Carortrizat.
Cutoptrus, A. Milne-Edwards. Sub-Fanily Carvrizae.  Carupa, Dana.
Sub-Family PorTUNINAE. DPortunus, Fabriciuz. Sub-Family CAPHYRINAE.
Caplyra, Guérin,  Sub-Family THavaMimiNag, Thalemita, Latreille.
Sub-Family PoporHTHALMINAE.  DPodophthalmus, Lamarck. TFamily
PoradoNIDAE, Sub-Family DECKENIINAE.  Deckenda, 1ilgendorf.  Sub-
Family PSEUDOTHELPHUSINAE.  Pseudothelphuse, Saussure.  Sub-Family
PorasoNiNag.  Dotamon, Savigny (= Thelphusa, Latreille).  Sub-Family
TRICHODACTYLINAE.  Twichoductylus, Latreille.  Family ATELECYCLIDAE
Sub-Family AcaNTHOCYCLINAE.  Acanthocyelus, Milne-Edwards and Lucas.
Sub-Family Tatn~ae. Thia, Leach. Sub-Family ATrLECYCLINAE.  Atele-
cyclus, H, Milne-Edwardx. Family CaxcriDAr. Sub-Family CANCRINAE,
Cancer, Linnaeus.  Sub-Family PIRIMELINAE.  Pirimela, Leach., Family
NaxTHIDAE.  Sub-Family Naxtaixar.  Nantho, Leach. Sub-Family
CARPILIINAE.  (wrptlius, Leach. Sub-Family Erisizare.  Etisus, H.
Milne-Edwards.,  Sub-Family MextpeiNar.  Mentppe, de Haan. Sub-
Family Oziixaw.  Ozius, H. Milne-Edwards.  Sub-Family EriroiNae.
fiviphia, Latreille.  Sub-Family TraPeziiNa®.  Trapezia, Latreille.
Family GoxoprLacipak.  Sub-Family RuHIZOPINAE.  Rhdzope, Stimpson.
Sub-Family  PRIONOPLACINAE.  Prionoplar, . Milne-Edwards.  Snb-
Family GoNorLACINAE. Gonoplas, Leach. Sub-Family CARCINOPLACINAE.
Curcinoplax, H. Milne-Edwards. Sub-Family HexaropiNar.  Hexapus,
de Haan. Family PINNoTHERIDAE. Sub-Family PINNOTHERINAE.  Piuno-
theres, Latveille,  Sub-Family PINNOTHERELIINAE.  Pinnotherelic, Milne-
Edwards and Lucas. Sub-Family NENOPHTHALMINAE.  Yenophthalmus,
White.  Sub-Family ASTHENOGNATHINAE.  dsthenognathus, Stimpson.
Family Prexopracipgr.  Ptenoplar, Alcock and Anderson.  Family
PALICIDAE.  Palicus, PhHppi (= Cymapolia, Roux). Family Grarsipar.
Sub-Family Pracusiinae,  Plagnsie, latreille.  Sub-Family Sesiar-
MINAE.  Sesarma, Say. Sub-Family GrarsiNae.  Grapsus, Lamarek ;
Plunes, Bowdich (= Nautilogrupsus, H. Milne-Edwards)  Sub-Family
VARUNINAE.  Tawrwna, H. Milne-Edwards.  Family GECARCINIDAE,
Gecurcinus, Leach ; Curdisomu, latreille.  Family OcYrobipag.  Sub-
Family MacroputHALMINAL.  Maerophthalmus, Latreille.  Sub-Family
OcyropINaR.  Ocypodu, Fabricius (IMig. 155, p. 264); Grlusimnus, Latreille,
Sub-Family MycririNag.  Myctiris, Latreille.  Family HaraLocar-
CINIDAE,  flupalocarcinus, Stimpson.

Sus-Trise 2, OXYRHYNCHA.

Body narrowed in front ; vostrim wsually distinet ; orbits generally
incomplete.
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Family [[ymexosoMiDaE.  Hymenosoma, Desmarest.  Faniily MAIIDAE.
Sub-Family INacHINAE. [nachus, Fabricius; Macrocheire, de Haan ;
Macropodia, Leach. Sub-Family ACANTHONYCHINAE. Acanthonyz,
Latreille. Sub-Family P1sinae. Pise, Leach ; Hyas, Leach. Sub-Family
MATINAE.  Maie, Lamarck (= Mamuia, Stebbing); Periceru, Latreille ;
Mithrax, Leach. Family PARTHENOPIDAE, Sub-Family PARTHENOPINAE.
DParthenope, Fabricius: Lambrus, Leach. Sub-Family EUMEDONINAE.
Ewmedonus, H. Milne-Edwards,
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CITAPTER XVI
THE STOMATOPODA

DivisioNn HoprrLocARIDA.
Order Stomatopoda, Latreille (1817).

For a definition of the Division Hoplocarida, see p. 149.

Ilistorical.—The common and conspicuous Squille mantis of the
Mediterranean can hardly have escaped notiee in antiquity, and it
is surprising that it cannot be identified with certainty among the
Crustacea mentioned by Aristotle. Tt was deseribed by Rondelet
(1555) under the generic name which it still hears. The group
Stomatopoda, as defined by Latreille in 1817, had practically the
limits now assigned to it, though some larvae were admitted to
generic rank along with the adults. By H. Milne-Edwards the group
was extended to include not only the ¢ Schizopoda,” but also sonie
larval and adult Decapods (Phyllosoma, Leucifer, ete.).  Restricted
by subsequent writers to the single family Squillidae, the Order has
generally been ranked along with “Sehizopoda” and Decapoda in
the group Podophthalma, though Huxley and, later, Grobben have
pomted out the great differences separating the Stomatopoda from
the other stalk-eyed groups.

The first details as to the larval metamorphosis of the Order
were given by I, Miiller (1862-64).  Claus, in a remarkable memoir
(1871), traced out several developmental series. Later workers,
especially Brooks (1886) and Ilansen (1895), have sueceeded in
referring many larvae to the various genera and species of adults.
It is to be noted, however, as llansen has pointed out, that the
number of specific forms among the larvac exceeds that of the
known adult species.

MoORPHOLOGY.

The gencral appearance of the Stomatopoda is highly character-
istic and very constant throughout the group. Its most striking
features are due to the great development of the abdominal region
and its appendages, the small size of the carapace, and the large
and peculiarly formed raptorial limbs.
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The hody (Fig. 186) is more or less flattened dorso-ventrally.
The carapace is fused dorsally with at least two of the thoracic
somites, two others are represented by indistinet vestiges over-
lapped by its hinder edge, while the last four are free and com-
pletely developed. The lateral wings of the carapace project more
or less horizontally, roofing over on each side a widely open channel

Fi1c:. 186.

Squilla muntis, male, from the side. «’, antennule ; a”, anteuna ; p, penis; se, scale or
exopodite ol'antenna ; thl, th2, th8, tirst, second, and last thoracic appendages.

within which lie the epipodites of the anterior thoracic appendages,
and which corresponds to the hranchial cavity of other forms.
Anteriorly the carapace does not extend to the front of the head
(Fig. 187), leaving uncovered two movably articulated segments,

FiG. 187.

Anterior part of body of Syuillu muntis, from abave. «’, antennule: a”, antenna; a.s,
antennular segment of head ; e, carapace ; o.s, ophthalmic segment of head ; », rostral plate;
sc, scale or exopodite of antenna.

which carry respectively the eyes and the antennules, and which
are commonly regarded as representing the ocular (o.s) and
antennular (a.s) somites. A small rostral plate (7), movably
articulated with the front cdge of the carapace, overlies the
antennular segment.

That part of the head lying between the point of attachment of
the antennae and that of the mandibles is much elongated, forming
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a narrow “neck,” which, except for the lateral wings of the carapace
projecting on either side, recalls the similarly formed “neck” of
Leucifer and of the Truchelifer-larva of Jureu. 'The anterior thoracic
somites are much abbreviated and crowded together.  The first and
second are apparently not distinet from the carapace in the adult.
The third and fourth are at most represented dorsally by small
sclerites overlapped by the hinder part of the carapace. The
fifth and succeeding thoracic somites are complete, and movably
articulated.  The abdominal somites often increase in width
posteriorly, and their horizontally extended pleural plates may
become greatly expanded in certain species.

The telson (Fig. 188, #) is very broad and its posterior margin
is generally cut into sharp teeth ; it is firmly united to the preced-
ing sowmite in certain species of Gonodactylus (Protosquilln, Brooks).

F1e. 188.

Caudal fan of Squilla montis, upper surlace. en, endopodite ; cx, exopodile ;
P, Process trom peduncle of uropod ; t, telson.

The surface of the carapace and of the hody-somites is often
ornamented with longitndinal keels, and the telson is always more
or less elaborately sculptured.

Appenduyes—The antennules (Fig. 187, ) have an clongated
peduncle of three segments, which bears three comparatively short
flagella. Of these, the two on the onter side spring from a
common stallk which is unsegmented ; the inner flagellum is also
unsegmented for a short distance from its base.

The autennae (Fig. 187, ") have a protopodite of two segments,
a large exopodite, and a comparatively feeble endopodite. The
exopodite consists of a small basal segment and an oval mem-
branous seale (s¢) with setose margins; the endopodite has two
elongated proximal segments and a short flagellum.

The mundibles (Fig. 189, A) carry a slender palp of three
segments. The oral edge is crescentic and strongly serrate, its
two cornua corresponding respectively to the incisor and molar
processes of other Malacostraca. The proximal cornu projects
upwards into the cavity of the month.

The maxillulee (Fig. 189, B) have two endites, the distal

21
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one terminating in a strong curved spine. A vestigial palp is
present (p).

The mazillae (Fig. 189, C) have a peculiar and characteristic
form which cannot be closely compared with that of the corre-
sponding appendage in other Malacostraca. They appear to consist
of four segments, of which the first and second are indistinctly
separated.

The first five pairs of thoracic appendages are similar in structure
and are commonly called maxillipeds, though, as they possess no
endites or other adaptations for mastication, the name is hardly
appropriate.  Each consists of only six segments (there is no
evidence to show how these are related to the seven segments
commonly recognised in other Malacostraca) and terminates in a

F1a. 189.

Mouth-parts of Squille mantis, A, mandible, seen from the inner, or oral, side; B,
maxillula; C, maxilla. i, incisor process; m, molar process; o, papilla bearing opening (of
maxillary gland ?); p, palp.
prehensile “hand” or sub-chela; there are no exopodites, but
epipodites (Fig. 190, A, ep) are present on all five pairs in the
form of discoild membranous plates or vesicles attached to the
basal segment by a narrow neck. The first pair of limbs (Fig. 190,
A) are long and slender and the terminal segment is minnte; the
second pair are very massive, forming powerful weapons (Fig. 186,
h?) ; the third, fourth, and fifth pairs resemble each other and are
less powerful. In each case the terminal segment is flexed upon
the preceding one in such a way that its point is directed forwards,
an arrangement which recalls the peculiar inverted chela of the
Awphipod 7Trischizostoma. The last three pairs of thoracic limbs
(Fig. 186, th8) ave slender, hiramous, and without epipodites. The
protopodite is very distinctly composed of three segments, of which
the second is clongated. The inmer (and anterior) of the two
rami is the stouter and consists of two segments; the outer is
slender and unjointed. According to Claus, the development of
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the limb shows the outer hranch to be the endopodite and the
inner the exopodite, the relative positions of the two being reversed
in the course of development.

The pleopods (Fig. 190, B, (') are remarkable in carrying the
branchial apparatns.  The lroad and flattened protopodite has
articulated with it at some distance from cach other the endopodite
and exopodite, each of which is lamellar and membranous and is
obxcurely divided into two segments. From the inner edge of the
endopodite springs a short appendix interna (¢), bearing a group
of coupling-hooks, The branchiae (Ir) consist of a main stem
springing from the anterior face of the exopodite near its base,
extending horizontally inwards, and carrying on its lower edge a

F16. 100,

A, tirst thoracic appendage of Squille mantis. B, ‘sncpnd pleopod, showing the branchial
appewdage.  C, the same, after removal ol the branchial l,nlmuvnts. br, branchial appendage ;
en, endopodite ; ep, epipodite ; e, exopodite ; i, appendix interna,

series of tufts of ramified branchial filaments. In the female all
the pleopods are similar, but in the male the first pair have the
endopodite modified.

The wropods form, with the telson, a broad tail-fan (Fig. 188).
The short protopodite runs out into a fiattened plate (p) lying
hetween and below the rami, divided distally into two sharp teeth.
The exopodite is distinetly divided into two segments.

Alimentury System.—The stomach is large and thin-walled and
is divided into two chambers. Its armature is slightly developed
as compared with that of most Decapods. The anterior or cardiac
chamber is large and extends in front of the mouth as far as the
base of the rostrum. In its posterior wall lie two pairs of rod-like
sclerites, the upper pair articulating with an unpaired plate which
forms the tloor of the smaller pyloric chamber and projects as a
median keel into its cavity. The intestine is very narrow, but
expands somewhat at about the fifth abdominal somite to form the
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rectum. A pair of glandular sacs lying in the telson on either side
of the anus have been observed in the larva and perhaps open into
the rectum. It is not known whether they persist in the adult.

The digestive gland is very voluminous. It forms a compact
mass of glandular tissue closely investing the intestine throughout
the whole of its length and sending out on each side a series of
diverticula scgmentally arranged corresponding to the last three
thoracic and the abdominal somites, and it finally terminates in a
series of ramifying processes, which radiate throughout the telson
and even penetrate into the peduncles of the uropods. It was
formerly stated that this gland originated as a series of segmentally
arranged diverticula from the alimentary canal, and that it com-
municated with the intestine hy a series of apertures on each side
throughout its whole length. It appears, however, that this is not
the casé, but that the gland-follicles open into a pair of longitudinal
ducts which unite to enter the dorsal part of the pyloric chamber
of the stomach. ’

Circulatory System.—The Stomatopoda are unique among the
Enmalacostraca in possessing an elongated tubular heart extending
through nearly the whole length of the thoracic and abdominal
regions, and provided with numerous segmentally arranged pairs of
ostia.

The details of the circulatory system have been most fully made
out in the later larval stages by Claus, but the older accounts of the
adult by Audouin and Milne-Edwards and by Duvernoy, though
incomplete, show that no very profound changes occur in the adult.
The anterior part of the tubular heart, lying in the maxillary region,
is dilated, and its dorsal wall is perforated by a pair of large ostia.
Anteriorly, it gives off a median aorta which sends branches to
brain, eyes, antennules, and antennae, and a pair of antero-lateral
arteries to the carapace and viscera. Behind the region of the first
thoracic appendages the heart is of uniform diameter, and bears
twelve pairs of ostia and fourteen pairs of lateral arteries arranged
for the most part in correspondence with the segmentation of the
body. Posteriorly the heart is continued into a short caudal aorta
running into the telson.

From one of the lateral arteries of the first pair there originates
an unpaired arteria descendens, which pierces the ventral ganglionic
mass between the first and second thoracic ganglia, to communicate
with a subneural artery which underlics the nerve-cord throughout
its whole length. This subneural artery further communicates
with the heart by means of its lateral branches, which anastomose
in the various somites, sometimes on one side, sometimes on hoth,
with branches of the lateral arteries. Capillary networks of great
complexity are formed in the brain and in the ventral ganglia. A
point of some interest is the unsymmetrical origin of the arteries
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which supply the rostrum and the dorsal “ Zoca "-spine of the larval
carapyee.

The blood from the respiratory appendages of the pleopods
passes to the pericardinum by a series of afferent canals in the
abdomen.

Cacretory System.—It is stated by Kowalevsky that the maxillary
¢land is well developed in the Stomatopoda, but no details as to its
strieture appear to have been published. A papilla on the posterior
surface of the maxilla in Spuille mantis (Fig. 189, C, o) hears a
minute terminal pore which may be the aperture of the duct of
this gland.

Nervous System.—The oesophageal connectives are elongated,
and a postoral antennal commissure is present. The first -eight
pairs of ganglia in the ventral chain are coaleseed, hut the remain-
ing nine are widely separated.

Sense-Organs.—The paired eyes are always set on movable
peduncles and vary greatly in size in the different species. The
nauplins-eye, often present in the larvae, does not appear to have
heen found in the adult. Sensory filaments are developed on the
outer branch of the external flagellum of the antennules.

Reproductive System.—The ftestes lie in the abdomen and have
the form of fine convoluted tubes uniting posteriorly in an unpaired
picee which lies in the telson and passing anteriorly into the vasa
deferentia.  Each vas deferens opens to the exterior at the end of
a long penis springing from the inner side of the proximal segment
of the last thoracic appendage, and differing from the corresponding
organs of other Malacostraca not only in its great length but also in
the fact that it is more or less strongly chitinised and is divided by
a movable articulation about the middle of its length. 1In the
posterior thoracic somites lie a pair of convoluted tubular glands
which in their form and disposition have a remarkable similarity to
the testes, being united anteriorly by a short unpaired piece and
eontinued posteriorly into ducts which traverse the penes along-
side of the vasa deferentia and open beside them at the tip.  These
glands and their duets never contain spermatozoa and their funetion
is unknown. The spermatozoa are spherical in form, without pro-
cesses of any kind, and appear to be simple micleated cells.

The orvaries are, in the mature female, very voluminous and
closely approximated, so that thev appear to form a single-lobed
mass which extends through the abdomen and as far forward as the
hinder limit of the carapace. In reality the two ovaries are only
united, as is the case with the testes, by an unpaired portion lying
in the telson. The oviducts open near the middle line on the
sternal surface of the sixth thoracic somite, together with a small
pocket-like invagination of the integument which functions as a
receptaculum seminis.  On the ventral surface of each of the three
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last thoracic somites of the female lies a glandular mass, sending
numerons fine ducts to the exterior. This is in all probability to
be regarded as a cement-gland.

The eggs are of very smalI size, and are agglutinated together
into a 031\6 11]\0 mass which cither lies free in the burrow inhabited
by the female or is carried by means of the last three pairs of
chelate feet.

DEVELOPMENT.

Little is known of the embryonie development of the Stomato-
poda, but their later history is extremely remarkable, on account
of the prolonged larval life, the complicated metamorphosis, and
the fact that the larval forms of the various species differ from each
other more widely than do the adults. The later stages, which
may reach a great size, form a conspicnous element of the pelagic
fauna in the warmer seas, and many species were described by the
older observers as adult animals under several generic names. It
is very probable, as Hansen points out, that several forms of larvae
belong to species and even genera which in their adult state are
still to be discovered.

Two main types of larvae can he distingnished, corresponding
to the old genera Ewrichthus, Latreille, and Alima, Leach, and the
former can be further subdivided into a number of larval genera,
Gonerichthus, Lysioerichihus, etc.

Though the earlier stages of all these are still very imperfectly
known, it is certain that great differences exist between them as
to the degree of development at the time of hatching. The
longest series of larval stages appears to be passed through by
certain Frichthus-forms, especially by those to which the names
Lysioerichthus and Coronidericithus have been given (larvae of Lysio-
squilla and Coronide). In the youngest known stage of this series
(Fig. 191, A) three regions of the body can be distingunished : (1)
An unsegmented cephalic region hearing the median and paired
eyes, antennules, antennae, mandibles, maxillulae, and maxillae,
and giving rise to the great carapace which envelops the greater part
of the body; (2) a thoracic region of eight somites, all of which are
free from the carapace, the first five hearing biramous swimming-
feet, while the last three are without appendages; (3) a broad tail-
plate representing the still unsegmented abdomen. In the following
stages the abhdominal somites are snccessively segmented off in front
of the tail-plate, which remains as the telson, and their appendages
at the same time develop in regular order from before backwards,
the uropods at first not differing from the appendages in front of
them and not preceding them in order of development. The first
and second thoracic limhs early lose their exopodites, and the
second pair hecome greatly enlarged and assume their characteristic
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form. The third, fourth, and fifth pairs undergo retrograde ehanges,
losing their exopodites and remaining for some time as shapeless
stumps, only later to resume their conrse of development into
chelate limbs. It does not scem to be the case, however, as is
sometimes stated, that they actually disappear. The last threc

Frc. 101,

Consecutive stages of a larva of the tirst Erichthus-type. (According to Hanseu, the larva
represented in C and D belongs to a different species from those shown in A and B.) o',
antennule; ¢”, antenna; «!, tivst pleopod ; ¢6, uropord ; 1-V, first tive thoracic appendages; 6-3,
last three thoracic somites.  (After Claus, from Korschelt and eider's Embryology.)

thoracic somites remain for a long time devoid of appendages, and
it is only at a late stage, when the appendages in front and behind
are well developed, that rudimeunts of appendages begin to appear
on them (Fig. 192). The adult form is only assumed after a
considerable size has been reached, the carapace diminishing in
size, becoming coalesced with the anterior thoracic somites, and
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losing its spines, and the appendages gradually assuming their
definitive characters. The development of the antennae appears
to be peculiar in that the endopodite develops as a lateral branch,
the distal portion of the larval append-
age becoming the large exopod.

In a second series of Jarval forms of
the Erichthus-type (Fig. 193), belonging
to the genera I’seudevichthus, Gonerichihus,
ete. (Psenudosquille and Gonodactylus), the
youngest stage known possesses already
four or five pairs of pleopods, and the
last six thoracic somites are without any
trace of appendages.

The larvae of the Alima-type (Fig.
194), belonging to the genus Squillu, are
known to leave the egg at a stage cor-
responding with that last described.
They are distinguished from all the pre-
ceding forms by the generally more
slender body and short and broad cara-
pace, and more constantly by differences
in the armature of the telson and raptorial
limbs.

Lister has described a very remark-
able larva, which appears to correspond
to a metanauplius-stage. The form of
the carapace makes it very probable that
it belongs to the Stomatopoda, and, if
50, 1t shows that some members of the
order leave the egg at a much earlier
stage than has hitherto heen supposed.

The great size attained by some of
these larvae, especially by those of the
Alima-type, which may exceed two and

F1c. 102. a half inches in length, has given rise to
Later larva of the first Erich- 1
s type. e antenmul s o an. UDC suggestion that they are abnormally

tenna al-a3, pleopods; a8, uropods; hypertrophied forms which, by being
br, rudiments of gills; 1-V11]1, tho-
racic appendages. (After Claus, SWept out to sea, have been prevented
{,ﬂ‘;’;}u;‘jyf’)““he“ and Ileider’s £ from  completing their metamorphosis.
As in the similar cases of the ZPhyllo-
soma-larvae among Decapods and the Lepfocephalus-larvae of eels,
however, there appear to be no grounds for accepting this view,
and it is definitely rejected by Hansen as a result of his extensive
studies on the group.
The metamorphosis of the Stomatopoda is of great importance
in helping to interpret the larval forms of the Decapoda. While
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the regular order of differentiation of the somites from before back-
wards is preserved, the retarded appearance of the posterior thoracic
appendages shows the heginning of the process which has led to the
suppression of these somites and appendages in the typical Zoca.

Notes oN HasITs, ETC.

The Stomatopoda are exclusively marine, the adults generally
inhabiting burrows in the sand or mud of the sea-bottom in shallow

Fra. 193.

Larva of the second Erichthus-type (the Pseuderichthus group). o', antennule ; «”, antenna ;
a, tirst_pleopod ; «6, uropod ; ep, epipodite: 1, 11, first two pairs of thoracic appendages,
(After Claus, from Korschelt and Heider’s Fmbryology.)

water (up to 180 fathoms), chiefly in the tropics, but extending
north to Britain and Japan, and sonth as far as Auckland.  Many
species seem never to wander far from their burrows, into which
they retreat with great rapidity when alarmed, and are thus seldom
obtained by the ordinary methods of collecting.  The larval stages,
on the other hand, are exclusively pelagie, of glass-lile transparency,
and oceur in great numbers in the plankton of the warmer seas.
All the Stomatopoda appear to he of active, predatory habits.  The
range in size within the group is abont from 38 to 340 mm.
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PALAEONTOLOGY.

The oldest undoubted Stomatopods are found in the Jurassic
rocks of Solenhofen, and are referred to the genus Sculda, Miinster,
differing in many details from the living forms. Species referred to
the genus Squille occur in the Cretaceous deposits of Westphalia

Fre, 194,

Young larva of the Alimua-type. ¢, antennule ; ) antenna ; «1-05, pleopods; I, 11, first
and second thoracic 1imbs ; 6-8, last three thoracic somites. (After Brooks, from Korschelt
and Heider’s Embryology.)

and the Lebanon, in which latter larvae of the Erichthus-type have
also been recognised. Species of Sjuille also oceur in the London
Clay and other Tertiary deposits.

AFFINITIES AND CLASSIFICATION.

Perhaps the most aberrant character of the Stomatopoda, and
one which separates them not only from the other Malacostraca
but from all other Crustacea, is the presence of distinct and
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movable ophthalmic and antennular “somites.” Whatever be the

morphologieal value of these segments of the head, there ean be no
doubt that their separation in the Stomatopoda is a secondary and
not a primitive character.

The movable rostral plate is a character of some interest from
its resemblance to that of the Leptostraca; but it is to be noted
that the spiniform rostrum of the larval Stomatopod is not articu-
lated, while, on the other hand, the Decapod Ihynchocinetes shows
the possibility of the ordinary rostrum hecoming divide:d off by a
movable joint from the earapace.

The lamellar epipodites of the first five pairs of thoracic limbs
recall those of the Synearida ; the bifurcation of the onter flagellum
of the antennules is only paralleled among the Caridean Decapods ;
the modification of the first pair of pleopods in the male may be
compared with that found in the Euphansiacea and the Penaeid
Decapods ; the possession of an appendix interna on the pleopods
is shared by the Leptostraca and the lower Euecarida. Other
characters, such as the structure of the maxilla and the segmenta-
tion of the thoracic limbs, cannot be closely compared with those of
any other Malacostraca. It scems most probable that the Stomato-
poda are a lateral offshoot from the main stem of the Malaeostraca,
of which, in the absence of conneeting links, it is as yet impossible
to determine the exact relations.

The existing Stomatopoda form a very homogeneous gronp,
within which only one family can be recognised, while many of the
genera are separated by comparatively slight differences.

OrpER Stomatopoda, Latreille (1817).

Family SquiLLipae,  Squille, Fabricins (Fig. 186); Lysiosquilla,
Dana; Pseudosquille, Dana ; Gonodactylus, Latreille ; Coronidu, Brooks.
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Abdomen, 6; of Amphi-
poda, 225 : of Branchio-
poda, 34 ; of Cirripedia,
113 ; of Copepoda, 74;
of Cumacea, 184; of
Decapoda, 259 ; of Iso-
poda, 198; of Lepto-
straca, 152 ; of Malaco-
straca, 144; of Mysidacea,

172; of Stomatopoda,
321

Abdominal appendages of
Amphipoda, 232; of
Leptostraca, 136: of
Malacostraca, 146

Abdominalia, 108, 139

Acanthephyra, 311

Acanthephyridae, 311

Adcanthocope, 207, 219

Acanthocyclinae, 315

Acanthocyclus, 315

Acanthonotozoma, 241

Acanthonotozomatidae, 241

Acanthonychinae, 316

Acanthonyx, 316

Acanthosoma, 297

Acanthotelson, 168

Acartia, 102

Acctes, 273

< chtheres, 80, 83, 100, 103

Acontiophorus, 78, 79, 103

Acrothoracica, 1, 106, 108 ;
definition, 140 ; mor-
phology, 108

Adductor muscle of Bran-
chiopoda. 44; of Cirri-
pedia, 116 ; of Ostracoda,
57, 64; of Leptostraca,
157

Adhesive organ of Dran-
chiopoda, 43

AAcega, 208, 220

Aeger, 307

Aeginae, 220

Acgisthus, 103

Aeglew, 277, 313

Acgleidae, 304, 313

Aesthetases, 20 ; of Cope-
poda, 76, 83

JActidevs, 102

Affinities of Amphipoda,
239 ; of Brauchiopoda,
51 ; of Cirripedia, 138 ;
of Copepoda, 101; of
Cumacea, 188 ; of Deca-
poda, 309 ; of Euphausi-
acea, 251; of lsopoda,
218; of Leptostraca, 160;
of Mysidacea, 181; of
Stomatopoda, 330 : of
Syncarida, 168 ; of Tan-
aidacea, 194

Ala of Cirripedia, 111

Albunea, 2635, 314

Albuneidae, 314

Aleippe, 115,
139, 140

Alcippidae, 140

Aleirona, 219

Alcock, 254, 288

Alepas, 110, 128, 140

Alicella, 239, 240

Alima, 326, 328, 330

Alimentary system, 14 ; of

117, 120,

Amphipoda, 233; of
Branchiopoda, 42; of

Branchiura, 98; of Cirri-
pedia, 115 ; of Copepoda,
§2; of Cumacea, 187 ;
of Decapoda, 279: of
Euphausiacea, 247; of
Isopoda, 207 ; of Lepto-
straca, 156; of Mysi-
dacea, 176 ; of Ostracoda,
63; of Stomatopoda, 3233
of Synecarida, 166 ; of
Tanaidacea, 193
Alpheidae, 258, 311
Alphcus, 282, 283, 311
Amblyops, 173, 181
333

Amesopodidae, 220
Jtmesopous, 203, 220
Ampelisca, 241
Ampeliseidae,
241
Ampharthrandria, 71 ; de-
finition, 103
Amphaskandria,
definition, 102
Amphilochidae, 241
Amphilochus, 241
Amphion, 311
Amphioninac, 311
Amphipoda, 2, 143 ; aflini-
ties amd classification,
239 ; definition, 224 : de-
velopment, 237 ; habits,
ete., 2385 historical notes,
224 ; morphology, 225 ;
palacontology, 239
Amphithoe, 241
Amphithoidae,
241
Anal respiration in Cope-
poda, 82
Anarcturus, 220
Anamixidae, 241
Adwomixis, 241
Anaspidacea, 1, 113, 162,
169
Anaspides, 7, 8, 25, 147,
162-168, 169
Anaspididae, 169
Ancestral  type of Crus-
tacea, 26 ; of Malaco-
straca, 144
A nceus, 219
Anchialina, 182
Anchialus, 180, 182
Ancinus, 220
Anclusma, 110, 113, 114,
115, 138, 140
Anisopoda, 190
Annulus ventralis, 291
_Inomaloceru, 84, 102

233, 236,

71,

i

220, 235,
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Anomopoda, 29, 40 ; defi-
nition, 53

Anomostraca, 162

Anomura, 253, 309 ; defini-
tion, 313

Anostraca, 1, 29, 39, 48;
definition, 53

Antenna, 11; of Amphi-
poda, 228 ; of Branchio-
poda, 35 ; of Cirripedia,
114 ; of Copepoda, 77 ;
of Cumacea, 185; of
Decapoda, 265 ; of
Euphansiacea, 245 ; of
1sopoda, 198 ; of Lepto-
straca, 152 ; of Malaco-
straca, 144; of Mysi-
dacea, 173 ; of Ostra-
coda, 59 ; of Stomato-
poda, 321 ; of Syncarida,
164 ; of Tanaidacea,
191

Antennal gland, 16; of
Amphipoda, 235; of
Decapoda, 285 ; of Eu-

phausiacea, 247 ; of

Leptostraca, 156; of

Mysidacea, 178
Antennular fossa of Bra-

chyura, 257

Antennule, 10 ; of Amphi-
poda, 226 ; of Apoda,
129; of Branchiopoda,
35 ; of Branchiura, 95;
of Cirripedia, 113; of
Copepoda, 75 ; of Cum-
acea, 183 ; of Decapoda,
264 ; of Euphausiacea,
244 ; of lsopoda, 198 ;
of Leptostraca, 152;
of Malacostraca, 144 ;
of Mysidacea, 173 ; of
Ostracoda, 58 ; of Stoma-

topoda, 321; of Syn-
carida, 164 ; of Tanai-
dacea, 191
Anthwre, 211, 219
Aunthuridae, 197, 198,

205, 216, 219
Anuropodinae, 219
Anuropus, 207, 219
Aora, 231, 241
Aoridae, 235, 241
Apoda, 1, 106 ; definition,

140 ; morphology, 128
Apodemes in Decapoda,

263
Apodidae, 53
Appendix interna, 147 ; of

Decapoda, 273 ; of Eu-

phausiacea, 247 ; of

Leptostraca, 156 ; of
Stomatopoda, 323
Appendix masculina, 274
Apseudes, 187, 190, 191,
193, 194, 195
Apseundidae, 191, 192, 193,
194, 195
Apus, 6, 7, 8, 11, 24,726,
29, 30, 36, 37-40, 42,
43, 45, 46, 48, 50, 53
Arachnomysinae, 181
Arachnomysis, 173, 181
Archaeomysinae, 181
Awrchaeomysis, 176, 181
Arcturidae, 197, 204, 212,
220
Arcturus, 220
Argathona, 220
Argathoninae, 220
Argulidae, 104
Argulus, 72,
. 100, 104
Arietellus, 102
Aristeinae, 278, 304, 311
Aristens, 288, 289, 311
Aristotle, 71, 106, 254, 319
Armadillidinae, 220
Armadillidium, 220
Armadillo, 220

95-97, 99,

| Artemic, 43, 50, 53

Arthrobranchia, 14, 275

Avxthrostraca, 147

Artotrogus, 82, 103

Ascidicolidae, 75, 78, 81,
89, 103

Ascidicola, 103

Asconiscidae, 221

Asconiscus, 221

Ascotlioracica, 1, 106, 107 ;
definition, 140 ; develop-
meunt, 127 ; worphology,
125

Asellidae, 205, 206, 216,
219

Asellota, 196 ; definition,
219

Asellus, 198, 199, 204, 208,
210, 211, 213, 219

Astacidae, 257, 277, 304,
312

Astacilla, 220

Astacillidae, 220

Astacura, 253 ; definition,
312

Astacus, 264, 278, 282,
283, 285, 291, 312

Asterocheres, 103

Asterocheridae, 76, 78, 82,
84, 103

Asterope, 59, 62, 64, 66,
67, 69

Asteropidae, €9

Asthenognathinae, 315

Asthenognathus, 315

Asymmetrica, 106,
detinition, 140

Atelecyclidae, 315

Atelecyclinae, 315

Atelecyclus, 315

Athanas, 265, 311

Atya, 311

Atyidae, 266, 268, 282,
304, 311

Atylidae, 241

Atylus, 241

Auditory setae, 19

Audouin, 3, 286, 324

Aurivillius, 107

Autotomy, in Amphipoda,
231 ; in Decapoda, 273

Axiidae, 313

Axius, 313

112

Baird, 30

Dairdia, 64, 69

Bairdiidae, 62, 63, 69

Balanidae, 115, 140

Balaninae, 111

Dalanus, 107, 108, 111,
112, 122, 138, 140

Barnacle goose, 106

Barybrotes, 220

Barybrotinae, 220

Basipodite, 7

Basis, 7

Bate, C. Spence, 183, 190,
225, 254

Datea, 241

Bateidae, 241

Bathynclla, 162, 169

Dathynomnus, 198, 199, 204,
211, 217, 218, 219

“ Bauchwirbel ” of Cope-
poda, 81

Delisarivs, 83, 103

Belon, 254

Beneden, van, 72, 190

Denthesicymus, 311

DBentheuphausia, 245, 246,
248, 251, 252

Bentheuphausiinae, 252

Bernard, 5, 47

Leyrichia, 68

Dirgqus, 261, 262, 284, 303,
304, 313

Boas, 148, 171, 244, 254,
256, 259, 268, 274, 309

Bodotria, 188

Bodotriidae, 188

Boeck, 225

Bomolochidae, 103

Domalochus, 103



Bonnier, J., 197, 214, 215,
279

Jopyridae, 208, 221

Bopyrina, 212 ; definition,
221

Bopyroid stage of Isopoda,
215

DBopyrus, 221

Boreomysinae, 182

Boreomysis, 173, 175,
178, 130, 182

Borradaile, 251, 277, 303,
309

Losuina, 53

Bosminidae, 53

Bouvier, 254, 255, 2
276, 283, 307, 308

Bovallius, 196, 225

Brachygnatlnm, 253 ; defini-
tion, 314

Brachyrhyncha, 233 de-
finition, 315

Brachyura, 253 ; definition,
314

Bract of Branchiopoda, 37,

176,

<
[

Brady, 56, 68, 72
Brain, 16 v
Branchiae,*14 ; of Amphi-

poda, 231 ; of Cirripedia,
1155 of Cumacea, 184,
186 ; of Decapoda, 275 ;
of Euphausiacea, 246 ; of
Isopoda, 204 ; of Mysi-

dacea, 175; of Ostra-
coda, 61, 64; of Sto-

matopoda, 323 ; of Syn-
carida, 165; of Tanai-
dacea, 191

Branchial formulae, 280

Branchial glands, 286

Dranchinecte, 17, 30, 3§,
53

Branchiopoda, 1 : affinities
and classifieation, 51 ;
delinition, 29 ; develop-
ment, 48; habits, ete.,
50 ; historical notes, 29 ;
morphology, 81 ; palae-
ontology, 50

Branchiostegite
poda, 255

Branchipodidae, 53

Branchipodites, 50

Lranchipus, 10, 15, 18, 24,
29, 36, 40, 43, 45, 46,
53

Branchiura, 1, 71, 100,
101; definition, 104 ;
development, 99; mor-
phology, 95

of Deca-

| Culliaxis, 301

i uphyra, 315

INDEX

Branchiropus, 207, 219
Bresilie, 311
Bresiliitlae, 311

Brisson., 3
Brooks, 292,

202, 319

Bruntz, 110

Brush-like appendage of
Ostracoda, 62

Buccal frame of Brachyura, '
257

Budde-Lund, 196

Bullar, J. 1%, 197

Burmeister, 91, 107, 147

Lythotreplies, 54

205,

Cubirops, 221
Cabiropsidae, 221
Calanidae, 102
Culunus, ¥, 12, 13, 73, 74,
83, 89, 102
Caluppa, 314
Calappidae, 314
Calappinae, 314
Calceoli of Amphipoda,
Caligidae, 76, 91, 103
Culiyus, 72, 83, 103
Callianassa, 256, 283, 301,
307, 313
Callinnassidae, 313
Calliunided, 271, 313

237

Calliopiidac, 241
Calliopius, 241
Calocalanus, 75, 102
Calocuris, 301, 313
Calyptomera, 29; defini-
tion, 53
Calyptopis-stage
phausiacea, 249
Cumbarus, 291, 312
Cumpecopent, 220
Campylaspis, 185, 136, 188
(ancer, 3, 254, 315
Cancerillu, 82, 103
Caneridae, 315
Cancrinae, 315
Cancrion, 215, 221
Candacia, 102
Candaciidae, 102
Cunthocomptus, 103
Canu, 86, 101

of Eu-

Caphyrinae, 315
Capitulum of  Cirripedia, i
109
Caprellu,
242
Caprellidae, 226, 231, 232,
233, 236, 242
Caprellidea, 224 ;

tion, 242

224, 233,

defini-

v

33
Carapace, 6 ; of Branchio-
poda, 31 : of Branchiura,
95 ; of (‘mmacea, 154
of Decapoda, 255; of
Luphausiacea, 2425 of
Leptostraca, 151; of
Malacostraca, 144; of
Mysidacea, 171 of Os-
tracoda, 56 ; of Sto-
matopoda, 320 ; of Tanai-
dacea, 191
Curcinides, 316
Carcininae, 3185
Carcinoplacinae, 315
(urcinoplix, 316
reinus, 303, 305, 315
(urdisoma, 284, 315
Caridea, 253; delinition,
311
Cariding, 266, 277, 311
Caridoid facies of Malaco-
straca, 144
Carina ot Cirripedia, 110
Carino-lateral plates
Cirripedia, 111
Carpenter, 218
Carpiliinae, 315
Curpilius, 258, 315
Carpopodite, 146
Carpus, 116
Carupu, 315
Carupinae, 315
Cussiding, 204, 220
Castration, parasitic, 292
Catometopa, 290, 310
Cutophraymus, 111, 140
Catoptrinae, 315
(Cutoptrus, 315

of

Candal  furca, 7, 35 (sce
Furea)

Caullery, M., 214

Cavolini, 254

Cement  glands, 203 of

Cirvipedia, 116
Centropuyes, 77, 102
Centropagilae, 83, 99, 102
Cephalic flexure of Deca-

poda, 257
Cephalogaster, 208
Cerataspinae, 278, 310
Cerataspis, 279, 280, 310
Ceratiocuris, 159, 160
Ceratocuma, 188
Ceratocumidae, 188
Ceratothoa, 220
Cercops, 232, 240, 242
Cervical groove of Deca-

poda, 258 ; of Syncarida,

163 ; of Mysidacea, 171
Cereinia, 103
Cetochilus, 58
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Chaetiliv, 220

Chaetiliidae, 220

Chalimus, 91

Chelipeds, 271

Chelura, 241

Cheluridae, 241

Chiridotea, 199, 202, 208,
210, 220

Chirocephalus, 36, 39, 53

Chirostylus, 313

Chondracanthidae, 82, 92,
103

Chondracanthus, 86, 103

Choniostoma, 103

Choniostomatidae, 86, 93,
103

Chonopeltis, 104

Chthamalidae, 140

Chthamalinae, 111

Chthamaelus, 112, 140

Chun, 19, 244

Chydorus, 53

Circulatory system, 15 ; of
Awmphipoda, 234; of
Branchiopoda, 43; of
Branchiura, 98 ; of Cirri-
pedia, 115 ; of Copepoda,
82; of Cumacea, 187;
of Decapoda, 283 ; of
Euphausiacea, 247 ; of
Isopoda, 208 ; of Lepto-
straca, 156; of Mysi-
dacea, 177 ; of Ostracoda,
64 ; of Stomatopoda, 32;
of Syncarida, 166 ; of
Tanaidacea, 193

Clirolana, 198, 199, 219

Cirolaninae, 198, 216, 219

Cirrhipédes, 107

Cirri of Cirripedia, 114

Cirripedia, 1; aflinities and
classification, 138; defini-
tion, 106 ; development,
121; habits, ete., 137 ;
historical mnotes, 106 ;
palaeontology, 138

Cladocera, 1, 29, 40, 49 ;
definition, 53

Cladocopa, 1, 56; defini-
tion, 69

Claspers, 11

Classification of Amphi-

poda, 239 ; of Branchio-
poda, 52 of Cirripedia,
138 ; of Copepoda, 101 ;
of Cumacea, 188; of De-
capoda, 309 ; of Euphau-
siacea, 251 ; of 1sopoda,
218 ; of Leptostraca,
160 ; of Malacostraca,
147 ; of Mysidacea, 181

of Ostracoda, 68; of
Stomatopoda, 330; of
Syncarida, 168 ; of Tan-
aidacea, 194
Claus, 3, 7, 10, 30, 36, 37,
52, 56, 67, 72, 76, 77,
79, 85, 88, 98, 101, 107,
146, 147, 151, 190, 191,
194, 213, 225, 240, 244,
249, 254, 275, 292, 319,
322, 324
Clausic, 103
Clausidiidae, 103
Clausidinm, 103
Clausiidae, 103
Clibanarius, 313
Clistosaccus, 130, 131, 141
Clypeoniscus, 221
Clytemnestra, 103
Coelom, 16
Cocnubite, 284, 288, 303,
304, 313
Coenobitidae, 259, 261, 313
Colomastigidae, 241
Colomastiz, 241
Comiensalism ot Decapoda,
304
Compartments
pedia, 111
Complemental males, 107,
118, 132
Conchoderma,
117, 140
Conchoecia, 58, 60, 69
Counchoeciidae, 69
Conchostraca, 1, 29, 39,
49 ; definition, 53
Conilera, 210, 219
Copepoda, 1 ; afiinities and
classification, 101; de-
finition, 71 ; habits, etc.,
99 ; historical, 71
Copepodid stages of Eu-
copepoda, 88

of Cirri-

115, 116,

Copiliu, 103
Copulatory appendages of

Branchiura, 97 ; of Cope-
poda, 81 ; of Decapoda,
274 ; of Euphausiacea,
247
Corallana, 219
Corallaninae, 219
Cornea, 18
Corneagen cells, 18
Coronide, 326, 331
Coroniderichthus, 326
Coronula, 112, 140
Corophiidae, 229, 235, 241
Corophium, 234, 241
Corycaeidae, 82, 83, 84,
100, 103

Corycaeus, 85, 103

Corystes, 315

Corystidae, 279, 315

Coutiére, 146, 267, 277,
283, 288, 291, 309

Coxa, 7

Coxal glands of Amphi-
poda, 235

Coxal plates of Isopoda,
198, 202; of Amphi-
poda, 226, 230

Coxopodite, 7

Crangon, 276, 287, 311

Crangonidae, 266, 268, 273,
311

Crangopsts, 181

Cressa, 241

Cressidae, 241

Crinoniscidae, 221

Crinoniscus, 221

Crista dentata, 269

Cruregens, 219

Crustacea, definition, 2

Cryptoniscan stage of Iso-
poda, 214

Cryptoniscina, 212 ; defini-
tion, 221

Cryptophialidae, 140

Cryptophialus, 107,
115, 139, 140

Crystalline hody, 18

Ctenopoda, 29, 40 ; defini-
tion, 53

Cubaris, 220

Cuma, 183, 188

Cumacen, 2 ; aflinities and
classification, 188 ; defi- -
nition, 183 ; develop-
ment, 187 ; habits, ete.,
187 ; historical notes,
183 ; morphology, 183,
187

Cuvier, 3, 107

Cyamidae, 226, 230, 231,
233, 242

Cyamus, 224,
232, 242

Cyuthura, 211, 219

Cyclaspts, 188

Cyclestheria, 48, 50, 53

Cyclodorippe, 314

Cyclometopa, 310

Cyclopidae, 76, 79,
100, 103

Cyclops, 11,71, 72, 73, 76,
78, 79, 84, 86, 103

Cyclops-stages of Encope-
poda, 88

Cyclosphaeroma, 218

Cylindroleberis, 69

Cyllopodidae, 241

114,

230, 231,

83,
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Cyllopus, 241
Cymaodoce, 220
Cymopolia, 315
Cymothoa, 220
Cymothoidae, 189, 203,
204, 208, 200, 216, 219 |
Cymothoinae, 212, 213, /lwendrogaster,
220 127, 128, 140
Cyprididae, 57, 60, Dendrogastridae, 140
63, 64, 67, 69 Dermal  glands, 20 (see
Chypridina, 58, 59, 61, 62, Glands)
63, 65, 68, 69 Desmosoma, 219
Cypridinidae, 57, 59, 61, Deuterocerebrum, 17
64, 60, 66, 67. 69 Developuent  of  Amphi-
C'ypridopsidae, 69 poda, 237 ; of Ascotho-
(ypridapsis, 69 racica, 127 ; of Branchio-
Cypris, 18, 57, 67, 69 poda, 48 ; of Branchiura,

Deckeniinae, 315

De Geer, 72

Delage, 107, 132, 133, 135,
197, 225

Della Valle, A, 225

Dendrobranchiate, 277

125,

126,

62,

('ypris-stage, of Ascotho- 99 1 of Cirripedia, 121 :
racica, 127 ; of Cirri- of Cumacea, 187; of
pedes, 24, 107, 121; Decapoda, 292 ;  of
of Rhizocephala,133 Encopepoda, 87 ; of

Cyproniscidae, 221 Euphausiacea, 249 ; of

Isopoda, 213 ; of Lepto-
straea, 138 ; of Ostra-
coda, 67 ; of Mysidacea,

Cypraniscus, 221
Cyrtopia-stage of Kuphau-
siacea, 249

Cystisoma, 241 179 ; of Rhizocephala,
Cystisomatidae, 241 133 . of Stomatopoda,

Cythere, 68, 69 326; of

Cythereis, 57, 61, 69 194

Cytherella, 58, 59, 60, 62, | Decamine, 241
69 Dexaminidae, 241

Diaiers, 102

Diaptomus, 102

Diastylidae, 188

Diastylis, 184, 185, 186,
188

Diastyloides, 185, 188

Dichelaspis, 110, 140 R

Dichelestiidae, 83, 103

 Dichelestivm, 103

Digestive gland, 15

Dimorphism, sexual, 21;
in  Decapoda, 291; in
Tanaidacea, 194

Dinsuccus, 103

Diporodelphya, 86

Dotlein, 19

Tanaidacea,

Cytherellidae, 67, 69 |

Cytheridae, 57, 58, 61 62,
66, 67, 69

Uzerniavsky, 181

Liactylerythrops, 172, 181
Dactylopodite, 146
Dactylus, 146
Dajidae, 221
Dajus, 221
Dana, 72, 190, 224, 244,
249
Donaliv, 221
Daphnie, 20, 29, 33, 10,
53
Daplmiidae, 53
Dart of Rhizocephala, 135 Dohrun, 123, 183
Darwin, 107, 108, 111, Dolups, 95, 104
115, 116, 117, 118, 123, | Dorippe, 314
128, 129, 139 i Dorippidae, 290, 314
Darvinula, 53, 67, 69 ! Doropygus, 75, 103
Darwinulidae, 62, 69 Dorsal organof Amphipoda,
Deeapoda, 2, 143 ; atlinities 237 ; of DBranchiopoda,
and classification, 309 ; 43 ; of Isopoda, 213 of
definition, 253 ; develop- Mysidacea, 180 ; of Syn-
ment, 292; habits, etc., carida, 164 : of Tanai-
303 ; historical mnotes, dacea, 104
254 : morphology, 255; Dromia, 283, 314
palaeontology, 306 Dromiacea, 253 ; definition,
[rerkenia, 315 314

Edwards
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Dromiidae, 256, 289, 290,
308, 314

Dromiidea, 253 ; definition,
314

Dromiopsis, 308

Duplorbis, 130, 131, 133,
141

Duvernoy, 324

Dwarf males of Cirripedia,
117

Dynemene, 220

Dynomene, 314

Dynowenidae, 308, 314

FEbalin, 314

Fetinosoma, 103

lidriophthalma, 3, 147

{see Milne-
Edwards)

Ficonaxius, 277, 305, 313

Ekman, 36

Llaphocuris, 297
fsbminivs, 111, 140
Embryology, 22

| Endites, 37

Endophragmal system, 263
Endopodite, 7

Endoskeleton of Branchio-

poda, 44

Endostome of DBrachyura,
257

End-sac, 16

- Enterognathus, 90, 935, 103

Entomostraca, 3, 27

Entoniscidae, 208, 217, 221

FEntoniscus, 221

Entosternite of Branchio-

- poda, 44 ; of Decapada,
263

Ephippium of Cladocera, 48

Epicarid stage ot Isopoda,
214

Epicaridea,
tion, 220

Epimeral suture, 256

Epimeron, 4 (footnote)

Epipodite, 8 ; of Cunacea,
186 1 of Decapoda, 275 :
of Euphausiacea, 246 ; of
Isopoda, 199 ; of Lepto-
straca, 154 : of Malaco-
straca, ¥ 146 1 of Mysi-
dacea, 175; of Sto-
matopoda, 322 of Syn-
carida, 165 ; of Tanai-
dacea, 192

Epistome of Decapoda, 257

Ergasilidae, 103

Frgasilus, 103

FErichthina, 296

Erichthus, 326, 330

detini-

196

22
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Eriphic, 315

Eriphiinae, 315

Eryma, 307

Eryon, 307, 312

iryonidae, 288, 312

Eryonidea, 253, 304; de-
tinition, 312

Lirythrops, 181 :

Lstherie, 16, 32, 38, 40, |
19, 50, 53

Fthuse, 314

Etisinae, 315

Etisus, 315 '

FLucalanus, 79, 82, 83, 85,
102

Eucarida, 2, 143; defini-
tion, 149

Fuchaete, 102

Luchactumera, 176, 181

Eucopepoda, 1, 71 ; defini-
tion, 102 ; development, |
87 ; morphology, 73;
parasitic, 89

Fncopio, 181

Eucopiidae, 173, 174, 175,
176, 181

Ervdorvelle, 188

Eukyphotes, 259

Eumalacostraca,
detinition, 148

Eumedoninae, 316

FEumedonus, 316

Eupagurinae, 313

Eupagurus, 286, 302, 313

Buphausie, 244, 248, 251,
252

1, 143;

Eupbausiacea, 2, 143
athuities and classitica-
tion, 251 ; definition,

244 ; development, 249 ;
habits, ete., 251; his-
torical notes, 244 ; mor-
phology, 244

Eupbausiidae, 252

Euphausiinae, 252

Lwrycercus, 53

Lourycope, 219

Lurydice, 219

Eurydicinae, 219

Busiridae, 241

Eusirus, 241

Luthemisto, 241

Lvadue, 54

Lxcoralluna, 219

Excorallaninae, 219

Excretory system, 16; of
Amphipoda, 235; of
Branchiopoda, 43; of
Branchiura, 98 ; of Cirri-
pedia, 116 ; of Copepoda,

83; of Cumacea, 187 ;

285; of
247 ; of

of Decapoda,
Euphausiacea,
fsopoda, 210 ; of Lepto-
straca, 156 ; of Mysi-
dacea, 178 ; ot Ostracoda,
64; of Stomatopoda,
325 ; of Syncarida, 166 ;
of Tanaidacea, 193

Exites, 37

Exopodite, 7

Exoskeleton, 4

Eyes, 17 ; of Amphipoda,
236 ; of Branchiopoda,
46 ; of Branchinra, 98 ;
of Cirripedia, 117 ; of
Cumacea, 184 ; of Deca-
poda, 287 ; of Euncope-
poda, 84 ; of Euphausi-
acea, 248; of Isopoda,
211 ; of Mysidacea, 178

of Ostracoda, 66; of
Stomatopoda, 325; of
Syncarida, 166

Eye - stalks  (sce Ocnlar

peduncles)

Fabricius, J. C., 254

Fabricius, 0., 151

Facial region of Brachyura,
258

Faxon, 254, 255, 291

Filamentary appendages of
Cirripedia, 115

Fischer, 30

Flabellifera, 196 ; defini-
tion, 219
Flabellum of Branchio-

poda, 39

Flagellum of Branchiura, 96

Fossil Crustacea, 25 (sec
Palacoutology)

Fowler, 107

Fracture-plane in Caprel-
lidae, 231 ; in Decapoda,
273

Frena, ovigerous, of Uirri-
pedia, 115

Fritsch, A., 167

Frontal appendages
Branchiopoda, 36

Frontal band of Copepoda,
91

Frontal filaments of Cirri-
pedia, 123

Frontal organs of Branchio-
poda, 46 ; of Copepoda,
85 ; of Decapoda, 292 ;

Frontal plate of Brachyura,
257

Frontal tentacle of Ostra-
coda, 66

of

Forea, 7; of Branchio-
poda, 35 ; of Cirripedia.
113 ; of Copepoda, 75 ;
of Leptostraca, 152;
of Ostracoda, 58

Furcilic-stage of Euplan-
siacea, 249

Galatheu, 313

Galatheidae, 313

Galatheidea, 253 ;
tion, 313

Galatheinae, 313

Gammaridae, 231, 235, 241

Gammaridea, 224 ; defini-
tion, 240

Gamuwarina, 224

Gammarus, 225, 235, 238,
239, 241

Gumpsonye, 167, 168

Gasordrts, 168

Gastric mill, 14

Gastrolith, 282

Gastrosaccinae, 182

Gustrusuccus, 172, 182

Gebia, 313

Gecarcinidae, 304, 315

Gecurcinus, 315

(elasimus, 263, 315

Genital valves of
poda, 81

Gerstaecker, 190, 225

Giaxd, A., 197, 214, 255,
292

Giesbrecht, W., 72, 73, 76,
79, 85, 86, 90, 101, 102

Gigantocypris, 57, 67, 69

Gills (see Branchiae)

Gland, antennal, 16

Gland, maxillary, 16

Glands, 20 ; of Amphi-
poda, 235 ; of Branchio-
poda, 43 ; of Branchi-
nra, 98 ; of Cirripedia,
116 ; of Copepoda, 83 ;
of Ostracoda, 64; of
Tanaidacea, 193

Glyphaeidae, 307

Glyphocrangon, 311

Glyphocrangonidae, 311

Glyptonotus, 220

Gaathia, 200, 208, 218,
219

Gnathiidae, 197, 204,
219

Gnathobase, 8, 39

G nathophausia, 172, 173,
174, 175, 176, 178, 180
181

Gnathopliyllidae, 311

(‘nathophyllum, 311

defini-

Cope-

205,
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Guathopod, 116 3 of
Awphipoda, 230; ot
Mysidacea, 174

Gnathostomata, 101

Gonads, 21

Gonerichlhys, 326, 328

Gonoduclylus, 321, 328,
331

Gonoplacidac, 315
Gonoplacinae, 315
tionoplux, 316
Goodsir, 11., 183
Grapsidae, 304, 315
Grapsinae, 315
Trapsus, 315
Green gland, 16
Grobben, 84,
319
Groom, 107
Gruvel, 107
Gurney, R., 211
Gyye, 203, 221
Gymmnomera, 29, 40 ; de-
finition, 54
Gymnoplea, 71; definition,
102

147, 162,

Ilaan, W. de, 254

Habits, ete., of Amphipoda,
238 ; ol Branchiopoda,
50 ; of Cirripedia, 137 ;
of Copepoda, 993 of
Cumacen, 187 ; of Deea-
poda, 303 ; of Euphau-
siacea, 201 ; of Isopoda,
216 ; of Leptostraca.
159 ; of Mysidaeea, 180 ;

of Ostracoda, 67 ; of
Stomatopoda, 329 ; of
Syncarida, 167 ;  of

Tanaidacea, 194
Ilaemocera, 93, 103
Haemocoel, 15
Haloeypridae, 57, 60, 61,

62, 66, 67, 69
Halocypris, 63, 69
Hansen, 7, 72, 78, 79,

107, 129, 130, 145, 146,

148, 1562, 154, 156, 171,

173, 174, 183, 191, 197,

198, 218, 225, 220, 240,

266, 276, 285, 319, 326,

328
1lansenomysts, 178, 181
Iapaloearcinidae, 305, 316
Hapalocareinus, 316
T palogasicr, 313
Hapalogastyvinae, 313
Haplophthalmus, 220
Haplopoda, 29 ; defini-

tion, 54

Harpacticidae, 75, 76, 78,
79, §1, 83, 87, 99, 103
Huarporticus, 103
Hatschek, 27
| austoriidae, 241
Hauslorins, 241
lead-region of Crustacea, 4

. i Heart, 15 (see Circulatory

systeny)
i Leider, 22
Helleria, 220
Hemioniscidae, 211, 221
Hemdoniseus, 2038, 212, 221
Henderson, 254
Hepatic  caeea (see
nentary system)
Hepato-pancreas, 15
Herbst, J. . W., 254
Hermaphroditism, 21; in
Cirripedia, 117 ; in Deca-
poda, 292 in Isopoda,
212
Herpyllobiidae, 82, 93, 104
Herpyllohins, 104
Heterarthraudria, 71, 76 ;
definition, 102
Helvrocarpus, 259,
311
Helerocopr, 86, 102
Heteromysinae, 181
Heleromysis, 175, 181
Heterorhebdus, 102
elerotonais, 193, 195
Hexapodinae, 315
{leavpus, 315
Hippo, 314
Hippidae, 314

Ali-

288

Hippidea, 253 ; defivition, :

313

Hippolyle, 266, 257, 311

Hippolytidae, 311

Historical notes, 2; on
Amphipoda, 2245 on
Jranchiopoda, 29; on
Cirripedia, 106; on

Copepoda, 71; on Cu-
macea, 1835 on Deea-
poda, 254 ; on Euphan-
siacea, 214 ; on Isopoda,
196 ; on Leptostraea,
151; on  Mysidaeca,
171 ; on Ostracoda, H6;
on Stomatopoda. 319 ;
on Syucarida, 162; on
Tanaidaeeca, 190

Hock, 107, 116

Holognathidae, 220

Holognathus, 220

Holopediidae, 53

Holopedivim, 53

| Holt, 178, 181, 218

Homarus, 282, 291, 299,
300, 312

Homnle, 314

Homolidae, 256, 308, 314

IHomolidea, 253 ; defini-
tion, 314

Homolod romic, 314

Homolodromiidae, 278§,

304, 307, 314
Homolopsis, 308
[Toplocarida, 2, 143 ; de-

tinition, 149 (see Sto-

matopodta)
Hoploparia, 307
Hoplophoridae, 268, 288,

504, 311
Hoplophoirus, 311
Huxley, 42, 148,

255, 256, 319
Hyalella, 239, 241
yas, 316
Hymenocaris, 1569
Hymenocera, 265, 311
{lymenocerinae, 311
Ilymenosoma, 316
I1ymenosomidae, 316
Hyperia, 220, 241
Hyperiidae, 241
Nyperiidea, 224

tion, 241
Iyperina, 221
Hyperiopsidae, 241
lypcriopsis, 241
Hypodermic impregnation

in Isopoda, 213
! Hypostoma, 7

180,

delini

Thacus, 312
Ihle, 116, 119, 120, 140
leonaxciopsis, 260, 313
Mdotea, 202, 205,
I 220
Idoteidae, 202, 208, 220
Idya, 103
lia, 314
liinae, 314
Hlyocrypius, 53
" Inachinae, 316
" Tnachus, 316
[ngoljiella, 225,
. 283, 240, 242
Tugolfiellidae, 242
Tugolfielliden, 224 :
nition, 242
Ingoltiellina, 225
Iseea, 241
Isacidace, 241
Ischiopodite, 1.16
{schiom, 116
[sokerandria, 71, 1023 de-
finition, 103

209,

926, 231,

defi-

2212
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lsopoda, 2, 143 ; aber-
rantia, 190 ; affinities

and classification, 218 ;
definition, 196 ; develop-
ment, 213 ; habits, etc.,
216 ; historical notes,
196 ; morphology, 198 ;
palaeontology, 218

Juere, 193, 202, 213, 219
Janira, 203, 219

Jussa, 241

Jassidae, 235, 241

Jazxea, 301, 313

Jordan, H., 167

Jurine, 30, 72

Kaempferia, 306
Kentrogon-stage of Rhizo-
cephala, 135
Kishinouye, 292
Kuipowitseh, 107
Kochlorine, 140
Kochlorinidae, 140
Koehler, 117
Kolcolepas, 139, 140
Koonunga, 25, 147,
167, 169
Koonungidae, 169
Korschelt, 22
Kowalevsky, 325
Krithe, 64, 69
Krohmn, 107
Kriyer, H., 72, 183, 224

162-

Labrum, 7 ; of Cirripedia,
114 ; of Copepoda, 78;
of Ostracoda, 59

Lacaze-Duthiers, 107

Laemodipoda, 224

Lafystiidae, 241

Lafystius, 241

Lagena of Rhizocephala,
131

Lamarck, 3, 72. 107

Lambrus, 316

Lampropidae, 188

Lamprops, 185,188

Lanceola, 241

Lanceolidae, 241

Lankester, 4, 9. 30, 40,
42, 43, 15

Laormedia, 313

Laomediidae, 313

Laophonte, 103

Laphystiopsidae, 241

Laplystiopsis, 241

Lateral plates of Cirripedia,
110

Latona, 36, 53

Latreille, 3, 27, 29, 30, 52,
147, 171, 190, 196, 224,
254, 309, 319

Latreillic, 314

Latreilliidae, 314

Latreutes, 311

Laura, 107,
127, 140

Lanridae, 140

Leach, 3, 147, 101,
196

Leander, 311

Leeuwenhoek, 71, 72

Lepadidae, 140

Lepas, 3, 107, 108, 110,
114, 116, 117, 123, 124
125, 138, 140

Lepechin, 183

Leperditia, 68

Lepidurus, 9, 12, 31, 53

Leptochelic, 193, 194, 195

Leptodora, 33, 34, 36, 40,
432, 43, 45, 49, 50, 54

Leptonmysinae, 181

Leptomysis, 181

Leptostraca, 1, 143 5 allini-
ties and classification,
160 ; definition, 148,
151 5 development, 158 ;
habits, ete., 159; his-
torical notes, 151 ;
morphology, 151 ; palae-
ontology, 159

Lernaea, 3, 72, 91, 92,
103

Lernaeidae, 91, 103

Lernaencera, 81, 100, 103

Lernaeodiscus, 131, 141

Lernacopoda, 103

Lernaeopodidae, 80, 90, 92,
103

Lernanthropus, 15, 83,103

Leuwcifer, 273, 275, 287-
291, 295, 296, 298, 311

Leuciferinae, 311

Lewcon, 188

Leuconidae, 185, 188

Leucosia, 314

Leucosiidae, 279, 314

Leueosiinae, 314

Lewcothoe, 231, 241

Leucothoidae, 241

Leydig, 30, 46

Lichomolgidae, 103

Lichomolyus, 103

Liyia, 208, 209, 213, 220

Ligidium, 210, 220

Ligiidae, 205, 206, 212,
220

Lilljeborg, 31, 107, 183

Lilljeboryia, 241

125,

Lilljeborgiidae, 241
Liubs, general morphology,

7

Limnadia, 41, 53

Limmadiidae, 53

Limnetis, 35, 40, 49, 53

Limnocaridina, 277, 311

Limnoria, 220

Limnoriinae, 220

Linea anomurica, 256 ;
dromiidica, 256 ; homo-
liea, 256 ; thalassinica,
256

Linnaeus, 2,

Linuparus, 307, 312

Lipomerism, 4

Liriopsidae, 211, 217, 221

Liriopsis, 221

Lister, J. J., 328

Lithodes, 313

Lithodidae, 261, 273, 275,
313

Lithodinae, 313

Lithotrya, 138, 140

Liver, 15 (see Alimentary
system)

Longipedic, 103

Lophogaster, 181

Lophogastridae, 173, 174,
175, 176, 181

Loricwla, 109, 110, 138

Lower lip, 7; of Awmphi-
poda, 229 ; of Branchio-
poda, 36 ; of Copepoda,
78; of Ostracoda, 59 ;
of Tanaidacea, 191

Laucicutia, 102

Lucifer, 311

Luminous organs, 21 ; of
Copepoda, 83 ; of Deca-
poda, 288; of Euphau-
siacea, 248 ; of Mysi-
dacea, 174 ; of Ostracoda,
64

Liitken, 72

Lynceidae, 42, 44, 53

Lynceus, 53

Lyneodaphniidae, 42, 53

Lysianusse, 240

Lysianassidae, 237, 240

Lysiverichthus, 326

Lysiosquilla, 326, 331

)

-
i

DMucrocheira, 257, 258, 306,
316

MMacrocypris, 60, 61, 63

Macromysis, 181

Maerophthalminae, 315

Mucrophthalmus, 263, 264,
315

Mucropodia, 316
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Macrothriz, 53

Macrura, 309, 310

Maia, 316

Maiidae, 316

DMadinae, 316

Malacostraca, 1, 3 classi-
tication, 147 ; definition,
143 ; morphology, 114

Maliquin, 93

Males ot Cirvipwdia, 118

Mamauia, 316

Mandible, 12; of Awmphi-
poda, 229 ; of Brauchio-
poda, 36; of Branchiury,
95 ; of Cirripedia, 111 ;
of Copepoda, 78 ; of Cu-
macea, 185 ; of Decapoda,
266 ; of Buphausiacea,
245 ; of lsopoda, 193

INDEX

Cunacea, 186 5 of Deca-
poda, 263 of lsopoda,
198; of Malacostraca,
116 ; of Ostracoda, 61
of Tanaidacea, 192
Maxillula, 12 of Amphi-
poda, 229 5 of Brauchio-
poda, 36 ; of Branchiura,
95 ; of Cirripedia, 111
of Copepoda, 78; of
Cumacen, 185 ; of Deca-
poda, 266; of Kuphau-
siacen, 215 ;5 of lsopoda,
198 ;  of Leptostraca,
153, of Malacostracn,
145 : of Mysidacea, 173 5

of Ostracoda, 61: of
Stomatopoda, 321 of
I Nynearida,  164:  of

of Leptostraca, 1525 of
Malacostraca, 145; of"

Mysidacen, 173 5 of Ostra-
coda, 59; of Stomato-
poda, 321; of Syuncarida,
164 ; of Tanaidacea, 191

Mantle, 6 of Cirripedia,
108 ; of Rhizocephala,
130

Masticatory stomach, 1

Mastigobranchia, 276

Mastigopus, 297

Matuta, 314

Matutinae, 314

Maxilla, 125 of Amphipoda,
229 ; of Dranchiopoda,
36 ; of Branchiura, 935,
ol Cirripedia, 114; of
Copepoda, 79 of (u-
macea, 185; of Decapada,
2645 ; of Enphausiacea,
246 ; of lsopoda, 198
of Leptostracn, 155 ; of
Malacostraca, 145: of
Mysidacea, 173 ;  of
Ostracoda, 61; of Sto-
matopoda, 322 of Syn-
carida, 164; of Tanai-
dacea, 191

Maxillary gland, 16; of
Branchiopoda, 43; of

Branchiura, 98 of Cirri-
pedia, 116 ; of Copepoda,
83; of Cumacea, 187
of Leptostraca, 157 1 of
Isopoda, 210; of Sto-
matopoda, 325 ; of Syn-
carida, 1665 of Tanai-
dacea, 193

Maxilliped, 13 ; of Amphi-
poda, 229 ; of Branchinra,

96 1 of Copepoda. 795 of

Tanaidacea, 191
Mayer, Py 225
Median eye, 17
Megalopa, 303
Meganyetiphanes, 215, 216,
247, 252
Muinert, F., 196
Meinectin, 220
Melin, 305
Jelite, 233, 241
Melphidippe, 241
Melphidippidae, 241
Menippe, 315
Menippinae, 315
Meropodite, 144
Merns, 116
Mesenteron, 1+
Mesentery of Rhizoeephala,
. 131
Metamorphosis, 23

Mctanauplius,  21;  of

Branchiopoda, IS8+: of
Decapoda, 292, 2955 of
Lucopepoda, 855 of
Fupliansiacea, 249 ; of

Stomatopoda, 328
Metastoma, 7 (see Lower
]i]l)
Metazoca, 301, 302
Metopu, 241
Metopidae, 241
Metridin, 102
Metschnikofl, 151, 241, 249
Meyer, L1, von, 167
Microniscus, 211
Miers, 251

Milne-Edwards;, A 251,
255
Milne-Edwards, 1., 3, 9,

{ 30, 56, 72, 147, 151,171,

183, 190, 224, 214, 251,
255, 296, 309, 319

41

Mimonectes, 226, 241
 Mimoneetidae, 241
Miracie, 84, 103
Misophria, 82, 103
Misophriidae, 103
Mithrer, 316
Muina, 53
“ Monoculus, 3, 72
Monolistra, 220
Monoporodelphya, 86
Monospilus, 33, 63
Monstrille, 103
Mounstrillidae, 93, 103
Moutagu, 183, 190
Miiller, F., 107, 132, 190,
193, 191, 234, 292, 519
Miiller, (1. W, 36, 59, 61,
62, 67, 63
Miiller, 0. F., 29, 56, 72
Munida, 260, 313
Muuidopsinae, 313
Munidopsis, 313
‘Jlunn(/, 211, 219
Jnnopsis, 203, 219
Muscular system of Bran-
chiopola, 44; of Cirri-
U pedia, 116 of Lepto-
straca, 157
Pdyetirinac, 315
Myctirls, 315
Myodocopa, 1, 56 ; defini-
tion, 68
Mysidacen,
ties  and
181; detinition,
development, 179,
habits, ete., 180 lis-
torteal notes, 171 5 wor-
phology. 171; palacon-
totogy, 180
Mysidae, 1735, 174,
177, 178, 179, 181
Mysidellu, 181
Mysidellinae, 181
Mysidetes, 181
Mysidetinae, 181
Mysiens, 241
Mysiuae, 181
Mysis, 20, 172.178, 180,
181
Mysis-stage of Decapola,
291

2, 143 ; athui-
classification,

171;

176,

¢ Nackenorgan ™ of Clado.
cera, 46

Nannastacidae, 187, 188

Nunnastuevs, 185, 188

Nunnoniscus, 219

Natantia, 253 ; delinition,
310

y Nauplins, 11, 23, 25, 26,
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72; of Apoda, 129; of

Ascothoracica, 127 ; of
Branchiopoda, 48; of
Cirripedia, 107, 121;

of Decapoda, 292; of
Bucopepoda, 87 ; of Eu-
phausiacea, 249 ; of Os-
tracoda, 67 ; of Rhizo-
cephala, 133
Nauplins-eye, 17 ; of Bran-
chiopoda, 46 ; of Cope-
poda, 84 ; of Decapoda,
287 ; of Eupbausiacea,
248 ; of Ostracoda, 66
Nautilograpsus, 315
Nebalia, 30, 147, 151, 152,
154, 156, 159, 160, 161
Nebaliacea, 1, 143, 151,
161
Nebaliella, 153, 154, 155,
161
Nebaliidae, 161
Nebaliopsis, 153, 154, 155,
156, 159, 160, 161
Neck gland of Branchio-
poda, 43
Nematobrachion, 247, 252
Nematocareinidae, 311
Nematocureinus, 311
Nematoscelinae, 252
Nematoscelis, 246,
248, 251, 252
Neolithodes, 262, 313
Nephrops, 256, 258, 300,
312
Nephropsidae, 312
Nephropsidea, 253 ; defini-
tion, 312
Nephropsis, 270, 312
Neptunas, 269
Nereicole, 103
Nereicolidae, 103
Nerocila, 206, 220

247,

Nervous system, 16; of
Amphipoda, 236; of
Branchiopoda, 44; of

Branchinra, 98 ; of Cirri-
pedia, 117 ; ot Copepoda,
88 ; of Cumacea, 187 ;
of Decapoda, 286; of
Euphausiacea, 247; of
Isopoda, 210 ; of Lepto-
straca, 158 ; of Mysi-
dacea, 178 ; of Ostracoda,
65 ; of Tanaidacea, 193

Nettovich, 98

Nicothoé, 103

Nicothoidae, 103

Nika, 311

Niphargus, 239, 241

Nordmann, von, 72

Norman, 56, 68, 107, 181,
183

Notodelphys, 89, 103
Notophry.cus, 221
Notopterophorus, 75, 103
Notostraca, 1, 29, 37, 48;
detinition, 53
Nucleus of Saceulina, 136
Nusshaum, 116
Nyctiphanes, 251, 252

Octomeris, 111, 140

Ocular peduncles, 9; of
Branchiopoda, 46; of
Decapoida, 263 ; of Iso-
poda, 211; of Lepto-
straca, 158 ; of Mysi-
dacea, 172 ; of Stomato-
poda, 325 ; of Syncarida,
166 ; of Tanaidacea, 191

Ocypoda, 263, 264, 305,
307, 315

Ocypodidae, 315

Ocypodinae, 315

Oediceros, 241

Oedicerotidae,
241

Oithona, 103

Oken, 72, 107

Olfactory filaments, 20 ; of
Copepoda, 85

Ommatidia, 18

Oneaea, 103

Oncaeidae, 83, 103

Oniscidae, 210, 220

Oniscinae, 220

Oniscoidea, 196 ; definition,
220

Oniscus, 3, 213, 220

Onychopoda, 29;
tion, 54

Oostegites, 146 ; of Amphi-
poda, 232 ; of Cmmacea,
186 ; of lsopoda, 203 ;
of Mysidacea, 176; of
Tanaidacea, 191

Oostegopod, 41

Operculata, 106, 110 ; de-
finition, 140

Operculum  of Cirripedia,
110

Orbit of Decapoda, 257

Orchestia, 237, 241

Orchestiidae, 241

Orithya, 314

Orithyinae, 314

Ortmann, 181, 254, 309

Ostracoda, 1; affinities and
classification, 68 ; detini-
tion, 56 ; development,
67 ; habits, ete.,, 67;

226, 236,

defini-

.

historical,
phology,
tology, 68

Otocyst, 19 (see Statocyst)

Otolith, 19

Ovidnet, 21

Oxycephalidae, 237, 241

Oxyeephalus, 241

Oxyrhyncha, 253 ; defini-
tion, 315

Oxystomata, 253 ; defini-
tion, 314

Ozyuropoda, 218

Oziinae, 315

Ozius, 315

56 ; mor-
56 ; palaeon-

Packard, 151, 162, 167

Paguridae, 259, 277, 283,
285, 289, 304, 313

Paguridea, 253; definition,
313

Pagurinae, 313

Paguristes, 282, 283

Pagurus, 313

Palacga, 218

Palweinachus, 308

Lalaemon, 278, 311

Dalaemonetes, 266, 298,
311

Palaemonidae, 304, 311

Palaemoninae, 311

Palacocaris, 168

Palaeocorystes, 218

LPalaeogammarus, 239

Palaeontology of Amphi-
poda, 239 ; of Branchio-
poda, 50 ; of Cirripedia,
138 ; of Decapoda, 306 ;
of tsopoda, 218; of Lep-
tostraca, 159 ; of Mysi-
dacea, 180; of Ostra-
coda, 68; of Stomato-
poda, 330 ; of Syncarida,
167

Palate of Brachyura, 257

Palicidae, 315

DPalicus, 315

Palinura, 253 ; definition,
312

Palinurelluns, 312

Palinuridae, 266, 305, 312

LPalinuwrus, 285, 300, 301,
312

Palp, 9

Pancreatic glands of Cirri-
pedia, 115

Pandalidae, 288, 311

Pandalina, 277, 311

Pandalinae, 311

Pandalus, 267, 277, 287,
311
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Daraewlanus, 102
Daracranyon, 273, 311
Paracyamus, 227, 242
Puradoxostoma, 60, 64, 69
Paradoxostomatidae, 69

Paragnatha, 7 (sce Lower
" Periccru, 316

lip)
LParalumpiops, 183, 188
Daramphithoe; 241
Paramphithoidae, 241
DParanuspides, 170
Paranebalic, 152, 153, 155,

161
Paranephrops, 312
Daranthuwra, 208, 219
Darapagurus, 306, 313
Paraphrontina, 241
Paraphronimidac, 241
LParapontella, 102
Parasellidae, 205, 206, 219
Parasitic eastration, 292
Parasitism of Amphipoda,

Peracarida, 2, 143 ; defini-
tion, 149

Peracopods, 146 ; of Am-
phipoda, 230 ; of Deca-
poda, 269

Pereionotus, 226, 241

Perisomatic cavity of Sae-
culing, 136

Petalophthalmidae,
181

Petalophthalimus, 173,171,
181

176,

i Petasima, 274

Petrares, 125, 126, 127,
140

Petrarcidae, 140

Petrolisthes, 313

Phuinae, 102

Pliluinedes, 57, 60, 66, 69

Phliantidae, 241

Phiias, 241

239 ; of Decapoda, 304 ;| Phorcorrhaphidae, 241

of Cirripedia, 138; of
Copepoda, 100 ; of Iso-
poda, 216

Parastacidae, 257, 274,
276, 277, 278, 304, 312

Parastacus, 312

Pardalisca, 241

Pardaliscidae, 241

Paries of Cirripedia, 111

Parthenope, 316

Parthenopidae, 316

Parthenopinae, 316

Jlusiphaea, 311

Pasiphaeidae, 268, 311

Peduncle, ocular, 9

Peduncle of Cirripedia, 108

Pedunenlata, 106, 109;
definition, 140

Pelseneer, 45

Dritidiwn, 103

Deltagaster, 131, 133, 137,
141

Penaeidae, 266, 288, 290,
292, 305, 310

Penaeidea, 253 ; definition,
310

Penaeinae, 311

Denaeus, 266, 267, 275,
276, 278, 293, 294, 307,
311

Penilic, 53

Penis of Decapoda, 289 ;
of Cirripedia, 118: of
Isopoda, 212

Pennant, 3

Pennatula, 72

DPennella, 100, 101, 103

Dentacheles, 271, 312

Phorcorvhophis, 241
Phosphorescence (ser Lunii-
nous organs)

' Photospheres of Euphansi-

acea, 248
Photidae, 235, 241
’hotis, 241
Phoxocephalidae, 241
Lho.rveephalus, 241

Phreatoicidae, 198, 204,
219
Threatoicidea, 196, 216 ;

definition, 219
DPhireatoicotdes, 219
LPhreatoicopsis, 219
Plireatoicus, 197, 219
Dhronima, 228, 233,

236, 239, 241
Phronimidae, 236, 241
Phronimopsis, 241
Phrosing, 241
Phrosinidae, 241
Plryrvs, 221
Phtisica, 227,

242
Phyllobranchiate, 277
Phylocarida. 1, 143, 151
Phylopoda, 52
Phyllosoma, 300, 301
P’hylogeny, 25
Dinnotheielia, 315
Pinnothereliinae, 315
innotheres, 315
Pinnotheridae, 273, 305,

3156
Pinnotherinace, 315
Pirimela, 315
Pirimelinae, 315

234,

231, 210,

L’isu, 316

Pisinae, 316

Pligusia, 315
Plagusiinae, 315
Plakarthriinae, 220
Dlakarthrivm, 203, 220
DPlanes, 301, 315
DPlatophivm, 241
Platyaspidae, 188

" Platyaspis, 185, 188

Platycopa, 1, 56; defini-
tion, 69
Plutycume, 187, 188

" Platyryamus, 230, 242

Platyscelidae, 238, 241

Dlatyscelus, 241

Pleopods, 146 ; of Amphi-
poda, 232 : of Cumacea,
187 ; of Decapoda, 273 ;
of Enphausiacen, 247 ;
of Isopoda, 204 1 of Lep-
tostraca, 156, 157 : of
Mysidacen, 176 5 of Sto-
matopoda, 323 ; of Syn-
carida, 163 ; of Tanai-
dacea, 191

Pleural plates of Isopoda,
202

Ilenrobranchia, 14, 275

Plevromamma, 85, 86, 102

Pleuron, 4

Pleuropodite. 146

Plevrorus, 12, 53

Dleustes, 241

Plenstidae, 241

Loduscon, 221

Podasconidae, 221

Podobranchia, 11, 275

Podoceridae, 241

Padocerus, 241

Podocopa, 1, 56 ; detinition,
69

DPodon, 54

Podophthalma, 3, 147

Padophthalminae, 315

Podophthalmus, 263, 264,
315

Podoplea,
103

Poison spine of A rgulus, 97

Pollicipes, 110, 115, 116.
117, 138. 140

Dolyartemia, 22, 36, 38,
39, 42, 47, 51, 52, 53

Polyartemiidae, 53

Dolyeheles, 288, 312

Polyeherin, 231, 241

Polycope, 59, 60, 69

Polycopidae. 60, 69

Duolyenpsis, 60. 69

Polyphemidae, 13, 54

715 definition,
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Dolyphemns, 54
Dontelle, 79, 102
Pontellidae, 84, 102
Pontocypris, 58, 67, 69
Pontogenera, 241
Poutogeneiidae, 241
Pontonia, 311
Pontoniinae, 305, 311
Porcelluna, 302, 303, 313
Porcellanidae, 313
Porcellidium, 103
DPorcellio, 197, 206, 220
Portunminae, 315
LPortumnus, 315
Portunidae, 315
Portuninae, 315
Portunion, 215, 216, 221
DLortunus, 315
Post-abdomen, 33
Post-cephalic  appendages,
12
Potumobins, 312
Potamon, 315
Potamonidae,
315
Potamoninae, 315
Pracunuspides, 168
Praniza, 219
Prawnus, 181
Pre-coxal segment, 7
Priapion, 212, 221
Primitia, 68
Prionoplacinae, 315
Prionopla:r, 315
Processu, 311
Processidae, 311
Proctodaeum, 14
Proepipodite, 146
Pronoe, 241
Pronoidae, 241
Propodite, 146
Propodus, 146
Prosoma of Cirripedia, 113
Prosopon, 308
Prosoponidae, 307
Proteolepadidae, 140
Proteolepas, 107, 128, 129,
139, 140
Droto, 231, 242
Protocaris, 50
Protocerebrum, 17
Protopadite, 7
Protosquille, 321
Protozoca, 293, 205, 207,
303
Psalidopodidae, 311
Psalidopus, 271, 272, 311
Psathyrocaris, 270, 311
Psewderichthas, 328, 329
Psewdildothea, 220
Pseudidotheidae, 220

303, 304,

Pseudocelunus, 102
Psewdocuma, 188
Pseudocnmnidae, 188
Psendocyclopic, 102
Psendocyclopidae, 102
Pseuwdocyclops, 102
Psewdodiaptomus, 102
Pseudommu, 173, 181
Pseudorostrunm of  Cuma-
cea, 184
Pseudosiille, 328, 331
Pseudothelphusa, 315
Pseudothelphusinae, 315
Psendo-tracheae of Isopoda,
205
Ptenoplacinae, 315
DPtenoplax, 315
DPterocuma, 185, 188
Pupa of Cirripedia,
124
Pupal stage of Lernaea,
91
Pyenogonida, 3
Pygocephalus, 180, 181
Pylocheles. 261, 313
Pylochelidae, 259,
304, 313
Pyrgoma, 111, 140
Lyrocypris, 64, 69

123,

Radins of Cirripedia, 111

Ronina, 264, 314

Raninidae, 256, 290, 314

Rathke, 254

Rathke’s organ, 208

Réanmur, 254

Receptacula seminix,
in  Decapoda, 290
Spermatheca)

Regeneration, 10, 271

Remipes, 314

Reproductive system, 21 :
of Amplipoda, 237 : of
Branchiopoda, 47 ; of
Branchinra, 99 ; of Cir-
ripedia, 117 ; of Cuma-
cea, 187 ; of Decapoda,
289 ; of Eucopepoda, 86 ;
of Euphausiacea, 248;
of TIsopoda, 211 ; of
Leptostraca, 158; of
Mysidacea, 179 ; of Oxs-
tracoda, 66 ; of Rhizo-
cephala, 131 ; of Sto-
matopoda, 325 ; of Syn-
carida, 167 ; of Tanai-
dacea, 193

Reptantia, 253 ; definition,
312

Respiratory system of ter-
restrial Decapoda, 284

21
(sce

Resting eggs of Branchio-
poda, 47, 49
Retinula cells, 18 -
Rhabdome, 18
Rhabdomeres, 19
Rhabilosoma, 226, 241
Rhincalanus, 79, 102
Rhizocephala, 1, 106, 107 ;
definition, 141 ; develop-
ment, 133 ; morphology,
130
Rhizopa, 315
Rhizopinae, 315
Rhizorhinu, 93, 104
Rhynchocinetes, 255, 311
Rhynchocinetidae, 311
Rocinela, 199, 220
Rondelet, 254, 319
Roots of Amnelusma, 138 ;
of Liriopsidae, 217 ; of
Rhbizocephala, 130, 132 ;
of Rhizorhina, 93
Rosenhof, 254
Rostral plate of Lepto-
straca, 152 ; of Stomato-
poda, 320
Rostro-tateral  plates
Cirripedia, 111
Rostrum of Copepoda, 74 ;
of Cirripedia, 110; of
Decapoda, 255
Rutiderma, 69
utidermatidae, 69

of

| Sacculina, 107, 130-134.

' 141;  externa, 137
interna, 135

! Saint-Ange, Martin, 107

| Sapphirine, 103

Sarcotaces, 137

Sars, G. 0., 30, 40, 56, 68,
79, 102, 108, 151, 171,
181, 183, 190, 191, 196,
214, 218, 225, 244, 249,
250, 251

Sarsiella, 59, 60, 62, 66,
69

Sarsicellidae, 69

Savigny, 3

Say, 183

Sayce, 0. A, 162

Scale of antenna, 11; in
Euphaunsiacea, 245; in
Decapoda, 265 ; in Tso-
poda, 198; in Malaco-

straca, 145; in Mysi-
dacea, 173 ; in Stomato-
poda, 321; in Tanai-

dacea, 191
Sealpellum, 110, 116, 118,
119, 121, 138, 140




Scaphognathite, 266, 268
Scelidae, 241
Schiitler, 29
Schigdte, J. L) 196
Schizopoda, 148, 244
Schizopod-stage  of - Deca-
poda, 294, 207, 299
Nevna, 241
Scinidae, 241
Seolecithric, 102
Scottocheres, 86, 103
Sculda, 330
Scutwin of Cirripedia, 110
SeyHaridae, 205, 266, 312
Seyllarvidea, 253 ;  defini-
tion, 312
Neyllarus, 290, 300, 312
Scyphaecinae, 220
Scyphae, 220
Segmentation of egg, 22
Sella turcica, 263
Sense-organs, 91; of Am-
phipoda, 236 ; ol Bran-
chiopoda, 46 ; of Bran-
chiura, 98 ; of Cirripedia,
117 5 of Decapoda, 257 ;
of Encopepoda, 84 ; of
Isopoda, 211 ; of Mysi-
dacea, 1785 of Ostra-
coda, 66; of Stomuto-
poda, 325 ; ot Syncarida,
166
Sergestes,
299, 311
Sergestidae, 268, 273, -
295, 304, 311
Sergestinae, 311
Scrolidae, 197, 203,
220
Serolis, 199, 208, 220
Nesarma, 315
Sesarminae, 315
Setae, 19
Setella, 103
Setobranchia, 277
Sexnal dimorphism, 21
Shell-fold, 6
Shell-gland, 16
Sicyoniy, 311
Sicyoninae, 311
Nida, 41, 63
Sididae, 41, 47, 53
Simocephalus, 14, 53
Stmose, 53
Siphonostomata, 78, 101
Siriella, 175, 177, 182
Siriellinae, 182

87, 288,

’

Size of Amphipoda, 239;
of Branchiopoda, 50 ; ol

Cirripedia, 138 ; of Cope-
poda, 100 ; of Cumacen,

- Spermatheea

INDEXY

188 5 of Decapada, 306 ¢
of Buphausiaceq, 251 ; of
{sopodda, 2175 of Lepto-

straca, 159 ¢ of Mysi-
dacen, 18505 of Ostra-
coda, 67 : of Stomato-

poda, 324 of Syncarida,
167 4 of Tanaidacea, 194

Slabber, 107, 254

Sthuiter, 137

Swith, G., 132, 107, 136,
165, 170, 194, 292

Socurnes, 220, 241

Solenoeera, 265, 311

Somite, 4

Spence Bate (sce Bate)

of  Eucope-
poda, 86 (see Recepta-
culum seminis)

Spermatophores. 21 ;  of
Iucopepoda, 86 ; ot De-
capoda, 290

Spermatozoa of Cirripedia,
118; ol Decapoda, 290;
ol Ostracoda, 67

Nphueroma, 210, 213, 220

Sphaeromidae, 199, 203,
204, 205, 207, 200, 212,
216, 220

Sphaerominae, 220

Sphaerothylacus, 130, 137

Sphyrapus, 191, 195

Spinning-organ ot Ostra-
coda, H9

Spirontocuris, 311

Spiropayurus, 289, 313

CSponglieola, 305, 311

Squama (see Scale)

Syuille, 319-323, 328, 330,
331

Squillacea, 148

Squillidae, 331

Statoeyst, 20; of Nmphi-
poda, 237 5 of Decapoda,
287 5 of Kucopepoda, 85
of Isopoda, 211 ; of Mysi-
dacea, 1785 of Syncarida,
166 5 of Tanaidacen, 193

Stebhing, 139, 225, 210

Steenstrup, 72

Stegocephalidae, 241

Steyocephalus, 241

Ntenasellus, 197, 219

Stenetriidae, 203,
219

Stenetrium, 219

Stenopidae, 311

Stenopidea, 253, 309 ; ile-
finition, 311

Stenopus, 291, 311

Stenothoe, 241

206,

(3]
e
wi

Stenothoidae; 241

Ntephos, 102

Sternal canal of becapoda,
263

Sternite,

Stilomysinae, 181

Ntilomysis, 181

Stomach, 14

Stomatopoda, 2, 143, 319 ;
allinities and  classitica-
tion, 330 ; development,
3265 listorical  notes,
3195 habits, cte., 329,
morphology, 3149 palae-
ontology, 330

Stomodacum, 14

Stridulating orgauns, 305

Stylocerite, 265

Stylochelron, 217, 248, 249,
252

Stylodactylidae, 268, 311

Ntylodactylus, 271, 311

Stylopodite, 146

Sub-apical lobe of Branchio-
poda, 39

Subhyperini, 225

Suctoria, 107

Summer eggs of Branchio-
poda, 49

Swain, 218

Swammerdam, 29, 254

' Sylon, 130, 181, 133, 141

Symmetrica, 106 ;
tion, 140
Sympodite, 7
Syngoga, 125, 126, 127,
140
Synagogidae, 140
Syncarida, 1, 143 5 aflini-
ties  and  classification,
168 :  definition, 148,
162 ; habits, ete., 167 ;
historical notes, 162
morphology, 162
Nynopia, 236, 241
Synopidea, 225
Synopiidae, 241
Synurella, 232,
241

defini-

233, 231,

Tachaea, 219

Talitridae, 231,
241

Tulifrus, 241

Tauaidacea, 2, 143 : aflini-
ties  and  classification,
194  definition, 190
development, 194
habits; ete., 1945 lis-
torical notes; 190 : mor-
phology, 191

235, 239,
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Tanaidae, 191, 192, 193,
194, 195

Tancis, 190, 193, 195

Tapetuni, 19

Tattersall, 178, 181, 248

Tegastcs, 103

Telson, 4

Temoru, 102

Tergite, 4

Tergum of Cirripedia, 110

Terrestrial Decapoda, 284 ;
1sopoda, 205

Thalamita, 315

Thalamitinae, 315

Thalussine, 304, 313

Thalassinidae, 291, 313

Thalassinidea, 258 ; defini-
tion, 313

Thalassocarinae, 311

Thalassoceris, 311

Thalestris, 103

Thamnocephalidae, 53

Thamnocephalus, 35, 53

Tharybis, 102

Thelphusa, 315

Thelphusidae, 304

Thelyeuni, 290

Thenus, 312

Thia, 315

Thienemann, 211

Thiinae, 315

Thompson, J. Vanghan, 3,
107, 244, 254

Thompsonia, 137, 141

Thomson, G. M., 162

Thoracic appendages of
Amphipoda, 2293 of
Branchiura, 96 ; of Cu-

macea, 186 ; of Cirripedia,
114 ; of Copepoda, 79,
81; of Decapoda, 268;

of Euphausiacea, 246 ;
of Isopoda, 198; of
Malacostraca, 145; of
Mysidacea, 174 ; of
Stomatopoda, 322; of
Syncarida, 164 ; of

Tanaidacea, 191

| Thoracica, 1, 106 ; morpho-
logy, 108 ; definition,
140
Thoracostraca, 147
Thorax, 6
Thorell, 101
Thyropus, 241
I Thysanopoddu, 251, 252
i Tiron, 236, 241
! Tironidae, 241
] Tortanus, 102
Trachelifer, 301
Trapezia, 315
Trapeziinae, 315
Triangulus, 131, 141
Trichobranchiate, 277
Trichodactylinae, 315
Trichodactylus, 315
Trichoniscidae, 220
Trichoniscus, 220
Trilobita, 3
Trischizostoma, 236, 239,
241
Tritocerebrum, 17
Trunk appendages, 12
Trypetese, 140
Dryphana, 241
Tryphanidae, 241
Tubicinella, 138, 140
Turrilepas, 109, 138
Tylidae, 203, 212, 220
Tylos, 220
Typton, 305, 311

Upogebiv, 274, 301, 313

Upogebiinae, 313

Urda, 218

Uronectes, 167, 168

Uropods, 147 ; of Amphi-
poda, 232 ; of Cumacea,
187 ; of Decapoda, 274 ;
of Euphausiacea, 247;
of Tsopoda. 207 ; of My-
sidacea, 176; of Sto-
matopoda, 323 ; of Syn-
carida, 166 ; of Tanai-
dacea, 193

Uroptychidae, 313

THE END

Uroptychus, 276, 313
Urothoe, 241

Valvifera, 196 ; definition,
220

Turune, 315

Varuninae, 315

Vasa deferentia, 21

Vauntompsonia, 188

Vauntompsoniidae, 188

Vejdovsky, F., 162, 169

Verruca, 112, 138, 140

Verrneidae, 115, 140

17bitia, 233, 241

Vibiliidae, 241

Virbius, 311

Vireia, 207, 220

Vitellophags, 22

Walking-legs of Decapoda,
271

Wall of Cirripedia, 110

Water-fleas, 29

Weismann, 30

Westwood, 225, 254

Williamson, 275

Winter eggs of Branchio-
poda, 47, 49

Wollebaek, 21, 292

Woodward, H., 168, 180

Xanthidae, 315
Xanthinae, 315
Xantho, 315
Xenobalanus, 113, 140
Xenophthalminae, 315
Xenophthalmus, 315
Xiphosura, 8

Zaddach, 30

Zenker, 56, 72, 81, 101

Zoea, 24, 25, 293, 296,
297, 301, 302

Zyyosiphon, 184, 188
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jroduced the ditferent hair-slopes, and the 1lluat1 ations with whieh the bouk is liberally furnished
are of considerable assistance to the reader.”—Westinster Revicw.

““The description of the facts can be commended.  Ther vidence that considerable eare has
been taken in the collection of obscrvations, and the illustrations are excellent.”  Monchester
Guardian,

““That the ditection of the hair-slope in mammals varies much is a fact well known to zoologists
but we are not sequainted with any general work, sueh as the present, in which the facts are put
together within one cover.  The author has, thmefoxe, in any case, .mmm]nl]\)u «d o piece of \\0|k
which supplies a detinite want in the literature of zoology.
furthermore enhanced by nuerons clear tigures whic N show ata elance the eszential facts,” “— Lunedt.
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NOTE

TH1s work rests chiefly upon the results of experimental embryology,
the most recent branch of biology, in which the author is personally
concerned. The first volume deals with the science of the organism
and discusses the chief results of analytical hiology in two parts, and,
in the author’s view, results in two main proofs of the autonomy of
life, or what may still be called, if in a modernised sense, “ vitalism,”
as distingnished from ‘mechanism.” The second volume, continuing
the exposition of the science of the organism into a third part, contains
a detailed theory of animal movements, reflexes, instinet, and, in
particular, action, resulting in a third main proof of the autonomy of
lfe. 'The foundation of a eomplete system of scientific biology having
thus been laid, the remainder of the volume—forming its larger half—
is devoted to the philosophy, as distinguished from the science, of the
organism. The central part of this conelnding discussion is devoted
to a thorough analysw of the) eoncept of tcleolo 7 and its relation
to the inorganic sciences. <, i’ 2>
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