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approach the characters of the branchiz of the Lobster. The groove
on the inner face of the stem seems, at first, to be reduced to nothing
in the upper part of the podobranchiee. However, a transverse
section (fig. 7, 111) shows that it exists and is bounded by two lips,
the anterior of which is produced into a narrow ala. But the
numerous hooked branchial filaments, which arise from the posterior
face of the stem, fill the groove and appear to obliterate it.

The hindermost of the arthrobranchiee is attached close to the
articulation of the coxopodite with the epimeron, and is therefore
in the same position as one of the anterior series of arthrobranchia
in other Crayfishes. There is not the slightest trace of the attach-
ment of another branchia on the arthrodial membrane behind this.
But on the epimeron, just above the margin of the articular cavity,
and 01 inch behind the root of the anterior branchia, a minute
filament, 005 in. long, which I take to be a rudiment of the posterior
branchia, enclosed by the downward extension of the epimeron,
projects.

The attachment of the next arthrobranchia is like that of 1ts pre-
decessor, but not quite so far forward. At a distance of 05 In.
behind and above its root, an exceedingly minute papilla, not more
than a fifth of the length of the foregoing, is enclosed in the arti-
cular edge of the epimeron. This is doubtless the rudiment of the
posterior arthrobranchia. The three remaining arthrobranchia are
fixed into the arthrodial membranes of the other ambulatory and
prehensile limbs, in a position corresponding with that occupied by
the fourth. In the case of the hindermost of these, or that of the
eleventh pair of appendages, there is, above and behind the root of
the gill, and 0°08 inch distant from 1t, a filamentous rudimentary
branchia, rather less than 0°1 inch long, attached within the articular
margin of the epimeron. Three or four minute unequal processes
are given off from the posterior edge of this filament. There 1s
another very small papillary rudiment immediately above and behind
the root of the next arthrobranchia; but none could be discovered
above that of the most anterior arthrobranchia.

In addition to the five conspicuons and functional outer arthro-
branchiz, there was another very small one, only 0-18 inch long, and
almost rudimentary, attached to the second maxillipede.

The pleurobranchia of the last thoracic somite was only 0°3 inch
long, and was hardly visible at first, from being overlapped by the
hindermost podobranchia. I could not discover the slightest trace
of any other pleurobranchize.

The upper part of the modified podobranchiaof the first maxillipede
1s sharply folded upon itself longitudinally ; and its outer lobe is beset
with numerous short branchial filaments, most of which have ter-
minal hooks. Similar hooked filaments are to be found about the
base and the posterior region of the other podobranchize ; but a large
proportion of the filaments of these branchize, and all of those of the
arthrobranchize, appear to be hookless.

The tubercles of the coxopodites give rise to small tufts of short
and straight setee, which are hooked at the end, like those of Asta-
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copsis (fig. 7, v). The hinder and upper setee of the bases of the
podobranchize are similarly hooked; but, as in the other species,
the anterior setae are straight, or only slightly curved at the ex-
tremities.

The Branchial formula of Astacoides madagascariensis.

Somites Arthrobranchiz.
and their brEr?gl?i-ae = e P bfffi‘éﬁ?f;
appendages. ~ Anterior. Posterior. = ° =y
4 1) R, O(epr) 0 0 0 = (ep 1)
MR 1 s () () = ] < ]
LX... | | 0 () —
AR WY, 1 y 0 g e s )
b T T ] 1 y 0 = . &+ ?
18 1 1 r () — R i ?
LY . - 1 | r 0 == Y r
AV () (0 0 | =L RN

Ot+epr+5 4+ +4r + 1 12+4ep r+ 5r

In Astacoides, therefore, the branchiz have suffered more reduc-
tion than in any other known Crayfish ; and this reduction is, as it
were, a continuation of the process already commenced in Engeus
and Paranephrops, in which the anterior pleurobranchize and the
posterior arthrobranchize are small, or even rudimentary.

III. Tae CrLassiFICATION OF THE CRAYFISHES.

Whatever may be the variation in the structure of the branchize of
the different species of Crayfish, it will be observed that they all agree
In possessing podobranchiz, or branchie attached to the coxo.
podites, of the six middle thoracic appendages, and that these are
either not at all, or incompletely, differentiated into a branchial and
an epipoditic division. Moreover Astacopsis, Cheraps, Engeus,
Paranephrops, Parastacus and Astacoides, in which the apices of
the podobranchize are not separated into a branchial plume and a
well developed lamina, present a less-differentiated type of branchial
structure than that which obtains in Astacus and Cambarus.

Thus the structure of the branchiz in the Crayfishes separates
them into two groups, of which I propose to term the latter the
PoramoBiip 2, and the former the PARASTACIDA.

In the ParasTacipa the podobranchie are devoid of more than
a rudiment of a lamina, though the stem may be alate. The podo-
branchia of the first maxillipede has the form of an epipodite ; but,
in almost all cases, it bears a certain number of well-developed
branchial filaments.

The first abdominal somite possesses no appendage in either sex :
and the appendages of the four following somites are large.

The telson is never completely divided by a transverse suture.

More or fewer of the branchial filaments of the podobranchiz are

terminated by short hooked spines; and the coxopoditic sete, as well
q1®
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as those which beset the stems of the podobranchiz, have hooked
aplces. |

In the Poramorripx the podobranchie of the second, third,
fourth, fifth, and sixth thoracic appendages are always provided with
a large plaited lamina. The pedobranchia of the first maxillipede 1s
converted into an epipodite, entirely devoid of branchial filaments.

The first abdominal somite invariably bears appendages in the male,
and usually in both sexes. In the male these appendages are styli-
form, and those of the second somite are always peculiarly modified.

The appendages of the four following somites are relatively small.

The telson is usnally completely divided by a transverse suture.

None of the branchial filaments are terminated by hooks; nor are
any of the coxopoditic setae or the longer seta of the podobranchie
hooked, though hooked tubercles oceur on the stem and on the lamina
of the latter.

The coxopoditic setee are always long and tortuous.

It is worthy of notice that the Parastacidee agree with the
Palinuridee and Scyllaridee in the abortion of the appendages
of the first abdominal somite, and in possessing hooked setae, while
in the Potamobiidse, as in the Lobsters, the sete are not hooked,
and, as in almost all the Podophthalmia, except the Palinuridee and
Scyllaridae’, the appendages of the first abdominal somite are present,
and are specially modified 1n the males.

Of the six genera of the Parastacidee, Astucoides 1s widely sepa-
rated from all the rest by the reduction of the number of its fune-
tional branchiz to twelve, while all the other genera at present known
have, at fewest, twenty, and usually twenty-one, branchiz.

Astacopsis, Cheeraps, Engeus, and Parastacus have, in common,
a long epistoma, the surface of which is flattened, the basal joint
of the antennae fixed by the overlapping edge of the cephaloste-
gite, the posterior thoracic sterna narrow, the coxopodites of the
hinder thoracic limbs large and approximated in the middle line.
The rostrum and the antennary squame are short. FEngeus is dis-
tinguished among these, not only by the narrowness of the first ab-
dominal somite, but by the form of the anterior part of the head,
with its short and deflexed rostrum, and very small antennary squame.

In Cheraps the podobranchiae are alate, in Astacopsis they are
not. Parastacus somewhat resembles Cheraps in its alate podo-
branchize, but differs from all the rest by possessing long and tortu-
ous coxopoditic setze.

I have nothing to add to the distinctive characters of the two genera
of the Potamobnde, Asfacus and Cambarus, already given by

Erichson, Hagen, and others.

All the branchize of the Crayfishes consist of a stem beset with nu-
merous cylindrical filaments. In fact, they are typical examples of
what are termed by Milne-Edwards ¢ branchies en brosse,”” and may
be called ¢ trichobranchise,” 1n contradistinction to the lamellar

' In Gebia, Calliaxris, and Porcellana, the first abdominal appendages are
rudimentary or abortive in the male sex.
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gills or ““ phyllobranchize,” which are met with 1n a large number of
other Crustacea. The whole of the Macrurous Podophthalmia,
excepting the genera Gebia and Cuallianassa, the Prawns, the
Shrimps, and the Mysidae, have trichobranchize.

In the Mysidee the branchisee are rudimentary or absent, and in
the Euphausidee and Penzeidae they are peculiarly modified. 1In the
Prawns and Shrimps, in Gebia and Callianassa, n all the Aunomura
and Brachyura, the gills are phyllobranchize.

Thus the Podophthalmia or Thoracostraca (to use the convenient
name proposed by Prof. Claus) are divisible in respect of the structure
of their respiratory organs mto three groups, which may be termed
Abranchiata, Trichobranchiata, aud Phyllobranchiata.

Among the trichobranchiate Podophthalmia, the Euphausidea
possess no other than podobranchiee . These are mere respiratory
plumes presenting no differentiation even into base and stem. All
the rest of the Trichobranchiata have arthrobranchise, either with or
without functional podobranchiee and pleurobranchizz. Among
those which possess all three kinds of branchiz, the Parastacidae and
the Palinuridee are highly exceptional among the Thoracostraca in the
absence of the appendages of the first abdominal somite in both sexes.
They further, as a rule, possess 21 branclhiee ( pdb. 6, aréb. 11, plb. 4),
though the number 1s, 1n some cases, reduced by the suppression of
more or fewer of the arthrobranchize and pleurobranchize.

In most, if not all the other Trichobranchiata, the first abdominal
appendages of the males are present and specially modified. Among
these, the Potamobiidee are characterized by the imperfect division
of their podobranchize 1nto a proper branchial and an epipoditic
portion.

In Homarus and Nephrops, Axius and Thalassina, the podo-
branchize are completely differentiated, from their bases onward, into
a proper branchial and an epipoditic portion. In this condition the
podobranchia is usually described as an epipodite, to the base of
which a branchia 1s attached.

In Homarus the branchial filaments are numerous and multiserial,
and the branchial formula 1s :—

Somites Arthrobranchiz. .
and their brgﬂglt;i-:f ¥ SR sl 1111;2]11'?’13
appendages. " Anterior. Posterior, '“ .
WL . (i (ep) () 0 Q.= ¢ 04ep)
6§ ¢ PRSI 1 0 0 =T
| HECNeN 1 1 l . = 3
Xty i } ] ] (I =k 3
3 A IR 1 | | | = 4
o 4] | (SRS 1 1 | 1 = 4
25 B 1 ] ] ] = 4
RAV.. .-. . 0 0 0 By
Ortep’ Ol B 1. 4 = .20+ep

' Possibly some of the branchial plumes in Sergesfes may be attached to the
arthrodial membranes. A ecritical examination of the species of Sergesfes in
reference to this point would probably yield interesting results.
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In Nephrops the branchie have the same structure, but the
branchial plume of the podobranchia of the second maxillipede is
absent or rudimentary; hence the number of the branchiee 1S re-
duced to 19.

In Axius the podobranchia of the penultimate thoracic limb 1s
reduced to an epipodite by the disappearance of the branchial plume,
and the hindermost pleurobranchia is also wanting. The arthro-
branchia of the second maxillipede 1s represented by a mere ru-

diment.

The Branchial formula of Axius stirhynchus.

ai%n:;ﬁzlsl Podo- ’ Al'th_lf?i_almhlf__\ Pleuro-
appendages. hrsnclis. Anterior. Posterior. e

3 ) 0 (ep) 0 0 0 = 0 (ep)
VIRE s 32 | » 0 0 = l+47

|| S ] 1 1 |

Ry | 1 | 0 =3

Xl ot 1 I 1 l = 4
Xl & l | l ] = 4
.4 | § CESE 0 (ep) 1 1 Il = 3+ep
BBV o i 0l 0 0 0 =0

542ep +54+7r + 5 + 3 = 18+2Zep+7

The branchial filaments in this genus, again, are arranged ouly in
two series on the stem, though, as they remain filiform, the ap-
proximation to the phyllobranchiate type is but slight.

In Homarus, Nephrops, and Axius the epipoditic divisions of the
podobranchiee are very large; but in Thalassina, Stenopus, and
Penceus they are much reduced in size, and the branchial element
disappears in more than the hindermost.

In Thalassina scorpioides the last thoracie somite 1s provided with
no branchie of any kind, nor have its limbs any epipodite, and
there are no pleurobranchize. The podobranchiz of the twelfth and
thirteenth somites are reduced to stout curved setose epipodites. In
the eleventh there is a similar epipodite, but a branchial plume
springs from its base. The tenth had a small epipodite, without a
branchia in the specimen examined ; but I am inclined to think that
the branchia may have become detached ; for the similar epipodite of
the external maxillipede bore a mutilated, or rudimentary, small
branchia. The small epipodites of the second maxillipedes figured
by Milne-Edwards were broken off; but the places to which they
were attached were discernible. The first maxillipede had no
epipodite, in which respect Thalassina approaches Callianassa.

There are twelve arthrobranchize attached 1n pairs, from the second
maxillipede to the penultimate thoracic limb inclusively. All these
branchize are remarkable from the fact that, for a greater or less
distance from the base of the gill, the stem 1s provided with broad
imbricated foliaceous expansions, which are traversed by ramified
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vessels, and take the place of the branchial filaments, which are
sometimes very few, and confined altogether to the basal region of
the branchia. These branchial plates differ from those of the true
phyllobranchize 1n their small number and in their disposition, in-
asmuch as they are directed obliquely to the stem and not at right
angles to it. Nevertheless it is interesting to find, in both Awxius
and Thalassina, a certain approach to the phyllobranchiate type,
which is completely reached in Gebia and Callianassa.

The Branchial formula of Thalassina.

Somites Pod Arthrobranchice. Pl
and their S .. A A il
appendages. pranehie, Anterior. Posterior. .
XA o 0 0 0 g6y
V.. 0 (ep) ] | 0 = 2 +ep
B, SRR ] l l = '3
s . LR 1 1 1 O =115
e 200 1 1 | 0 = 3
ML 5 giep) 1 0 ‘= '2 fep
SO . 0 (ep) l 1 0 = 2 +4ep
X1V 0. 0 0 0 U=
3+3ep +6 + 0 = 0 = 1543 ep.

In Stenopus hispidus the branchize resemble those of Astacopsis
1n structure, the filaments being loose, slender, and multiserial. But
the disappearance of the branchial plumes from the podobranchiz
has gone still further than in 7T%alassina ; and all these organs are
reduced to delicate, almost vesicular epipodites entirely devoid of
any proper branchial filaments, except in the case of the second
maxillipede, 1n which a few such filaments are attached to the base
of the epipodite. Moreover the number of the pleurobranchie is

increased to seven.

The Branchial formula of Stenopus.

R T
appendages, i Anterior. Posterior. et
VII..... 0 (ep) ? 0 0 = (ep)
WAl ol v o) Oi(ep. ) I 1 1l = 3+ep:
BN ... 0 (Ep) l 1 Il = 3-tep
Xiii.. 0(ep) 1 1 1 = 3+4ep
Meksts . 5 20k ep) 1 1 1 = 3+ep
il ... .0 {ep) 1 1 I = 3+ep
L. ... O(ep) 1 l |' = Eeren
Y. . .0 0 0 JE e}
O0+7ep+r+06 + 6 -+ / = 19+7ep+r
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I am inclined to suspect the existence of a rudimentary anterior
arthrobranchia in VIL.; but I could not make sure of it.

By the structure of its branchiee Stenopus 1s sharply separated
from Peneus, with which it has hitherto been associated, although
it approaches Penceus in the almost complete abortion of the bran-
chial element of the podobranchize. In the Penzide, in fact, each
branchia consists of a stem which is pointed at both ends and gives
off two series of opposite lateral branches. This stem is attached
by a pedicle near its lower end. Near each eud of the stem the
lateral branches are very short, and stand straight out ; but they
rapidly become longer ; and as they do so they curve outwards to-
wards one another, and eventually meet in the middle line. The
middle of the branchia consequently assumes the form of a hollow
cylinder.

The outer face of each lateral branch gives off a close-set series
of secondary branches, which diminish in size towards the free end
of the lateral branch, and at the free end are simple undivided
filaments. But towards the attached end of the branch the secon-
dary branches are themselves dichotomously subdivided in the direc-
tion of their length ; so that the most complicated of these secondary
branches presents a short stem whence two branches proceed, each
of these again gives off two, and these may terminate in yet other
two. Hence each secondary branch is like a flat triangular plate
slit by fissures of varying depths, and attached by its apex to a
lateral branch. All these secondary branches are directed upwards
and outwards.

A detached lateral branch closely resembles one of the branchiee
of Thysanopoda ; while, so far as I can judge from the figures given
by Kroyer! and Sars? the branchiz of Sergestes and Lophogaster
still more closely approach those ot Penceus.

4+«

A similar structure was described by Duvernoy in Aristeus, and
was supposed by him to be characteristic of that genus; but Dana
has already justly expressed a doubt whether, 1n this respect, Aris-
teus differs from the other Penseidee.

In Penceus, the last and the penultimate thoracic limbs present no
trace of podobranchise; and in all the rest the podobranchia is reduced
to a small epipodite, which, in the middle of the series, is bifurcated
at its free end. The latter lies between the arthrobranchize of its own
somite and the next’following. There are seven pleurobranchise, of
whi(l:lh the hindermost is the largest, while the most anterior 1s very
small.

18;5F0r56g til en monographisk Fremstilling af Kraebsdyrslagten Sergestes :

2 Beskrivelse over Lophogaster typicus: 1862,
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The Branchial formula of Penseus brasiliensis.

ai(c}inilaif:isr Podo: frthrolj:anchli Pleurf)_
appendages. Lranel e, Anterior.  Posterior. s
1] 1 [ 0 (ep) 1 (small) 0 0 = 1+ep
Nell..; .. 0 (ep) ] 1 1 = 3+4ep
| % L 0 (ep) 1 1 l = 34ep
Wie o 0 (ep) ] l 1 = 3+ep
el ot 0 (ep) 1 1 1 = J3+4ep
b4 1 R 0 (ep) 1 1 1 = 3+ep
4 ) i P 0 1 1 Jagis=a 44
aiN.. ... 0 0 0 | =T
O+b6ep+7 + 6 + / = 2046 ep.

The arthrobranchia of VII. is very small ; in fact, it is a mere
tuft of dichotomously divided branchial filaments.

The results of this examination of the principal forms of those
Trichobranchiata which possess more than one kind of branchie may
be thrown into a tabular form, as follows :—

I. No appendages to the first abdominal somite in either
sex. Astyla.

1. Padobranehis andivided,, .. s«ses.sassssss Tsnesvbanss PARASTACIDE.
2. Podobranchiz divided into branchial and epipoditic
Lais A A S L e B e IO o R Tl P PALINURIDE,

II. Appendages of the first abdominal somite almost always
present, and specially modified in the males. Stylophora,
1. Podobranchiz partially divided........................... Poramorina.
2. Podobranchie completely divided or reduced to epi-
podites.
a. Pleurobranchize not more than four.
a. Posterior pleurobranchia present, and the
most posterior of the podobranchiz com-
1 R T T e T U e WA HomARID £,
Homarus, Nephrops.
B. Posterior pleurobranchia wanting, and more
or fewer of the posterior podobranchiz
reduced to epipodites.
a. Branchize with only filamentous pro-

CEBSPR. ¢ Jia a1 sensmnimain s baia sk e 7 0 1 A 20 Axius.
6. Branchiz with foliaceous as well as
filamentous processes .................. Thalassina.
b. Pleurobranchiz more than four.
a. Branchize filamentous ...cce.ciiiiiienenniennne Stenopus.
B- Branehise YRMOBP ., . Jouruencrssounisedons v Penceus.

All the Trichobranchiata are Macrura, in the sense of having the
abdomen and 1its appendages well developed; but, in Ibacus and
Thenus, the abdomen becomes shortened and the cephalothorax wide,
while the antennary and the ocular regions are modified in a manner
very similar to that which gives rise to the peculiar “face” or
‘““metope ™ of the typical Brachyura. A very little further modifi-
cation would convert T%henus, for example, into a trichobranchiate
Crab. Such forms as these, which simulate the Brachyura, and yet
differ profoundly from them, may be termed ‘ pseudo-carcinoids.”
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If the branchial filaments of Axzius were shortened and widened,
the structure of the branchize would approach that which obtains in
Gebia and Callianassa, which are truly phyllobranchiate. But in
other respects there is a wide interval between these genera, on the
one hand, and Axius and Thalassina, which are ordinarily associated
with them among the Thalassinidee, on the other hand; for the
podobranchize have entirely disappeared on the six hinder thoracic
limbs, and even on the first or second maxillipede they are repre-
sented only by rudimentary epipodites.

There are no pleurobranchize ; and the total number of gills 1s re-
duced to five pairs of arthrobranchize on each side.

The Branchial formula of Gebia and Callianassa.
Somites Pados Arthrobranchize.

and their 3 < RE i Pleurg-

appendages. branchize. Anterior. Posterior. branchiz.
Ao ey (0 0 0 7= &0
VL. ... 0 0 0 g
| B PR RN | 1 0 = 9
X-. i1 55 O | | () i (
XIT 724 1 1 T
ALY o as ¥ 0 0 . = "0
0 + 4 -+ D + 0 = 10

In the almost complete abortion of the podobranchize, and 1 the
presence of ten arthrobranchize attached in pairs to the middle tho-
racic somites, Gebia and Callianassa agree with Porcellana, Gala-
thea, Lithodes, Pagurus, and Remipes. But in Galathea and
Porcellana the four hindermost pleurobranchize are present, making
fourteen gills on each side; in Lithodes and Pagurus the penul-
timate pleurobranchia exists, making eleven ; in Remipes there is no
pleurobranchia, and only nine arthrobranchiee, viz. one on the ninth
and two for each of the four following somites, are present.

In this group, which nearly corresponds with the Anomala of De
Haan, and which I propose to term the “ Anomomorpha,” there 1s
every degree of modification—from such typically Macrurous forms
as Gebia and Galathea to such pseudo-carcinoids as Lithodes and
Porcellana. It 1s interesting to remark, however, that, while 1n
Thenus and Ibacus the process of modification has chiefly affected
the head, in the Anomomorpha the characteristic changes are more
marked in the abdomen. In none of the latter are the basal joints
of the antennee fixed, nor are distinct orbits formed.

It is easy to understand the possibility of the derivation of the
Anomomorpha from some form allied to Axius and Thalassina (but
with four pleurobranchize) by the further reduction, and final almost
complete disappearance, of the podobranchize, while the biserial
filaments of the other gills flattened out and became lamellar.

The Prawns and Shrimps (“‘Salicoques’’ of Milne- Edwards, Carides
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of De Haan), if we exclude the Penseidee, constitute a natural assem-
blage, to which I will apply the name of * Caridomorpha.”” They are
all eminently Macrurous; and the characteristic feature of their
branchial system 1s the predominence of the pleurobranchize, and the
concomitant diminution in the number and the importance of the
arthrobranchize and of the podobranchie. In fact, so far as I am
aware, there are never any traces of the latter except upon the
maxillipedes.

In both Palemon and Crangon 1 find five pleurobranchize attached
to the posterior thoracic somites, from the tenth to the fourteenth
inclusively. In Palemon, two arthrobranchize, one of which is very
small, are attached to the arthrodial membrane of the external maxil-
lipede, which has a very short and rudimentary epipodite. The second
maxillipede bears a podobranchia divided into a small branchia and
an oval epipoditic plate. In the first maxillipede the place of the
podobranchia is occupied by a rounded bilobed lamella.

In Crangon none of the maxillipedes bear gills. The epipodite
of the first maxillipede is relatively much larger and triangular;
that of the second is tongue-shaped and almost vesicular; that of
the third is a mere rounded process.

I can find only one arthrobranchia on the ninth somite.

The Branchial formula of Paleemon.

Somites * Arthrobranchie.
Podo-

and their . N IO Pleuro-
appendages. branchize. Anterior  Posterior. branchiz.
¥ilo.. ... 0.(ep) 0 0 0 = 0(ep)
INER 8 . ] () () TR l
| & W 8 0 (ep) ] 1 TR
X.. . o 0 0 0 | o 1
RIS . D 0 0 i T}
XHE......0 0 0 ik

From the number of their pleurobranchiee the Caridomorpha can-
not be regarded as a reduced modification of any of the Tricho-
branchiata, except the Penseidae and Stenopus. But it is easy to
derive them from a Stenopus-like primitive form by the reduction
of the podobranchie and the arthrobranchize, and the conversion of
the five posterior pleurobranchiz into gills of the lamellar type.

In the Brachyura of Milne-Edwards the disposition of the bran-
chial apparatus 1s well known to be definite and characteristic. In
Cancer pagurus, for example, there are nine branchize ; seven of these
are pyramidal in form, and take a general direction from the base
towards the apex of the branchial chamber, to the inner walls of
which they are applied. The two posterior of these gills are pleuro-
branchize, being attached respectively to the epimera of the eleventh
and the twelfth somites. The fifth and fourth, the third and second,
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are fixed in pairs by a common pedicle to the arthrodial membrane
of the appendages of the tenth and ninth somites—that 1s, the great
forceps and the third maxillipede. The most anterior gill, slenderer
than the others, is attached to the arthrodial membrane of the
second maxillipede. There are therefore five arthrobranchize.

The podobranchia of the first maxillipede 1s represented only by
the large curved epipodite, which sweeps over the surface of the
arthrobranchize and the pleurobranchize. The podobranchia of the
second maxillipede is divided into a branchial plume, which lies
horizontally under the bases of the four anterior arthrobranchiz, and
an epipodite, which ascends between the arthrobranchia of its somite
and those of the next, and lies internal to the latter, close to the inner
wall of the branchial cavity.

In the third maxillipede the epipodite is very long, and forms the
valve to the afferent aperture of the branchial cavity. Attached to
its base is a short truncated branchia, which fits in between the bases
of the second and the third arthrobranchize.

! 2 ' 3 » ,
The Branchial formula of Cancer pagurus.

Somites Prds Arthrobranchiz. ke
and their branchize. s 2 T branchiee.
appendages. Anterior. Posterior.
Y. e  Bfen) 0 0 0 = 0 (ep)
YIH G e 1 0 P
e 1 1 05
), S PS | 1 1 0 = 2
XIzestd o @ 0 0 1 = 1
7§ AN T 0 0 I = 1
b 1 1) PPN S R 0 0 0 = 0
XLY..o skt i} 0 0 0 = 0
24+ep +3 + 2 4 2 = 94 ep

A considerable reduction of the branchial apparatus occurs 1n some
Brachyura, especially the Cafometopa. Thus, in Gelasimus the
hinder pleurobranchia and the most anterior arthrobranchia have
disappeaved, and the two podobranchiee are so small as to be alost
rudimentary.

In the Raninide and in Latreillia, the Brachyurous metope 1s
incompletely formed; but the branchial system is essentially that
of the true Crabs. The same may be said of Dromia, although the
branchial apparatus of this crustacean presents some very interesting
approximations to the less-modified type from which it cannot be
reasonably doubted that the Brachyura have proceeded.

The epipodites of. the three maxillipedes are very similar in form
and disposition to those of the ordinary Crabs ; and that of the second
bears a small horizontal branchial plame. That of the third some-
times bears a small branchia. The coxopodite of the fourth thoracic
limb has a small epipodite ; but I find no trace of such an appendage
on the rest of the thoracic limbs. Moreover there are five pairs of
arthrobranchize attached to consecutive somites from the ninth to
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the thirteenth—and four pleurobranchize, one for each of the four
posterior thoracic somites.

The Branchial formula of Dromia.

ai%“;ﬁ:isr Podo- fthroljf_anchlm. Pleuro-
appendages. oranchie. Anterior. Posterior. branchize.
R e | 1 ] G =209
XIT 0 1 1 AL
XIV ..... 0 0 0 ] s ]
2ep.-+9  F+° 9 T 4 =10+ ep.

On comparing this branchial formula with that of Homarus, the
relation between the two i1s obvious. In fact, if the three posterior
podobranchize of the Lobster are suppressed, and the next is reduced
to an epipodite, the branchial formula becomes the same as that of
Dromia, and the remaining differences between the respiratory organs
of the two result from the modification in form and structure of the
branchial elements which remain. Thus it 1s a permissible, 1f not a
probable, suggestion that, just as the Anomomorpha may have been
derived from the modification of some form allied to Axius, and the
Caridomorpha from some form allied to Stenopus and Peneus, so
the Carcinomorpha (= the Brachyura and the Raninidee, with
Homola and Dromia) may have proceeded from some Homarine
stock.

However this may be, the actual morphological relations of the
Thoracostraca appear to me to be represented with tolerable accuracy
by the following scheme :——

CRUSTACEA.

THORACOSTRACA OR PODOPHTHALMIA,

III. PHYLLOBRANCHIATA.
CARIDOMORPHA. ANOMOMORPHA. CARCINOMORPHA.

II. TRICHOBRANCHIATA. :

Palinuride.

Penzide. Stenopide. Thalassinide. Axiide. Homaride. Potamobiide. Parastacida.

j SS— -~ — — —_~ — "--......_....._.__...Y... e
Euphauside,
I. ABRANCHIATA.
Myside.
S— - — - - —— - e — = = — - -_— — ~ —

STYLOPHORA. ASTYLA.
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IV. Tae DISTRIBUTION OF THE CRAYFISHES CONSIDERED IN
RELATION TO THEIR MORPHOLOGICAL DIFFERENCES.

From what has been said above, it will be obvious that there 1s a
remarkable correspondence between the morphological and the geo-
graphical divisions of the Crayfishes. Thus, all the Crayfishes of the
northern hemisphere are Potamobiidee, and all those of the southern
hemisphere are Parastacidee. In the northern hemisphere, again,
the Astac: are Eurasiatic and West-American, while the Cambar:
are characteristic of the North-American region east of the Sierra
Nevada—in other words, of the river-basins which flow into the Gulf
of Mexico and the West Atlantic.

The Astacine region nearly answers to the Palaarctic province of
Mr. Sclater, minus the southern shores of the Mediterranean, and
plus Western North America; while the Cambarine region takes
in most of the Palaarctic region, with the Neotropical region as far
as Guatemala and the West Indies.

In the southern hemisphere, Astacopsis, Cheraps, and Lngeus
are confined to the Australian region, Paranephrops to New Zea-
land and the Fijis ; while the South-American Parastacus 1s distinet
from either of these, though closely allied with the Austraban
forms ; and the peculiarity of the Madagascar fauna 1s vindicated
by Astacoides.

Thus, if we were to establish provinces of distribution on the
Crayfishes alone, they would bear only a partial resemblance to those
based on the association of terrestrial animals. On the other hand,
If we compare the distribution of the Crayfishes with that of the
freshwater fishes, there are, as might be expected, some curious
pomts of resemblance. The distribution of the Salmonidee, for ex-
ample, corresponds pretty closely with that of the Potamobudee,
though the range of the Salmonidae extends less far to the south
in North America, and a little further, namely, as far as Algeria in
the Old World. Again, the Salmonidee to the east of the Rocky
Mountains are, for the most part, distinet from those to the west,
while the genus Onchorhynchus is, like Astacus, common to both
the Asiatic and the American shores of the North Pacific.

With the singular exception of Retropinna, there is no true Sal-
monold 1n the southern hemisphere; but, as Dr. Giinther has
pointed out, the Haplocbitonide and the Galaxiadee, which stand in
somewhat the same relation to the Salmonidee as the Parastacidee do
to the Potamobiidee, represent the Salmonidee in the fresh waters of
New Zealand, Australia, and South America.

[t is -worthy of remark that the Salmonidee, the Haplochitonidee,
and the Galaxiadee are singular among Teleostean fishes for the em-
bryonic character of their female reproductive organs, which have
no oviduets—just as, among the Podophthalmous Crustacea, the
Crayfishes are distinguished by the undifferentiated character of
their podobranchiz.

With the exception of one or two species in Algeria and Asia
Minor, the Salmonoids and their allies are wanting in the whole of
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Africa and Asia south of the great Asiatic highlands, just as the
Crayfishes are. It will be very interesting to learn, from the thorough
investigation of the fauna of Madagascar, which is now being carried
out, whether the Salmonoids or their allies are in any way repre-
sented there.

The broad similarity in distribution between the Salmoniform
fishes and the Crayfishes is doubtless due to the likeness of the
conditions under which the two groups have reached their present
development. I do not think that there can be any reasounable
ground for questioning the assumption, that both the freshwater
fishes and the freshwater Crustacea are modifications of a marine
prototype, which has more or less completely adapted itself to fresh-
water conditions. In the case of the Crayfishes, at any rate, there
15 abundant analogical evidence in support of this hypothesis. It is
well known that, in many parts of the world, the Prawns ascend
rivers, and become fluviatile. The Palemon lacustris ( Anchistia
migratoria, Heller) of the Lago di Garda is identical with a Prawn
now living in the Mediterranean. Again, the Mysis relicta of the lakes
of Norway, Sweden, Western Russia, and North America (Michigan
~and Superior) is only a variety of the Mysis oculata of the Arctic
seas '. Nor do I think it can be seriously questioned that the
fluviatile and the land Crabs are modified descendants of marine
Brachyura.

Let it be supposed that, at some former period of the earth’s
history, a Crustacean, similar to Paranephrops or Astacopsis in its
general characters, but with the first pair of abdominal appendages
fully formed, which we may call provisionally Protastacus, in-
habited the ocean, and that it had as wide a distribution as Palemon
or Peneus have at the present day. Let us suppose, further, that
the northern form of the genus tended towards the assumption of
the Potamobiine, and the southern towards that of the Parastacine
type. Under these circumstances, it is easy to understand how such
rivers as were, or became, accessible in both hemispheres, and were
not already too strongly tenanted by formidable competitors, might
be peopled respectively by Potamobiine or Parastacine forms, which,
acquiring their special characters in each great river-basin, would
bring about the distribution we now witness. As time went on, the
Protastacus stock might become extinct, or might be represented
only by rare deep-water forms, as the Homaridee are represented in
the Indian QOcean only by Nephropsis.

Some such hypothesis as this appears to me to be fully justified by
the present state of knowledge ; and though it cannot as yet be said
to be directly supported by pal@ontological facts, these facts agree with
the hypothesis very well as far as they go. For the Mesozoic marine

' G. O. Sars, ‘ Histoire Naturelle des Crustacés d'eau douce de Norvége.’
In the British Museum there is a species of that especially marine genus
Peneus, which is affirmed by the Messrs. Schlagintweit to have been obtained
from an affluent of the Sutlej, at the foot of the Himalayas. Peneus brasiliensis
ascends the North-American rivers for long distances (Smith, in Prof. Baird’s

Report, 1872-72).
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strata abound in Crustacea, such as Glyphea and Hoploparia, which
are evidently closely allied to the Crayfishes.

The great difficulty is, not to account for the Crayfishes where we
find them, but to understand their absence over so large a part of the
Old World and of intertropical America. Whether this 1s to be
explained by extensive alterations in geographical conditions since the
extinction of the Protastacus stock, or by the competition of Prawns
and freshwater Crabs, or by some other circumstance at present
unknown, is a very interesting subject for further inquiry.

Postseript, Oct. 24, 1878.

Since this paper was read, my friend Mr. Moseley, F.R.S., has
written for and obtained specimens of the ¢ Crayfish”’ said to exist
in the fresh waters of the Cape-Verd Islands. They belong to the
genera Atya and Pal@mon. Moreover, by the intervention of Sir
Joseph Hooker, I have procured a considerable number of fresh-
water Crustacea from Jamaica. DBut these also all belong to Ay«
and Pal@mon. 1 suspect that all Sloane’s *“Crayfishes™ are
simply Prawns. The largest example of one of the species sent to
me measures sixteen inches in length when the great chelate limbs

are fully extended.—T. H. H.

November 5, 1878.
Arthur Grote, Esq., V.P., in the Chair.

The Secretary read the following reports on the additions to the
Society’s Menagerie during the mouths of June, July, August,
September, and October 1878 :—

The total number of registered additions to the Society’s Mena-
gerie during the month of June was 159, of which 35 were by birth,
75 by presentation, 29 by purchase, 14 were received on deposit,
and 6 by exchange. The total number of departures during the
same period, by death and removals, was 73.

The most noticeable additions during the month of June was as
follows :— s

A Japanese Wolt (Canis hodophylaz, of the ‘Fauna Japoniea,’
Mamm. t. 9, p. 38), presented by H. Heywood Jones, Esq., F.Z.S,,
June 26th, being the first example of this little-known animal we
have ever received alive. .

Judging from the present specimen the Japanese Wolf, although
nearly allied to Canis lupus, would seem to be a distinct species, to
be recognized by its smaller size and shorter legs.

The Japanese Dog sent to us by Mr. Pryer (see.P.Z.S. 1878,

p. 115) 1s quite a different animal, and 1s, I have no doubt, only a
variety of the domestic dog or a hybrid,






