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ON THE CARAPAX AND STERNUM OF DECALOD CRGSTACEA.*

BY HOWARD AYERS, Ph.D, Aun Arbor, Mich.

The determination of the homology of the earapax and
sternum among the Crustacea is rendered diffienlt by the
endless variety of forms assumed by their constituent parts,
and the consequent perplexing differences in the relation
of these parts to each other. Before stating the conelu-
sions and arguments in favor of the solution at which 1
have arrived after a study of several forms chielly of the
Decupod type, it may conduce to clearness to give in a
few words, the main facts and conclusions of the previous
writers on this subject.

Althongh Huxley (1) is the latest writer who expresses
views on the homologies of the Crustacean carapax, he
oflers no new explanation but adheres tothe old conception
of a fusion of the terga of the fourteen anterior somites
into a ecarapax. He writes (in describing dstacus flu-
viatilis) “Lhe carapace, therefore, corresponds in position
with the terga and tergal halves of the pleura of all the
somites which are thus reflected into it, and these somites

#This paper was prepared in the Mus. Comp. Zodl., under the direcition of
Prof. W. Faxon, in the college year 1832-83.
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50 ON THE CARAPAX AND STERNUM

include all, without exception, from the last thoracic to
the ophthalmic. * * *” At the sides of the antennulary
and autennary somites the rostral prolongation of the cur-
apuace i3 the divect continuation outward of the epimera of
these somites, and there is nothing to be compared to an
apodeme, buf the sternum of the ophthalmic semite after
giving off the Tamella which forms the inferomedian ros-
trum, is prolonged on each side of the middle line hack-
wards and outwards into a free, cxpanded, thin, calcified
process which applies ifself against the carapace by its
upper surface, and hy its under surthee gives attachment
* ¥ *  (n the dorsal sur-
face there is no indication of any division of the carapace
into terga corresponding with the sterna of the somites,
but it is murked by a well-defined curved groove, * * *7

to the anterior gastric muscles.

The accompanying diagram explains his views of the so-
mite in Aslacus.

Milne-Kdwards(2) considers the carapux in the major-
ity of the Decapods to consist of a single piece, part of

Diagram of crustacean segment; ep, epimernm; es, cpisternum; s, sternun;
Z, tergum,

which is furnished by the antennary and mandibulary som-
ites respectively. This author states, that while in Squilla
the carapax belongs almost entirely to the antennary seg-
ment, in Limnetis on the other hand, it pertains chiefly
to the mandibulary somite. Furthermore, the tergum of
the antennulary segryent is entirely wanting in the Deca-
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pods. He continues (loc. cit., p. 233), “Pai fait voir, dans
un auire éerit ue le carvapace, lors méme qu’elle recouvre
la totalité du thorax aussi bien que toute la portion cépha-
lique du corps doit étre considérée comme une portion de
la téte dont unc portion dusquelette sest développée d’une
maniere excessif, et a chevauché en avant el en arriére
sur les parties volsines ; jai établi aussi qu’elle appartenait,
au sysléme des pidces tergales, of qui celles-ci n’élaient
fournies ni par les anneaux ophthalmique ou antennulaire,
ni par les zoonites céphaliyues postérvieures. 11 me parais-
soit probable quelle dépendait de Pannean antennaire ou
de Danneau mandibulaire, ¢'est-i-dire du troisiéme ou du
guatrieme annean de la téte, mais qu'elle ne procédait, que
Q’un seul ces zoonites.  Les fails dont il vient d’étre gques-
tion permettent de rectifier une partie de ces conclu-
sions, et darriver 4 une approximation plus grande de
laverité,  Iiflectivemcut arcean eéphlalique de la carapace
des Deécapodes me semble ne pouvolr élre qu’une dépend-
ence de 'anneau antennaire, tant 2 raison conmexions avec
les anires pitees du squeletfe tégumentaire, guen consé-
quence de l'origine des nerfs dont ses parties molles sont
pourvues, puisque ces nerfs proviennent des ganglions
cérébroides ou sous-cesoplagicns, taudis gue les nerfs
appartenant au appendices du zoonite suivant, ou annean
mandibalaire, naissent des ganglions post-cesophagiens.
Mais I'arcean scapulaire ou postéricur de la earapace de ces
Crustacés doit pour des raisons amidognes, étre considére
comme étand étranger an lroisieme zoonite eéphalique, ot
comume apparlenant & anueau mandibulaire.  La carapace
serait done un organ plus complexe que je ne le supposait
d’abord, et serait formée par deux anneaux berganx, dépen-
dant du troisicme et du quatriéme anneaux de T t8te, ar-
ceaux qui fournaient, Fune indépendance presque complete
chez les Paguriens et les Thalassines, mmais ne seraient
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représentds chiez les Décapodes ordinaires que pur un seul
segment, dorsal din & Possification diffuse ou fusion des élé-
mentes sclerodermique de toute a portion du squelette tog-
umentaire correspondant & ces deux arccaux. Mais chez
les Crustacés inféricures, la carapace ne pardit avoir d’or-
dinaire uue composition plus simple, et étre formée tautdt
par les analogues de Parceau eéphalique seulement, tantot
par les représentants de Parceau scapulaire.  Ainsi, chex
les Squilles, la portion eéphalique de la earapace est tres-
dévellopie 3 mais toute In portion postéricure au scapulaire
parit manquer complétement, et chez les Limuadies, au
contraive, Pespéce de coquille bivalve, qui tient liea d'une
carapaee ordinaive, me parait étre due an développement
excessif de la portlon seapulaire seulement, et dépendre
de Pammeau mandibulaire, ont pent-tire méme de Pun des
zoonites suivant. ”  Owen (3) reflects Milne-ldwards’
views thronghout as quoted ahove.  1dana (4) differs from
Milne-Edwards in that Le considers the lateral (ventral)
plates of the cavapax ot cruls to be true ferge instead of
epimera (foc. ¢it., p. 27). Ile infers *“{hat the epistome
{or ils anterior part) belougs 1o the second, or fo the sec-
ond and first normal segments, that is, to the antennulary
or to the antennulary and ophthalmic segments. For con-
venience of reference I have compiled the following table
from the author’s statements of his views regarding the
number of scgments and what pavts of each enter into the
composition of the erab carapax.

1. Ophthalmic somite.  Parts eotively wanting; appendages, how-
ever, present.

2. Antennulary somite.  Sternum present (probably tused with the
ophthalmie sternum into one picce); the other parts wanting; appen-
dages present.

3. Antennary somite. The parts {sternum, terguin, episternal plate)
present,

4. Maudibulary somite. The sternum, eplsternal plates, epimeral
plates and tergum prescut.

B
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After stating in a very clear manner the facts he had cstablished,
the suthor draws the following conclusions, The carapax of the Bra-
chyura inclades :

Y. The firsi and second normal segmentds represented by the epistome,
or its anterior position, and the inter-antenuary sceptuom.

TL. The third normal segumeut, represented by the main hody of the
carzpax, and the anterior portion of the prelabial plate or pal-
ate.

TIL. The fourth normal or mandibular segment represented by the
posterior aud outer part of the prelabind plate and the ventral
picees of the carapax.

Conecerning the carapax of the Macroura the author again
differs from Milne-Kdwurds in desiguating the lateral and
posterior plates of the carapax of dstacus mandibular terga
instead of epimera.  After a careful comparative descrip-
tion of numerous forms both among the Macroura and the
lower Crustacea ({oc. cit., pp. 32-37) in which he men-
tions several seemingly adverse cases, the anthor concludes
that the origin of the carapax and the disposition of its
parts are essentially the same throughout the class.

From the foregoing extracts it will be seen that Danws
views are in advance of those of the other investigators,
Lt there yet remain several points of interest on which
it is desirable to collect further evidence. Both Milne-
lidwards and Dana have established with o high degree of
probahility the origin of the carapax from the terga of the
mandibulary and autenuary somites, but neither of them
steeceded i flnding a conclusive demonstration of the
fact. In the very young Syuille the thoracic and ab-
dominal segmients of the bedy may, by carciul dissection,
be removed from their connection with the carapax, with-
out disturbing the relation of the parts in intimate connex
with the Intter.  Insuch apreparation the point of attach-
ment will be seen to lie immediately hehind the mandibu-
lary sternuwm, fig. 15, z.  Siuce both the ephthalmic snd
the antennulury segments are entive and have no connection
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with the carapas: it follows that the earapax in the young
Squille pertains to the antennary and mandibulary somite
—to these and these only.  The same is true of the zoeu
of Porcelluna. The relations of the carapax in the young
stages of Clancer and Carcinus could not be made out ac-
curately, owing to the poor statc of preservation of the
specimens at my disposal.  Among the Brachyura the ter-
gum of the ophthaluiic somite is present as a distinct plate
beneath the carapax and may be exposed by cutting away the
rostral region of the carapax;, ov it may sometimes be scen
from behind (e. ., Platyonychus, Acteodes, Seyllay. The
antennulary tergum, on the other band, seems to have dis-
appeared cntirely.

The sternum of the ophihalmic somite, considered by
Dana to be wanling among the Bruchyura, is present, as
it appeurs £o me, in what has hitherto been considered nas
a portion of the antennary somite and designated the an-
fennary septum (compare Huxley, loc. cit., p. 296, fig,
76, ¢.). Tu Acwodes, figs. 4, 6 and 7, the sternum of
this somite is a distinet cuneiform body, wedged in be-
tween the vostrum and the auntennary sternum, but sep-
arated from both by sutures.

Iis connccetion is moré intimate with the antennary ster-
num than with the rostrum. The basul joints of the
antenna lie in contact with it, since 1t helps to form the
inner angle of both antennavy orbits.  This wedge-
shaped body extends backward dnto the facial region and
furnishes the calcareous sockets for the bases of the eye-
stalks; but has nothing to do with the orbital region.
This latter has arisen by the overgrowth of the rostral
region (4. e., forwards) which at the same time has been
forced downward into the facial avca. This growth is
well illustrated in the series from Homarus, through
Lithodes, Platyonyclus, Scylle aud Cancer, to Actwodes,

g
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In Cuancer, fig. 3, the connection of the ophthalmic
with the antenmalary sternam is still eloser and the former
{s a much thinner plate. In Seylia, fig. 9, the rostrum is
hardly in contact with the ophthalmic sternum, although
it is beut down close over it.  The suture between the
ophthalmic and antennary sterna is obliterated. In Platy-
onychus, fig. 1, the fusion between the two sterna is com-
plete.  In Palinures, ligs. 14 and 16, Lithodes, fig. 11,
and flomarus, fig. 5, the rostrum has not eucroached up-
on the ophthalmic somite and the sternum sustains its nor-
mal relations to the appendages.

Antennulary sternum. The antenunulary sternum
in Acwodes is an elongated, bar-shaped plate extending
across the fucial area immediately below the antennse.
The antennules abut upon its ends, while the ophthalmic
sternumn is fused to its upper part dividing it into halves.
The figure formed by these two plates is that of a short-
stermed 1 duverted.  This plate forms the oor of the
anteunary sockets.  The sulure between the antennulary
and the antennary sterna is lenticular in form and occu-
pied by a semicalcified membrane.

in Cuncer, fig. 3 and Platyonychus, fig. 1, the parts in-
cluded in the facial area are much less distinet.  In Seylla,
fig. 9, this sternal plate hes opposed to the upper margin
(surface) of the antennary sternum, in the form of a
thin caleareous plate. Its relations to the surrounding
parts are, however, the same as in Aclwodes. In Lithodes,
fig. 11, the antennulary sternum rescmbles in all respects
the ophthalmic, and consists of a smooth, scarcely calei-
fied membrane stretched between the antennules. In
Lalinurus, figs. 14 and 16, the antennulary sternum is
enormously enlarged and projects forward in the form of
a truncated pyramid, equivalent to the “nasal region” of
Miluc-Edwards.  Owing to the unusually large size
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of the anteunw, the antennules have their inscertion af the
auterior end of this plate instead of at the sides us would
normally be the case. A narrow extension of the main
(fold) plate separates the basal joint of the appendages.
In Homarus this sternum is moderately developed and
oceupies ifs normal position. There is no indication
among the Macroura ov the Brachyura, of the existence of
any other parts of the typieal somite in either of these
two segments,

Antennary and mandibulary somites. As re-
gards the sterna of the third and fourth somites in (YAlo-
rodius and Seyile, I cannot do better than rvefer to Dana’s
admirable deseription (loe. cit., pp. 24-28). This des-
cription of Chlorodius will apply in every particalar te
Acteodes, figs. 4, 6 and 7. In Cancer and Platyonichues
the facial region is too much fused to admit of any aceur-
ate distinetion of the parts. In Lelinwrus the anfennary
sternumn is greatly enlarged and forms the lower part of
the nasal projection. At its upper termination it furnishes
the hasal portion of the antennulavy sockets: from this
point it spreads out rapidly and extends entirely across the
ventral surface of the body forming the anterior, lower
one-third of the boundary of each antennary socket.  The
openings of the green glands are near to ifs outer angle,
on the suture separating it from the mandibulary sternum.
Its connections with the anterior half or cepbalic portion
of the carapax are very distinet and in the form of a beaded

suture. The mandibular sternnm is separated from the

episternat pieces by u short suture, these latter in turn are
separated from the epimerals hy a suture passing backward
and inward toward the median ventral line.  In Lithodes,
figs. 11 and 13, and FHomarus, figs. b aud 17, the epister-

nals and epimerals of both antenuary and mandibulary

somifes ure present and consequently one is able to

TR
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trace the connection of the twe portions of the carapax
with comparative casc. The episternals and epimerals of
the antennary segment are caleilied.  The former appear
on either side of the epistome or sternum as an oblong
plate extending backward, downward and outward and
algo furnish the upper plate of the entrance to the gill-
chamber. The epimeral plate is folded inward close upon
the episternum of either side and is only to be seen when
the edges of the carapax are spread apart. ‘The episterna
and epimera of the mandibular segment are represented
by slightly calcitied membranes more or less folded upon
themselves.  These plates are related to the mandibular
sternum in & manner similar lo that stated for that of the
corresponding plateé of the preceding segment.  In Squille
the anfennary sternum is especially prominent and reaches
backward and downward in the form of a half eylinder,
the sides of which are formed by the large episternal
plates.  The carapax is almost entirely made up by the
antenuary tergum, and the anfennary somite furnishes fur-
ther, fully one-half of the length of the cephalo-thoracic
region of the body of this crustacean. 'Fhe statement that
the terga of the thoracie somites are covered by the ceph-
alo-thoracle shield is notl strietly true.  The first two terga
(eounting from behind forwards) arve entire and free, the
third is united by a membrane to the posterior edge of the
cephalothorax.  The remaining terga are incomplete and
unite with the carapax in a line curving from the point of
attachment of the third, outwards and forwards on either
side of the median dorsal line of the body (fig. 21).

Sternal plates, ete. Milne-Bdwards considers the
small caleareous plates found at the base of the thoracie
appendages, which in the adult state are more or less fused
with the sterna of the respective segments, to be the ho-
mologues of the episternal picees of the typieal arthropod
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somite. From embhryological evidence it uppears very
prohuble that these pieces originate as simple projections
of the outer posterior angle of each sternal plate and that
they are apparently cat. off' by the appearance of false su-
tures at a later period of development. The figurces illus-
trating this point (figs. 18, 19, 22) hardly nced any
explavation beyond that given in the description of the

plates. A comparison of figs. 18 and 22 is conelasive.
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EXPLANATION OT PLATES 1T AND III

REFERENCE LETIERS.

a antennule 7  membranous space
o' anienna &  eyeor orbit
ws anbennilar sternum 05 ophthalmie sternum
w's antennal sternum #g  processes for attachment of gastric
a'é  antennal tergum mauscles
«'tp plates of antennal tergum 7 rostrum
ap uppendage s sternum
4 epimeral plate sp sternal piece
e’ epimeral groove 4 tergum
x labram thi thovacic tergum
g plate covering green gland ¥ suture bebween mandibuiar and
g’ plate between antennule aml ear- antcunal sternum
apax z  suture between epimeral and tergal
0 mandibular skeleton plates of mandibular segment

meme Mmembrane

point of altuchment of esrapax to

ms  mandibular sternum hody
m? muandibular tergum
mp anterior  mandibular epimeral
plate.
Fig. 1. Ventral view of carapax of an immature Plalyenichus ocellatus, caustic

soda, acetic acid preparation; natural size.
Fig. 2. Ventral view of the earapax of Bsus denlalus; nalural size.
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Fig.5. Carapax of Cancer boreulis prepared in caustic sodsa, ventral view with
she fronk slightly inclined forwards; natural size.

Figs. 4, 6 and 7. Carapax ol dewodes species? prepared in caustic soda and
acetic acid ; viewed from above, below and in froat, respectively.

Fig. 5. Frout view of the carapax of Homarus americenus wilh the appendages
remaved, {resh specimen, nataral size.

Fig. 8. Ventral view of the connection of the mandibular episternum with the
mandibular epimeron in Scyila tranguebarice; nainral size.,

¥ig. 9. Carapax of Secylla tranqueberica from an atcoholic specimen; natural
size.

Fig:10, Carapax of Chrloredius floridanus, alcoholic specimen; enlarged.,

Tigs. 11 and 13. Froot and ventro-lateral views of’ lhe earapax of Lithodes maia
aleoholic speeimen; natural size.

Fig. 12. Basal joints of vight autenna of Homarus americanus showing the posi-
tion of the green gland; natoral size.

Figs. 14, 16 and 20. Lateral, frontal and ventral views of the carapax of Palinu-
pus prepared m caustic soda; natural size.

Fig, 15. Ventral view of “young Syuille, the thorax and abdomen of which have
been removed by careful dissection; z shows the point of attachent of the thorax ;
enlarged ten diameters.

Fig. 17. Luteral view of carapax of Homarus americanus, caustic sody prepara-
tion ; natural size.

Fig. 18, Sternum of megalops of Cancer boreulis, showing Lhe episternal pieces
as projecting angles of the sternal plates; enlarged ien dlameters.

Fig. 19. Sternum of zoca of Cancer; enlarged fiftcen diameters.

Tig. 21, Lalvrad view of a sagittal section ol cephalo- thoeraeie reginn of Squilla,
caustic soda prepavation ; natural size.

Pig. 22 Ventral view of sleruwin of Cancer boreatis (prepared in czustic soda)
showing the “eplsternal picces” of Milne-Edwards; nulural size,

Fig, 23. Ventral view of & younyg Pénnira; enlivged ten dinmeters.

——e——

ANNUAL MEETING, MoNDAY, May 18, 1885.

TrE annual meeling this evening at 7.30 o’clock. The
Prpsipext in the chair. Records of the last annual
meeting read and approved.

The reports of the Secretary, Treasurer, Auditor, Li-
brariun, Curators and Committees were read and duly
accepted and ordered to be placed upon file,

My, T. F. Howr, chairman of the committee on nowi-
notions, reported the lollowing list of officers, which was
duly elected; Messrs. Isranyn and Uriam having been
appointed to colleet, assort and count the votes.
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