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The determination of the homology of the carapax and 
sternum among the Crustacea is rendered difficult 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 conclu-
sions and arguments in favor of the solution at whicli I 
have arrived after a study of several forms chiefly of the 
Decapod type, it may conduce to clearness to give in a 
few words, the main facts and conclusions of the previous 
writers on this subject. 

Although Iluxley (1) is the latest writer who expresses 
views on the homologies of the Crustacean carapax, he 
offers no new explanation but adheres tot-he old conception 
of a fusion of the terga of the fourteen anterior somites 
into a carapax. He writes (in describing Astacus Jlu-
viatilis) "The 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 

*Tli is paper was p repared in the Mus. Conip. Zoo]., under the direction of 
Prof . W. Faxon , in the college year 1S82-S3. 

K S S E X I N S T . B U I - T / E T I N , V O L . X V I I . 7 ( 4 9 ) 



5 0 O N THF, C A R A P A X A N D S T E R N U M 

include all, without exception, from the last thoracic to 
the ophthalmic. * * * " At the sides of the antennulary 
and antennary somites the rostral prolongation of the car-
apace is the direct continuation outward of the epirneraof 
these somites, and there is nothing to be compared to an 
apodeme, but the sternum of the ophthalmic somite after 
giving oif the lamella which forms the inferomedian ros-
trum, is prolonged on each side of the middle line back-
wards and outwards into a free, expanded, thin, calcified 
process which applies itself against the carapace by its 
upper surface, and by its under surface gives attachment 
to the anterior gastric muscles. * * * On 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 marked by a well-defined curved groove. * * * " 
The accompanying diagram explains his views of the so-
mite in Astacus. 

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

Diagram of crustacean segment; ep, epimerum; es, episteinum ; s, s ternum; 
t, teigum. 

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 tergurn of 
the antennulary segipent is entirely wanting in the Deca-
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pods. He continues (loc. cit., p. 233), "J'ai fait voir, dans 
un autre écrit que le carapace, lors même qu'elle recouvre 
la totalité du thorax aussi bien que toute la portion cépha-
lique du corps doit être considérée comme une portion de 
la tête dont une portion du squelette s'est développée d'une 
manière excessif, et a chevauché en avant et en arrière 
sur les parties voisines ; j 'ai établi aussi qu'elle appartenait 
au système des pièces tergal es, et qui celles-ci n'étaient 
fourmes ni par les anneaux ophthalmique ou antennulaire, 
ni par les zoonites céphaliques postérieures. Il me parais-
soit probable qu'elle dépendait de l'anneau antennaire ou 
de l'anneau mandibulaire, c'est-à-dire du troisième ou du 
quatrième anneau de la tête, mais qu'elle ne procédait que 
d'un seul ces zoonites. Les faits dont il vient d'être ques-
tion permettent de rectifier une partie de ces conclu-
sions, et d'arriver à une approximation plus grande de 
la vérité. Effectivement l'arceau céphalique de la carapace 
des Décapodes me semble ne pouvoir être qu'une dépend-
ence de l'anneau antennaire, tant à raison connexions avec 
les autres pièces du squelette tégumentaire, qu'en consé-
quence de l'origine des nerfs dont ses parties moîies sont 
pourvues, puisque ces nerfs proviennent des ganglions 
cérébroides ou sous-œsophagiens, tandis que les nerfs 
appartenant au appendices du zoonite suivant, ou anneau 
mandibulaire, naissent des ganglions post-œsophagiens. 
Mais l'arceau scapulaire ou postérieur de la carapace de ces 
Crustacés doit pour des raisons analogues, être considéré 
comme étant étranger au troisième zoonite céphalique, et 
comme appartenant à l'anneau mandibulaire. La carapace 
serait donc un organ plus complexe que je ne le supposait 
d'abord, et serait formée par deux anneaux tergaux, dépen-
dant du troisième et du quatrième anneaux de la tête, ar-
ceaux (p;i tournaient d'une indépendance presque complete 
chez les Paguriens et les Thalassines, mais ne seraient 
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représentés chez les Décapodes ordinaires que par un seul 
segment dorsal dû à l'ossification diffuse ou fusion des élé-
inentes sclerodermique de toute la portion du squelette tég-
urneutaire correspondant à ces deux arceaux. Mais chez 
les Crustacés inférieures, la carapace ne parait avoir d'or-
dinaire une composition plus simple, et être formée tantôt 
par les analogues de l'arceau céphalique seulement, tantôt 
par les représentants de l'arceau scapulaire. Ainsi, chez 
les Squill es, la portion céphalique de là carapace est très-
dévellopée ; mais toute la portion postérieure au scapulaire 
parâit manquer complètement, et chez les Limnadies, au 
contraire, l'espèce de coquille bivalve, qui tient lieu d'une 
carapace ordinaire, me parâit être due au développement 
excessif de la portion scapulaire seulement, et dépendre 
de l'anneau mandibulaire, ont peut-être même de l'un des 
zoonites suivant. " Owen (3) reflects Milne-Edwards' 
views throughout as quoted above. Dana (4) differs from 
Milne-Edwards in that he considers the lateral (ventral) 
plates of the carapax ot crabs to be t rue terga instead of 
epimera {loo. cit., p . 27) . He infers " t h a t the epistome 
(or its anterior part) belongs to the second, or to the sec-
ond and first normal segments, that is, to the antenuulary 
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 segments and what parts of each enter into the 
composition of the crab carapax. 

1. Oph tha lmic somi te . P a r t s ent i re ly w a n t i n g ; appendages , how-
ever, present. 

2. A n t e n n u l a r y somi te . S te rnuru p r e s e n t (p robably f u s e d wi th the 
oph tha lmic s t e r n u m into one p iece) ; t h e o t h e r p a r t s w a n t i n g ; appen-
d a g e s p r e s e n t . 

An tenna ry somite.. T h e p a r t s ( s t e r n u m , t e r g u m , ep i s te rna l p la te ) 
p r e sen t . 

4. J l a u d i b u l a r y somi te . T h e s t e r n u m , ep i s t e rna l p la tes , epimera] 
p la tes and t e r g u m p re sen t . 
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A f t e r s t a t i u g in a very clear m a n n e r tlxe f ac t s lie hud es t ab l i shed , 
t l ie au tho r d r a w s the fo l lowing conclus ions , T h e c a r a p a x of t h e Bra -
chyi i ra inc ludes : 
Ï. T h e first and second normal s e g m e n t s r e p r e s e n t e d by the ep i s tome , 

or i t s a n t e r i o r posi t ion, and the i n t e r - a n t e n n a r y sep tum. 
I I . T h e th i rd n o r m a l s e g m e n t , r e p r e s e n t e d by the main body of t h e 

ca rapax , and t h e an te r io r por t ion of the p re lab ia l p l a t e o r pal-
a te . 

I I I . T h e fou r th n o r m a l or m a n d i b u l a r s e g m e n t r e p r e s e n t e d by t h e 
p o s t e r i o r and ou te r p a r t of t h e pre labia l p la te and t h e v e n t r a l 
p ieces of the ca r apax . 

Concerning the carapax of the Macronra the author again 
differs from Milne-Edwards in designating the lateral and 
posterior plates of the carapax of AxLacvs mandibular terga 
instead of epimera. After a careful comparative descrip-
tion of numerous forms both among the Macronra and the 
lower Crustacea (loo. cit., pp. 32-37) in which he men-
tions several seemingly adverse cases, the author 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 Dana's 
views are in advance of those of the other investigators, 
but there yet remain several points of interest 011 which 
it is desirable to collect further evidence. Both Milne-
Edwards and Dana have established with a high degree of 
probability the origin of the carapax from the terga of the 
mandibulary and antennary somites, but neither of them 
succeeded in finding a conclusive demonstration of the 
fact. In the very young Squilla the thoracic and ab-
dominal segments of the body may, by careful dissection, 
be removed from their connection with the carapax, with-
out disturbing the relation of the parts in intimate coimex 
with the latter. In such a preparation the point of attach-
ment will be seen to lie immediately behind the mandibu-
lary sternum, tig. 15, z. Since both the ophthalmic and 
the antennulary segments are entire and have no connection 
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with the carapax it follows that the carapax ill the young 
Squilla pertains to the antennary and mandibulary somite 
—to these and these only. The same is true of the zoea 
of Porcellana. The relations of the carapax in the young 
stages of Cancer and Oarciniis could not be ruade ont ac-
curately, owing to the poor state of preservation of the 
specimens at my disposal. Among the Braehyurathe ter-
gum of the ophthalmic somite is, present as a distinct plate 
beneath the carapax and may be exposed by cutting away the 
rostral region of the carapax, or it may sometimes be seen 
from behind (e. Platyonychus, Actœodes, Scylla). The 
antennulary tergum, on the other hand, seems to have dis-
appeared entirely. 

The sternum of the ophthalmic somite, considered by 
Dana to be wanting among the Brachyura, is present, as 
it appears to me, in what has hitherto been considered as 
a portion of the antennary somite and designated the an-
tennary septum (compare Huxley, loc. cit., p. 296, fig. 
76, c . ) . In Actœodes, figs. 4, 6 and 7, the sternum of 
this somite is a distinct cuneiform body, wedged in be-
tween the rostrum and the antennary sternum, but sep-
arated from both by sutures. 

I ts connection is more intimate with the antennary ster-
num than with the rostrum. The basal joints of the 
antennœ lie in contact with it, since it helps to form the 
inner angle of both antennai-y orbits. This wedge-
shaped body extends backward into 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 (i . e., forwards) which at the same time has been 
forced downward into the facial area. This growth is 
well illustrated in the series from Homarus, through 
Lithodes, Platyonychus, Scylla and Cancer, to Actœodes. 
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In Cancer, fig. 3, the connection of the ophthalmic 
with the antennuîary sternum is still closer and the former 
is a much thinner plate. In Scylla, fig. 9, the rostrum is 
hardly in contact with the ophthalmic sternum, although 
it is bent 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 Palinurus, figs. 14 and 16, Lilhodes, fig. 11, 
and Ilomarus, fig. 5, the rostrum has not encroached up-
on the ophthalmic somite and the sternum sustains its nor-
mal rektions to the appendages. 

A l l t e n n u l a r y S t e r n u m . The antemiulary sternum 
in Actœodes is an elongated, bar-shaped plate extending 
across the facial area immediately below the antennœ. 
The antennules abut upon its ends, while the ophthalmic 
sternum is fused to its upper part dividing it into halves. 
The figure formed by these two plates is that of a short-
stemmed T inverted. This plate forms the floor of the 
antennary sockets. The suture between the antemiulary 
and the antennary sterna is lenticular in form and occu-
pied by a semicalcified membrane. 

i n Cancer, fig. 3 and Platyonyehus, fig. 1, the parts in-
cluded in the facial area are much loss distinct. In Scylla, 
fig. 9, this sternal plate lies opposed to the upper margin 
(surface) of the antennary sternum, in the form of a 
thin calcareous plate. I ts relations fco the surrounding 
parts are, however, the same as in Aclœodes. In Lithodes, 
fig. 11, the antemiulary sternum resembles in all respects 
the ophthalmic, and consists of a smooth, scarcely calci-
fied membrane stretched between the antennules. In 
Palinurus, 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 
Milne-Edwards. Owing to the unusually large size 
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of the antenna?, the antennules have their insertion at the 
anterior end of this plate instead of at the sides as 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 
occupies its normal position. There is no indication 
among the Macroura or the Brachyura, of the existence of 
any other parts of the typical somite in either of these 
two segments. 

Antennary and mandibulary somites. As re-
gards the sterna of the third and fourth somites in Chlo-
rodius and Scylla, I cannot do better than refer to Dana's 
admirable description (Joe. cit., pp. 24-28) , This des-
cription of Cltlorodius will apply in every particular to 
Actœodes, ligs. 4, 6 and 7. In Cancer and Platyonichus 
the facial region is too much fused to admit of any accur-
ate distinction of the parts. In Palinurus the antennary 
sternum is greatly enlarged and forms the lower part of 
the nasal projection. At its upper termination it furnishes 
the basal portion of the antennulary 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 its outer angle, 
on the suture separating it from the mandibulary sternum. 
I ts connections with the anterior half or cephalic portion 
of the carapax are very distinct and in the form ôf a beaded 
suture. The mandibular sternum is separated from the 
episternal pieces by a short suture, these latter in turn are 
separated from the epimerals by a suture passing backward 
and inward toward the median ventral line. In Lithodes, 
ligs. 11 and 13, and Homarus, tigs. 5 and 17, the epister-
nals and epimerals of both antennary and mandibulary 
somites are present and consequently one is able to 
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trace the connection of the two portions of the carapax 
with comparative ease. The episternals and epimerals of 
the antennary segment are calcified. The former appear 
on either side of the epistome or sternum as an oblong 
plate extending backward, downward and outward and 
also 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 calcified membranes more or less folded upon 
themselves. These plates are related to the mandibular 
sternum in a manner similar to that stated for that of the 
corresponding plates of the preceding segment. In Squilla 
the antennary sternum is especially prominent and reaches 
backward and downward in the form of a half cylinder, 
the sides of which are formed by the large episternal 
plates. The carapax is almost entirely made up by the 
antennary tergum, and the antennary somite furnishes fur-
ther, fully one-half of the length of the cephalo-tlioracic 
region of the body of this crustacean. The statement that 
the terga of the thoracic somites are covered by the ceph-
alo-thoracic shield is not strictly true. The first two terga 
(counting from behind forwards) are entire and free, the 
third is united by a membrane to the posterior edge of the 
cephaiothorax. 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, etc. Milne-Edwards considers the 
small calcareous plates found at the base of the thoracic 
appendages, which in the adult state are more or less fused 
with the sterna of the respective segments, to be thé ho-
mologues of the episternal pieces of the typical arthropod 
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somite. From embryo logical evidence it appears very 
probable that these pieces originate as simple projections 
of the outer posterior angle of each sternal plate and that 
they are apparently cut off by the appearance of false su-
tures at a later period of development. The figures illus-
trating this, point (figs. 18, 19, 22) hardly need any 
explanation beyond that given in the description of the 
plates. A comparison of figs. 18 and 22 is conclusive. 
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EXPLANATION OP P L A T E S I I AND II I . 

UEFEItElfCE LETTERS. 

a antennule 
a ' antenna 
as antennular sternum 
a's antennal sternum 
a ' t antennal tergum 
a'tp places of antennal tergum 
ap appendage 
e epimeral plate 
e' epimeral groove 
/ lab ium 
g plate covering green gland 
g' plate between antennule and car-

apax 
m mandibular .skeleton 
mem membr ane 
ms mandibular sternum 
mt mandibular tergum 
mp anterior mandibular epimeral 

plate. 

n membranous space 
o eye or orbit 
os ophthalmic sternum 
pg processes for attachment of gastric 

muscles 
T ros t rum 
s s ternum 
sp sternal piece 
t tergum 
tht thoracic tergum 
y suture between mandibular and 

antennal sternum 
x suture between epimeral and tergal 

plates of mandibular segment 
s point of at tachment of carapax to 

body 

Pig. 1. Ventral view of ca rapax of an immature i'lulyonichus oceilntus, caustic 
soda, acetic acid preparat ion; natural size. 

Fig. 2. Ventral view of the carapax of Etisus dentalus; natural size. 
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Fig. 3. Carapax of Cancer boreulis prepared in caustic soda, ventral view with 
the front slightly inclined forwards ; natural size.. 

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

Fig. 5. Front view of the carapax of Komwrus americanus witli the appendages 
removed, fresh specimen, natural size. 

Fig. 8. Ventral view of the connection of the mandibular episternum with the 
mandibular epimeron in Scylla tranquëbarica; natur al size. 

Fig. 9. Carapax of Scijlla tranquëbarica f rom an alcoholic specimen; natural 
size. 

Fig. 10. Carapax of ClUarodius floridanus, alcoholic specimen ; enlarged. 
Figs. 11 and 13. Front and ven t ro la te ra l views of the carapax of Lillwdes maia 

alcoholic specimen ; natural size. 
Fig. 12. Basal joints of l ight antenna of JJoinarus americanus showing the posi-

tion of the green gland; natural size. 
Figs. 14,16 and 20. Lateral, f rontal and ventral views of the carapax of Palinu-

rus prepared in caustic soda; natural size-
Fig, 15. Ventral view of "young SquiUa, the thorax and abdomen of which have 

been removed by careful dissection; s shows the point of attachment of the thorax ; 
enlarged ten diameters. 

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

Fig. 18. Sternum of megalops of Canccr iorealis, showing the episternal pieces 
as projecting angles of the sternal plates ; enlarged ten diameters. 

Fig. 19. Sternum of zoea of Cancer; enlarged fifteen diameters. 
Fig. 21. Lateral view of a sagittal section ol'cephalo-thoracic region of Squilla, 

caustic soda preparat ion; natural size. 
fcig. 22 Ventral view of sternum of Cancer borealis (prepared in caustic soda) 

showing the'"episternal pieces'' of Milne-Edwards; natural size. 
Fig. 23. Ventral view of a young Piunixa; enlarged ten diameters. 

ANNUAL MEETING , MONDAY , M A Y 1 8 , 1 8 8 5 . 

THE annual meeting this evening at 7.30 o'clock. The 
PRESIDENT in the chair. Records of the last annual 
meeting read and approved. 

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

Mr. T . F . HUNT, chairman of the committee on nomi-
nations, reported the following list of officers, which was 
duly elected ; Messrs. ISRAEL and UPHAM having been 
appointed to collect, assort and count the votes. 
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