No. 13. — On some Crustacean Deformities. By WALTER FAXON.

In November, 1879, the Museum bought of K. D. Atwood, a fish-
dealer of Portland, Me., a collection of nearly two hundred deformed
lobster claws, The malformations range from slight deformities result-
ing from incomplete restoration of lost parts, abnormal curvature of the
fingers, etc., to such as may, from the enormous development of abnor-
mal outgrowths or the duplication of parts, be truly cdlled monstrosities.
Some of the most remarkable of these specimens are here described
and figured. One (Plate I. fig. 16) from the collection of the Peabody
Academy of Science, Salem, Mass., for which I am indebted to Prof.
E. 5. Morse, a deformed claw of Callinectes hastatus from Chesapeake
Bay (Plate II. fig. b) kindly communicated by Dr. S. F. Clarke, of Johns
Hopkins University, and an abnormal lateral spine of the carapace of the
same species (Plate II. fig. 8) in the Museum of Comparative Zotlogy,
are also figured, Most of these irregularities have clearly resulted, as
Risel long ago remarked of similar malformations in the European cray-
fish, from injuries received after moulting, before the new cuticle had
become calcified.

Plate I. Fig. 1 (right chela).* —1In this claw the dactylus (a) is
curved strongly outwards towards the index, and thrust upwards from
its normal plane so that it does not meet, but crosses, the index when
closed. The prehensile power of the claw is thus destroyed. From the
inner border of the dactylus there is developed an enormous flattened
process, which divides at the tip into two prongs (b, ¢), which are
toothed on their opposed edges. Near the middle of the process is a
deep scar (d), visible on both sides.

There is a specimen quite similar to this, for a drawing of which I
am indebted to Prof. 8. I. Smith, in the Museum of Yale College, New
Haven, Conn.

Plate I. Fig. 2 (left chela). — In this specimen the dactylus is curved
and bent from its true plane as in the last specimen. From the inner
edge of the dactylus (a) arise two diverging horns (b, ¢), which are fur-
nished with teeth upon their opposed edges, and simulate very closely
the dactylus and index of a normal claw. The dentition of the proximal

* All the figures on Plate 1. are Homarus Americanus, one half natural size.
VOL. VIIL — NO. 13. 17
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horn (b) resembles that of the index (a), while the teeth of the distal
horn (¢) mark it as the analogue of the index. There is no trace of
articulation at the base of either horn.

There are several specimens similar to this in the collection of the
Peabody Academy of Science, Salem, and two or three in the collection
of the Boston Society of Natural History.

Plate I. Ig. 3 (right chela). — Dactylus (a) slightly flexed from the
plane of the index and broken off about an inch from the tip. From
the inner side of the dactylus, near the fracture (d), arise two toothed
processes (b, ¢), directed forwards, which repeat in form the lost tip of
the dactylus and the tip of the index. A short, blunt process, directed
upward and forward, projects from the inner margin of the dactylus, at
a point a little beyond the middle.

Plate 1. Fg. 4 (right chela). — Here the dactylus (a), a short distance
from its articulation with the hand, is bent at a right angle with its
normal trend, and thrown out from the plane of the hand so that it
crosses the index when closed. The tip is broken off. From the un-
toothed margin of the dactylus, near the proximal end, proceed two pro-
cesses (b, ¢) at an angle of about 45° to one another, the distal one (c)
taking the normal direction of the index. DBoth of these processes are
toothed on their opposed margins, but it is noteworthy that the teeth of
the two processes are not directed exactly toward each other, but are
inclined a little downward, as if by attraction to the teeth of the thumb.
[t is curious to observe that the toothed margins of the index and
thumb are beset with an uncommonly large number of stiff setwe, and
that this character is repeated in the toothed edges of the monstrous
processes b, c.

Plate I. I'ig. 5 (left chela). — Similar to Fig. 2, but the processes b
and ¢, instead of diverging from one another, cross one another near
their tips like the index finger and thumb of the claw when closed.

Plate I. Fig. 6 (right chela). — In this claw, unlike what we have seen
in those before noticed, the prehensile power has not been lost, the dac-
tylus closing accurately upon the index. Just beyond the middle of the
dactylus springs a simple branch directed forwards at an angle of 45°
with the long axis of the dactylus. This branch shows no tendency to

form teeth.

Plate I. Fig. T (left chela). Here the dactylus (a) is bent near the
middle, at almost a right angle with its normal direction, away from the
index, but is thrown very little, if any, from its true plane of motion.
It has acquired an abnormal length, and developed two processes from
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its toothed margin. One of these (b) scems to be developed in order to
recover the prehensile power which was lost by the distortion of the
dactylus. The other (c) is broken off near its tip, but corresponds to
the process ¢ described in the next figure.

There is another dactylus in the collection quite similar to this.

Plate I. Fig. 8 (right chela). — This deformity belongs to the same
category as the one represented by the last figure. The dactylus (a) is
curved strongly away from the index, and lengthened. At d is the scar
resulting from the wound that probably caused the curvature of the dac-
tylus. An outgrowth (b) provided with teeth, and meeting the thumb
when the claw is closed, replaces functionally the distorted extremity of
the dactylus. In addition to this a second process (¢) projects at a
right angle with the deflected part of the dactylus. This process pre-
sents a line of teeth opposite to those on @. My reason for considering
a rather than b to be the end of the original dactylus, and b and ¢ to be
secondary outgrowths, comes from the arrangement of the punctures
and the strice on the cuticle of these parts, which seem clearly to show
that b and ¢ are the newer portions.

Plate I. Ifig. 9 (right chela), — The index here is split into two parts.
The outer (a) is toothed on its inner border. The inner (b, ¢) is toothed
on both margins, and shows a tendency to divide at the end. The lines
on the cuticle show that e is the original index, and &, ¢, a secondary
process developed from it. The dactylus does not meet the index when
closed.

Plate. I. Flig. 10 (right chela). — The dactylus is abnormally short
and curved, and its proximal half produced into a large roundish plate,
toothed on its margin, only the basal part of which closes against the
index.

Plate 1. IFrg. 11 (left chela). — A large triangular crest, dirceted out-
ward and forward from the middle of the outer margin of the penulti-
mate segment. This crest-like process has a strong curve downward.

There are several claws similar to this in the collection.

Plate 1. Fig. 12 (right chela). — The inner border of the hand is dis-
torted by a wound (<) which has resulted in the outgrowth of a simple,
blunt, movably-jointed segment (a’), which evidently represents an abor-
tive supernumerary dactylus. On its upper side (the figure shows the
lower surface), near the articulation with the hand, is the small spine
characteristic of the normal dactylus. The abnormal finger moves in a
plane at right angles to the plane of motion of the normal dactylus.

There is another specimen in the collection similar to this, — a left
I )
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chela with a supernumerary dactylus articulated with the lower face of
the hand. The dactylus is lost.

Plate I. Fig. 13 (right chela). — This specimen, like the last, is didac-
tyle. The two dactyli (a, /) are here articulated with the hand side by
side ; both are thrust to one side, so that they do not close against the
index finger. The index itself shows a tendency to duplication ; first,
by a slight bifurcation at the end; secondly, in the alteration of the
tooth-bearing edge into a flat surface, bearing a row of teeth on each
margin, directed toward the dactyli, but not met by them on closure.

One can easily believe that this is a congenital monstrosity, while
most if not all the others on the plate are more naturally explained as
malformations arising from injuries received after moulting.

Plate I. Fig. 14 (right chela). — A severe injury to the hand has re-
sulted in the growth of a process (¢) from near the base of the index,
which duplicates the index. It is curved downward and inward, under
the lower face of the primary index, and furnished with sharp teeth on
its inner border, At the base of the toothed margin of the secondary
index springs a very small process (b), which shows a line of very minute
teeth on its inner border, and seems to be a rudimentary third index.
The dactylus does not meet the primary index when the claw is shut.

Plate I. Fig. 15 (left chela). — The dactylus is here bent upward and
outward at a right angle, at a point midway between the base and the
tip. Two fingerlike processes (b, &) arise near one another from the
bend of the dactylus. Of these the proximal (b) is a little longer than
the distal (#'). Both lie in the normal trend of the dactylus, and pre-
sent a row of teeth directed towards the teeth of the distal end of the
index. When the dactylus is closed, however, the teeth of neither of
these processes exactly meet the teeth of the index, but fall on each side.

Plate I. Fig. 16 (left chela). This specimen resembles Fig. 12 of the
same plate. From the inner and lower part of the hand arises a process
(x) which is not articulated with the main portion of the hand.  On its
upper surface (turned away from the observer in the figure) is a promi-
nent spine, like those developed along the inner margin of the mormal
hand. Articulated with the distal extremity of this process is a long,
curved, pointed, toothless segment (a’), which is an imperfectly devel-
oped duplication of the dactylus (2). On the upper face of this super-
numerary dactylus, close to its articulation with the process @, is the
short spine characteristic of that point in the normal dactylus. The

secondary dactylus almost equals in length the primary one, and, as in
the example represented by Fig. 12 of the same plate, swings in a
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plane nearly at right angles with the plane of motion of the normal dae-
tylus (a). Here, then, in addition to the duplication of the dactylus
seen in Iig. 12 (4 indicating homologous parts in the two figures), one
sees an imperfect attempt to duplicate the propodite in the process a.

Llate I. I'ig. 17 (left chela). — This monstrous claw is similar to the
one described and figured by Lucas (Homarus valgaris, in No. 7 of the
Bibliography). The dactylus («) does not close upon the index. From
the base of the index there arises from the upper side a very large un-
Jointed appendage, which shows a strong tendency to divide into two
branches (b, ¢), each furnished with a row of teeth. The teeth of the
branch & point toward the teeth of the index, while those of the branch
¢ are directed toward the row of teeth on the dactylus when the latter
is opened. The tendency seems to be to duplicate the dactylus in b, the
index in ¢. As there is no articulation at the base of the monstrous ap-
pendage, the teeth on the branch & are useless, and as the branch ¢ is
not in the plane of motion of the dactylus its teeth are likewise func-
tionless. Thus, although these two extra lines of teeth are developed,
there are no two in the claw which can be applied to one another.

Plate I1. Fig. 1 (Homarus Americanus, dactylus of right chela).* —
Beyond the middle, this dactylus is bent downward at nearly a right
angle. From the upper side are developed two processes (b, '), which
are forked at their ends and furnished with two rows of teeth within.
The propodite is lost. Resembles the dactylus of the claw figured on
Plate I. fig. 15, but differs in the fission of the processes b and ¥'.

Plate 11. Fhy. 2 (Homarus Americanus, one of the small chelipeds). —
This leg is provided with two chelee. One of them has the ordinary
form and structure, but is bent at a strong angle with the long axis of
the leg. The second claw appears to have budded off from an ampu-
tated surface of the propodite. It consists of two fingers, which have
the form of the normal dactylus and index, but neither is articulated
with the other at the base. The two fingers together seem to be mor-
phologically equivalent to a single segment, and represent a two-
branched supernumerary dactylus.

Plate 11. Fig. 3 (Homarus Americanus, left chela). — In this small
chela the index is curved sharply upward and deeply channelled on its
lower face. Unlike all those previously noticed in this paper, this is a
simple malformation through distortion, without any development of
accessory parts.

Plate I11. Fig. 4 (Homarus Americanus, dactylus of right chela). —

* All the figures on Plate II. are of natural size.
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Near the base the dactylus divides into two branches, a long one (a),
which appears to be the distal part of the original dactylus bent so as to
make almost a right angle with its proximal portion, and a shorter one
which forks at the end (b, ¢), and presents a row of teeth on both the
inner and outer borders. This shorter branch has the normal direction
of the dactylus, and is probably a secondary outgrowth from the primi-
tive dactylus. This malformation resembles that seen in Plate I. figs.
7 and 8. The propodite is lost.

Plate 11. Iig. 5 (Callinectes hastatus, left chela). — The dactylus is
divided longitudinally, nearly to its base, and furthermore the lower of
the two branches thus produced forks at a point midway between the
base and the tip. One of the prongs of the fork (¢) inclines toward the
upper branch of the dactylus (b), the other prong () is curved down-
ward toward the index finger. The dactylus thus becomes tridactyle
instead of monodactyle. The superior branch (b) is toothed along its
lower edge, the inferior branch along both its upper and lower edges,
the teeth of the upper edge being continued along the upper margin of
the upper prong (c¢), while the teeth of the lower edge are continued
along the lower margin of the lower prong (a). All the branches are
much shorter than the index finger. The teeth on @ do not strike
against those on the index when the claw is shut. Even the coloration
of a, b, and ¢ is like that of the normal fingers.

This monstrosity is like that described and figured by Lucas (Carcinus
menas, in No. 7 of the Bibliography). I differ from Lucas in the inter-
pretation of the finger-like parts of the tridactyle segment. He con-
siders b to be the normal dactylus, and @ and ¢ to be supernumerary
fingers, @ being the analogue of the dactylus (5), and ¢ the analogue of
the index. From the analogy of this deformity with those represented
on Plate I. figs. 1-D, I conceive @ to represent the original dactylus, and
band ¢ to be the supernumerary parts, representing the dactylus (a)
and the index respectively.

Plate I1. Fig. 6 (Homarus Americanus, right cheliped). — The first
segment (coxa) is wanting. The second and third segments, instead of
having their normal flattened form, are subcylindrical. The third seg-
ment (meros) further shows a tendency to divide, a deep groove running
across the distal end. The upper half of this segment repeats antitropi-
cally, or in a reverse manner, the lower half: thus the spine sp on the
anterior border is symmetrically repeated in sp/, and the articulafing
process z has its homotype in . The symmetry of the segment is not
complete, however, inasmuch as the two or three short spines on the
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internal border of the segment (turned away from the reader in the
figure) are not duplicated on the homologous margin of the upper half
of the segment. Articulated with the distal end of this segment are
two carpi (4, 4/). The supernumerary carpus (4') does not have the
exact form of the normal carpus (4), but is slenderer, subcylindrical, and
much more spiny. The normal carpus is followed by a propodus and
dactylus (5, 6) of the regular form, The supernumerary carpus bears
at its distal extremity an abortive propodus (5') in the shape of a small
stump-like segment, bifurcated at the end and armed with a blunt
spinous tubercle (') on its inner margin. This tubercle is homologous
with the tubercle y at the proximal end of the external border of the
normal propodus. Curiously, the supernumerary carpus is set upon the
meros in a position almost the reverse of that of the normal carpus, so
that the surface of the accessory carpus and propodus, which is homolo-
gous with the upper surface of the regular carpus and propodus, looks
in almost the opposite direction. It is as if the abnormal carpus were
rotated upon the meros through nearly 180 to the left. It thus comes
about that the articular tubercle a’ falls on the same side with its
homotype, x, instead of on the opposite side, as one would expect from
the reversed symmetry of the two carpi. If the two propodal segments
(5, 5') were flexed at the same time, they would move in nearly opposite
directions. This distortion seems to me very singular, and I think
nothing like it has been observed among the many cases of double legs
in insects.

In this specimen we have the nearest approach to complete duplica-
tion of a limb yet observed among Crustacea. It reminds one of the
monstrosities among insects, frequently described by entomologists, in
which the duplication of a leg may involve all the joints down to the
trochanter. Whether this monstrosity be congenital, or the result of
injuries received later in life, I cannot tell.

Plate I1. Fig. T (Homarus Admericanus, left chela). — In this small
chela only a rudiment of the index is present, and the dactylus is curled
underneath it in the form of a semicircle.

Plate IT. IMg. 8 (Callinectes hastatus, left latéral portion of the cara-
pacc).—-’[‘he lateral horn, instead of being Simp]ﬂ, as in normal speci-
mens, has three spines, one directed forward, outward, and downward,
one backward, outward, and upward, and one, very small in size, back-
ward, outward, and downward.

Plate I1. Fig. 9 (Homarus Americanus, right chela). — The whole of
the index as well as part of the hand is wanting in this sadly mutilated
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claw. The amputated part was evidently removed when the shell was
soft, and the wound has completely healed. The dactylus has the form
of a cylindrical stunted segment, with an imperfectly developed line of
teeth on its cutting surface. The character of the shell leads me to
believe that the amputation passed through the line indicated by #, and
that the part of the hand distal to this, as well as the dactylus, was re-
produced by budding after the wound was received.

Although as early as 1671 the fanciful Von Berniz (No. 1) described
and figured two misshapen Crustacean claws, the number of deformities
among animals of this class recorded by naturalists is small compared
with those observed in insects. Of the thirty cases which I find hith-
erto recorded, fifteen belong to the European crayfish (dstacus fluviati-
lis).* Leaving out of account the claw represented by Fig. 3 on Plate
IL, in which we have a simple distortion arising from an abnormal
curvature of the fingers, it appears that all the deformities just de-
scribed belong to the two categories of monstrositates per defectum and
monstrositates per accessum. The former (such as Plate II. figs. 7, 9)
are without doubt the result of an accidental amputation of certain
parts when the animal was soft-shelled, which parts would probably
have been restored after subsequent moults if the animal had lived.
Such deformities can hardly be termed true monstrosities, and are of
minor interest. The latter, —in which category all the other cases
figured will be included, — while accompanied in most cases by a dis-
tortion of normal structures, and probably for the most part the result
of injuries, present irregular, secondary outgrowths, and are of consider-
able interest. Among these we have, first, cases of duplication of joints
in a limb (as in Plate I. figs. 12, 13, 16, Plate II. fig. 6), similar to the
many cases described among insects ; secondly, processes budding out from
either the propodus (Plate I. figs. 9, 11, 14, 17) or the dactylus (Plate T.
figs. 1-8, 15, Plate II. figs. 1, 4, 5) without any articulation. These
processes frequently simulate a true claw in a marvellous manner, e. g.
Plate I. figs. 1-5, and are worthy of especial attention. A Crustacean claw
is, morphologically viewed, a composite structure involving two segments
of the series of seven which are found in the typical leg. The ultimate seg-
ment of the series develops teeth along its inner border, and when flexed
closes against an immovable toothed process from the penultimate seg-
ment. But in these fictitious claws (see Plate 1. figs. 2, 5, etc.) the two

* It is remarkable that in the vast number of American crayfishes examined by
Hagen in the preparation of his Monograph of the North American Astacide, no
deformities, strictly speaking (see p. 269), were observed.
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digits b, ¢, are simply processes developed from the ultimate segment of
the leg without the least mobility. We have here a structure which is
neither morphologically nor functionally a claw, but only a counterfeit of
one. What force produces the perfect development of teeth on the op-
posed edges of these immovable digits, where they cannot be of the
slightest service! It is to be observed that these spurious chele are
always found on the dactylus of claws which have lost their function
through the displacement of the dactylus. In such cases there seems
to be a futile effort to form a new claw in the way indicated. When
one sees how perfectly the dactylus a (e. g. in Plate L. fig. 5) is repeated
in the process b, and the index in the process ¢, even to the details of
dentition and sete, he is at once tempted to call upon Darwin’s hypothe-
sis of pangenesisf to explain the resemblances. It will be observed
(see Plate L figs. 13, 16, Plate [1. fig. 6) that a movable dactylus may
be duplicated on the propodal segment, but in no case is an articulated
segment developed from the dactylus.

It would be extremely interesting to know whether these monstrous
developments are perpetuated ' throughout the life of the individual, or
whether they are got rid of by exuviation. The latter seems hardly
probable. Huxley} says the deformities persist, but whether this state-
ment be based on observation or not, I do not know.

As the specimens which have come under my observation are dry, and
the soft parts removed, I can record nothing concerning the arrange-
ment of the muscles, nerves, and arteries in those deformed claws.
W hat modifications of the soft parts are brought about by the deformi-
ties would be a most interesting subject of study for any one who may
come into possession of such specimens in a fresh or alcoholic state.

Almost all the malformations of the hard parts of Crustacea which
have been described are confined to the big claws. These claws, being
the chief weapons of offence and defence, are much more liable to receive
wounds than any other part of the body, and, as before pointed out, de-
formities such as are described in this paper are undoubtedly in most
cases the result of injuries. Risel (No. 4) speaks of deformities of the
rostrum of crayfishes ; Herklots (Nos. 11, 15) describes and figures a
triple dactylus of the second pair of legs in Lithodes arctica ; A. Milne

* In such specimens as that figured on Plate 1. fig. 8, where the chela has its fune-
tional power, the spurious claw is formed in a different way, a being the original
dactylus. See p. 258.

{ The Variation of Animals and Plants under Domestication, Vol. I1. Ch. XXVIIL.

t The Crayfish. An Introduction to the Study of Zoology, p. 39, 1880.




266 BULLETIN OF THE

Edwards (No. 12, see p. 268) records a monstrosity affecting the eye-
stalk of Palinurus penicillatus ; and finally Packard (No. 17) has noticed
a deformity of the caudal spine of Limulus Polyphemus. The last is
probably not so rare as Packard supposes, as I have found two specimens
of Limulus with similarly deformed spines. There is also in the Museum
of Comparative Zoilogy a small deformed specimen of Zimulus Polyphe-
mus, in which the left side of the gill-bearing segment of the body is
marked by a deep concavity and absence of the lateral spines. Further,
Figs. 2 and 8 on Plate IL of this paper portray deformities of other parts
than the great claws. Fig. 2 represents a monstrous condition of one of
the small chelipeds of the lobster, and there is another specimen in the
Museum in which the index or immovable finger of the chela of either
the first or second pair of legs is double. Another lobster presents a de-
formity of one of the third pair of maxillipeds, the terminal segment
being divided into three lobes. Plate II. fig. 8 represents a deformed
lateral spine of the carapace of Callinectes hastatus.

Reviewing all the deformities which have been described among Ar-
thropods, I would divide them into five categories, as follows,

Deformities : — a, of deficiency.

b, of excess.

¢, of transformation.

d, of arrested development.
¢, of hermaphroditism,

@. In individuals affected with deformities of this class, certain parts
normally present are wanting. Among Crustacea such cases are, as far
as I am aware, never congenital, but result from accidental amputation
of parts commonly restored by new growths, as before observed.

b. Monstra per accessum. Under this head fall the majority of the
monstrosities that have been described among Arthropods. Among
insects the numerous cases recorded by Asmus,* Mocquerys,} various
contributors to the Annales de la Société Entomologique de France, and
lately by Jayne,} etc., ete., for the most part belong here. In these
cases it 18 commonly the antenna and legs which are the seat of the
monstrous developments, which usually take the form of a duplication,
or even triplication, of the appendage. Tn most cases such double or
triple appendages are single at the base, the duplication or triplication

* Monstrositates Coleopterorum, 1835,
T Reeueil de Coléoptéres anormaux, 1859,
I Descriptions of some Monstrosities observed in North American Coleoptera,

Trans. Amer. Ent, Soc., VIIL. p. 155, 1880.
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involving only the distal segments. In the leg, for instance, all the seg-
ments beyond the coxa may be duplicated, while in other cases one or
two of the distal joints of the tarsi alone will be repeated.

Among Crustacea the examples of a real duplication or triplication
of segments in an appendage are very rare. The most marked instance of
the kind is afforded by the lobster cheliped figured on Plate I1. (Fig. 6) of
this paper, in which there is a clear tendency to duplication, at least from
the coxa onward. Duplication of the dactylusis seen in Plate I. figs. 12,
13, 16, and in Plate II. fig. 2.* Jiger (No. 10, p. 38, figs. 12, 13) has
described and figured a claw of Uca una with two dactyli, and a similar
sase in Eriphia spenifrons has been published by Herklots (No. 15, figs.
6, T¢ 8).

On seeing such a specimen as the Prionus figured by Jayne,} in which
the tibize and tarsi are duplicated in all the legs, and perfectly symmetrical
on the two sides of the body, one cannot doubt that in insects at least
these monstrosities by duplication may be referred to a vitewm prime
conformationts, and in examples from Crustacea such as those represented
by Fig. 13, Plate 1., and Fig. 6, Plate II., of this paper, it is very probable
that we are dealing with a monstrosity which is not the result of in-
jury.

Most of the deformaities by excess among Crustacea, however, do not
result from a true duplication of more or fewer segments of an appendage,
but from the outgrowth of unarticulated processes of varions shapes,
often furnished with teeth, and simulating true segments. But in
such cases, e. g. where there is a process that has the form of a super-
numerary dactylus, we find that it is commonly developed from the
normal dactylus, and devoid of any articulation, instead of joining by an
articular surface with the propodus as a true supernumerary dactyle
would do.

In this category the 4staci noticed by Emmanuel Ronssean (No. 8) and
Eugéne Desmarest (No. 9) will also be inclnded. In these abnormal
female specimens an extra pair of vulvee were present on the basal seg-
ment of the fourth pair of legs, the oviduet of each side dividing into
two branches after leaving the ovary.

¢. Monstrosities of this class result from an organ being replaced
wholly or in part by another organ. Such monstrosities are common in
plants, but exceedingly rare in animals, A few have been described

* There are two or three lobster claws with two dactyli in the collection of the
Peabody Academy of Science, Salem.
t Op. cit., Plate 1V. fig. 12.
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among Arthropods. I am indebted to Dr. Hagen for references to the
following cases among insects : —

1. Prionus coriarius with two perfect legs in place of the elytra.*

9. Cimbex awillaris with a claw like those of the tarsi, on the end
of the left antenna.t

3. Zygena filipendule with one of the hind legs replaced by a
wing.1

Among Crustacea the only example of this kind of monstrosity is the
Palinurus penicillatus described by A. Milne Edwards (No. 12), in which
a flagellum like one of those of the antennules is developed from the

centre of a rudimentary cornea on the end of the eye-stalk.

Monstrosities of this class are especially interesting on account of their
bearing on the morphology of organs. If we admit teratological con-
ditions as evidence of homology, as the botanists do in the case of the
metamorphosis of the parts of a flower, we must regard the wings and
legs of insects, as well as the eye-stalks and antennwm of Crustacea, as
morphological equivalents,§ a view which is not supported by the mode
of development of these parts in the embryo.

* Saage, Preussische Provinzial Bldtter, Vol. XXIL p. 191, 1839; Stettin, Entomol.
Zettung, Vol. I p. 48 (cited from Hagen, On some Insect Deformities, Mem. Mus.
Comp. Zoil., Vol. II. No. 9, p. 22, 1876).

t . Kraatz, Ueber eine merkwiirdige Monstrositit bei Cimbex axillaris (Hymen-
opt.), Deutsche Ent. Zeils., XX. Heft IL. p. 377, Taf. 1. fig. 8 a, a, b, 1876.

t N. M. Richardson, Nafure, Vol. XVI. p. 361, August 30, 1877. Dr. Hagen
tells me that he is sure he has seen another similar case recorded, but he has lost the
reference to it.

§ Dr. Hagen (in his lectures) also adduces evidence from comparative anatomy of
insects to support the theory of the homology of wings and legs. Most authors
(Gegenbaur, Lubbock, Fritz Miiller, etc.) who have discussed the question of the
morphology of insects’ wings consider them to have originated independently of the
ventral appendages, as tracheal gills or otherwise. Balfour (Treatise on Comparative
Embryology, Vol. I. p. 337, 1880) even doubts whether the antenne of insects have
the same morphological value as the succeeding appendages ! Nome of these writers
take notice of the above-mentioned monstrosities in this connection.

With reference to the homology of eye-stalks and antenng in Crustacea, A. Milne
Edwards (No. 12), Gerstaecker (Bronn’s Klassen und Ordnungen des Thier-Reichs,
V., 1 Abt., 1 Hilfte, pp. 202, 343, 1868), and Rolleston (Forms of Animal Life, pp.
113, 119, 1870) bring forward the abnormal development of an antennulary flagellum
from the eye-stalk in the Palinurus mentioned above as proof of the homology of the
eye-stalk with the antenna, a view long ago advanced by Savigny and IH. Milne Kd-
wards. The embryologists on the other hand, as Claus and Fritz Miiller, generally
deny the equivalence of the parts in question. E. van Beneden says of the eye-
stalk in Mysis : *“ Ce pedicule n’apparait aucunement comme les autres appendices, et
parait avoir une autre valeur morphologique.” (Bull. Acad. Roy. de Belgique, 2 Ser.,
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d. The existence of dimorphism among the males of the genus Cam-
barus, first observed by Agassiz, has been fully discussed by Hagen (No.
16), who conjectures from the resemblance of the “second form ™ males
to young individuals and the small development of the internal organs
of generation, that they are sterile. In Lupa and some other genera of
Brachyura dimorphism occurs in the females, many full-grown specimens
having a narrow and acute abdomen, instead of the broad, roundish abdo-
men of the normally developed individuals. Agassiz learned from ana-
tomical examination that the females with a narrow triangular abdomen
were sterile.

These sterile forms may be properly classed among abnormal varia-
tions caused by arrest of sexual development.*

e. Hermaphroditism.—While numerous cases of hermaphroditic insects
have been put on record by entomologists, I can find but two undoubted
cases of hermaphroditism among Crustacea outside of those groups in
which it is the normal condition, viz. the Cirripeds and parasitic Iso-
pods. The first case is that of a lobster (Homarus vulgaris) deseribed
and figured by F. Nicholls, in 1730, in the Philosophical Transactions of
the Royal Society of London (No. 3 of the bibliographical list appended
to this paper). In this specimen the right half of the body was female,
the left half male, as regards both internal and external organs. The
second case is a similar one of Kubranchipus vernalis, lately described by

rissler (No. 18).

E. von Martens (No. 14) has published an account of three specimens
of Cheraps from Adelaide, with openings in the first segment of the
third pair of legs answering to the sexual apertures of the normal female,
coexisting with the normal male sexual orifices in the first segment of
the fifth pair of legs. An examination of the internal parts showed the
coiled vasa deferentia of the normal male opening out through the aper-
tures in the fifth pair of legs. No ovary or duct leading to the openings
in the third pair of legs was detected. The specimens had lain in alcohol
some seven years, however, so that the evidence against the existence of
any internal female organs cannot be taken as positive. Similar open-
XXVIII., 1869). Gegenbaur (Grundziige der vergleichenden Anatomie, 2t Aufl.,
p- 897, 1870) also excludes the eye-stalk from the series of appendages.

* Among insects the Phalwna heleroelita [ Bombya monacha ], deseribed by O,
T'. Miiller (an imago with the head of the larva), is probably to be explained as a de-
ﬁn'mil_y arising from arrest of Lir-\'vlnpnwnl.. In other cases recorded of the retention

of the larval head by a perfect insect, the head of the imago was probably within the
head of the larva, which was not cast ofl' at the time of transformation. See Hagen,
On some Insect Deformities, Mem. Mus. Comp. Zoil., Vol. II. No. 9, 1876.
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ings were seen in the third pair of legs of male Parastacus pilimanus and
P. Brasiliensis.

Abnormal cases of hermaphroditism in Decapods acquire a peculiar in-
terest in the light of the recent discovery of hermaphroditism as the
normal condition in another group of the higher Crustacea, viz. the
parasitic Isopods.* Mayer has even found indications of hermaphro-

ditism in Cwrolasia and Conilera, genera of free Isopods.+

* Bullar, The Generative Organs of the Parasitic Isopoda, Jour. dAnai. and
Physiol., XI. p. 118, 1876. Id., Hermaphroditism among the Parasitic Isopoda,
Ann. Mag. Neat. Hist., 4 Ser., X1X. p. 254, 1877.

Paul Mayer, Ueber den Hermaphrodismus bei einigen Isopoden, Mittheilungen
aws der Zoolog. Station zu Neapel, 1. p. 165, 1878,

t Op. cit., p. 177.

CamBrIDGE, March, 1881,
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EXPLANATION OF THE PLATES.

[NoTe. — A detailed deseription of the specimens figured in the plates will be found on pp. 257-264.
Unless otherwise stated, the specimens are in the Museum of Comparative Zoblogy, and were obtained
from K. D. Atwood, Portland, Me., Those figured on Plate L. are reduced one half. Those figured on
Plate I1. are of the natural size.]
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(From Mus. Peabody Acad. Science, Salem, Mass.)

Homarus Americanus, left chela.

PLATE II.

Homarus Americanus, dactylus of right chela.

L L one of the small chelipeds.
H ok left chela.
o £% dactylus of right chela.

Callinectes hastatus, left chela.
(From Chesapeake Bay; coll. Dr. 8. F. Clarke.)

Homarus Americanus, right cheliped.
L £ left chela.
Callinectes hastalus, left lateral part of the carapace with branched spine.
(Coll. M. C. Z.)

!
Homarus Americanus, right chela.
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