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Introduc tion

The need for detailed morphologic study of the muscles
of crustaceans is apparent upon making a survey of the very
scanty literature dealing with the myology of so diverse and
important a suborder. The texomomy end the concurrent analy-
sis of the external antomy of crustaceans have received a
great deel of attention, while their physiologic reactions to
stimuli have likewise been given a comparatively large amount
of study. The internal structure and particularly the myology
have been surprisingly neglected.

Huxley (1880) mede a now historic contribution in
his book on the crayfish, and his masterly d issections were un-
equalled for over a quarter of a century. “hen the German
school of zoology at Leipzig began & symposium on the cray-
fish, and the re-checking of the musculature was undertaken
by Welter Sehmidt, who did a most thorough and scholarly
revision, in which he came upon several important points
which Huxley had failed 1o emphasizee.

The next complete myological study of a crustacean
was published by Alfreda Berkeley in 1928. Her study of the

shrimp Pandalus danae was executed in the general menner



of Schmidt's treatment, so that their two papers are
readily comparable.

Several short papers have since appeared &eling with
the very complicated abdominal musculature of shrimps, but
these papers have little bearing upon the following study,
because the shrimp and the crab are structurally dissimilar
in regard to their abdomipal organization.

I am particularly indebted to Mr. R. E. Snodgrass
of the Bureau of Entomology of the United States Department
of Agriculture for his invaluable assistance and advice in
interpreting, describing and figuring the muscles of the
blue crab, and in comparing them to those of other orthropods.

I am likewise indebted to Professor C, J. Pierson
of the Vepartment of Zoology of the University of Maryland
for outlining the present study, and to Dr. R. V. Truitt of
the same department for directing my preliminary survey of
other anatomical features of the blue crab.

My sincere thanks are duwe also to Dr. Waldo L.
Schmitt, Curator of the Division of Marine Invertebrates
of the United States National Museum for donating comparative
moterial for dissection and for meking available much of

the literature dealing with crustaceans,



The trunk

The complete fusion of the segments of head and body in the
blue crab has resulted in the disappearance of those intersegmental
miscles which in crustaceans like the shrimp and the crayfish give &
high degree of flexibility to the movements of the body.

The crab's head and body are encased in a hard, unjointed
covering which shm;vs no trace whatever of segnmentation on its dorsal
surface, 2lthough ventrally the stermal thoracic segments on which
the upper leg muscles originate are quite well mrked. Of all the
extremely complex and numerous body muscles which one encounters in
the shrimp and crayfish, there is but one, the attractor of the epimera,
which finds a countermrt in the blue crab, where it performs the
same function of holding the gill chamber in its proper relation to
the carapace.

While the abdomen of the crayfish and shrimp is extremely
pliable and is much used in swimming, the abdomen of the blue crab,
in the male at least, is apparently progressing towards a condition
of partial rigidity, as i:he third, furth and fifth segments are
immovably fused in that sex. This fusion is not yet completely
established, however, as the former segmentation is still partly
maintained in its musculature. ‘'he femsle's abdomen has six dis-
tinct segments, all of which have the muscles quite well developed.
The structure of the hard parts of the abdomen of the male is such
that it can not be extended behind the body in line with the back,
but at most can assume a position at right angles to the dorsal

surface of the body. “he abdomen in both sexes normally lies closely



adpressed against the posterior region of the thorax. In this
position, the dorsal pert of the abdomen is underneath the body
and actually ventral in position. In the text, however, it is
deseribed with the term "dorsal" applied to that part which wuld
_be uppermost in a normal crustacean abdomen extending backwards
behind the thorax,
1. Misculus ventralis superficialis thoraco-sbdominalis (fig. 1B).

It arises on the outer posterior surface of the last
segment of-the thorax end is inserted on the anterior border of the
first abdominal segment mear the midline, where it helps %o
pull the abdomen towards the thorax. This is the only trace
in the blue crab of the ventral superficial thoracic muscles
which are so prominent between the highly movable body segments

in both Astacus and Pandalus. Although this muscle as well as

all the other abdominal muscles are paired, the members of the
pair are so closely crowded towards the middle line that they
appear as one median bundle of muscle fibre.
2-6. Muscull ventrales superficiales abdominis (fig. 1R).
‘'hese muscles are arramped regularly in accord: with.: the
original segmentation of the abdomen in the male, and the fusion
of the third, fourth and fifth abdominal somites in this sex
has evidently not affected the ventral misculature at all, :since the latter
muscles -of the
is similar in both sexes. ‘he/ first pair (2) arise on the
membrane of the anterior border of the first segment, amdare

inserted on the heavy sclerotized ridge marking the second segment.

Each musele of the pair splits into several diverging branches,



the two inner ones being practically confluent on the midiine.
''he second (3) and third (4) pairs are similar to the first.

rach muscle of the fourt: (5) is definitely in a single piece,
however, and its posterior attachment is made upon an arrow-
shaped cartilage-like thickening of the membrane in the middle

of the seguent. ‘'he muscles of the fifth and last pair (6) are
likewise undivided, the two muscles lying very close together at their
origin but diverging towerds t’he.ir insertion upon the outer walls
in the middle of the sixth segment. Lhere is no ventral rmuscle
connecting the sixth segment with the telsoﬁ in either sex. 'he
ventral superficial muscles are much heavier in the female than
in the male, owing no doubt to the fact that the "locking” device
for the mele’s abdomen precludes the necessity for any strong
contraction Sowards the body. The ferale, on the other hand,
has no such locking device, but nust hold the abdomen bent forward
under the body or curled around the egg-mass, this position of the

abdomen necessitating heavier muscles.

7a and 7b. lkmsculus dilator ani (fig. 14, B).

'The main part of this muscle arises on a triangular
cartilage-like thickening on the ventral membrare laying between
the posterior border of the sixth somite and the anterior bor-
der of the telson. Lt is inserted vembtro-medially by the side
of the anal opening. The small secont. rart arises in the
sarme cartilage-like thickening on the ventrel men rane, and is

inserted on the anterior dorsal wall of the telson. By the contractions

of the two muscles the amus is opened and widened, while the



elasticity of the membrane around the anus opposes them.

8-13. Museuli dorsales superficiales (fig. 1li).

While Astacus has its first superficial dorsal
muscle connecting the thorax with the abdomen, this muscle
does not occur either in Pandalus or in Callinectes. A very
heavy U-shaped membrane co-nnec ts the first abdominal segment
with the thorax in Callinectes, and at the base of this membrane
arises the first pair of darsal superficial muscles (8), which
thus corresponds to the secomd pair in Astacus. Fach muscle
of this pair is in several parts lying side by side. The next
pair (9) arises near the middle of the second segment behind a
heavy sclerotized ridge, ard is inserted on the anterior border
of the following segment, which in the male crab represents
the complete fusion of the thifd, fourth and fifth abdominal
somi tes. In the center of this fused section there is still,
strange to say, a palr of definite patches of miscle tissue
arising on a heavy ridge, the marks of attachment of which may
be seen golng through to the dorsal integument as two slight
shallow depressions. ‘Lhis pair of muscles (numbered "10 or 11"
in the figure) probably represents either the fourth or fifth
pair of dorsal superficial muscles. It appears to have no
function, as the hinge to its somite is entirely immovable.
the adjacent pair of muscles has completely d isappeared in
the male. The sixth pair arises some distance within the
fused segment aml is inserted on a cartilage-like outgrowth from
the anterior border of the sixth segment. The seventh pair
ig long and very slender, to correspond to the shape of the

male's abdomen, anmd is inserted on cartilage-like outgrowths



emanating from the anterior border of the telson, which receives
all of its power of motion from this musecle, as no flexors of

the telson exist in either sex. The female's dorsal superficial
muscles are like those of the mmle, except that all six abdominal
segments are distinct, and hence the full complement of six
pairs of muscles is present and functional, The dorsal muscles
serve to extend the abdomen backwards, but as this position of
the abdomen is not habitual in the bluejcrab, occurring only

at the time of mating, the muscles are very weakly d eveloped.

14, Musculus attractor epimeralis (fig,l3B ).
All that remains of this nmuscle, extensive in both

Astacus and Pandalus, is a small patch of short muscle fibres
uniting the epimeral plates and the carapace, between the meta-
branchial and the cardiac regions. It extez;ds only for a short
distance from the posterior angle of the first epimersl plate.
It holds the gill:chanber in place in the body, Dbeneath the
branchial lobe :u.a the 'posterior part of the protogestric region,

on wvhich: the muscle originates.



The eye

The eye of the blue crab is a highly complex orgen
which presents memy specializations in its structure amd mscula-
ture. The shortening and broadening of the body contour have
also been repeated in the changes which have taken place in the
eyes. The crayfish and shrimp, both with elongate, narrow
bodies, have the eyes close together on short stalks which
project forwards in front of the head. The blue crab, on the
other hand, has eyes which pro ject on very long stalks at right
angles to the axis of the body. The middle cylinder (I in
the figure) qui te distinet and having its own muscles in the
crayfish and shrimp, is completely fused*to the chitinous
middle ring in the blue crab, md the muscles of these mrts,
formerly separated, are now forced to interlace in a very con-
stricted area. The second éegnent, on the contrary, is
immensely elongated in the blue crab. Its proximal part con=-
tains no muscles, but only a deep groove in which lie the blood-
vessels feeding the eye. Ventrally this part of the segment
is semrated from the head by a thin merbrane. This menbrane
thickens considerably towards its distal boundary, and on this
membrane the adductor muscle arises, which is not the case
in either the crayfish or the shrimp. The muscles arising
on the distal border of the second segment, or on the heavy
tendinous outgrowths from it, bear much the same relations
to one another &s in the crayfish and shr imp. There are iwo
branches to the abductor and three to the dorsal retractor,
the result being that the blue crab has excellent control of

its eye movements.,

*The entire fused stiucture will hereafter be spoken of as the
Mmiddlie pvlinder.



15. Musculus oculi basalis anterior (fig. 2).

It arises media lly on the epistome from a short, arved,
movable rod which projects first at right angles from the center
of the epistome and then slopes downwards ani backwards over
the aesophagus amnl enlarges to a button-like knob. fran this
knob the muscle runs dorsally and soon divides into two shori
but relatively thick bramches which find attachment side by
side below the wroximal edge of the chitinous middle cylinder
which unites the optic peduncles. The distal part of each
peduncle, bearing the retina, is thereby moved forward in a horizontal
plane, so that the syes are brought slightly nearer together. A%t
the same time the second joint may be rotated slightly.

l6. imsculus oculi basalis posterior ifig. 2).

This muscle arises on the knob-like part of the supporting
rod of the preceding muscle. It runs unpaired dorsally for a short
distance, closely adlerent to the dorsally directed part of the
preceding. ‘“1hen it divides into two very fine but exceedingly
strong bramhes which diverge slightly as they continue dorsally
between the branches of the anterior basal muscle to their attach~
ment on the frontal region of the carapace of the head, where

their presemce is marked usually by two small indentations.

17. Musculus oculi attractor (fig. 2).
This short compact muscle arises on the head eara-
pace near its junction with the middle eylinder. 7The muscles of this pair

converge slightly before reaching their insertions on & T-shaped



infolding of the ventral part of the middle c¢ylinder, in front
of the attachment of the anterior basal miscle. 4s this
middle eylinder is cartilage-like and hence somewhat pliable,
the attractor can assist the anterior basal muscle in depressing
it and hence in bripging the solid joints attached to it nearer
together. It may likewise oppose the basal muscle in rotating

the second jéin‘c.

i8. Masculus oculi adductor (fig. 8 ).

This heavy amd powerful but short muscle arises on the
thick mermbrane seprating the veuntral pert of the second joint
from the head. It travels forwards amd outwards to its insertion
along the anteriof distal wall of the second segment not far from
the base of the opticaip, which is rotated strongly by its con-

traction.

10

19a 2nd 19b. Musculus oculi abductor a and b (fig. 2 ).

Originating posteriorly on the heavy membrane which
connects the second joint to the optiec cup, the main part of
this musele is inserted on the posterior wall of the optic cup
near to the corneal surface. This is the largest and heaviest
of any of the muscles lying 1in the cup. The second branch
originates beside the first but juts off at an angle towards the
ventral surface, where it is soon inserted not far from the
proximl border of the cptic cup. It is much shorter than
the main branch, from which it is separated near its insertion
by the lateral retractor muscle, Both branches oppose the
adductor by pulling the eye away from the midline, and rotating

it in the opposite direction.
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Musculi oculi retractores

Like the crayfish and shrimp, the blue crab possesses
four retractor muscles, all of which originate on the membrane
bordering the distal edge of the second segment and which
are inserted on the sides of the optic cup near the cornea.
They bring the cup nearer to the second segment or rotate it.
The insertion of each muscle is marked externally by a
characteristically different texture in the surface of the

optic cup.

20a, 20b and 20c. Musculus oculi retractor drsalis a, b and ¢ (fig. 2),

This muscle has three bramches, all of which arise

from a heavy ossicle-like pro jection lying in the menbrane and

originating on the.dorsal di stal wall of the second segment.

The main branch, the central one of the three, travels outwards

to its attachment on the dorsal surface of the optic cup,

where its insertion is mark.ed externally by a small area of

a slightly granular texture dif ferent from the smooth surface

around it. The second branch (b) projects forwards at right

angles to the first and is attached on the front wall of the

opticcup near its roximal border. The third branch (g)

projects also at right angles but in an opposite direction

to b, and is attached to the posterior wall of the optic

cup near its proximal edge. The three branches taken together

with the ossicle-like piece from which they originate form

a cross, and the attachment at the extremities of the cross

produces a mechanigal device of great strength for moving

the optic cup dorsally, and for rotating it from side to side.



21, Musculus oarli Tetractor ventralis {fi.. 2

~——

This is a relatively srall and weak muscle, which arises
ventrally in the membrane emanating from the distal edge of the
second segment and is inserted on the ventral wall midway
tc the eornea. Since it runs parallel with the axis of the
eye, it can not act as a rotator. Its only function is to re-

tract the optic cup.

22. Musc\ulus oculi retractor lateralis (fig. %)

This muscle originates in a tendinous structure in
the membrene of the posterior ventral wall of the second segment,
and passes diagonally backwards and upwards between the two
parts of the abductor to its insertion on the posterior wall
of the optic cup just above the insertion of the shorter branch
of the abductor. It has a strong rotatory function due to
its position diagonai to the axis of the eye.

2Ba and 23b. Musculus oculi retractor medialis a and b (Iig. 2)

This muscle has two branches, both of which arise from
an exceedingly heavy ossicle-like projection from the anterior
distal wall of the second segment. ‘The upper branch (a)
proceeds straight along the anterior wall of the optic cup
to its attachment not far from the cornea. The lower
branch (b) diverges slightly downwédrds toits attachment on the
antero-ventral wall of the optic cup not far forward of the
insertion of the ventral rotator. The medial retractor has
the rotatory function in addition to being a retractor, as

its diverging brenches testi fy.
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The appendages

'‘‘he problem of choosing names for the various muscles
governing the appendages has proved % be a very puzzling one,
especially in regard to those muscles governing the mandible,
the maxillae aml the maxillipeds., Lt is often impossible in the
living crab to assign to a definite one of the many complex muscles
surrounding the base of cach wppencege & perticular motion observed
in thet pert of the appendage. in the telopodite the case is
much simpler, as there are but two muscles governing each segrent,
ané but two corresponding ¢ irections of motion. .in the dissected
crab, the many slender muscles controlling the various basal paris
of the leg are likely to break if enough tension is rut upon them
_.to gshow in what menner they influence the distal segments. Iven
the coarse end heavy muscles on tendons which do not break cannot
invariebly be assumed to caixe the sere roticr in the segrernt
of the stiffened dead tissue that they do in the pliable living
organisi. “hus it frequently becomes very di fficult to cetermine
whether & muscle in function js & promotor or an adducter, a remotor
or an abductor. Coupled with this difficulty is the fact that
the crab is so highly ¢ recialized away fra. tle crcestral
primitive condition that‘{some of the appendages now lie in a
partly reversed position, while one appendage, the mandible, is
completely reversed. This mekes it equally hard to give the

muscles positional names according to their points of attachment,
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and there are, besides, so many small muscles conirolling the basal
segments that one soon has to resort to the expedient of giving
some of them merely a number, having exhausted the available
adjectives descriptive of their locations.

It is possible, however, to divide the muscles according
to their place of origin, all the muscles originating on the carapace
being called dorsal muscles, amd those coming from the ventral
surface and the sternal apodemes being referred to as ventral
miscles.

Only those segments anberior to the second raxilla have
both dorsal amd ventral muscles. The second maxilla and the seg-
ments behind it lack dorsal muscles, but are fully equipped with
ventral muscles.

The dorsal and ventral muscles are all extrinsic, mean-
ing that they originate in the body itself beyond the boundaries
of the true arrvendage. The intrinsic muscles are contained entire~
ly within the appendage itself, aml control the distal segments of
the limb, and the flagellum if one be present.

Ag long as it has seemed possible to do it, I have
followed the nomencla ture adopted by Schmidt and later by Berkeley,
in their respective anatomical analyses to facilitate comparison
between the three forms involved. The muscles of the blue crab
do not always present perfect analogles in either position or
function to those of the crayfish and the shrimp, however, and
where a difference in funetion seems possible, the positional name
may be given as first choice, with Schmidt's or Berkelev's

+

corresponding name in synonymy. When so many muscles wers found



that the positional name of the one in question could not be
given with the use of only one or two qualifying adjectives, the
whole muscle has been referred to merely by its number, It is
not well to be too arbitrary in assigning definite names to some
of the more obscure muscles of the blue crab until such time

as other rerresentatives of the order Decaﬁoda sha 1l have been
dissected am compared carefully, muscle by muscle. it is quite
possible that other genera of crabs may show up interrelationships

of muscles that are quite obscure in C8llinectes.

15
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The first antenna (antennule).

In the blue crab this appendage is similar to that of
the shrimp end of the crayfish in regard to its high degree
of flexibility. The comparatively large size of the first
joint is due to the presence of a iargesf;\%ocyst to which no
muscles are attached, these tissues being entirely sensory in
function. The structure of the two flagella in the shrimp
and crayfish, as well as in the blue crab, does not give any
support to Huxky's opinion that these flagella represented an endo-
podite and an exopoc}ite, nor can the joint from which they arise

be considered as a modified basipodite.

24 a, b. Iilusculus promotor a end b I antennae (fig. 3).

This muscle originates in two places on the posterior bor-
der of the aperture which connects the interibor of the body with the
interior of the antennule. Both parts are attached ¢lose together
on an infolding of the membrane \lying beneath the statocyst chamber
in the first joint. The promotor raises the first joint, bringing

it towards the midline and rotating it slightly in i%s socket.

s

25 a, b. wsusculus remotor a and b I antennae {fig. 3)
One part of this short but heavy muscle arises on a round
cartilaginous disk on the lateral edge of the aperture commecting
body and antennule. It is éttached to a tendon on the outer
dorsal p‘art of the first joint. The other branch of the remo tor
arises on the outer enterior border of the aperture, amd runs to
its attachment on the opposite side of the tendon to which the

first branch goes. Both remo tors pull the first joint strongly
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dowiwerds towards the body, at the same time rotating it in its socket.

26, Musculus productor 2 I antennse (fic. ).
This muscle arises dorsally on the imner proximal border
of the first segment and passes forwards to its attachment on the
heavy basal membrane on the lateral proximal border of the second

segment, on which it exerts a strong dowmaward pull.

27. Musculus reduc tor 2 I antennae (rfig. &).

This short muscle originates on the inner posterior
wall of the first segment and is inserted anteriorly on the membrane
of the proximal part of the second joint, It opposes the productorg

by bringing the joint upwards towards the midline.

28. Musculus adductorz I antennae (fig. 3).

This is the largest of the four muscles governing the
sécond joint of the antenna. It arises on the inner posterior wall
of the first segment and is inserted anteriorly on the membrarne
at the inner basal part of the second segment. It thus parallels
the reductorz , and nearly conceals it. Like the latter, it brings
the second joint upwards and towards the midline. No adductor occurs

in Astacug in any of the joints of its first antenna.

29. Musculus abduc’cor2 I antennae (iig. 3).
It arises on the inner proximel border of the first seg-
ment, directly beneath the origin of the productory, paralleling it

almost to 1ts insertion on the menbrane below the outer proximal
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edge of the second segment. This muscle brings the second segment

strongly backwards and cutwardé.

30. Masculus productors I antennae (rig, 3),
It arises on the outer proximal part of the second joint
and is attached to the cartilage emanating from the outer proximal

edge of the third joint, whieh is pulled downwards and outwards by it.

31, Musculus :c-edw.ﬂ:or5 I antennae (fig. 3).
Arising also on the outer proximal wall of the second joint,
this muscle goes to its attachment on the merbrane of the inner proxi-
mal border of the third joint, which it brings inwards amd upwards

in opposi tion to the productors.

32, Musculus reduc tor, I antennae (fig. 3).

This is the only muscle lying in the third segment., It
arises on the inner proximal wall, and is inserted on the membrane
lying between the two flagella, which are pulled sharply together by
its contraction, while the elasticity of the merbrane pulls them
sharply apart. Apparenily there are no special muscles within

“the flegella themselves.
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The second antenna

In the ‘blue crab the second antenna is so different in
structure from the correspbnding appendage in the erayfish and
shrimp that it is not feasible to attempt to draw a parallel
very closely between them. The second antenna in the erayfish,
es Schmidt remarks in his masterly analysis (Scumidt, 1915,

p. 205), is the most highly segmented of all the head appendages,
and hence possesses_the greatest ability for motion, The

same complicated structure was observed by Miss Berkeley in

the shrimp Pandalus. Both these crustaceans have a well-
developed, heavily muscled exopodite, as well as an endopodite
in which a1l the typical segments may be recognized, the
flagellum being taken to represent the dactylopodite in both
cases.

There is no jointed expodi te in the blue crab;
the only trace of it is a hard protuberance on the outer part
of the basipodite. Since a complete Tusion has taken place
between the basipodite and the head earapace, there are no
depressor or levator muscles. The coxopodite is reduced
externally to a membranous pocket lying anteriorly bej:ween
the basipodite end the head carapace, in which the fusion occurs
posteriorly. Arising from the basipodi te, and forming the
base of the endopodite, come two segments which I shall ar-
bitrarily call the ischiopodite and the meropodite, which are

provided with tne typical reductor and productor muscles.
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Following these is & long annulated flsgellum without definite
muscles inside it. It is impossible to say whether the

flagellum remesents the division of the last three segrents

of the nommel endopodite,-~carpopodi te, propodite and dacty-
lopodite,~-~or of the carpopodite alone, if one wishes to assume
the complete loss of the ‘other two. Because of this uncertainty,
the muscles lying in the so-called meropodi te and controlling the
action of the flagellum are referred to =& the reductor and pro=-

_ductor of the flagellum.

33. DMusculus promotor II antennae (fig. 4).
It arises on the dorsel carapace in the protogastric
region, and runs inwards and forwards to its attachment on a
slender tendon~like structure which thickens and hardens into
a sickel-shaped rod which curves outwards and forwards beneath
the membranous pouch lying between the basipodite and the head
carapace, and finally attaches itself to this same cartilage-like

membrane, which is moved forwards and inwards by its action.

34, Musuculus remp tor II antennae (Fige 4je
Thigs short muscle arises partly on the head carapace where
it fuses with the basipodite and partly on the upper edge of the
membranous pouch below the basipodite. It passes backwards to
its insertion on the posterior part of the sickel-shaped rod
mentioned above. The membranous pouch is pulled backwards and

downwards by its contraction.
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35. Museulus productor ischicpoditis II antennae {fig. 4).
This muscle arises on the promimal median portion
of the basipodite amd is attached to the outer proximal border

of the ischiopodite, which it moves outwards and dowmards.

36. Musculus reductor ischiopoditis II antennae (fig. 4).
A little heavier than the preceding, this muscle arises
near it on the inner proximal wall of the basipodite, amnd is
inserted on the inner proximal mergin of the ischiopodite, which

is pulled strongly inwards towards the center by its action.

37. Musculus productor meropoditis II antennae (Tig. 4).
This muscle arises on the outer proximal wall of the
ischigpodite and is inserted on the outer proximal margin of the

meropodite, on which it exerts an cutiward and downward pull.

38. lMusculus reductor meropoditis II antennae (Tig., 4).

Like the preceding in size and shape, this muscle
originates on the inner proximal wall of the ischiopodite and
goes to its insertion on the inner proximal edge of the meopodite,

whieh receives a pull towards the center from it.

39. Musculus pmoductor flagellaris II antennme (fig. 4).
Arising on the proximal posterior wall of the meropodite,
this muscle is inserted on the base of the first annulus of the

flagellum, which is pulled outwards and backwards by its contraction.



40. Musculus reductor flagellaris II antennse (fig. 4).
This muscle arises on the anterior wall of the mewopodite
and is inserted on the anterior part of the first ring of the

flagellum, causing the latter to be brought inwards and forwards.
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The nandible

As in the crayfish, shrimp and lobster, the mandible
in the blue crab is firmly fixed at two articulations, (x and xx
in Figure 5) and hence canno-t rotate.

The position of these articulations, however, is quite
different in the blue crab from corresponding articulations in
the crayfish and its allies, and a different mechanism for
controlling the mendible is required, In the crayfish, shrimp
and lobster, one of the articulations is at the extreme upper
anterior corner of the mandible while the other is at the lower
posterior corner. Therefore any muscles connecting the
lower anterior corner with the skeletal part near the midline
will pull the 1 o we'r halves of the mandibles strongly
together, functioning thus as adductors. A musecle attached to
the upper posterior edge of the mendible, and running from the
same central skeletal foundation, perhaps beside and even parallel
to the adductors just deseribed, will pull the mandibles just
as strongly apart, performing the function of abductors. This
oppos ition is made possible by the widely separated points of
articulation of the mandible, which allow its upper and lower
borders to pivot inwards and ou twards between their hinges.

This swinging motion is further intensified by such additional
abductors and adductors as give sufficient power to the mastica-
tory function of the mandible.

In the blue crab, the articulations of mandible with
head skeleton are both anterior, one at the upper and one at

the lower corner of the mandible. Because of these anterior
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articulations, any muscles going from the central foundation to
any availablg spot on the inner posterior surface of the mandible
behind these forward-lying hinges are bound to open the mandible,
functioning as abductors. Hence there is no & terior adductor

in the biue crab, and the thin sheet-like muscle of the blue

crab which corresponds to that muscle in the crayfish funections
now as & ma jor abduetor of the mndible, and all the work of
closing the mandible has to be done by the very heavy amd powerful

posterior and lateral adductors.
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In this appendage a division of the extrinsic muscles
into those with dorsal origin and those with ventral origin is
first clearly apparent. There is as a matter of fact only one
ventral muscle, the greater abduector (41 in fig. B4, C), and this

might be referred to as iusculus ventralis mesalis, the mesal ventral

miscle of the mandible, if positional names were adopted. There
are three dorsal muscles of the mendible, a posterior outer (42),
a posterior inner (43), and a tﬁird one, (44), in function a
lateral adductor, which is very puzzling to name as to position,
since it attaches itself to the now outer posterior angle of the
mardible which has reversed itself in the blue crab from its
rimi tive anterior position.

It has been repeatedly stated that the blue crab is a
highly specialized creature which departs in certain noticeable
ways from the more gereralized morphological aspects of many
other crustacean types. We might expect many of the blue creb's
appendages to show a vaeriation from the usual structure, and this
eX¥Xpectation is fulfilled when we examine the mandible and compare
it specifically to that of the erayfish and shrimp. Because of
its two anterior articulations, to which reference has already been
mode, the mandible of the blue crab lies in a partly reversed
position;-~-its true anterior border now as a matter of fact is
its upper posterior border when the crab occupies a norual atti-
tude, while its true posterior surface is now entirely ventral

in pesition.



The primitive appendage, as shown by lir. R. E. Snodgrass
in his "Evolution of the Insect Head and the Organs of feeding"*
has essentially four museles to control the movements of its basal
pert, two of which originate in the drsal region of the body,
and two on the ventral region (see fig. 6). The dorsal muscle
which is inserted on the anterior upper border of the rim of the
appendage is called the dorsal promotor (lettered I in figure 6),
while the corresponding muscle inserted on the posterior upper
border is the dorsal remotor (J). The muscle inserted on the
anterior lower rim of the appendage is the ventral promo tor (KX),
and the corresponding muscle with & posterior lower insertion is
the ventral remotor (1).

An attempt has been made (fig. 5,B) to analyse the
extrinsic muscles of the mandible in the blue c¢crab to see just
how they conform to the simple ancestral type. It was found that
the dorsal muscle numbered 44, and functioning as the lateral
adductor, corresponds to the primitive muscle I with insertion
on the upper anterior rim of the appendage. The two remmining
dorsal muscles, the minor abductor (42) and the posterior adductor
(43) together represent the muscle J, since both originate
dorsally and are inserted on the posterior (now ventrall!) rim of
the appendage. In the same way the muscle numbered 41, acting
ag the ma jor abluctor, represents a combination of the ventrally-
rising primitive muscles K and L, since 41 is the only muscle

of the appendage having 2 ventral origin.

*smithsonian Report for 1931, (1932), p. 465, fig. 14.



41. Museculus abductor maior mandibulae (fig 54, C).

Appearing as a broad sheet-like muscle, this muscle
originates in two places on the head apodeme, and runs out-
wards to its insertion along the posterior part of the mandible,
which it helps to open.

42. Musculus abductor minor mendibulae (fig. 5A, C).

It arises laterally on the dorsal head carapace on the
inner part of the epibranqlﬁal region and is inserted by a very
slender but strong tendon on the lower out part of the mandible,
which is opened by it.

43. Musculus adductor posterior randibulae (fig. 5a, €@).

This very strong muscle arises on the urogastrie
region of the carapace in several heavy imusclebundles which
shortly Tuse together into a long and extrerely heavy tendon
which passes forwards and downwards to its attachment on the
mandible at the point of its lower articulation with the
head skele ton. It brings the mandible strongly towards the
midline,

44, Musculus adductor lateralis mandibulae (fig., 5A, C).

This extremely heavy muscle arises on the head
carapace partly at the base of the first spine amd partly
at the base of the third spine, the parts uniting on a heavy
tendon attaching them to the outer posterior end of the

mandible, which they bring strongly towards the midline.

a7
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45. Musculus extensor palpi mandibulae (fig. SA).

This muscle arises on the inner surface of the
mandible near the base of the tendon of the posterior adductor
muscle. It is inserted on the heavy rembrane connecting the
palp and the mandible, and its contraction straightens the
palp and brings it away from the center, opposing flexor a
in its action. There is no extensor for the distal segment
of the palp.

‘46, Musculus flexor palpi mendibulae a (fig. 5A).

This short but stout muscle arises on the outer
part of the mandible aml travels forwards and slightly inwards
to its attachment on the posterior proximal border of the
first segment of the palp. Its function is to lower the palp,
thereby bringing it towards the mediamn plane.

47, Imsculus flexor palpi mandibulae b (Ffig. 54).

This muscle fills the whole of the first segment of
the palp. It arises in the membrane proximal to this first
segment, and is inserted on the proximal joint of the last (second)
segment. It lowers this last segment, thus bringing it towards

the center.



29

“he first maxilla:

The first maxilla in the blue crab, as in the ¢rayfish
and shrimp, is flattened, amd while it normally lies close to
the outer anterior surface of the mandible, it has a considerable
degree of freedom of motion, This is due to the fact that
its basal part is really in two pieces, the posterior half
rather loosely attached to the lower distal margin of the anterior
half, and the two halves working together somewhat like the
blades in a pair of scissors. The anterior half has been
calied the basipodite by Huxley, Schmidt, Berkeley and some
other investigators, but since there are no muscles between it
and the posterior half, and since the body rmsecles go to both of
them equally, it appears that the structure is in reality a
coxopodite, semi-divided and provided with hinges to give
necessary pliability. Borrodaile also considers that both
parts belong to the coxopodite. It appears that the true
b-.gipodite is completely fused with and indistinguishable from
the inner border of the coxopodite, as the endopodite srises

from this regiomn.
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Three dorsal muscles run to the first maxilla, although
it is impossible to separate them at their origin because of their
extremely attenuate form. They seprrate distinctly into three
stranis as they pass behind the mandible to their distinctly
seperate points of insertion on the first maxilla, The first
of these (51, fig. 7) is the anterior imner, which may be

called Musculus dorsalis snterior mesalis, and whose functional

name is the anterior adductor of the coxpodite. The next (52)

is a posterior imner, Musculus darsalis posterior mesalis, and

which acts as a posterior adductor to the coxopodite. There is
but one outer dorsal muscle, which may be referred to as lMusculus

dorsalis externalis and which functions as an abductor of the

coxopod ite.

The ventral muscles may be classed as follows:

54,Upper inner: Jkusculus ventralis superior mesalis (levator)

55, Lower inner: Musculus ventralis inferior mesalis (depressor)
48.Anterior outer: lusculus ventralis anterior externalis (promotor)
49.Posterior outer: Museculus vénxralis posterior externalis (remotor a)

50.Median outer: Musculus ventralis medialis externalis (remotor b)

The only intrinsic muscle in this appendage is 56, the

adductor of the endopodi te.



48. Musculus promotor I maxillae (fig. 7)

It arises on the head épodeme and runs forwards and outwards
to its dorsal insertion in the extreme lateral part of the coxopo-
dite beneath a disk-like ossification near the inner hinge of the
coxopodite. +his muscle moves the coxopodi te forwards and upwards.

49-50 , Musculus remotor I maxillae a and b (fig. 7)

The shorter branch of the remotor (49) arises on the ventral
part of the head apodeme external to the origin of the main branch,
traVeiling, parallel to the latter to its insertion on the posterior
dorsal amgle of the basal rim of the coxopodite beneath and slightly
median to the insertion of the promotor. Lying directly below
the promotor, the longer branch of the remotor (539) arises on the
ventral surface of the head apodeme somewhat posterior to the
origin of the promotor. It is inserted ventrally in the anterior
dorsal angle of the basal rim of the coxopodite at a point con-
siderably posterior to the insertion of the promo tor and quite
near to the uniox} of the coxopodite with the ring-like oﬁtgrowth
which encircles it and holds it near to the mandible. Both
remotor muscles oppose- the promotor by lowering the coxopodi te.

51 . Musculus adductor anterior coxopoditis I maxillee (fig. 7)

This exceedingly long and slender muscle arises on the
epibranchial region of the head carapsce and is inserted without
a tendon on the anterior margin of the base of the coxopedite’
near its mesal end. kbrings the free end of the coxopodite
towards the mouth.

52. lusculus adductor posterior coxopoditis I maxillae (fig.7)

This very slender long muscle originates on the head carapace

with the preceding and indistinguishable from it at first,

31
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and travels forwards, imwards snd ventrally to its insertic?n on
the posterior margin of the base of the coxopodi te, which/;l):x;lls
forwards and inwards.

53. Musculus abductor coxopoditis I maxillae (fig. 7)

Arising on the head carapace at the origin of the preceding
two and at first indistinguishable from them, this muscle,
likewise very slender, is attached dorsally to the extreme outer
border of the coxopodite on the same disk-shaped ossification
that gives attachment to the promotor. It opposes the adductor
in pulling the coxopodi te away from the midline.

54. lMusculus levator I maxillae (fig. 7)

It arises on the anterior part of the head apodeme, just
median to the promotor, traveling forward to the dorsal median
proximal border of the inner half of the coxcpodite, which it raises.

55, Musculus depressor I maxillae (fig. 7)

Arising on the ventral surface of the head apodeme under and
slightly posterior to the origin of the levator, this muscle con-
tinues forwards directly under the levator to its insertion on the
ventral proximal border of the inner half of the coxopodite, which
it pulls downward.

56. Musculus adductor endopoditis I muxillae (fige. 7)

It arises on the inner proximal border of the inner half of
the coxopodite and branches into & fanlike formation at its
manifold insertion in the centrel part of the endopodite, which

it brings towards the center of the body. The basipodite is



no longer distinguishable as such in this appendage, and we
postulage its position only by the presence of the endopodite,

which when present always arises from the basipodi te.
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The second maxilla

While this appendage has the most complex system of
muscles of any in the blue erab, yet its muscles correspond
more closely to those in Astacus and in Pandalus than do the
muscles of its other appendages. The muscles leading to the
parts bordering the mouth are relatively slender and weak,

80 that the appendage evidently does not asslst greatly in

the process of food-taking. Its true function is shown in

the great development and compiexity of the museles ¢on=-
trolling the seaphognathite, which cause the eurrents of water
to pass eontinually over the gills, These muscles are
attached to a very thick swelling, continuous at its outer

end with the skeletal ridge running across the membrane covering
the gill~chamber, Its inner course borders the juncture of
scaphognathite and eéxoyoditein a crooked and irregular swelling
which finally comes to an end as a cup~like thitkening which
bounds the ocuter proximal borders of endopodi te and basipodi te.
This cup gives origin on its inner side to the adductor muscle
of the endopodite ani on its outer side to the flexor of the
scaphognathite. No tendons are found in any mscles of the
second maxilla. There is no levator muscle in this appendage

in Callinectes, Astacus or Pandalus,




The coxnpodi}a bears two mesal bilobed endites, the anterior
of which has been assigned to the basipodite by Brooks and many
later writers. There is no distinguishable basipodite present
as such in either of the two mexillae in the blue crab, but in
both « .« mxillae the coxpodi te is so irregularly shaped that
its appearance does not superficially suggest that it is in
reality all one struc ture. As in the first maxilla, the position
of the basipodite in the second maxilla is to be inferred only
by the position of the endopodite. This region is so irregularly
convoluted and infolded to give sufficient room for insertion
to the complex and numerous respiratory muscles that the original
boundaries between coxopodi te, basipodite, scaphognathite and
endopédﬁw%re completely obliterated in the blue crab, In describing
the muscles of the second maxilla, no further reference will be
made to a basipodite.

s all the dorsal muscles are WMissing in this as in all the
following segments, the naming of the ventral muscles remaining
might appear to be an easy task, but such is not the case. The
myological plan of the second maxilla is greatly complicated by
the presence of no less than seven resrpiratory muscles, some of
which are extrinsic, some intrinsic. 48 a matter of fact, the
only nuscle which permits of an éasily descriptive positional

name is 60, an anterior inner ventral muscle, Musculus ventralis

mesalis, which functions as an adductor of the coxopodite. The
remaeining extrinsic ventral muscles (see fig. 8) are 57, promotor;
58, remotor; 59, depressor; and 63 through 66, respiratory muscles

a through d respectively.



The remaining respiratory muscles e through g, (67 through 69)
are intrinsic, as are likewise the adductor of the endopodite (61),

and the flexor of the scaphognathite (62).

—
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57. Musculus promotor II maxillee (fig. 8)

This long, cylindrical muscle originates on the dorsal
surface of the endopleurite of the last head segment,which segment
coalesces with the first tw thoracic segments. it runs
straight forwards to its insertion on the skeletal ridge t:ha}
borders the proximal part of the coxopodite. It brings the
coxopodi te backwards and upwards, at the same time causing a
similar moverent in the attached anterior pert of the scaphognathite.

58. kusculus remotor II maxillae (fig. 8)

Almost hidden by the respiratory mscles, the remotor arises
on the dorsal surface of the endosternite of the same segment
just in front of the apodemal foramen, ani passes forwards and out-
wards between respiratory muscles one ant two to its insertion
on the thickened edge of the coxopodite slightly lateral to and
below that of the promotor. It brings the coxopcdite upwards
and somewhat towards the center.

59. ﬁusculus depressor II maxillae (fig. 8)

This is the smallest and weakest muscle in the entire
appendage. It arises ventrally on the endosternite, appearing
as two very thin branches which travel forwards through the coxopo-
dite to their insertion on its proximal border. It causes the
coxopodite to move downwards and imwards. In ..stacus this muscle

also has two branches.



60, Musculus adductor coxopoditis II maxillae (fig. 8)

This relatively short anmd slender but strong muscle arises
on the inner anterior corner of the endosternite, running
inwards and forwards to its insertion on the inner proximal
border of‘the coxopodi te. It pulls the coxopodi;e strongly
backwards aml thus towards the center.

61, Musculus adductor endopoditis II maxillae (fig. 8)

This slender thread-like muscle arises on the inner proxi-
mal p-&-pof of the coxopodite, passing laterally to its in-
sertion on the cup-like swelling at'the lateral outer border
of the endopodite. It causes the cndopodite to be bent some-~
what towards the inner region.

62, Musculus flexor scaphognathitis II mexillae (fig 8)

This muscle originates in the cupiike thickening which
borders the outer p.a.r -t of coxopodite ard endopodite, and
runs outwards with pronounced ramification through the
scaphognathite to its attachment on the cartilaginous fold
which parallels the outer border of the scaphognathite.
This segment is bent by means of the flexor muscle. In
Pandalus there is an additional superior flexor muscle which
is unbranched.

63-69. Musculi respiratorii II maxillae (fig. 8)

Arising on the dorsal surface of the endopleurite just
mediad to the origin of the promotor, the first of thess,
Musculus respiratorins primus, (63) goes forwards and outwards

beneath the promotor to its insertion on the lateral part of



39

the skeletal swelling between coxopodi te and scaphognathite.
This and the remiﬁing respiratory muscles induce a strong
undulating motion in the se:&phognathite, thus foreing the
water which is drawn into the gill chamber to flow forwards.
The second muscle, Musculus respiratorius secundus, (64), heavy
end powerful like the first one, arises mediodorsally oﬁ the
head apodeme, runs outwards and forwards, and passes above the
first one and below the promotor toc reach its insertion just
gbove the first. The third, Musculus respiratorius tertius,
(65), is a small and slender muscle completely hidden until the
more dorsal muscles are removed. It originates on the thickened
skeletal ridge on the anterior pert of the head apodeme, and
runs forward and slightiy oatwards to its insertion on the
skeletal swelling of the seaphognathite just below the imsertion
of the remotor. The fourth, Musc;zlus respiratorius quartus, (66),
is an exceedingly heavy but short muscle arising under the

third on the same skeletal ridge of the head apodeme, runhing
outwards to its insertion on the sceaphognathite, between two
ang les of the skeletal swelling merking its proximal border.
The fifth, Musculus respiratorius quintus, (67), is a smll,
powerful muscle arising on an infolding of the apodemal menbrane
behind the fifth, then passing forwards and slightly inwards

to its insertion on the skeletel swelling just beneath the

insertion of the promotor. The sixth, Musculus respiratorius



sextus, _(_(_i_g) ,arises on the same infolding just lateral to the
fifth, and proceeds straight forwards to its insertion on the
swelling, directly below the insertion of the third. ‘The seventh,
Musculus respiratorius septimus,.(69),like the sixth, is short

and slender, arising laterally to it on the infolding and being
inserted on the swelling midway between the insertions of

the fourth and the sixth.

40
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The first maxilliped

The resemblance of this appendage to the maxillae rather
than to the typical thoraeic appendage has already beer commented
upont by several authors. The endopodite is weakly developed and
devoid of muscles in the blue crab, but as its basal part is
partly fused to the exopodite, it naturaliy partakes of the
motion of the exopodite caused by the adductor muscle of the
la tter. The exopodite is relatively heavily muscled. The
muscle extending through the flagellum originates entirely

within the proximal segment of the flagellum, which is con-

siderably enlarged. This origin is similar to that found in
Astacus., In Pandalus the origin of this musecle is in the

basal lobe of the first segment of the exopodite. The extremely
poor development of the abductor of the flagellum in Pandalus
appears to throw the whole task of moving he flagellum upon
the flagellar muscle itself, which therefore needs the wider

attachment space. In Astacus and Callinectes, where the

abductor of the flsgellum is relatively very large, the flsgellar
muscle is rather slender anl weak.

Of the extrinsic muscles in the first maxilliped
of the blue crab, it is possible to name positively only the
promo tor and the atviractor of the epipodite. The small
anomalous muscles whichtake the place of reductor, levator and
depressor have been referred to by number only, as their
true function is as yet obscure. Further dissection
of other representative decapods my swseguently reveal
some species in which the functions of the corresyonding

muscles will be more apparent, amd it may be possible in
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this way to assign psmes by analogy to these which it is now
inadvisable to attempt to name arbitrarily.
A8 in both mexillae, the basipodite of the first
maxilliped is no longer traceable as a distinc£ segment,
being either eliminated completely or indistinguishably fused
with the coxopodite. Its normal position 1T it were present
may be ascertained in relation to the origins of endopod ite
and exypodite. In that case it would have lain between the
second endite of the coxopodite and the epipodite.
70, Musculus promotor medialis I pedis maxillaris (£1g.91,
This strong but slender nmuscle arises on the inner
anterior border of the paraphragm between the Tirst and second
thoracic segments near the midline of the body. It passes
forwards and slightly out%ards to its tendinous insertion
on the toygh membrane composing the dorsal surface of the cozo-
podite. It causes the coxopodite, and with it to some extent the
inner part 6f the whole appendage, to be brought upwards and
inwards. |
71. Musculus promotor lateralis I pedis maxillaris (fig. 9)
It is hidden psrtly beneath the first of the attractors
of the epipoaite and partly by the fused lamellae of the first
and second thoracic paraphragms, on the outer ventral surface
of which it arises. It runs forwards and slightly inwards
to its attachment on the lateral border of the coxopodite just
at the point of origin of the epipodite. It helps to raise
the appendage, but otherwise opposes the medial promotor by

exerting an outward pull.



72 (fig. 9)

This powerful but short muscle originates on the endo-
sternite, passing outwards beneath the median promo tor to its
insertion on the extreme outer ventral borders of the coxopodite
without a tendon. It is not feasible to attempt to name this
muscle functionally, as no definite movement of the appendage
can be assigned solely to ite It appears to lie in approxi-
mately the same position as does the levator muscle in istacus.

.73a=hs Musculus attractor epipoditis (a @aua b) I pedis maxillaris {fige9)

Une branch arises on the dorsal portion of the para-
phragm between the first ani second thoracic segments, lying
directly below the first respiratory muscle of the second maxilla,
It passes outwards and “orwards to its insertion on the outer
dorsal proximal border of the epipodite, which 1t raises strongly,
at the same time causing it to move backwards and inwards. The
second branch, larger and more poweriul than the first, passes
under the first on its forward ami outward path to its insertion
beneath it on the ventral proximal border of the epipodite,
which it brings strongly backwards and downwards.

74. (fig. 9)

This short muscle srises deeply within a cup-like
membrane beside the inner epistomml rim and is inserted at the
base of the first endite on the coxopodite. again it is
impracticable to give a functional nsme to this rmuscle, although
it uncoubtedly controls the coxopodite in some way. It might
perrorm the duties of a levator, but this can not be ascertained

directly.



44

75, (fig. 9).

This short but thick muscle arises on the mesal edge
of the same cuplike‘ memb rane. as does the preceding muscle,
and is inserted deeply within the first endite of the coxopo-
dite. It is not possible to name it as to funection, although
it presumably causes whatever motion the first endite is capable
of making, Its position is somewhat similear to that of the

depressor in Pandalus and aAstacus.

76, (fige 9je
This short but heavy muscle arises on the lateral
edge of the same cuplike membrane which gives origin to the two
rreceding muscles and is inserted beside and lateral to 74,
where the first and second encites come together. Again a
funct ionial name is not forthcoming as no positive motion
can be assigned to this particular muscle.
77. Museulus adductor exopoditis I pedis maxillaris {fig. 9).
This muscle originates on the posterior surface of
the coxopodite just lateral to the insertion of 76, and runs
laterally to its insertion on the outer anterior proximal border
of the exopodite just a.ove the origin of 78. It brings the
exopoci te, and with it the partly fused endopodite, away Irom
the epipodi te and towards the center. Berkeley mentions a
well-developed abductor exopoditis in Pandelus, not present
in the blue crab. The endopodite of the blue crasb has
no mscles of its own.
78 . Musculus abductor flegelli exopoditis I pedis maxillaris(fig,
Arising in two places on tiie inner ventral proximsl

wall of the e xopodite, this powerful muscle unites and passes



to its insertion on the inrer proximal edge of the enlarged

rirst segment of the flagellum. This muscle causes a strong

upward and outward movement in the flszgellum.
79.Musculus flagellaris exopoditis I pedis maxillaris (fig. 9).
Originating in the proximal segment of the enlarged

Tirst joint of the flagellum, it runs outward through the

various seguents nearly to the tip of the flagellum, giving

off smll fibers in each segment which attach themselves to

the wall, thus giving a high degree of pliability to the

flagellum.
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The second maxilliped
In this appendage the first true hinges between the

joints appear, just as they do in both astacus and Pandalus.

In section, the ischiopodite is found to be fused with the
bagipodite. The exopodite is merely an ammulated flagellum
as in Pandalus. The promotor appears to be inserted by a tendon,
as are some of the muscles at the distal segments of the endopo-
dite. A long, flat epipodite and two podobranchiae are present,
with a slender attractor muscle to control the epipodite. In
Astagcus there are two podobranchige and no epipodite; in

Pandalus, & single podobranchia and an epipodite are present,

80 « Musculus promotor II pedis maxillaris (fig. 1C).

It arises usually in two parts on the inner median
edge of the paraephragm between the first and second thoracic
segmnents in a very broad attachment, The muscle fibers
rapidly converge into a single thin tendon Which is attached
to the extreme inner edge of the coxopodite. It causes the
entire endopodite to move inwards and upwards.

81 » Musculus remotor II pedis mexilleris (fig. 10).

This arises on a more lateral prair .t of the same
two paraphragms next to the gill-chamber, and proceeds for-
wards and inwards to its insertion on the outer posterior
border of the coxopodite. It lowers the outer part of the
coxopodite, bringing it distinetly outwards and backwards.

82. Musculus levator II pedis mexillaris (fig. 10).

It arises as a heavy ard massive muscle on the

inner lateral edge of the paraphragm between the first



47

and second thoracic segments, and passes without diminution
in size to its insertion on the dorsal proximal membranous
portion of the basi-ischiopodite. There is but one

levator in Callinectes; both astacus and Pandalus have two.

83a-b.  Musculus depressor (a and b) II pedis maxillaris (fig. 10).

The main branch of the depressor arises on the inner

edge of the paraphragm between the first and second thoracic

segmen ts midway between the origins of pramotor amd levator.

It parallels these two muscles to its insertion on the inner

posterior border of the coxopodite. It gives a strong

inward and downward tull to the coxopodite arnd hence to the

whole of the endopodite. The smll depressor b arises

near the junction of the coxopodite with the paraphragm and

is inserted just ventral to the mmin branch. It assists

in lowering the coxopodite.
84 . Musculus attractor epipoditis II pedis maxillaris ifige 107,
arising laterally on the meeting point of the body

wall =nd the coxopodite, this slender muscle travels laterally

to its insertion on the proximml border of the epipodite, which

it moves slightly inwards.
€5 . husculus abductor exopoditis II pedis maxillaris {fig. 1U).
It arises ventrally in the outer side of the coxopociite

and proceeds laterally to its attachment on the median ventral

proximal part of the expodite. It causes the exopodite to

move outwzrds and forwards.
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86,Mus culus flegellaris exopoditis II pedis maxillaris (fige. 10).
It arises on the proximal border of the enlarged' first

joiﬁ of the flagellum axd runs nearly to the tip, giving off

short fibers at every anmulation. Ag & conseguence the

flagellum has a considerable degree of mobility.
87,Musculus abductor flagelll exopoditis II pedis maxillaris (Figel(
This muscle arises in two parts on the proximal dorsal

side of the basal joint of the exopodite, fuses and runs to its

insertion on the first joint of the flagellum, to which it im-

parts a strong outward motion.
88 ,Musculus productor meropoditis II pedis maxillaris (fig. 10).
This erises on the ventral lsteral border of the basiz

ischopodite and is inserted on the inner ventral proximal edge

of the meropodite. The muscle is short but powerful, It

moves the meropodite forward.
89,Musculus reductor meropoditis II pedis maxillaris (ﬁg. 10).
A amore slender but likewise short muscle, this rises

on the dorsal proximal border of the basi-ischopodite and

is inserted on the lateral proximml border of the meropodite.

It tends to pull the meropodite backwards.
90, Musculus abductor carpopoditis II pedis maxilleris (fig. 10).
It originates in many bundles of fibters near the

inner pi‘oiciml border of the meropodi te and is inserted on

the proximal inner edge of the carpodite. It moves the

carpodite upwards and outwards.
91. Musculus adduetor carpuitis II pedis mexillsris((fig. 10).
About the same size as the preceding, this uuscle

drises in a bundle of fibers on the inner surface of the
meropodite, and is inserted on the proximal inner edge of the
carpopodite which it moves downwards and inwards.
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‘92, Musculus productor propoditis II pedis mexillaris. {fig. 10).
Arising on the outer proximsl wall of the carpopodite,
this musele narrows rapidly to its tendinous insertion on
the outer proximal edge of the propodite, which it moves

strongly forwards.

95 .Museulus reductor propoditis IT pedis maxillaris. (fige 10)s
This relatively small muscle arises on the inner
proximal part of the carpopodite and is inserted by a tendon
on the inner proximal border of the propodite which it bends

backwards, and hence toward the mouth.

94 .Mausculus productor dactylopoditis II pedis maxillaris. (Pige 10j.
Arising on the outer proximal part of the
propodite, it is inserted by a short tendon on the outer

proximal border of the cactylopodite, which it moves forwards.

95 . usculus reductor dactylopoditis II pedis maxilleris. {fig. 10).
Like the preceding in size and shape, this muscle
arises on the inner proximel part of the propodite and passes
quickly to its tendinous insertion on the inner proximal edge

of the dactylopodite, which is brought inwards and backwards.
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The third maxilliped

This appendage in the blue crab, as in the cray-
fish, retains its function of a true mouthpert, and is
essentially similar to the second maxilliped in structwre.
In the shrimp, on the other hand, the third maxilliped
no longer assists in the taking of food, but is pedi-
form and has campletely lost its exopodite, while its
endopodite has fewer‘segments, a characteristic condition
in the Caridea. The endopodite in the blue crab is
bent inwards in its natural position, in fact, it can not
be straightened perfectly due to the shape of the seg-
ments and the uniformly weak development of all the
extenso;'s excepting the omne controlling the dactylopodite.

The coxopodite ami the basipodi te of the third
mexilliped of the blue erab appear 10 be represented by a
single segment, the protopodite. Brooks (1882) has labeled
as "basipodite" the narrowed proximal part of the ischio-
podite, which externally appears to be seh off from the
main part of the segment by a suture. An examination of
the musculature of this segment, however, shows no evi=-
dence that it is composed of two elements.  Furthermore,

the exopodite does not originate upon this proximal
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region of the ischiopodite, which 1t would naturally do if a true
basipodite were involved here.

96, Musculus promotor III pedis mexillaris (fig. 11;.

It arises mostly on the dorsal side of the encosternite
of the third thoracic segment, ani partly on the ventral (now
anterior) side of the paraphragm, which is very narrow here.

It is a powerful end wide muscle, narrowing and thickening
as 1t goes forward to its insertion on a heavy tendinous
ligament of the dorsal proximal inner corner of the proto-
podite, which is moved inwards and forwards by it.

97, lusculus remotor III pedis maxillaris (fig. 11j.

Arising laterally on the endosternite this strong
muscle is inserted by a tendon on the lateral proximal edge
of the protopodite. It opposes the promotor effectively,
although it is somewhat less developed.

. 98 @*=Cs . Musculus levator (a, b and c)
III pedis maxillaris (fig. 11).

This muscle is much smaller than the preceding.
Its main branch (a) arises on the endosternite beneath
the promotor, and is inserted near the center of the
posterior wall of the protopodite. The shortest branch, (b))
originates near the main branch on the endosternite, and
join®: <the main branch before its insertion on the protopodite.
Another branch,(g)a arises in the extreme lateral border
of the protopodite not far from the imsertion of the remo tor,

and passes inwards to its insertion anterior to that of

the wain branch on the posterior wall of the protopodite.

The levators move the basipodite ou:iwardsand Torwards,
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99, Musculus depressor III pedis maxilleris (fige 11).
This is a very heavy muscle which originates over a

relatively broad area on the epimeral plate beneath and beside

the promdtor, es well as the dorsal side of the endopleurite.

Its meny branches run forwards and inwards to join before

the insertion of the muscle on the ventral median distal part

of the protopodite. It cpposes the levators.
100, Musculus adductor exopoditis III pedis maxillaris (fige. 11).
ihis slender but strong muscle originates in the

extreme distal anterior part of the protopodite amd runs in-

wards to its insertion on & short hard projection of the

inner proximel border of the exPpodite, which is pulled

strongly towards the midline by the contraction of the musecle.

The c‘fayfish Goes not appear to have this muscle.
101, Musc ulus abductor exopoditis III pedis maxillaris {fig. 11).
This is a short, loosly-knit muscle arising ventrally

on the median border of the protopodite amd running obliguely

outwards snd forwards to its insertion on the heavy membrane

attached to the ventral proximel wall of the exopodite. It

moves the exovodite away from the center and slightly outwards.
102 Musculus abductor flagelli III pedis maxillaris (fig. 11).
This strong muscle originates in two places on the

proxiial pert of the exopodite. The two sections soon wunite,

and the muscle is inserted by a tendon to the outer proximal

edge of the greatly enlarged first segment of the flrgellum,

which i1s moved strongly upwards and outwards by its action,
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103.sculus flagellaris exopoditis III pedis maxillaris {fig. 11)
Originating on the proximal wall -t the enlarged

first segment of the flagellum, this muscle goes almost

to the tip of the flagellum, giving off fibers to each

annulus, and thus insuring freedom of motion to the flagellum.
104.liusculus flekr meropoditis III pedis maxillaris (fig. 11).
This muscle arises in numercus groups of fibers on

both dorsal snd ventral walls of:the ischiopodite. These

fibers all join a tendon before their finsl insertion on the

inner proximel edge of the meropodi te, which is strongly

pulled down by their action. There is apparently no extensor

muscle, the tension of the joint itself being apperently

sufficient to bring the merolaodij:ce back into position after

its contraction by the flexor.
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105 , Museulus extensor carpopoditis IIT pedis maxillaris.(fige. 11J.
This very slender and weak muscle originates midway
on the walls of the meropodite and is inserted on the outer
proximal edge of the carpopodite, which it pulls upwards rather

weakly.

106 . Museulus flexor carpopoditis ITI pedis maxillaris. (fig. 11).
As might be expected from the condition in the preceding
segment, this muscle which causes the bending toward the center
is very well developed. 1t originates widely on the proximal
jmargin of the meropodite, and narrows to its tendinous in-

sertion on the inner proximal margin of the carpopodite.

167, rusculus flexor propoditis III pedis maxillaris. \fig. 11/
This muscle is similar to the flexor in the preceding
segment in size and fuwection. It originates on the outer
walls of the carpopodite, narrowing to \an insertion on the

outer prokimal edge of the propodite.

1ug « Musculus extensor pro&}ditis III pedis maxillaris.(fige 1l..
Originating on the inner proximal walls of the
carpopodite and inserted by a tendon on the inner proximal
corner of the propodite, this muscle is like the corresponding

one in the weceding segment in form and function.
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109, Museulus flexr dactylopoditisIII pedis maxillaris (fig, 11).

This nusele originates on the outier proximsl border
of the propodite and is imserted by a tendon on the outer proximal
edge of the dactylopodite. Relative to the size of its oppos-
ing extensor, it is @etter'developed than any other flexor in this
endopodite, and appafently can exert & strong outward pull upon
the dactylopodite.
110. Muscius extensor dactylopoditis III pedis mexillaris (fig. 11).
Originating on the inner proximel margin of the propodite,
thié muscle is inserted on the inner proximal edge of the dactylo-
poﬁme, which is brought strongly downwards by it. In this segment
' the extensor and the flexor are nearly the same in size and apparent

strength.
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The pereiopods

The five pairs of pereiopods, or true legs, occur upon the
last five of the eight thoracic segments. The momotor, the re-

museles
motor ani the levator of each pereiopod are extrinsic in the origln

of the telopodite
of all their parts. The depressoae however, is both extrinsic
and intrinsic in origin, for the lerger and heavier branches originate
in the body wall or some of its epodemes, while there are usurlly
two or more branches originating proximally on the anterior and
po sterior walls of the coxopodite.

The functions of the di fferent pairs of legs become
evident updn examining their distel segmentis. On the first pair
of legs, the dactylopodite arises on the anterior (preaxial)
border of the propodite nearly at the middle; the unhampered
tip of the propodite curves and tapers to a point, while the
dactylopodite curves in a way to oppose it effectively, the two
forming a powerful pinching claw, the chela, which is rendered still
more effective by the horny teeth which have developed on the
opposable surfaces. The claw is held out in front of the carapace,
and may swing widely forwards and sideways in a horizontal plane,
and less widely in a perpendicular plane, both movements serving
as the means to repulse an enemy or to seize and tear up food.

The extension of the leg forwards has caused it to assume a
ﬁOsition half-turned from the nommal one, and now the true

anterior (preaxial) surface of the first pereiopod is uppermost.
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The second, third end fourth pereiopods resemble one
another rather closely, as they &re nearly the same in size, and per-
form the same kinds of motions, being adapted for walking, In
these, the daetylopodite arises on the distal part of the propodite,
tapering rapidly and becoming mueh flattened. The tip is pointed
and sharp, and on these tips the crab is able to walk, The overhang
of the carapace allows little upward motion to these legs, and so they
have retained the normal poaition of hanging downwards beneath the
bodye The anterior surface of these legs is preaxial, as is usually
the case in arthropods.

The fifth and last pereiopod is the swimming leg, and pro-
jeets backwards and upwards behind the carapace when the crab is
swimning. Its basal muscles are very powerful, especially the
remtor, whida is relatively weak in the preceding pereipods.

The terminal segment is very thin and flat like the blade of a
paddle, ovoid in shape, and propels the crab sidewise very swiftly.
Like the first pereiopod, the fifth is also a half-turn away

:from its normal position, but in a direection opposite to that

of the first, so that its anterior (preaxial) face is now down-
wards, and its postaxisl face uppermost.

Since the mscles of the segments distal to the basi-
podite are essentially similar in all the pereiopods, those of
the third pereiopod have been chosen to be deseribed in detail,
while the corresponding musecles of the other legs mAay be referred

to the third as a model, taking into consideration the fact that



the first and fifth legs are not identical with i+ in positionm.
The basic muscles are sufficiently different in each leg to merit

a full deseription.
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A cross-secetion of the body at the level of the anterior part

of the fourth and of the sixth thoracie segments shows the relations

of some of the muscles of the first and third legs to their respective

surroundings, (See fig. 13).

The promotor of the fifth pereiopod deserves notice because
of the peculiar disposition of its anterior branch., This projects
forwards through the thorax into the fourth thoracic segment,
surrounded by a membrane, on the posterior surface of which its
own fibers originate, and on the amterior surface of which sbout &
dozen branches of muscles pertaining to the legs of the fourth,
fifth, sixth and seventh segments also take their origin.

Another feature of the endoskeletal structure must here be
explained. An intermediate endopleurite exists in the center of
each of the basal chambers ocoupied by the fourth, fifth, sixth
and seventh segments. This endopleurite is fastened to the
membrane covering the anterior pmwjeetion of the promo tor of
the fifth pereiopod, and gives additional room for attachment
0 the numerous branches of muscles governing the movements of

the leg base.
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The first pereiopod
11} a - b. Musculus promotor & and b. (figs. 124, 13B)

The anterior branch a originates upon a narrow curved
apodeme which comes inwards and forwards from the floor of the
gill-chamber and attaches itself laterally by a process to the
sternum and medially to the endosternite between the third and
fourth thoracie segments. The muséle passes outwards ami down-
wards to its attachment on a heavy membrene coming froam the preaxial
promimal border of the eoxopodite. The posterior branch b originates
on the anterior border of the intermediate enmdopleurite of this
segment and ends upon & heavy tendon attached to the anterior border
of the coxopodite and directly behind the attachment of branch a.
These two parts give a strong forward pull. to the basal part of the
ieg.

112. Musculus remotor (fig. 126)
muscle

This is the only unbrenched/controlling the leg base.

It tekes origin partly on the lateral surface of the membrane
enclosing the anterior promotor of the fifth pereiopod behind

113¢c and partly on the anterior part of the endopleurite separating
the fifth and sixth thoracic segments, It is inserted on a

heevy tendon attached to the upper postaxial border of the coxopo~
dite. ‘he leg base is pulled backwards by the contraction of

this muscle.
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113 a-c. Museulus levator a-c¢ (fig. 12 A, B)

The first hranch a originates on the anterior border
of the endosternite separating the fourth and fifth thoracie
segme nts. It passes outwards to its insertion on the upper
postaxial proximel border of the coxopodite. A seeond and
mach shorter branch, b, begins on the lower rim of the intermediate
endopleurite. A third branch ¢ begins behind this endopleurite
on the lateral surface of the menmbrane holding the anterior
promo tor branches of the fifth pereiopod which extends forwards
throug;h?bhom and gives attachment to meny muscies-, and runs

into branch b at their matual insertion. These muscle parts

act together in raising the leg base.

114 a-g. Musculus depressor a-g (figs. 12, 4, B, C; 13B)
The first branch & originates mesally on the sternum

and paasesioumrds t0 its insertion on the tendon attached to
the membrene on the preaxial proximal border of the basi-
ischiopodite. The second branch b is very indistinctly
separated from the first, originating in several sections
along the anterior edge of the emiosternite separating the
fourth and fifth thoracic segments. A third branch g, which
appears to be quite distinet, originates on the extreme lateral
part of ihe same endosternite bemeath 113a, and comes forwards
$0 its insertion on the membrane of the lower proximal border
of the basi~-ischiopodite. The fourth branth 4 begins behind
the intermmediate endopleurite on the unier swface of the

pleural wall separating the gill-chember from the fifth thoracic
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segment. ‘he remaining bramhes, e, f and g, originate at differext
points in the posterior part of the coxopodite. These three
last-named branches are not compact, and it is possible to sub-
divide them still further than this. “The distinetness of these
mdnpy branches varies considersbly according to the state of
preservation of the tissuea, and consequently appears to be much
less evident in some 1ndividual§ than in othgrs. They are
inserted side by side along the lower and post-axial proximal
margins of the basii -ischiopodite. The depressor muscle as

a whole gives a very strong downward movement %o the leg base.

115. Musculus reduc tor meropoditis
See 137.

116, Museulus abductor carpopoditis
See 138.

117. Musculus addustor carpopoditis
See 139.

118. Musculus productor propoditis
See 140.

119, Musculus redw tor propoditis
See 141.

120. Musculus abductor dactylopoditis
See 142.

121. Musculus addwtor dactylopoditis

See 143.
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The second pereiopod
122 a-d. Musculus promotor a-d (fig. 12D)

The most anterior part, &, arises on the posterior
surface of the endosternite separating the fourth and fifth
thoracic segments, passing domrards anmd owtwards to its insertion
on a heavy tendon coming from the proximal preaxial rim of the
coxopodi te. . The long and slender branch b originates mesally
on the prolongation of the endopleurites where they come together
Just below the attractor of the epimera. It travels ventrally
for half its length, separated from the visceral cavity only
by a very thin sheet of tissue. It passes at last into the
fifth thoracic segment behind branch a of the promotor, where
it finally attaches itself to the same tendon, lhe third
brench ¢ originates on the lateral part of the membrane covering
the anterior promo tor of the fifth pereiopod which extends
forwards throug;\ the thorax as previouwly stated. The most
lateral branch d originates on the lateral anterior surface
of the intermediate endopleurite, being inserted beside branch
¢ on the broad tenion common to all branches of the promotiore.
The contraction of this musele causes the leg base to be
moved strongly forwards.

123, Musculus remotor (fig. 12F)

As in the first leg, this is the only unbranched
muscele belonging to the leg base. It arises on the anterior
surface of the endopleurite sepzrating the fifth and sixth
thoracic segments, passing downwards end outwards t¢ its

tendinous insertion on the upper postaxial border of the



coxopodite. It opposes the promotor.
124 a-d. Museulus levator a-d (fig. 12D, E)

This heavy muscle appears to be divided into four main
parts, although the third and fourth are not very distinet from
each othere The first branch, &, arises on the posterior
surface of the endosternite between the fourth and fifth
thoracic segments, and is inserted by an extremely strong
tendon on the upper (in this case postaxial) border of the
bagi-ischiopodite. A second branch, b, arises on the lateral
part of the menbrane encasing the anterior promotor of the fifth
pereiopod., The two renmmining branches, ¢ and d, arise close
together. on the anterior surface of the endosternite between
the fifth and sixth thoraciec segments, and are inserted between
branches a and b on the seme strong tendon. The entire muscle

causes the leg to be raised.

125 a~e., Musculus depressor a-e (fig. 12D, E, F)

The first branch, &, originates mesally on the posterior

gsurface of the endosternlte separating the fourth and fifth
thoraeiec segments, as well &8 on the sternal waell of the fifth
segment. It is inserted on the lower (in this case preaxial)
rim of the ‘6&51‘ -ischiopodite. A very short branch b runs
from the anterior part of the coxopodite to the same insertionm,
while a similar short branch, ¢, originates in the rear of the

coxmpodite. A slightly longer branch 4 begins on the outer
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part of the sternal wall near the emdosternite between the fifth
end sixth thoracie segments. The longest branch, & originates
on the anterior wall of the endopleurite separating the fifth and
sixth segments, coming forwards and domnwards to its insertion
with the other branches. The muscle as a whole opposes the
levator,
126. Musculus reductor meropoditis
See 137.
127. Musculus sbductor carpopoditis
See 138.
128, iusculus addue tor carpopoditis
See 139.
129, Musculus productor propoditis
See 140.
130, Muselus reductor propoditis
See 141.
131. Musculus abduector dactylopoditis
See 142.
132. Musculus adduc tor dsctylopoditis

See 143.
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The third pereiopod
133a-g. Museulus promotor a-g (figs. 12A; 134)

The anterior branch & originates on the posterior sur-
face ol the endosternite separating the fourth and fifth thoraciec
segments, going outwards to its insertion on the tendon attached
to the anterior proximal rim of the coxopodite. lhe second
braneh b originates on the seme prlongation of the endopleurites
on which 122 b of the receding segment takes origin. It
travles ventrally beside 122b, separated from the visceral
masses only by a thin membrane, passing finally under the anterior
extension of the promotor of the fifth pereiopod until it joins
its tendon. Branch ¢ originates meselly on the anterior upper
edge of the endosternite separating the sixth and seventh segments
near to its point of fusion with the endopleurite. the next
two branches d and e, not very distinet fram each other, arise
on the lateral part of the membrane encasing the anterior promotor
of the fifth pereiopod. OSranch f arises on the a terior
lateral surface of the intermedimte endopleurite, while branch
g arises just behind it on the posterior surface of the same
endopleurite. All these go to the same imsertion with branch

8. The nusele pulls the leg base forwards.



134. Musculus remotor (fig. 12H, I)

This unbranched muscle arises on the pleursl wall and
on the endosternite separating the sixth and seventh segments.
Its insertion is on the proximal postaxial border of the coxo-

podite. Its contraction cauwses the leg base to be drawn baclkwards.

135a-¢. Musculus levator a-c (fig. 12H)

The most verntral branch, &, begins on the anterior wall
of the sixth and seventh thoracie segments. The branch b,
originating just above it on the same endosternite, is perhaps
not truly distinet from it, The third braneh, ¢, originates
on the lateral part of the membrane covering the anterior.prcmo tor
of the fifth pereiopod. ihese three branches are all inserted
upon a heavy tendon attached to the proximal postaxial rim of the

basi-ischiopodite. The leg base is raised by their contraction.

136a-e. Musculus depressor a-e (figs. 12G,H,I, 13A)

The first of the numerous bramches to this muscle, &,
origingtes pertly on the posterior wall of the end sternite
between the fifth and sixth thoracic segments, partly on the
anterior wall of the enjosternite between the sixth and seventh
.segnants, and artly on the stemal wall between. It passes to
& heavy tendon attached to the tough membrane bordering the
proximal anterior rim of the basi-ischiopodite. The next
branch g begins on the endopleurite between the sixth and seventh
segments just above the anterior prolongation of the pramor

of the fifth pereiopod. The next branch ¢ lies partly behind
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branch b, originating on the endos ternite near to its fusion with
the endopleurite serarating the sixth and seventh segments.
Branch 4 originates anteriorly in the coxopodi te, and branch e
posteriorly in the same segment. All these are inserted on the
heavy tendon or on the membrane beside it.  their mutual con-
traction pulls the leg base forcibly downwards.

137. Musculus reductor meropoditis (figs. 12I; 134)

Tk fan-shaped muscle begins in several places on the
preaxial pert of the basi-ischiopodite, and is inserted postaxially
on the proximal border of the meropodite. The hinge between these
two segments is only slightly developed preaxially, and not much
more 80 postaxially, so that the rearward motion imperted by this
muscle is slight. It is opposed by the stiffness of the preaxial
connection which esuses the leg to become straightened again after
its contregtion.

138. Musculus abductor carpopoditis (figs. 12I, 1BA)

This large muscle originates in a great many bundles
of fibers attached on the whole dorsal surface of the meropodite
from its anterior to its posterior walls. These bundies run
together before their insertion on & long blade-like temdon which
is inserted on the posterior dorsal proximsl border of the carpo-
podite. ‘lhis muscle extends the carpopodite so that it lies

in a straight line with the meropodite.



139. Misculus adductor carpopoditis (figs. 12I, 13A)

This originates in the same mway as the abductor but
lies ventrally in its segment and is inserted similarly by
&8 very long tendon leading to the anterior ventral proximal
border of the carpopodite. This muscle is therefore in
perfect opposition to the adductor, bending the earpopodite
at right angles to the meropodite.

140, Musculus productor propoditis (fig. 13A)

This densely-fibered fan-like muscle originates
on the entire outer border of the carpopodite, its parts coming
together on a heavy leaf-shaped tendon which is inserted on the
proxims) median enterior border of propodite, to which it gives
a strong forward motion.

141. Museulus reductor propodi tis (fig. 13A)

This muscle arises on the outer and postaxial walls
of the carpopoddite, narrowing to its tendinous insertion on
the posterior proximel border of the propodite, which is moved
backwards by it.

142, Musculus abductor dactylopoditis (fig. 134)

This‘mther slender and feather-shaped muscle arises
in many small fibers on the preaxial wall of the propodi te.

It is inserted by & very long blade-like tendon on the outer
groximal edge of the dactylopodite, which is mored outward

by its action.
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143, Museulus adductor dactylopoditis (fig. 13A)
Very similar to the preceding in shape and size,
this muscle arises largely on the postaxial part of the proto-
podite anl is inserted also on a blade-like tendon to the inner
proximal border of the dactylopodite. The terminal segment

is bent strongly towards the midl ine by this musecle,

The fourth pereiopod
l44a-d. Musculus promo tor a-d (fig. 127)

The first branch a originates mesally on the endosternite
between the seventh and eighth thomcic segments and is inserted
on a heavy tendon attached to the membrane on the anterior border
of the coxepodite. The second branch b originates dorsally to
a on the same endosternite amd just below the menbrane covering
the anteriorly extending promo ‘ao;c miscle of the fifth pereiopod.
The branch ¢ originates pertly on the lateral surface of the
membraxe of the promo tor of the fifth pereiopod and partly
on the endosternite separating the seventh and eighth segments.
The braxch d originates on the posterior surface of the inter-
mediate endopleurite, which in this segment is very small.

All these bramhes are inserted with or beside the first one.

The whole muscle moves the leg base forwards.

145. Musculus remotor (fig. 12L)
As in the three preceding pereiopods, the remotor
of the fourth pereiopod is urbranched. It originates on the
lower surface of the pleural wall, passiné outwards and d ommwards
to its tendinous insertion on the upper pos terior rim of coxopodite.

It opposes the promotor by bringing the leg backwards.



l46a-b. Musculus levator a-b. (fig. 127,K)

The first branch a originates partly on the posterior
wall of the endosternite separating the sixth and seventh segments
above 147a, and partly on the anterior wall of the endosternite
separating the seventh and eighth segments. ‘The second branch
Eoriginatea on the anterior wall of the endosternite between
the seventh and eighth segments. It would be possible to sub-
divide this part into smaller subdivisions, as several strands
go move deeply than others. The branches of this muscle g0
to a mutual insertion on a heavy tendon coming from the upper
proximal border of the eoxo podi te. Their contraction causes

the leg base to be elevated.

l47a~-d. Musculus depressor a-d (fig. 127,K,L)

The first branch, a, originates partly on the posterior
wall of the endosternite separating the sixth and seventh segments,
partly on the sternal wall of the seventh segment, and partly
on the anterior surfaece of the endosternite between the seventh
and eighth segments of the thorax. The second branch, b, lies
behind the posterior part of the first bramnch, spreading in a
fan shape over the endosternite between the seventh and eighth
segments of the thorax. It might be considered ag being more
than a single branch, as it is not very compact at its source.

The third and fourth bramhes, ¢ and 4, begin on the anterior

and posterior walls respectively of the coxopodite. All branches
of this muscle go to the same heuvy tendon fastened to the
proximal ventral rim of the basi~ischiopodite. The mmscle

opposes the levator effectively.
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148.

149.

150.

151.

152,

153.

154.

Muse ulugs reductor meropoditis
See 137,

Musculus abductor cerpopoditis
See 138.

Museulus adductor carpopoditis
See 139.

Museulus pmwductor propoditis
See 140.

Museulus reductor propoditis
See 141.

Musculus abductor dactylopoditis
See 142.

Museulus adduetor dactylopoditis

See 143.
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The fifth pereiopod

155a-c. Musculus promotor a-c¢ (fig. 12M)

The longest amd heaviest branch a originates anteriorly
on the median plate and passes posteriorly and laterally to its
insertion on the tendon on the membrane at the antero-ventral
border of the coxopodite. The next branch b is very prominent,
originating on the posterior surfece of the membrane which pro-
jects diaghally forwards through the preceding segments ami on
the anterior surface of which some of the branches of muscles
of the second, third and fourth pereiopods were attached. The third
branch ¢ is the smallest, It arises on the posterior surface of
the endosternitie between the seventh anfi eighth segments, being
inserted above branch b on its tenmon. The muscle imparts a

forward motion to the leg.

156a-b. Musculus remotor a-b (fig. 12M,0)
In this pereiopod the remotor differs from the corresponding

muscle in the other pereiopods in that it is branch and in addition

is much more strongly developed then in the other legs,owirg to the
fact that it has to give a powerful backstroke to this Tifth leg

which serves as the paddle and which alone causes the very effective
swimming movements of the crab. ‘lhe first branch & originates
dorsally on a T-shaped part of the endopleurite which is attached
medially on the medien plate. The posterior branch b originates

on the posterior wall of the eighth segment. DBoth branches are

inserted on a heavy tendon mttached to the membrane on the proximal



postaxial (in this case dorsal) border of the basi-ischiopodite.
The muscle as already stated directs the leg backwards.

157a-cs Museulus levator a-c¢ (fig. 12M, N)

The large first branch a originates on the median plate
Jjust posterior to the first branch of the promotor. It travels
la terally beneath the second braneh of the promotor and beneath
the dorsal half of the remotor also, % its insertion on a heavy
tendon attached to the enterior (dorsel) proximal border of the
basi-ischiopodite. The second branch b is small and weaR. It
originates on the sternum between the main branches of the~promo tor
and the depressor, and goes upwards and 1 aterally to its insertion
on the same tendons The third branch ¢ is a heavy and strong one,
arising on the sternal wall near to the wedge formed by the first

abdominal segments The entire muscle pulls the leg strongly upwards.

158a-f., Musculus depressor a-f (fig. 12M, N, 0O)

The first branch a, very large and heavy, originates
mesally on the sternal wall of the eighth thoracic segment. Branch
b is very small, originating laterally on the sternal wall. Branch
¢ parallels the first branch, beginning pertly on the sternal wall
and partly on the median plate. The fourth branch d originates on
the pos terior sternal wall at the end of the thorax. lhe fifth
and sixth branches e and f, originete on the dorsal ami pcs terior
walls respectively of the coxopodites All these bramches converge
upon an extrmely heavy tendon attached to the proximal preaxial
(in this case posterior) border of the basi-ischiopodite. This

extraordinarily powerful muscle pulls the leg base downwards.

73



159.

160,

lél.

1e62.

163.

164.

165.

Musculus reductor meropoditis
See 137 .

Musoﬁlus abduetor carpopoditis
See 138,

Museulus adductor carpopoditis
See 139.

Museulus productor propoditis
See 140.

Musculus reduc tor propoditis
See 141.

Museulus abdue tor dactylopoditis
See 142,

Musculus adduc tor dactylopoditis

See 143.
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The pleopods

A, The male

In the male blue crab, appendages occur only on the
first two segments of the abdomnen, Taie distal abdominal
segmen ts are much narrower then in the female, and the third,
fourth and fifth segments are fused so that their original
sutures are secarcely visible, &s I have pointed out previously
in this study.

In the first pleopod of the male, the coxopodite is

large and pertially sclerotized. The basipodite is irregularly

shaped, and its distal border is a membraene which attaches the
long, whiplike flagellum and gives it the necessary freedom
of movement. In this membrane is likewise a pocket in which
the flagellum of the second pleoped normally rests.

The neme "flagellum'" is chosen arbitrarily for the
distal part of the plecopod, as it coes not show the character
of a true flagellum. sut neither is thers sufficient evi=-

dence for considering it a highly modified endopodite or exo-

podi te.

The second pleopod is very much weaker than the
first, which completely c.vers it. Its coxopodite is very
thin-walled and partly membranous. A small basipodite is

present, contirolled by a single muscle originating in the

coxopodi te . “he basipodite and flagellum are sclerotized,
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but an extensive membrane lies between them, as in the first
pleopod. Preaxially the basipodite is represented only

by a membrane, as its sclerotized part is entirely postaxisl

in position.

166, lMusculus promotor coxpoditis I pedis spurii (fig. 144)
This muscle originates on the ventral surface of the

last thoracic somite just lateral to the origin of the first

ventral superficial abdominal muscle. It is inserted on

the inner preaxial promimel border of the coxopodite, which

it erects stronglye. +his is the only extrinsic muscle be-

longing to the first pleopod.

167, Lusculus abductor basipoditis I pedis spurii (fig. 14.)

Arising on the walls of the outer part of the coxopo-
dite, this muscle is inserted on the outer proximal margin of
the basipodite, which is pulled away from the center by its

contraction.

168. iusculus adductor basipoditis I pedis spurii (fig. 144)
This is a heavy muscle arising on the inner proximal

walls of the coxopodite. It is insei‘ted on the inner proximal

border of the basipodi te, which is pulled towards the center

by 1its sction.



169. lusculus abductor flegelli I pedis spurii (fig. 144)

This smll amd compact miscle arises on the distal
postaxial border of the basipodi te, and is attached to the
extended proxiral edge of the fl agelium. 1t causes the tip

of the flagellum to move strongly outwards,

170, HMusculus promotor coxopoditis II pedis spurii (fig. 14B)
This heavy muscle arises on the anterior margin of

the second abdominal segmert lying entirely beneath the first

pleopods. It is inserted on the imner proximal part of the

coxopodli te, which is erected by its contraction.

171. _usculus adductor basipoditis II pedis spurii (fig. 14B)
Arising in numerous strands on the inner postaxial

wall -f the coxopodite, this muscle is attached to the

inner proximal border of the basipodite, which is brought

towards the center by its contraction, No abductor of the

basipodite is present in this appendage, as the elasticity

of the membrane aprerently gives the necessary opposition to

the adductor.

172. iusculus abductor “lagelli II pedis spurii {fig. 14B)

Like the corresponding rmscle in the first abdominal
appendage, this muscle arises on the lateral part of the wall
of the basipodite and temminates on the proximal preaxial
border of the flagellum, which is brought away from th

center as well as slightly forwards by its action.
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B. The feimle

The first and the sixth abdominal segments of the female

blue crab lack appendages. The second, third,

fourth and fifth seguents each have pleopods which become
increasingly smaller posteriorlye. The coxopodite and basi-
podite are separated by a menbrane on the postaxial surface;
preaxially the two are fused. A description of the muscles
pertaining to the first ebdominal appendage, attached to the
second abdominal segment, applies to the other three pairs of
abdominal appendages, in which the muscles are similar but

weaker.

173. Musculus promotor commditis I pedis spurii (fig. 146).

1t arises on the dorsal border of the second abdominal
segnment and is inserted on the middle of the preaxial proximal

border of the coxopodite, which it brings strongly forwards.

174, Musculus abductor coxopoditis I pedis spurii (fig. 14C)
This muscle likewise originates on the dorsal border

of the second abdominal segment lateral to the origin of the
promo tor., It passes slightly outwards to its insertion on
the extreme lateral proximal border of the coxopodite.

The appendage is moved away from the midline by its action.

In the three pleopods which follow this one, the abdcuector

of the coxopodite takes its origin below and behind that

of the promotor muscle, so that in the last plecpod it is

nearly obscured by the promotor when viewed preaxially,
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This is the only no teworthy difference in any of the{muscles

as with
of the following *hree appendages compared those of the

. appendage
flrsg‘(, except that they become smeller as the appendages

themselves decrease in sizes

175. Musculus adductor coxpoditis I pedis spurii (fige. 14C)
This muscle is much larger than its opponent, the

abductor. It arises on the median corsal border of the second

abdominal somite from almost the midline to the origin of

the promotor. It is inserted at the extrene median proximal

margin of’ the coxopodite, which it pulls inwards and forwards.

176. lusculus reductor basipoditis I pedis spurii (fige. 14C)
This is a very short but quite powerful muscle
arising laterally along the proximal posterior border of the
coxopodite at the only place where the fusion is not complete
between basipodite and Coxopodite. It runs inward without
narrowing to its insertion along the proximal posterior wall

of the basipodi te, which is moved backward by its action.

177. Iusculus abductor exopoditis I pedis spurii (°ig. 14C)
Arising on the lateral anterior border of the basi-

podi te near the insertion of the abductor of the basipodite,

the abductor of the exopodite is inserted on the lateral wall

of the exopodite, on which it produces a feeble outward pull.



178, Musculus adductor exopoditis I pedis spurii (fig. 14C).
This rather slender muscle arises on the median
proximal preaxial wall of the basipodite and extends outwards to
its insertion on the inner proximal end of the exopodite, which
is moved inwards by its mll.
There are no mscles to govern the endopodite, which
movesonly as the basipodite moves.
179, Musculus promotor coxopoditis II pedis spurii
See 173,
180. Museculus abduetor coxopoditis II pedis spurii
See 174.
18l. Musculus adductor coxopoditis II pedis spurii
See 175,
182, Museulus reductor basipoditis II pedis spurii
See 176,
183. Musculus abductor exwpoditis II pedis spurii
See 177.
184, Musculus adductor exopoditis II pedis spurii
See 178,
185. DMusculus promotor coxopoditis III pedis spurii
See 173.
186. lMusculus gbductor coxopoditis III pedis spurii
See 174.
187. Musculus adductor coxopoditis III pedis spurii
See 175.
188. Musculus reductor basipoditis III pedis spurii

See 176,



189.

190,

1el.

192,

193.

194.

195.

196.

. Musculus abductor

See 177,
Museulus adductor
See 178,
Musculus promotor
See 173.
Musculus abductor
See 174,
Museulus adduc tor
See 175,
Musculus geductor
See 176.
Musculus abduc tor
See 177.
Museulus adduc tor

See 178.

exopoditis III pedis

exopoditis III pedis

coxopoditis IV pedis

.compoditis IV pedis

coxopoditis IV pedis

basipoditis IV pedis

spurii

spurii

spurii

spurii

spurii

spurii

empoditis IV pedis spurii

exopoditis IV pedis spurii
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The skeleton

A brief survey of some of the skeletal peculiarities found
in the blue cerab is not out of place in a study of its myology,
gince the shape of the skeleton and the arrangement of the muscles
attached upon it are mutually interdependent.

The segments of the head and thorax of the crab are
immovably ankylosed, as 1 have repatedly emphasized. To some
extent, this fact simplifies the musculature, as it at once
precludes the presence of true trunk muscles which are necessary
only when the segments move individually.

The muscles of the last five thoracic segments are
separated internally by a series of irregularly shaped parti-
tions. Zach of these partitions consists of two thin plates,
formed by the anterior wall of one segment closely applied to
the posterior wall of the preceding segment., The lower half
of each pertitién is formed by a pair of the plates arising from
the sternal borders of neighboring segments, and is called an
endos terni te. The upper helf of each partition is similarly
formed by a pair of the plates which originate on the pleural
wells of neighboring segments, and is called an endopleurite.

Each endosternite coalesces with its corresponding endopleurite,

and it 1s at this line of coalition that the break occurs

during ecdysis to allow the crab to moult completely.



The endosternites and endopleurites fomed in the manner
just described are entirely intersegmental. A secondary infolding
of the pleural wall occurs, however, in the fourth, fifth, sixth
and seventh thoracic segments. To this infolded structure
which is strictly intrasegmental I have given the name 0f secondary
endopleurite. No corresponding infolding occurs in the sternal
parts of these segments. The secondary endopleurite is firmly
attached at its inner margin to the anterior surface of the
membrane encasing the promotor of the fifth pereiopod. The remotor
muscle always finds its origin behind the secondary endopleurite,
while some of the branches of the depressor end levator do so like~-
wise in certain segments., This indicates that these partitions
are in truth only secondary, since the remotor of a particuler
segment would not arise outside its own segment.

The endoskele tal pertitions of the last five segments
of the thorax present an interesting complexity due to the over-
development of the fifth pereiopod, as I have already noted.

The nmuscle attachments of this pereiopod have been increased

by the forward prolongation offa branch of the promotor muscle
through the three preceding segments. The pocket~like menbrane
which encases this part of the muscle serves as a place of
attachment for the several endopleurites where they meet the
endosternites,as well as for the secondary endopleurites, while
these attachments hold it firmly in plece to resist the heavy
pull which the muscle exerts upom it. The anterior termination
of this prolongation may be seen upon the posterior wall of the
fourth thoracic segment, where it appears as an oval, semi-

transparént window partly separating the endopleurite and



endosternite lying between the fourth and fifth thoracic segments.
While the median ph te exterds forwards as far as
the endosternite separating the first and second pereiopods, it
serves exclusively as & place of origin for branches of the four
basal muscles of the telopodite of the fifth pereiopod. Some
part of each of these muscles originates upon the median plate,
although none of the muscles originates entirely upon it.
The third maxilliped and the first pereiopod bear a
pair of gills which lie side by side in the gillechamber.
The second maxilliped likewlse possesses two gills, one of which
lies in the extreme anterior part of the gill-chamber in front
of the gills belonging to the pereiopods, and which can be
distinguished from them only by its smaller size and its anterior
position, The other gill of the second maxilliped lies at
right angles to the first, extending outwards and backwards
from the anterior corner of the gill-chamber. The second
and third pereiopod; each possess: a single gill,. The first

waxilliped and the fourth and fifth pereiopods lack gills.
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The general structure of the crustacean appendage

In order to understand the true relationships between
the exceedingly diverse and often highly specialized crustaceans
which exist today, it is a matter of importance to attempt to
reconstruct a generalized ancestral type, from which all these
existing divergencies may have arisen by various evolutionary
processes.

A typlcal leg of any of the higher crustaceans
consists of not more than seven segments, including the basal
segment called the coxopodite, which is followed by the basi-
podite bearing the endopodite of five segrents, each seg-
rent having a pair of muscles to move 1t Any or all of
these seven segments ray be provided with exites~-lobes gfow-
ing on the external part of the limb, or endites--lobes grow-
ing on the internal part of the limb. These exites and en-
dites when they are large and mowesble, may have special
muscles of their own.

In the insects, the basal segment of the leg is
obviously divided into a coxa and a subcoxa, the lz tter form-
ing sclerotized plates in the pleural wall of the thorax.

In the crustaceans, it is quite possible to trace & similar
development of the limh basis, Consequently we may l-ok
upon the coxopodite as being equivalent to the coxa of the

insect, while the stermal and possibly the pleural regions



of the thorex in the blue crab represenﬂe the subcoxal regions
of the legs.

The coxopodi te is sanmetimes ankylosed with the
basgipodite, in which case the resulting structure goes by
the name of protopodi te. “he coxpodite may exist by it
self, as in the mandible and the two maxillae of the isopod
and the amphipod (fig. 21, 4, B, C; fig. 22 &, B, C), or it
may give rise to a basipodi te with or without an exopodi te
and endopodite. lhe coxopodi te may hare one or more
epipodites (fig. 24, &, F), which are usually gill-like,
non-segme nted structures forming a part of the respiratory
system.

In the lower crustaceans, the leg has an exopodite
as wpll as an endopodi te, both of which always arise from the
basipodi te. In the higher crustaceans, the exopodite still
persists in the maxillipeds and the pleopods.

the exopodite may have amny number of joints, and
its distal part may be modified to form a flegellum, as in
the maxilliped and true legs of the mysid (fig. 19 D; fig.

20, A, B, C). The endopod te, on the contrary, is very
definitely limited to & maximum of five segrents. iIrequently
the di stal segments are not present, and some of the proxi-
rmal ones may have ankylosed. The endopodite exists in its

typical form as a walking leg in the higcher crustaceans,

the nammes of its segments being *he ischiopodite, the merspodite,
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the carpopodite, the propodite and the dactylopodite. ‘'he
typical crustacean leg has two principle places for bending,--
one is at the basal joint between the coxopodi te and the
basipodite, and the other is at the "knee" joint between the
meropodite and the carpopodite. FEence there are typically
three segrents between the basal joint and the "knee™" joint,
and three more beyong the "knee" joint. ‘hen fewer segments
oceur in either section, we may know that the leg is not
entirely typical, for instance, in the second maxilliped
of the amphipod (fig. 23 A), only two segments occur distal
to the "knee" joint, and therefore we know that it is the
dactylopodi te which is absent. In the leg of the blue crab
('fig. 12 A, B), two moveable segments occur between tie basal
joint and the "knee"™ joint. One can easily see in this
case that the basipodite is neariy ankylosed with the
ischiopodite, the resulting structure thereby becoming a
basi~ischiopodite. In the leg of the higher crustaceans
the expodite is absent. The basipodite plus the endopo-
dite is often referred to as the telopodite.

Wien more than seven segments a2ppear to be visible
externally as is the case in the mysid Anaspides, the addi-
tional) supposed segments are due to slight creases or “urrows
in the body wall, and are not true segments with their necessary
complement of muscle, Some shrimps &lso apparently have
many additional segmemts in the distal part of the legs, but

neither are these true segments, as thelr myology proves.



The so-called exopodite of the trioclobite leg arises
on the actual besal segment of the limb, and the question has
been raised as to whether it is a true exopodite or an
epipodite. If it is an exopodite homologous with that of
living crustaceans, then it throws the tilobite absolutely
into the Glass Crustacea. If, on the other hand, it is an
epipodite, then it makes the trilobite ancestral to all

the Arthropoda so far as the structure of its legs is concerned.
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List of abbreviations

a-b, primitive dorsoventral axis of the appendage
A Cxpd, anterior part of the coxopodite
Add, tendon of adduwetor of the mendible
Ant, anterior border

Bnd, endite of the basipodite

Bs~Iscpd, bagi-ischiopodi te

Bspd, basipodite

Cex, exite of the coxopodite

Cnd, endite of the coxopodite

Crpd, carpopodite

Cxpd, coxopodi te

Depd, dactylopodite

End, endite

Endpd, endopodite

Eppd, epipodite

Ex, exite

Expd, exopodite

Flb, flabellum

Flg, flagellum

I, tergel promotor muscle

Isepd, ischiopodite

J, tergal remotor

K, sternal promotor

L, sternal remo tor

Mrpd, meropodite

Palp, palp
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List of abbreviations (continued)

P Cxpd, posterior part of the coxopodite
Post, posterior border

Prpd, propodite

Prtpd, protopodite

Ptg, paratergite

S, sternum

Scg, scaphognathite

St, statocyst

T, tergum

Tn, telson
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Fige 1. Muscles of the abdomen of the male blue crab

A, Dissection of the abdomen from the ventral side to show the
dorsal muscles.
7b. Small branch of musculus dilator ani.

8-13, Musculi dorsales superficiales abdominis.

B. Dissection of the abdomen from the damal side to show the
ventral muscles.
le Museulus superficidis thoraco-abdominis
2-6. Musculi ventrales superficiales abdominis
7a, Main branch of musculus dilator ani
I-VI. Abdominal somites 1 through 6

Thn.Telson
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Fig. 2. Dorsal dissection of the eye of the blue crab
On the right side the deeper muscles are expoed_f

15. Muscius oculi basalis anterior

16. " " " poster ior

17. " n attractor
18. n " adduc tor

198 and 19b Musculus oculi abduc tor

20a, 20b apd 20c. Musculus oculi retractor dorsalis
21. Musculus oculi retractor ventralis

22. " " n lateralis

23a and 23b Musculus oculi retractor medialis

I, Middle cylinder
II. Second segment

III. Optiec cup
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Figo Se

Dorseal dissection of the first antenna

of the blue crab with the deeper muscles
laid bare on the right side

24a and 24b. Musculus promotor I antennse

25a and 25b. " renotor I n

26. Musculus produ ctor,

27.
28.
29.
30.
3l.

2.

reductors

adductor 2

abdue tor 5
produc tor5

redu c‘aors

4

st., statocyst.

I antenme

I "
I "
I "
I "t
I "
I "






Fig. 4. The second antenna

33. Musculus promo tor II antennze

34, " remo tor II "

35, " productor ischiopoditis II antennee
36 " reductor " " "

37 e " productor meropoditis " "

38. " reduc tor n " "

39 " productor fl egeliaris " "

40. " reductor " " "

Cxpd, coxopoditey Bspd, basipodite; Iscpd, ischiopodite;

Mrpd, meropodi te; Flg, flagellum.






Fig. 5. ihe mandible

A, Dorsal view of the mandible in place
B. Analysis of the mandible as an appendage
C. Mesal view of the mandible

41 . Musculus abductor meior mamdibulae

42. " " minor "
43, " adductor posterior "
44. " " lateralis "
45. " extensor palpi "
46. " flexor a " "
a7, n n p n "

X-xx, hinges of the mamlible

T42, tendon of Musculus abductgr minor mamibulae
T44, " " " adduc tor lateralis n

S, cut ends of two stomach muscles

I, the dorsal promotor

J, " " remotor

KL, the ventral promotor and ventral remo tor combined
Ant, anterior border of the mendible

Post,posterior " "on "
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Fig. 6 Diagrem of the theoretical
elementary musculature of the segmental appendages (after

Snodgrass) .

a-b, primitive dorsoventral axis of the appendage

I, tergal promo tor muscle
J, tergal remo tor

K, sternal promo tor

L, sternal remotor

T, tergum

S, sternum






Fig. 7. The first meaxilla

48. Musculus promotor I maxillae

49-50, " remotor " "

51. " adductor anterior I maxillee

52. " " posterior I maxillee

53. * abductor coxopoditis I maxillae

54¢. * levator I maxillae '
65. " depressor I maxillae

56. ® gdductor endopoditis I maxillae

A Cxpd, anterior pert of the coxopodite. P cxpd, posterior part
of the coxopodite. Cnd, and Cndy, first and second endites of

the coxopodite. Endpd, endopodite.
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Fig. 8. The second maxilla

57. Musculus promotor II maxillae

58. " remtor " "

59. " depressor " "

60. " adductor coxopoditis II maxilla
61. " n endopoditis " "
62. " flexor scaphognathitis II

63-69. Muscull respirmatorii II masxilla

Cns:L1 and Cndz, first and second endites of the coxopodite. Endpd,

endopodite. Scg, scaphogmathite.
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Fige 9. The firet maxilliped

70. Musculue promo tor medialis I pedis maxillaris
71. " " lateralis I pedis maxillaris

72. Unnamed muscle

73a-b, " "
74, " "
75, " "
76. " "

77. Musculus adductor exopoditis I pedis maxillaris
78. n abductor flagelli " n n "

79. " flagellaris exopoditis I pedis maxillaris

C:]:uiit and Cndy, first and second endites of the coxopodite.

Cxpd, coxopodite. Endpd, endopodite. Eppd, epipodite. Expd,

exopod ite.



RIS TTeS
......

W\ 7776 74 75 72
W\ N I/ Cndr N

“ ‘g‘f ‘& /CXPd

[/




Fige 10. The second maxilliped

80. Musculus pramotor II pedis maxi llaris

8l. " remotor " " "

82. " levator " " "

83a-b., " depressor a-b. II pedis maxillaris

8. "  attractor epipoditis IT pedis maxilleris

85, " abductor exopoditis " " n

86. " flagellaris " " n "

87, " abductor flagelll exopoditis II pedis maxilleris
88. " productor meropoditis " " "

89. " relictor " " " n

90. " abductor carpopodi tis " " "

el. " addue tor " n " "

92, " productor propoditis " " "

93, " reduc tor " ) " "

94. " productor dactylopoditis " " "

95. " reductor " n n n
Bs-Iscpd, basidsichiopodite. Crpd, carpopodite. Cxpd, co:opeé%

Dcpd, dactylopodite. Eppd, epipodite. Expd, exopodits.

Mrpd, meropodite. Prpd, propodi te.
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Fige 11. The third maxilliped

96. Musculus praumotor III pedis mexillaris

97. " remotor " " n

98g-0, " levator a-¢ III pedis maxillaris

9. " depressor " " "
100, " adductor expoditis III pedis maxillaris
101. " abduetor " " " "

102. " " flagelli " " "

103. " flagéllaris exopoditis III pedis maxillaris

104. " Tlexor meropoditis " " "
105. " extensor " " n "
108, " flexor carpopoditis " oon "
107, " " propodi tis " " "
108. n extensor N " " "
109, " flexor dactyiopodi tis ® " n
110, " extensor " noom "

Crpd, carpopodite. Depd, dactylopodite. E ppd, epipodite.
Expd, exopodite. Iscpd, ischiopodite. Mrpd, meropod{te.

Prpd, propodite. Prtpd, protopodite.
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Fig. 12. The pereiopods

A, B, C. The first pereiopod

111a-b, Musculus promotor a-b

112, " remo tor

113a-c. " levator a-e

1l4a-g. " depressar a-g

115. n reduc tor meropoditis
116. " abdwe tor carpopoditis
117. " adductor "

D, B, F. The second pereiopod

l22a-d. lusculus promotor a-d

123. " remotor

124a-d. " levator ad.

125a~e. n depressor a-e

126. " redwc tor meropoditis
127. " abduc¢ tor carpopoditis
128. n adductor "

G, Hy I. The third pereiopod.

133 a~¢. Musculus promotor a-g

134. " remotor

135 a=-c. " levator a-¢

136 a-e. n depressor e-e

137. " reduc tar meropoditis
138. " abduc tor carpopoditis
139. " addue tor "

Bs-Iscpd, basi-ischiopodite. Cxpd, coxopodite.



Fig. 12 The pereiopods (continued)

J, K, L. The fourth pereiopod

144a-d. Masculus promotor a-d

145. "
l“a—b - n

147a-d. "

148. "
149. "
150. "

remo tor

levator a-b
depressor a-d

reduc tor meropoditis
abductor carpopoditis

adduc tor n

M, N, O. The fifth pereiopod

155a-c. Musculus promotor a-c¢

156a-b.
157a-~c.
158a-~f.
15¢.
160.

161.

n

remo tor a-b

levater a-o¢

depressor a~f

rTedue tor meropoditia
abductor carpopoditis

addw tor "



‘/lr/ _

14c 114b 114a

| 3 . I \
125b 125d 125a 128 126 125b 125d




1358” 133F

A ddr” f‘{‘ 5
&g} '
) .

&

= 3 - S ..‘."».'::"'" :. & 1 ‘\_.:_::‘Iﬁ" = = 7:7_;
LR = e —- ki\\"}x

136d

K L

lzlL9 147|d 14\15

14da 147a U7 146a 150 148 147 147b

147a




M 156b N O

15(|§a15'7c 157a 1?701 15|37c 15\7a lEyiO 15\8e 15§cl ISTC 15(|3d
| |
|

| W :
I57b  158a 161 159 158F 158b 1584 158




Fig. 13, Transverse section of the thorax

A. Section through the third pereiopod
122b. Branch of Musculus promotor of second pereiopod

133¢~g. Bramches of Musculus pramotor of third pereiopod

136a. Branch of Musculus depressor " n "
137. Musculus reductor mes r.opodi tis " " "
138, " abductor carpopoditis " " "
139. n adductor " n n "
140, " rproduc tor propoditis " " "
141. " redwtor " " " n
142. " abductor dactylopodi tis " " »
143. " addwetor " " n n

155a. Branch of Musculus pramotor of fifth pereiopod
1564d. " " v  remotor " " "

157a. " n " levator " " n

B. Section through the first pereiopod
14, Musculus attractor epimeralis

l1lla-b. Branches of Musculus promotor of first pereiopod .

ll14e, Branch of Masculus depressor " " "
115, Muasculus redw tor meropoditiis " " n
116. " abductor carpopoditis " " "
117. " addw tor " n K "
118. " produ ctor propoditis " " "
119. " reduc tor " " " "
120, " abduc tor dectylopod tis " " n
1z21. " adduc tor " " "
122b. Branch of Muaﬁulue promo tor 3f :ggggd Pereiopod

133b. won
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Flg. 14. The pleopods
A, The first pleopod of the male

166. Musculus pramotor coxpoditis Ipedis spurii

167, " abductor basipoditis I " "
168. " adductor " n " "
169. " abduc tor flagelll "o "

B. The second pleopod of the male
170, Musculus promotor coxopoditis II pedis spurii
171. " adduc tor basipoditis * " "

172, " abduc tor flagelli won "

C. The first pleopod of the female

173. Musculus promotor coxopoditis I pedis spuriil

174, ® abduc tor " "o "
175, " adductor " n n "
176,  ® reduc tor basipoditis " " "
177. n abduc tor exopoditis " " "

178. " adduc tor " b " "
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Fig. 15 Dorsal view of the blue crab






Fig. 16. Ventral view of the blue crab






Fig. 17. Dorsal view of thorax with carapace

removed to show internal skeletal parts

I-VII1I, first through eighth somitea of thorax
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Fig. 18. Lateral section of thorax to show

internal skeletal parts.

I-VIII, first through eighth somites of thorax






Pig. 19. Appendages of Michtheimysis stenolepis

A, The mendible
B. The first maxilla
C. The second maxilla

D. The first maxilliped

Bspd, basipodite. Crpd, carpodite. Cxpd, coxopodi te.
Depd, dactylopodi te., End, endite. Eppd, epipodite. Expd,
exopodi te. Flb, flabellum. Iscpd, ischiopodite.

Mrpd, meropodi te. Prpd, pr podi te. Pripd, protopodite.






Fig. 80. Appendages of Michtheimysis stemolepis

A, The second maxilliped
B. The thinrd maxilliped

C. The fifth pereiopod

Bspd, besipodite. Crpd, carpopodite. Cxpd, coxopodite.
Depd, daetylopodite. Eppd, epipodite, Expd, exopodite.
iscpd, ischiopodite. Mrpd, meropodite. Prpd, propodite.

Prtpd, protopodite.
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Fig. 21 Appendages of Ligia exotica
A, The mandible

B. The first maxilla
C. The second maxilla
D, The maxilliped

E. the first perelopod

Bnd, endite of the basipodi te. Bs-Isepd, basi~-ischiopodite.
Bapd, basipodite. Depd, dadylopodite. End, endite. Endpd,

endopodite. Eppd, epipodite. Ex, exite. Mrpd, meropodite.

Prpd, propodite.
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Fig. 22. Appendages of Orchestoidea califbrnians

A, The mandible
B. The first maxille
Cs The second maxilla

D. The first maxilliped -

Bspd, basipodite. Cxpd, coxpodite. End, endite.

Endpd, endopodite.
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Fig., 23. Appendages of Orchestoidea californiana

A. The second maxilliped
B. The third mexilliped

C. The fifth pereiopod

Bspd, basipodite. Crpd, carpopodite. Cxpd, coxopodite.
Iscpd, ischiopodite. Mrpd, meropodite. Prpd, propodite.

Ptg, paratergite.
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Fig. 24. Appendages of Penaeus setiferus

A, The mandible

B. The first maxilla

C. The second maxilla

D, The first maxilliped
E. The second maxilliped

F. The third maxilliped

Add, tendon of the adductor muscle of the mandible. Bnd,
endite of the basipodite. Bspd, basipodite. Cex, exite
of the eoxopodite. Cxpd, coxopodite. Expd, exopodite.

Prtpd, protopodite. Scg, scaphognathi te.






