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Introduc tion

The need for d e ta ile d  morphologic study of the muscles 

of crustaceans i s  apparent upon making a survey o f the very 

scanty  l i t e r a tu r e  dealing with the myology o f  so d iverse  and 

im portant a suborder. The taxomomy and the concurrent analy­

s is  of the e x te rn a l antomy of crustaceans have received  a 

g rea t deal o f a t te n t io n ,  w hile th e ir  physiologic re a c tio n s  to 

stim uli have likew ise been g iven  a  com paratively la rg e  amount 

of study. The in te rn a l s tru c tu re  and p a r t ic u la r ly  the myology 

have been su rp ris in g ly  neg lected .

Huxley (1880) made a now h is to r ic  co n trib u tio n  in  

h is  book on the c ra y fish , and h is  m asterly  d is s e c tio n s  were un­

equalled  fo r over a q u a rte r  of a century . Then the Herman 

school of zoology a t  Leipzig began a symposium on the cray­

f ish , and th e  re-check ing  o f  the  musculature was undertaken 

by Walter Schmidt, who did a most thorough and sch o la rly  

re v is io n , in  which he came upon sev era l im portant po in ts 

which Huxley had f a i le d  to emphasize.

The next complete m yological study o f  a crustacean 

was published by A lfreda Berkeley in  1928. Her study o f  the 

shrimp Fandalus danae was executed in  the general manner
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o f Schmidt’s treatm ent, so th a t liie ir  two papers are 

re a d ily  comparable♦

Several sh o rt papers have s ince  appeared b a lin g  with 

the very  complicated abdominal m usculature o f  shrim ps, b u t 

these papers have l i t t l e  bearing  upon th e  following study, 

because the shrimp and th e  crab a re  s tr u c tu r a l ly  d iss im ila r  

in  regard to th e i r  abdominal organization*

I  am p a r t ic u la r ly  indebted to Mr* R. E* Snodgrass 

o f the Bureau o f  Entomology of the United S ta te s  department 

o f A gricu ltu re  fo r h is  invaluable a ss is ta n c e  and advice in  

in te rp re tin g , describ in g  and f ig u r in g  the muscles o f  the 

b lue  crab , and in  comparing them to those o f  o th e r orthropods.

I  am likew ise indebted to P rofessor C. J ,  P ierson 

of the department o f  Zoology of the U n iversity  o f  Maryland 

for o u tlin in g  the p resen t study, and to Ur, R, V. Truitt o f  

the sane department fo r d ire c tin g  my prelim inary  surrey o f  

o ther anatom ical fea tu re s  o f  the b lu e  crab .

My s in ce re  thanks a re  due a lso  to Ur. Waldo L* 

Schm itt, Curator o f the D ivision o f  Marine In v erteb ra tes  

of the United S ta te s  N ational Museum fo r donating comparative 

m ateria l fo r d issec tio n  and fo r  making availab le  much o f  

the l i t e r a tu r e  dealing with crustaceans*
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The trunk

The complete fu s io n  o f the segments o f  head and body in  th e  

blue crab has re su lte d  in  the disappearance o f those in tersegm ental 

muscles which in  crustaceans l ik e  the shrimp and the c ray fish  give a 

high degree o f  f l e x ib i l i ty  to the movements o f  the body.

The crab*s head and body are encased in  a hard, un jo in ted  

covering which shows no t ra c e  whatever o f  segm entation on i t s  d o rsa l 

surface, although v e n tra lly  the s te rn a l  th o rac ic  segments on which 

the upper leg  muscles o r ig in a te  a re  q u ite  w ell narked. Of a l l  the 

extrem ely complex and numerous body muscles which one encounters in  

the shrimp and c ray fish , th e re  i s  b u t one, the a t t r a c to r  o f the epimera, 

which f in d s  a coun terpart in  the b lue crab, where i t  performs the 

same function  o f  holding the g i l l  chamber in  i t s  proper r e la t io n  to 

the carapace.

While the abdomen of the  c ra y fish  and shrimp i s  extrem ely 

p lia b le  and i s  much used in  swimming, the abdomen o f  the b lue crab, 

in  the male a t  le a s t ,  is  ap p aren tly  progressing towards a cond ition  

o f p a r t ia l  r ig id i ty ,  as the th ird , fourth and f i f t h  segments a re  

immovably fused in  th a t  sex. This fu s io n  is  not yet completely 

e s tab lish ed , however, as  the former segmentation is  s t i l l  p a r tly  

m aintained in  i t s  m usculature. The fem ale’s abdomen has s ix  d is ­

t in c t  segments, a l l  of which have the muscles qu ite  w ell developed.

The s tru c tu re  o f  the hard p a r ts  of the  abdomen o f  the male i s  such 

th a t i t  can no t be extended behind th e  body in  lin e  w ith the back, 

but a t  most can assume a p o s itio n  a t  r ig h t angles to  the do rsa l 

su rface  of the body. The abdomen in  both sexes normally l i e s  c lo se ly
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adpressed ag a in s t the p o s te r io r  reg io n  of the th o rax . In  th is  

p o s itio n , the dorsal p a r t  of the abdomen is  underneath the body 

and a c tu a lly  ven tra l in  p o s itio n . In the te x t ,  however, i t  i s  

described  with the term "dorsal"  ap p lied  to th a t p a r t  which would 

be uppermost in  a normal crustacean  abdomen extending backwards 

behind the thorax.

1 # Musculus v e n tra l is  s u p e r f ic ia l is  thoraco-abdom inalis (fig* IB ).

I t  a r ise s  on the o u te r p o s te r io r  su rface  o f  the l a s t  

segment o f the thorax and is  in se rted  on the a n te r io r  border o f  the 

f i r s t  abdominal segment near the raidline, where i t  helps to 

p u ll  the abdomen towards the thorax . This i s  the only trace 

in  the b lue crab of the ven tral .su p e rfic ia l th o rac ic  muscles 

which are so prominent between the h igh ly  movable body segments 

in  both Astacus and Pan da lu  s . Although th is  muscle as well as 

a l l  the o ther abdominal muscles a re  paired , the manbers o f  the 

p a ir  a re  so c lo se ly  crowded towards the middle l in e  th a t  they 

appear as one median bundle o f  muscle f ib r e .

2-6. Musculi venfcrales s u p e rf ic ia le s  abdominis ( f ig .  IB ).

These muscles a re  arranged reg u la rly  in  accord: with.: the

o rig in a l segmentation of the abdomen in  the male, and the fusion

o f the th ird ,  fourth  and f i f th  abdominal somites in  th i s  sex

has ev id en tly  not a ffe c te d  th e  v e n tra l  musculature a t  a l l ,  mricie the l a t t e r
muscles of the

is  s im ila r  in  bo th  sexes. ihe/ f i r s t  p a ir  (2) a r is e  on the 

membrane of the a n te r io r  border o f the f i r s t  segment, aifl&'re 

in se rte d  on the heavy sc le ro tiz e d  ridge marking the second segment.

Each muscle o f the p a ir  s p l i t s  in to  sev era l d iverg ing  branches,
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the two inner ones being p r a c t ic a l ly  confluent on the m id line .

The second 13) and th ird  (4) p a irs  a re  s im ila r  to the f i r s t .

Bach muscle of the fourth  (5) is d e f in ite ly  in  a s in g le  p iece , 

however, and i t s  p o s te r io r  attachm ent is  made upon an arrow- 

shaped c a r t i la g e - l ik e  th icken ing  of the membrane in  the middle 

of the segment. The muscles o f  the f i f t h  and l a s t  p a ir  (6) a re  

likew ise undivided, the two muscles lying very c lose to g e th er a t  th e ir  

o r ig in  but diverging towards th e ir  in se rtio n  upon the o u te r  w alls 

in  the middle of the s ix th  segment. There i s  no v e n tr a l  muscle 

connecting the s ix th  segment w ith  the te lso n  in  e i th e r  sex . The 

v e n tra l su p e rf ic ia l muscles a re  much heavier in  the female than 

in  the male, owing no doubt to the fac t th a t the vflo eking 1 device 

for the m ale 's  abdomen precludes the n ecessity  fo r  any strong 

con trac tion  towards the body. The female, on the o th e r hand, 

has no such locking device, bu t must hold th e  abdomen bent forward 

under the body or curled  around the egg-mass, th is  p o s itio n  o f  the 

abdomen n e c e ss ita tin g  h eav ie r muscles.

7a and 7b. Jhusculus d i la to r  an i ( f ig .  1A, B).

The main p a r t  of th is  muscle a r is e s  on a tr ia n g u la r  

c a r t i la g e - l ik e  th ickening on the v e n tra l membrane lay ing  between 

the p o s te r io r  border o f  the s ix th  somite and the a n te r io r  bor­

der o f  the te lso n . I t  is  in se rted  ventro-m edially  by the s ide  

o f the anal opening. The small second p a rt a r is e s  in  the 

same c a r t i la g e - l ik e  thickening on the ven tral inemrane, and is  

in se rte d  on the a n te r io r  d o rsa l wall of the te lso n . By the co n trac tio n s  

o f the  two muscles the anus is  opened and widened, while the
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e l a s t i c i t y  of the membrane around the anus opposes them.

8-13* Musculi do rsa les  s u p e rf ic ia le s  ( f ig .  1A).

While Astacus has i t s  f i r s t  s u p e r f ic ia l  d o rsa l 

muscle connecting the thorax  w ith  the abdomen, th is  muscle 

does not occur e i th e r  in  Pandalus or in  C a llin e c te s . A very 

heavy U-shaped membrane connects the f i r s t  abdominal segment 

w ith the. thorax  in  C a llin ec te s . and a t  the base o f  th is  membrane 

a r is e s  the f i r s t  p a ir  of dorsal s u p e r f ic ia l  muscles (8 ), which 

thus corresponds to the  second p a ir  in  A stacus. Each muscle 

o f th is  pa ir is  in  several p a r ts  lying side by s id e . The next 

p a ir  (9) a r is e s  near the middle o f the second segment behind a 

heavy s c le ro tiz e d  rid g e , and is in se rted  on the a n te r io r  border 

of the fo llow ing segment, which in  the male crab rep resen ts  

the complete fu sio n  of the th ird ,  fou rth  and f i f t h  abdominal 

som ites. In the cen te r  of th is  fused sec tio n  there  is  s t i l l ,  

s trange  to say, a p a ir  of d e f in ite  patches o f  muscle tis su e  

a r is in g  on a heavy ridge, the marks of attachm ent o f  which may 

be seen going through to the dorsal integument as two s l ig h t  

shallow depressions. This pa ir of muscles (numbered ”10 or 11" 

in  the fig u re ) probably re p re se n ts  e ith e r  the fo u rth  o r f i f t h  

p a ir  of d o rsa l s u p e r f ic ia l  muscles. I t  appears to have no 

function , as the hinge to i t s  somite is  e n tire ly  immovable.

The ad jacen t p a ir o f  muscles has com pletely disappeared in  

the male. The s ix th  p a ir a r is e s  some d is tan ce  w ith in  the 

fused segment and is  in se rted  on a c a r t i la g e - l ik e  outgrowth from 

the a n te r io r  border of the six th  segment. The seventh p a ir  

i s  long and very s len d er, to  correspond to the shape of the 

male*s abdomen, and is  in se rted  on c a r t i la g e - l ik e  outgrowths
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emanating from the a n te r io r  b o rder of the te lson , which rece iv es  

a l l  o f  i t s  power o f  motion from th i s  muscle, as no fle x o rs  of 

the te lso n  e x i s t  in  e i th e r  sex . The fem ale 's  d o rsa l s u p e r f ic ia l  

muscles a re  l ik e  those of the male, except th a t  a l l  s ix  abdominal 

segments a re  d i s t i n c t ,  and hence the f u l l  complement o f s ix  

p a ir s  of muscles is  p resen t and functional#  The d o rsa l muscles 

serve to extend the abdomen backwards, but as th is  p o s itio n  o f

the abdomen is  no t h ab itu a l in  the blue crab, occurring only

a t  the tin e  of mating, the muscles a re  very w eaklydeveloped.

14, Muscuius a t t r a c to r  epim eralis (fig .IS B  ) . '

A ll th a t  remains of th is  muscle, ex tensive in  both 

Astacus and Pandalus, i s  a sn a il patch of sh o rt muscle f ib re s  

u n itin g  the epimeral p la te s  and the  carapace, between the meta- 

b ranch ia l and the card iac reg io n s. I t  extends only for a sh o rt 

d istan ce  from the p o s te r io r  angle of the f i r s t  epimeral p la te .
i

I t  holds the g illch an b er in  place in  the body, beneath the 

branchial lobe ana the p o s te r io r  p a r t of the p ro to g a s tr ic  reg io n , 

on which*the muscle o r ig in a te s .
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The eye

'i'he eye o f the blue crab  is  a h igh ly  complex organ 

which p resen ts  many sp e c ia liz a tio n s  in  i t s  s tru c tu re  and muscula­

tu re .  The shorten ing  and broadening of the body contour have 

also  been rep ea ted  in  th e  charges which have taken p]a ce in  the 

eyes. The c ray fish  and shrimp both with elongate , narrow 

bodies, have the eyes close to g e th er on sh o rt s ta lk s  which 

p ro je c t forwards in  f ro n t of the head. The b lue crab, on the 

o ther hand, has eyes which p ro je c t on very long sta lk s  a t  r ig h t  

angles to the a x is  of the body. The middle cy lin d er ( I  in

the f ig u re ) q u ite  d i s t in c t  and having i t s  own muscles in  the
*

cray fish  and shrimp, is  com pletely fused to the  ch itin o u s 

middle ring  in  the blue crab, and the  muscles o f  these j a r t s ,  

form erly separated, a re  now fo rced  to in te r la c e  in  a very  con­

s t r ic te d  a re a . The second segnent, on the co n tra ry , is  

immensely elongated in  the blue crab . I t s  proximal p a r t con­

ta in s  no muscles, b u t only a deep groove in  which l ie  the blood­

vessels feeding the eye. VentraUy th is  p a r t  of the segment 

is  separated  from the head by a th in  menbrane. This membrane 

thickens considerably  towards i t s  d is ta l  boundary, and on th is  

membrane the adductor muscle a r is e s ,  which is  no t the case 

in  e i th e r  the  c ra y fish  o r  the shrimp* The muscles a r is in g  

on the  d i s t a l  border o f the second segment, o r on the heavy 

tendinous outgrowths from i t ,  b ea r much the same re la tio n s  

to one ano ther a s  in  the c ra y fish  and shrimp* There a re  two 

branches to the abductor and th re e  to the dorsal r e t r a c to r ,  

the r e s u l t  be ing  th a t  the blue crab has ex c e lle n t co n tro l o f  

i t s  eye movements.

*The e n tire  fused s t in c tu re  w ill  h e re a f te r  be spoken of as the
■ m -tS fH o rv u l A -nr! «a-r*.
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15. Musculus o cu li b a sa l is  a n te r io r  ( f ig .  2 ) .

I t  a r is e s  m edially on tlie epistorae from a sh o rt, carved, 

movable rod which p ro je c ts  f i r s t  a t  r ig h t  angles from the cen ter 

of the epistome and then s lopes downwards and backwards over 

the aesoph&gus and en larges to a b u tto n -lik e  knob. ircm th is  

knob the muscle runs d o rsa lly  and soon d iv ides in to  two sh o rt 

but r e la t iv e ly  th ick  branches which fin d  attachm ent side  by 

side below the  proximal edge o f the chitinous middle cy linder 

which u n ite s  the o p tic  peduncles. The d is ta l  p a r t  of each 

peduncle, bearing  the re tin a , is  thereby moved forward in  a h o riz o n ta l 

plane, so th a t the eyes a re  brought s l ig h t ly  n earer to g e th e r. At 

the sal® time the second jo in t may be ro ta te d  s l ig h t ly .

16. Musculus o cu li b a s a lis  p o s te r io r  ( f ig .  2) .

This muscle a r is e s  on the knob-like p a r t o f  the supporting 

rod of the preceding muscle. I t  runs unpaired d o rsa lly  tb r  a sh o rt 

d is tan ce , c lo se ly  adherent to the d o rsa lly  d ire c ted  p a r t o f  the  

preceding. :ihen i t  d iv ides into two very f in e  bu t exceedingly 

strong branches which diverge s l ig h t ly  as they  continue dorsalljr 

between the branches o f  the a n te r io r  b asa l muscle to th e i r  a tta c h ­

ment on the f ro n ta l region of the carapace of the head, where 

th e ir  presence i s  marked u sually  by  two sixall in d en ta tio n s .

17. Musculus o cu li a t t r a c to r  ( f ig .  2 ) .

This sh o rt compact muscle a r is e s  on the  head cara­

pace near i t s  junction  w ith the middle cy lin d er. The muscles o f  th is  p a ir  

converge s l ig h t ly  before reaching th e ir  in se r tio n s  on a T-shaped



in fo ld ing  of th e  v e n tra l p a rt of the middle cy lin d er, in  fron t 

of the attachm eat o f  the a n te r io r  basa l muscle. th i s

middle c y lin d e r  is  c a r t i la g e - l ik e  and hence somewhat p l ia b le ,  

the a t t r a c to r  can a s s i s t  the a n te r io r  b asa l muscle in  depressing 

i t  and hence in  b rin g in g  the so lid  jo in ts  a ttach ed  to  i t  n earer 

together. I t  may likew ise oppose the b a sa l muscle in  ro ta tin g  

the second jo in t*

18. Musculus ocu li adductor ( f ig .  £ ).

This heavy and powerful but sh o rt muscle a r is e s  on the 

th ick  membrane sep ara tin g  the v e n tra l  p a r t o f the second jo in t 

from the head. I t  tra v e ls  forwards and outwards to i  ts in se r tio n  

along the a n te r io r  d i s t a l  w a ll of the second segment no t f a r  from 

the base o f the o p tic  cup, which is ro ta te d  s tro n g ly  by i t s  con­

tra c t io n .

19a and 19b. Musculus oculi abductor a and b (£!&•

O rig inating  p o s te r io r ly  on the heavy membrane which 

connects the second jo in t to the op tic  cup, the main p a r t o f  

th is  muscle is  in se rte d  on the p o s te r io r  w all o f the o p tic  cup 

near to the corneal su rface . This i s  the la rg e s t  and heav ies t 

o f any of the muscles lying in  the cup. The second branch 

o r ig in a te s  beside the f i r s t  but ju ts  o f f  a t  an angle towards the 

v e n tra l su rface , where i t  is  soon in se rted  not far from the  

proximal border of the o p tic  cup. I t  is  much sho rter th an  

the main branch, from which i t  is separated  near i t s  in se r tio n  

by the l a t e r a l  r e t r a c to r  muscle* Both branches oppose the 

adductor by pu lling  the eye away from the m idline, and r o ta t in g  

i t  in  the opposite d ire c tio n .
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Musculi ocu li r e t ra c to re s

Like the c ra y fish  and shrimp, the b lue  crab possesses 

fo u r r e t r a c to r  m uscles, a l l  of which o rig in a te  on the membrane 

bordering the d i s t a l  edge o f the second segment and which 

are  in se rte d  on the s id e s  o f  the o p tic  cup near the cornea.

They bring  the cup n earer to the second segment or ro ta te  i t .

The in se r t io n  of each muscle is  mariced ex te rn a lly  by a 

c h a r a c te r is t ic a l ly  d if f e re n t  tex tu re  in  the surface o f  the 

o p tic  cup.

20a, 20b and 20c. Musculus oculi r e t r a c to r  dOrsalis a , b and c ( f ig .  2).

This muscle has th re e  branches, a l l  o f which a r is e  

from a heavy o s s ic le - lik e  p ro je c tio n  lying in  the membrane and 

o rig in a tin g  on the d o rsa l dL s ta l w all of the second segment.

The main branch, the c e n tr a l  one of the th ree , tra v e ls  outwards 

to  i t s  attachm ent on the dorsal surface of the op tic  cup, 

where i t s  in s e r t io n  is marked ex te rn a lly  by a small area of 

a  s lig h tly  g ranu lar te x tu re  d if f e re n t  from the smooth surface 

around i t .  The second branch (b) p ro je c ts  forwards a t  r ig h t 

angles to the f i r s t  and i s  a ttach ed  on the front wall of the 

opticcup near i t s  proximal b o rd e r. The th ird  branch (c) 

p ro je c ts  a lso  a t  r ig h t angles but in  an opposite d ire c tio n  

to  b , and is  a ttach ed  to the p o s te r io r  w all of the o p tic  

cup near i t s  proximal edge. The th ree  branches taken together 

w ith  the o s s ic le - l ik e  piece from which they  o r ig in a te  form 

a c ro ss , and the attachment a t  the ex trem itie s  o f the cross 

produces a mechanical device of g re a t s tre n g th  fo r moving 

the op tic  cup d o rsa lly , and fo r ro ta tin g  i t  from side  to  s id e .
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21. Musculus o o il i  d e trac to r v e n tra l  is  (rib* 2 ) .

This is a r e la t iv e ly  s n a i l  and weak muscle, which a r is e s  

v e n tra lly  in  the membrane emanating from the d is ta l  edge o f  the 

second segment and i s  in se rted  on the  v e n tra l l a l l  midway 

to  the  cornea. Since i t  runs p a ra l le l  with the axis o f  the 

eye, i t  can no t a c t  as a r o ta to r .  I ts  only function  is  to r e ­

t r a c t  the o p tic  cup.

22. Musculus o cu li r e t r a c to r  l a t e r a l i s  (fig* 2)

This muscle o rig in a te s  in  a tendinous s tru c tu re  in  

the membrane o f  the p o s te r io r  v e n tra l  wall o f  the second segment, 

and passes d iagonally  backwards and upwards between th e  two 

p a r ts  o f  the abductor to i t s  in se r tio n  on the p o s te rio r w all 

o f the optic cup ju s t  above the in se r tio n  of the sh o rte r  branch 

o f the abducto r. I t  has a strong  ro ta to ry  function  due to 

i t s  p o s itio n  diagonal to the ax is  o f  the eye.

23a and 23b. Musculus ocu li r e tra c to r  m edialis a and b ( f ig .  2) 

This muscle has two branches, both o f  which a r is e  from 

an exceedingly heavy o s s ic le - lik e  p ro jec tio n  from the a n te r io r  

d is ta l  wall o f  the second segment. The upper branch (a) 

proceeds s tra ig h t along the a n te r io r  w all o f the o p tic  cup 

to i t s  attachm ent n o t f a r  from the cornea. The lower 

branch (Jb) diverges s l ig h t ly  downwards to i t s  attachm ent on the 

an te ro -v e n tra l  w all o f  the o p tic  cup not fa r  forward of the 

in s e r t io n  of the v e n tra l ro ta to r .  The medial r e t ra c to r  has 

the ro ta to ry  fu n c tio n  in  ad d itio n  to being a r e t ra c to r ,  as 

i t s  diverging branches t e s t i f y .
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The appendages

The problem of.choosing names fo r  the various muscles 

governing the appendages has proved to he a very  puzzling one, 

e sp e c ia lly  in  regard to those muscles governing the mandible, 

the m axillae and the  m ax illipeds. i t  is o ften  im possible in  the 

liv in g  crab to assign  to a d e f in ite  one of the many complex muscles 

surrounding the base o f each appendage a p a r t ic u la r  motion observed 

in  th e t p a rt of the appendage. in  the te lo p o d ite  the case is  

much sim pler, as  there  a re  but two muscles governing each segment, 

and but two corresponding d ire c tio n s  o f motion, in  the d issec ted  

crab, the many s lender muscles c o n tro llin g  the various b asa l p a rts  

o f the leg  are  l ik e ly  to break i f  enough tension  i s  pu t upon them 

to show in  what manner they inf]uenee the d i s t a l  segments. Even 

the coarse and heavy muscles on tendons which do no t break can no t 

in v ariab ly  be assumed to cauce the sere motion in  the segment 

of the s tif fe n e d  dead tissu e  th a t  they do in  the p lia b le  l iv in g  

organism. Thus i t  freq u en tly  becomes very d i f f ic u l t  to determine 

whether a muscle in  fu n c tio n  is  a promotor or an adductor, a remotor 

or an abductor. Coupled w ith  th i s  d i f f i c u l ty  i s  the fa c t  th a t 

the crab is  so h igh ly  e pec ia lized  away from the an c e s tra l 

p rim itiv e  condition  thatjsorae o f  the appendages now l i e  in  a 

p a r t ly  reversed  p o s itio n , w hile one appendage, the mandible, i s  

completely reversed . This makes i t  equally  hard to give the 

muscles p o s itio n a l names according to th e ir  po in ts  of attachm ent,
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and th e re  a re ,  b esid es, so many sm all muscles co n tro llin g  the  b asa l 

segments th a t one soon has to  re s o r t  to  the expedient o f g iv ing  

some o f them merely a number, having exhausted the av a ilab le  

ad jec tiv es  d e sc rip tiv e  o f  th e i r  lo c a tio n s .

I t  is  possib le , however, to d iv ide  the muscles according 

to th e i r  place of o r ig in , a l l  the muscles o r ig in a tin g  on the carapace 

being c a lle d  d o rsa l m uscles, and those coming from the v e n tra l 

surface and th e  s te rn a l apodemes being re fe r re d  to  as v e n tra l 

muscles.

Only those segments a n te r io r  to the second rax  i l i a  have 

both do rsa l and v e n tra l muscles. The second m axilla and th e  seg­

ments behind i t  lack d o rsa l muscles, but are  fu lly  equipped with 

v e n tra l muscles.

The dorsal and v e n tra l muscles are a l l  e x tr in s ic , mean­

ing th a t they o r ig in a te  in  the body i t s e l f  beyond the boundaries 

o f the true appendage. The in t r in s ic  muscles are contained e n t i r e ­

ly  w ith in  the appendage i t s e l f ,  and contro l the d i s ta l  segments of 

the limb, and the flagellum  i f  one be p resen t.

As long as i t  has seemed possib le  to do i t ,  I  h a v e  

followed the nomencJature adopted by Schmidt and l a t e r  by Berkeley, 

in  th e ir  re sp ec tiv e  anatom ical analyses to f a c i l i t a t e  comparison 

between the th re e  forms involved. The muscles o f the b lu e  crab 

do not always present p e rfe c t analogies in  e i th e r  p o s itio n  or 

function  to  those o f the c ray fish  and the shrimp, however, and 

where a d iffe re n c e  in  function  seems possib le , the p o s itio n a l name 

may be given as f i r s t  choice, w ith S chm id ts  or B erk e ley ^
f

corresponding name in  synonymy. 7/hen so many muscles were found
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th a t  the p o s itio n a l name of the one in  question  could no t he 

given with the use o f  only one o r  two q u a lify in g  ad je c tiv e s , the 

whole muscle has been re fe r re d  to merely by i t s  number. I t  is  

not w ell to be too a r b i tr a r y  in  assigning d e f in ite  names to  some 

of the more obscure muscles of the b lue crab u n t i l  such time 

as o th er rep re se n ta tiv e s  of the o rder Decapoda s h a ll  have been 

d issec ted  and compered c a re fu lly , muscle by muscle. I t  is  q u ite  

possib le  th a t o ther genera of crabs may show up in te rre la t io n sh ip s  

o f muscles th a t  a re  q u ite  obscure in  C a llin e c te s .
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The f i r s t  antenna (antennule ').

In  the blue crab th is  appendage i s  s im ila r  to th a t  o f  

the shrimp and o f  the c ray fish  in  regard  to  i t s  high degree 

of f l e x ib i l i t y .  The com paratively la rg e  s iz e  of the f i r s t
S 1lQijo in t is due to the presence of a la rg e  Ato cy st to  which no 

muscles a re  a ttach ed , these  t is s u e s  being e n t i r e ly  sensory in  

function . The s tru c tu re  of the two f la g e l la  in  the shrimp 

and c ray fish , as  w ell a s  in  the blue crab, does no t give any 

support to Huxfey’s opinion th a t  these f la g e l la  represen ted  an endo- 

p o d ite  and an exopo&ite, nor can the jo in t  from which they a r is e  

be considered as a modified b as ip o d ite .

24 a , b. Musculus proraotor a and b I  antennae (fig ’. 3 ) .

This muscle o r ig in a te s  in  two p laces on the p o s te r io r  bor­

der of the ap ertu re  which connects th e  in te r io r  of the body with the 

in te r io r  of the antennule* Both p a rts  a re  a ttach ed  close together 

on an info ld ing  of the menbrane lying beneath the s ta to cy s t chamber 

in  the f i r s t  jo in t .  The promotor ra is e s  the f i r s t  jo in t ,  b rin g in g  

i t  towards the  midline and ro ta tin g  i t  s l ig h t ly  in  i t s  socket.

25 a , b . Musculus remotor a and b I  antennae ( f ig .  3)

One p a r t  o f  t h i s  sh o rt but heavy muscle a r is e s  on a round

c a rtila g in o u s  d isk  on the l a t e r a l  edge o f  the apertu re  connecting 

body and antennule. I t  is  a ttached  to a tendon on the o u te r 

d o rsa l p a r t  o f the f i r s t  jo in t .  The o ther branch o f the reraotor 

a r is e s  on the o u te r  a n te r io r  border o f the ap e rtu re , and runs to 

i t s  attachment on the  opposite s ide  o f th e  terdon to  which the 

f i r s t  branch goes. Both remotors p u ll the f i r s t  jo in t strongly
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dowfcrcsfrdstowards the body, a t  the same time ro ta t in g  i t  in  i t s  socket.

2d. Musculus pioduetor 2 I  antennae ( f ig .  5 ) .

This muscle a r is e s  d o rsa lly  on the inner proximal border 

o f the f i r s t  segment and passes forwards to  i t s  attachm ent on the 

heavy b a s a l  membrane on the l a t e r a l  proximal border o f the second

segment, on which i t  ex e rts  a strong downward p u ll .

27. Musculus r e  due tor/% I  antennae { fig . 3 ) .

This sh o rt muscle o r ig in a te s  on the inner p o s te r io r

wall of the f i r s t  segment and is  in se rte d  a n te r io r ly  on the membrane 

o f  th e  proximal p a r t  of the second jo in t .  I t  opposes the productor2 

by bring ing  the jo in t upwards towards the mid l in e .

28.Musculus adductor2  I  antennae ( f ig . 3 ) .

This i s  th e  la rg e s t  of the fou r muscles governing the

second jo in t of the antenna. I t  a r is e s  on the inner p o s te r io r  w all 

o f the f i r s t  segment and is in se rted  a n te r io r ly  on the membrane 

a t  the inner b a sa l p a r t  of the second segment. I t  thus p a ra l le ls  

the reducto rg , and nearly  conceals i t .  Like the l a t t e r ,  i t  b rin g s  

the second jo in t upwards and toward? the midline* No adductor occurs 

in  Astacus in  any of the jo in ts  of i t s  f i r s t  antenna.

29. Musculus abductor I  antennae ( f ig .  3 ) .

I t  a r is e s  on the inner proximal border o f  the f i r s t  seg­

ment, d ire c t ly  beneath th e  o r ig in  of the productorg, p a ra lle l in g  i t  

almost to i t s  in se r t io n  on the menhrane below the outer proximal
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edge o f  the second segment. i'his muscle bring3 the second segment 

strongly backwards and outwards.

30. Mas cuius productor I  antennae ( f ig .  3 ) .

I t  a r is e s  on the o u te r proximal p a r t  o f the second jo in t  

and is  a ttached  to  the c a r t i la g e  emanating from the o u te r proximal 

edge of the th i rd  jo in t ,  which is  pu lled  downwards and outwards by i t .

31. Musculus red u c to r I  antennae ( f ig .  3 ) .
3

A rising also  on the o u ter proximal wall of the second jo in t ,  

th is  muscle goes to i t s  attachm ent on the  maribrane of the inner p ro x i­

mal border o f the th i rd  jo in t ,  which i t  b rings inwards and upwards 

in  opposition  to the  productor^.

32 .Muscuius reducto r^  I antennae ( f ig .  3 ) .

This is, the only muscle ly ing  in  the th ird  segment. I t  

a r is e s  on the inner proximal w all, and i s  in se rted  on the membrane 

ly ing  between the two f la g e l la ,  which a re  pulled  sharply  to g e th er by 

i t s  co n trac tio n , while the e l a s t i c i ty  of the membrane p u lls  them 

sharp ly  ap a rt. Apparently th e re  are no sp ec ia l muscles w ith in  

the f  la  gel la  t  hems elv e s .



The second antenna

In  the blue crab the second antenna i s  so d if f e re n t  in  

s tru c tu re  from the corresponding appendage in  the c ray fish  and 

shrimp th a t  i t  is  not fea s ib le  to a ttem p t to draw a p a ra l le l  

very  c lo se ly  between them. The second antenna in  the c ra y fish , 

as  Schmidt remarks in  h is m asterly  an a ly s is  (Schmidt, 1915, 

p . 205), i s  the most h igh ly  segmented of a l l  the head appendages, 

and hence possesses the g re a te s t  a b i l i ty  fo r  motion. The 

same com plicated s tru c tu re  was observed by Miss Berkeley in  

the shrimp Pandalus. Both these crustaceans have a w e ll-  

developed, h eav ily  muscled exopodite, as w ell as an endopodite 

in  which a l l  the ty p ic a l segments may be recognized, the 

flagellum  being taken to  represent the daetylopodite in  both  

cases.

There is  no jo in ted  exopodite in  the blue crab; 

the only tra c e  o f i t  is  a hard protuberance on the o u te r p a rt 

o f the b a s ip o d ite . Since a complete fu sio n  has taken place 

between the b as ip o d ite  and the head earapace, there a re  no 

depressor or le v a to r  muscles. The coxopodite i s  reduced 

e x te rn a lly  to  a membranous pocket ly ing  a n te r io r ly  between 

the b asip o d ite  and the head carapace, in  which the fusion  occurs 

p o s te r io r ly . A rising from the b asip o d ite , and forming the 

base o f  the endopodite, come two segments which I  s h a ll  a r ­

b i t r a r i l y  c a l l  the isch io p o d ite  and the meropodite, which are 

provided with tne ty p ic a l reduc to r and pioductor m uscles.
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Following these  i s  a long annulated  flagellum  w ithout d e f in ite  

muscles in s id e  i t .  I t  is  im possible to  say whether the 

flagellum  rep resen ts  the d iv is io n  o f the l a s t  three segments 

o f  the noimal endopodite ,—carpopodite, propodite and d ac ty - 

lo p o d ite ,—or of the carpopodite alone, i f  one wishes to assume 

the complete lo ss  of the o th e r two. Because o f th is  u n ce rta in ty , 

the muscles ly ing  in  the so -ca lled  meropodi te and c o n tro llin g  the 

a c tio n  of the flage llum  a re  re fe rre d  to as  the reductor and pro- 

due to r  o f  the flage llum .

33. Musculus promotor I I  antennae ( f ig .  4 ) .

I t  a r is e s  on the dorsal carapace in  the pno togastric  

reg ion , and runs inwards and forwards to  i t s  attachm ent on a 

s len d er tendon-like  s tru c tu re  which thickens and hardens in to  

a sickel-shaped  rod which curves outwards and forwards beneath 

the membranous pouch ly ing  between the basipod ite  and the head 

carapace, and f in a l ly  a ttach es  i t s e l f  to  th is  same c a r t i la g e - l ik e  

membrane, which is  moved ibrwards and inwards by i t s  a c tio n .

34. Musuculus remotor I I  antennae (fig* 4)..

This sh o rt muscle a r is e s  p a r tly  on the head carapace where 

i t  fuses w ith the b asip o d ite  and p a r tly  on the upper edge o f  the 

membranous pouch below the b as ip o d ite . I t  passes backwards to 

i.ts in se r t io n  on the p o s te r io r  p a rt o f  the sickel-shaped rod 

mentioned above. The membranous pouch is  pu lled  backwards and 

downwards by i t s  co n trac tio n .
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35. Musculus productor isc h io p o d itis  I I  antennae ( f ig .  4 ) .  

This muscle a r is e s  on the promimal median p o rtio n

o f the b asip o d ite  and is  a ttach ed  to the o u te r proximal border 

of the isch io p o d ite , which i t  moves outwards and dowisards.

36. Musculus reducto r isc h io p o d itis  I I  antennae ( f ig .  4 ) .

A l i t t l e  h eav ier than  the preceding, t h i s  muscle a r is e s

n ear i t  on the inner proximal wall of the b as ip o d ite , and i s  

in se r te d  on the inner proximal margin o f the isch io p o d ite , which 

i s  pu lled  s tro n g ly  inwards towards the center by i t s  a c tio n .

37. Musculus productor m eropoditis I I  antennae ( f i g .  4 ) .  

This muscle a r is e s  on the o u ter proximal w all o f  the

iscbij£5>odite and is  in se rted  on the  o u ter proximal margin o f the 

m eropodite, on which i t  e x e rts  an outward and downward p u l l .

38. Pius cuius reduc to r m eropoditis I I  antennae ( f i g .  4 ) .

Like the preceding in  s iz e  and shape, t h i s  muscle

o r ig in a te s  on the inner proximal w all of the isch iopod ite  and 

goes to i t s  in se r tio n  on the inner proximal edge o f  the meopodite, 

which receives a p u ll  towards th e  center from i t .

39. Musculus productor f la g e l la r is  I I  antennae ( f i g .  4 ) .  

A ris in g  on the  proximal p o s te r io r  w all of the m eropodite, 

t h i s  muscle i s  in se rte d  on the base o f  the f i r s t  annulus o f  the 

flagellum , which is  pu lled  outwards and backwards by i t s  co n trac tio n .
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40. Musculus red u c to r f la g e l la r i s  I I  antennae ( f ig .  4 ) .  

This muscle a r is e s  on the a n te r io r  wall o f  the meropodite 

and is  in se r te d  on the a n te r io r  p a r t  o f the f i r s t  r in g  o f  the 

flagellum , causing the l a t t e r  to be brought inwards and forw ards.
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The nandible

As in  the c ra y fish , shrimp and lo b s te r ,  the mandible 

in  the b lue crab is firm ly  fixed  a t  two a r t ic u la tio n s ,  (x  and xx

in  Figure 5) and hence cannot ro ta te .

The p o s itio n  o f  th e se  a r t ic u la t io n s ,  however, i s  q u ite  

d if fe re n t in  the blue crab  from corresponding a r t ic u la t io n s  in

the c ray fish  and i t s  a l l i e s ,  and a d iffe re n t mechanism fo r

controlling the mandible i s  re q u ire d . In  the c ra y fish , shrimp 

and lo b s te r ,  one of the a r t ic u la tio n s  is  a t  the extreme upper 

a n te r io r  corner of the mandible w hile the o ther is  a t  the  lower 

p o s te r io r  co rner. Therefore any muscles connecting the 

lower a n te r io r  corner with the s k e le ta l  p a rt near the m idline 

w il l  p u ll  the I  o w e r  halves of the mandibles strong ly  

to g e th er, function ing  thus as adducto rs. A muscle a ttach ed  to 

the upper p o s te r io r  edge of the nandible, and running from the 

same c e n tra l sk e le ta l  foundation , perhaps beside and even p a ra l le l  

to  the adductors ju s t described , w il l  p u ll the mandibles ju s t  

as s tro n g ly  a p a r t ,  performing the function  o f  abductors. This 

opposition  is  made p o ssib le  by the widely separated p o in ts  o f  

a r t ic u la t io n  of the mandible, which allow  i t s  upper and lower 

borders to p iv o t inwards and outwards between th e i r  h inges.

This swinging motion i s  fu r th e r  in te n s if ie d  by such a d d itio n a l 

abductors and adductors as give s u f f ic ie n t  power to the m astica­

to ry  fu n c tio n  of the m andible.

In  the b lue  crab, the a r t ic u la t io n s  of mandible w ith 

head skele ton  a re  both  a n te r io r ,  one a t  the upper and one a t 

the lower corner of the mandible. Because o f these a n te r io r
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a r t ic u la t io n s ,  any muscles going from the c e n tr a l  foundation to 

any av a ilab le  spot on the inner p o s te r io r  su rface  o f the mandible 

behind these forw ard-ly ing hinges are bound to open the mandible, 

function ing  as abducto rs. Hence th e re  is  no a n te r io r  adductor 

in  the b lu e  crab , and the th in  sh e e t-lik e  muscle o f  the blue 

crab which corresponds to  th a t  muscle in  the crayfish  functions 

now as  a m ajor abductor of the nandib le, and a l l  the work o f  

c lo sing  the nandible has to be done by the very heavy and powerful 

p o s te r io r  and l a t e r a l  adducto rs.
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In  tl i is  appendage a d iv is io n  of the e x tr in s ic  muscles 

in to  those w ith d o rsa l o r ig in  and those with v e n tra l  o r ig in  is  

f i r s t  c le a r ly  apparen t. There is  as  a m atter of f a c t  only  one 

v e n tra l muscle, the g re a te r  abductor (41 in  f ig .  3>A, C), and th is  

might be re fe r re d  to as hlusculus vent r a l i s  me s a l i s , the mesal v e n tra l 

muscle of the mandible, i f  p o s itio n a l names were adopted. There 

are th ree  d o rsa l muscles o f  the mandible, a p o s te r io r  o u te r (42), 

a p o s te r io r  inner (43), and a th ird  one, (44), in  function  a 

l a t e r a l  adductor, which i s  very puzzling to name as to  p o s itio n , 

s ince i t  a tta c h e s  i t s e l f  to  the now o u te r p o s te r io r  angle o f the 

mandible which has reversed  i t s e l f  in  the blue crab from i t s  

p rim itive  a n te r io r  p o s itio n .

I t  has been repeated ly  s ta te d  th a t th e  blue crab is  a 

h ighly  sp e c ia liz ed  c rea tu re  which d ep arts  in  c e r ta in  no ticeab le  

ways from the more genera lized  morphological asp ec ts  o f many 

o ther crustacean  types. We might expect many o f the b lue  c rab ’s 

appendages to show a v a r ia t io n  from the usual s tru c tu re , and th is  

expectation  is  f u l f i l l e d  when we examine the mandible and compare 

i t  s p e c if ic a l ly  to th a t  of the c ray fish  and shrimp. Because o f  

i t s  two a n te r io r  a r t ic u la t io n s ,  to which reference has a lready  been 

ma.de, the mandible of the blue crab l i e s  in  a p a r t ly  reversed 

p o s it io n ;—i t s  tru e  a n te r io r  border now as a m atter o f  f a c t  i s  

i t s  upper p o s te r io r  border when th e  crab occupies a norioal a t t i ­

tude, while i t s  tru e  p o s te r io r  su rface  is  now e n tire ly  v e n tra l 

in  p o s itio n .
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The p rim itiv e  appendage, a s  shown by Mr. B. E. Snodgrass 

in  h is  "Evolution of the In sec t Head and the Organs o f  deeding"* 

has e s s e n t ia l ly  fo u r muscles to c o n tro l the movements o f  i t s  b a sa l 

p a r t ,  two of which o r ig in a te  in  the dorsal reg ion  o f  the body, 

and two on the v e n tra l reg ion  (see f ig .  6 ) .  The d o rsa l muscle 

which is  in se rte d  on the a n te r io r  upper border o f  th e  rim  o f  the 

appendage i s  ca lled  the d o rsa l promotor ( le t te r e d  I  in  fig u re  6 ) , 

while the corresponding muscle in se rte d  on the p o s te r io r  upper 

border is  the do rsa l remoter ( J ) .  The muscle in se rte d  on the 

a n te r io r  lower rim o f the appendage is the  v e n tra l  promotor (K), 

and the corresponding muscle with a p o s te r io r  lower in se r t io n  is  

the v e n tra l  remotor (L).

An a ttem p t has been made ( f ig .  5,B) to analyse the 

e x tr in s ic  muscles o f  the mandible in  the b lue crab to see ju s t  

how they  conform to the simple a n ce s tra l type. I t  was found th a t  

the d o rsa l muscle numbered 44, and functioning as  th e  l a te r a l  

adductor, corresponds to the p rim itiv e  muscle I  w ith in se r tio n  

on the upper a n te r io r  rim  of the appendage. The two remaining 

d o rsa l muscles, the minor abductor (42) and the p o s te r io r  adductor 

(43) together re p re se n t the muscle J , s ince both o r ig in a te  

d o rsa lly  and are in se r te d  on the p o s te r io r  (now v e n tra l! )  rim  of 

the appendage. In the same way the muscle numbered 41, a c tin g  

as the major abductor, rep resen ts  a combination of th e  v e n tra lly -  

r is in g  p rim itiv e  muscles K and L, since 41 is  the only muscle 

o f the appendage having a  v e n tra l o r ig in .

♦Sm ithsonian Report for 1931, (1932), p. 465, f ig .  14,



41. Musculus abductor raaior raandibulae ( f ig  5A, C). 

Appearing as a broad sh e e t-lik e  muscle, th is  muscle

o r ig in a te s  in  two p laces on the head apodeme, and runs o u t­

wards to  i t s  in s e r t io n  along the p o s te r io r  p a r t  of the  mandible, 

which i t  helps to open.

42. Musculus abductor minor mandibulae ( f ig .  5A, C).

I t  a r is e s  l a t e r a l ly  on the d o rsa l head carapace on the

inner p a r t  of the epibrancb&l reg ion  and is  in se r te d  by a very 

s lender bu t strong tendon on the lower out p a r t  o f  the mandible, 

which is.opened by i t .

43. Musculus adductor p o s te r io r  rtandibulae ( f ig . 5a , 0) 

This very strong muscle a r is e s  on the u ro g as tr ic

region  of the carapace in  several heavy muscle bundles which 

s h o r tly  fu se  to g e th er into a long and extrem ely heavy tendon 

which passes forwards and downwards to i t s  attachm ent on the 

mandible a t  the po in t o f  i t s  lower a r t ic u la t io n  w ith th e  

head sk e le to n . I t  b rin g s  the mandible s tro n g ly  towards the 

m id lin e .

44. Musculus adductor l a t e r a l i s  raandibulae ( f ig .  5A, C) 

This extrem ely heavy muscle a r is e s  on the head

carapace p a r t ly  a t  the base of the f i r s t  spine and p a r t ly  

a t  the base of the th ird  sp ine , the p a rts  u n itin g  on a heavy 

tendon a tta c h in g  them to the o u ter p o s te r io r  end o f the 

mandible, which they bring  s tro n g ly  towards the m idline.
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45» Musculus ex tensor p a lp i raandibulae ( f ig .  5A).

This muscle a r i s e s  on the inner surface o f  the 

mandible near the base of the tendon o f  the p o s te r io r  adductor 

muscle. I t  is  in se r te d  on the heavy membrane connecting the 

palp and the mandible, and i t s  co n trac tio n  s tra ig h te n s  the 

palp  and b rin g s  i t  away from the cen te r , opposing fle x o r a 

in  i t s  a c tio n . There is no extensor fo r  the d i s ta l  segment 

o f the pa lp .

4 6 , Musculus f lex o r p a lp i raandibulae a ( f ig .  5A).

This sh o rt but s to u t muscle a r is e s  on the ou ter 

p a r t  of the mandible and tra v e ls  forwards and s l ig h t ly  inwards 

to i t s  attachm ent on the p o s te r io r  proximal border o f  the 

f i r s t  segment of the pa lp . I t s  function  is  to lower the palp , 

thereby b ring ing  i t  towards the median plane.

47. Musculus f le x o r pa lp i raandibulae b ( f ig .  5A}.

This muscle f i l l s  the whole of the f i r s t  segment of 

the palp . I t  a r is e s  in  the membrane proximal to th i s  f i r s t  

segment, and is  in se r te d  on the proximal jo in t o f  the l a s t  (second) 

segment. I t  lowers th is  l a s t  segment, thus b ring ing  i t  towards 

the center.
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"he f i r s t  maxilla*

The f i r s t  m axilla in  the blue crab, as in  the c ra y fish  

and shrimp, is  f la tte n e d , and w hile i t  normally l i e s  c lose to 

the o u te r a n te r io r  su rface  of the nandible, i t  has a considerable 

degree of freedom of m otion. This is  due to the f a c t  th a t 

i t s  b asa l p a r t is  r e a l ly  in  two p ieces , the p o s te r io r  h a lf  

r a th e r  lo o se ly  a ttach ed  to the lower d i s ta l  margin o f  the a n te r io r  

h a lf ,  and the two halves working to g e th er somewhat l ik e  the 

b lades in  a p a ir  of s c is s o rs . The a n te r io r  h a lf  has been 

ca lled  the b as ip o d ite  by Huxley, Schmidt, Berkeley and some 

o th e r in v e s tig a to rs , but s ince th e re  a re  no muscles between i t  

and the p o s te r io r  h a lf ,  and s in ce  the body muscles go to both o f 

them equally , i t  appears th a t  the s tru c tu re  i s  in  r e a l i ty  a 

coxopodite, sem i-divided and provided w ith hinges to give 

necessary  p l i a b i l i ty ,  B orrodaile also  considers th a t both 

p a r ts  belong to the coxopodite. I t  appears th a t the true 

basipod ite  is  com pletely fused w ith  and in d istin g u ish ab le  from 

the inner border o f  the coxopodite, as  the endopodite a r is e s  

from th is  reg ion .



Three d o rsa l muscles run  to  the f i r s t  m axilla , although 

i t  is  im possible to separate them a t  th e ir  o r ig in  because o f  th e i r  

extremely a tte n u a te  form. They separate d is t in c t ly  in to  th ree 

s trands as  th ey  pass behind the nandible to th e i r  d is t in c t ly  

separate  p o in ts  o f  in se r t io n  on the f i r s t  m ax illa . The f i r s t  

of these (51, f ig ,  7) i s  the a n te r io r  inner, which may be 

c a lle d  Musculus d o rsa lis  a n te r io r  me sa l i s , and whose fu n c tio n a l 

name is  the a n te r io r  adductor of the coxopodite* The next (52) 

is  a p o s te r io r  in n er, Miuscuius d o rsa lis  p o s te r io r  mesa 11 s , and 

which a c ts  as a p o s te r io r  adductor to the coxopodite. There is  

bu t one o u te r d o rsa l muscle, which may be re fe rre d  to as Musculus 

d o rsa lis  e x te rn a lis  and which functions as an abductor o f the 

coxopod i t e .

The v e n tra l  muscles may be classed  as follow s:

54.Upper in n er: Musculus v e n tra lis  superio r m esalis (lev a to r)

55. Lower inner: Musculus v e n tra lis  in f e r io r  m esalis (depressor)

48 .A nterio r o u ter: Musculus v e n tra lis  a n te r io r  e x te rn a lis  (promotor)

49 .P o s te r io r  o u te r: Musculus v e n tr a l is  p o s te r io r  e x te rn a lis  (remotor

50.Median o u te r: Musculus v e n tra lis  m edialis e x te rn a lis  (remotor b)

The only in t r in s ic  muscle in  th is  appendage i s  56, the 

adductor of the endopodite.
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48. Musculus promotor X m axillae ( f ig .  7)

I t  a r is e s  on the head apodeme and runs forwards and outwards 

to i t s  d o rsa l in se r t io n  in  the exjfcreme l a t e r a l  p a r t  o f  the coxopo­

d i te  beneath a d isk - lik e  o s s if ic a tio n  near the inner hinge o f  the 

coxopodite. ■‘■his muscle moves the coxopodite forwards and upwards. 

49-50 ♦ Musculus remotor I  m axillae a and b ( f ig .  7)

The sh o rte r  branch o f the rem oter (49) a r is e s  on the  v e n tra l 

p a r t o f  the head apodeme ex ternal to  the o r ig in  o f the main branch, 

tra v e llin g  p a r a l le l  to the l a t t e r  to i t s  in se r tio n  on the p o s te r io r  

d o rsa l a ig le  o f  the b a sa l rim  o f the coxopodite beneath and s l ig h t ly  

median to the in s e r t io n  o f the promotor. Lying d ir e c t ly  below

the promotor, the longer branch of the remotor (50) a r is e s  on the 

v e n tra l surface o f the head apodeme somewhat p o s te r io r  to the 

o r ig in  o f the promotor. I t  is  in se rted  v e n tra l ly  in  the a n te r io r  

d o rsa l angle of the b asa l rim  of the  coxopodite a t  a point con­

sid erab ly  p o s te r io r  to  the in se r t io n  of the promotor and q.uite 

near to the union of the coxopodite w ith the r in g - l ik e  outgrowth 

which e n c irc le s  i t  and holds i t  near to the mandible. Both 

remotor muscles oppose the promotor by lowering the coxopodite.

5 1 . Musculus adductor a n te r io r  coxopoditis I m axillae ( f ig .  7) 

This exceedingly long and slen d er muscle a r is e s  on the 

ep ib ranch ia l reg ion  of the head carapace and is  in se rted  without 

a tendon on the a n te r io r  margin of the base of the coxopodite' 

near i t s  mesal end. It b rin g s  the free  end of the coxopodite 

towards the mouth.

5S. Musculus adductor p o s te rio r coxopoditis I m axillae ( f i g .7) 

This very slender long muscle o r ig in a te s  on the head carapace 

with the preceding and in d istin g u ish ab le  from i t  a t  f i r s t ,
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and trave ls  forw ards, inwards and v e n tra lly  to i t s  in se r tio n  on
i t

the p o s te r io r  margin of the  base o f the coxopodite, w hich/pulls 

forwards and inwards*

53. Musculus abductor coxopoditis I  m axillae ( f ig .  7)

A rising  on the head carapace a t  the o r ig in  o f the preceding

two and a t  f i r s t  in d is tin g u ish ab le  from them, th is  muscle, 

likew ise very  slender, is  a ttach ed  d o rsa lly  to  the extreme ou ter 

border o f the coxopodite on the same disk-shaped o s s if ic a tio n  

th a t gives attachm ent to the promotor. I t  opposes the adductor 

in  p u llin g  the coxopodite away from the m idline.

54. Musculus lev a to r I  m axillae ( f ig .  7)

I t  a r is e s  on the a n te r io r  p a r t  of the head apodeme, ju s t  

median to  the  promotor, tra v e lin g  forward to the d o rsa l median 

proximal border o f  the inner h a lf  of the coxopodite, which i t  r a is e s .

55.Musculus depressor I  m axillae ( f ig .  7)

A rising on the v e n tra l surface of the head apodeme under and 

s l ig h t ly  p o s te r io r  to the o r ig in  of the le v a to r , th is  muscle con­

tinues forwards d ire c t ly  under the lev a to r to i t s  in se r tio n  on the 

v e n tra l proximal border of the inner h a lf  o f the coxopodite, 7/hich 

i t  p u lls  downward.

56. Musculus adductor endopoditis I m axillae ( f ig .  7)

I t  a r is e s  on the inner proximal border o f  the inner h a lf  o f 

the coxopodite and branches into a fan lik e  form ation a t  i t s  

m anifold in se r tio n  in  the cen tra l p a r t  of the endopodite, which 

i t  b rings towards the cen ter of the body. The b asip o d ite  is
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no longer d istinguishable as such in  th is appendage, and we 

postulage i t s  p osition  only by the presence o f  the endopodite, 

which when present always a r ise s  from the baBipodite.
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The second maxilla

While th is  appendage has the most complex system o f  

muscles o f  any in the blue crab, yet i t s  muscles correspond 

more c lo se ly  to those in  Astacus and in Panflalus than do the 

muscles of i t s  other appendages* The muscles leading to the 

parts bordering the mouth are r e la t iv e ly  slender and weak, 

so that the appendage ev id en tly  does not a s s is t  greatly  in  

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

the great development and complexity of the muscles con­

tro llin g  the scaphognathite, which cause the currents o f  water 

to pass continually  over the g i l l s .  These muscles are 

attached to a very thick sw ellin g , continuous a t i t s  outer 

end with the sk e leta l ridge running across the membrane covering 

the gill-cham ber. I ts  inner course borders the juncture o f  

scaphognathite and coxopodite in  a crooked and irregular sw elling  

which f in a lly  comes to an end as a cup-like thickening which 

bounds the outer proximal borders of endopodite and basipodi te. 

This cup g ives or ig in  on i t s  inner side to the adductor muscle 

of the endopodite and on i t s  outer side to the flexor o f the 

scaphognathite. No tendons are found in  any muscles o f the 

second m axilla. There is  no levator muscle in th is  appendage 

in  C a llin ectes . Astacus or Pandal us.
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nThe coxopodite bears  two mesal bilobed en d ite s , the a n te r io r  

of which has been assigned to  the b asip o d ite  by Brooks and many 

l a t e r  w r i te rs .  There is  no d is tin g u ish ab le  b asip o d ite  p resen t 

as such in  e i th e r  o f  the two m axillae in  the b lue crab , but in  

both c m axillae the coxopodite is  so ir re g u la r ly  shaped th a t 

i t s  appearance does not s u p e r f ic ia l ly  suggest th a t  i t  i s  in  

r e a l i ty  a l l  one structure*. As in  the f i r s t  m ax illa}the p o s itio n  

of the b a s ip o d ite  in  the second m axilla i s  to be in fe rre d  only 

by the p o s itio n  of the endopodite. This region is  so ir re g u la r ly  

convoluted and infolded to g ive s u ff ic ie n t  room fo r  in se r tio n  

to the complex and numerous r e s p i r a t o r  muscles th a t the o r ig in a l 

boundaries between coxopodite, b a s ip o d ite , scaphognathite and 

endopoditejLre com pletely o b li te ra te d  in  the b lue crab. In describ ing  

the muscles of the second m axilla , no fu rth e r  reference  w ill be 

irade to a b a s ip o d ite .

As a l l  the d o rsa l muscles a re  fflis&ing in  th is  as in  a l l  the 

following segments, the naming o f  th e  v en tra l muscles remaining 

might appear to be an easy ta sk , bu t such i s  n o t the case. The 

myological plan of the second m axilla is  g re a tly  complicated by 

the presence of no le s s  than seven re sp ira to ry  muscles, some o f 

which are e x tr in s ic ,  some in t r in s ic .  xts a m atter of fa c t ,  the 

only muscle which perm its o f  an e a s ily  d esc rip tiv e  p o s itio n a l 

name is  60, an a n te r io r  inner v e n tra l  muscle, Musenlus v e n tr a l is  

m esa lis , which functions as  an adductor of the coxopodite. Tae 

remaining e x tr in s ic  v e n tra l muscles (see f ig . 8 ) a re  57, pro motor; 

58, rem otor; 59, depressor; and 63 through 6 6 , re sp ira to ry  muscles 

a through d respectively*
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The rem aining re sp ira to ry  muscles e through g, ^67 through 69) 

a re  in t r in s ic ,  as are likew ise th e  adductor o f  the endopodite (61), 

and the flex o r o f the scaphognathite (62 ).
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57. Musculus pro motor I I  m axillae I f ig .  8 )

This long, c y lin d r ic a l  muscle o rig in a te s  on the dorsal 

surface  of the endop leu rite  of the l a s t  head segment, which segment 

coalesces with the f i r s t  two tho rac ic  segments. I t  runs 

s tra ig h t forwards to i t s  in se r tio n  on the s k e le ta l  ridge  tVHat 

borders the proximal p a r t  o f the coxopodite. I t  b rings the 

coxopodite backwards and upwards, a t  the same time causing a 

s im ila r  movement in  the a ttach ed  a n te r io r  p a rt o f  the scaphognathite .

58. Musculus remotor I I  m axillae ( f ig .  8 )

Almost hidden by the r e s p ira to ry  muscles, the remotor a r is e s  

on the d o rsa l surface  of the en d o ste rn ite  o f  the same segment 

ju s t  in  fro n t 9 f  the apodemal foramen, and passes forwards and ou t­

wards between re sp ira to ry  muscles one and two to i t s  in se r tio n  

on the thickened edge of the coxopodite s l ig h t ly  l a t e r a l  to  and 

below th a t of the  promotor. I t  brings the coxopodite upwards 

and some?/hat towards the c e n te r .

59. iviusculus depressor I I  m axillae ( f ig .  8 )

This is  the sm allest and weakest muscle in  the e n tire  

appendage. I t  a r is e s  v e n tra l ly  on the en d o ste rn ite , appearing 

as two very th in  branches which tra v e l forwards through the coxopo­

d ite  to th e ir  in se r t io n  on i t s  proximal border. I t  causes the 

coxopodite to move downwards and inwards. In  astacus th is  muscle 

also  has two branches.



60* Musculus adductor coxopoditis I I  m axillae ( f ig .  8 )

This r e la t iv e ly  sh o rt and slender h u t s tro n g  muscle a r is e s

on the inner a n te r io r  corner of the en d o ste rn ite , running

inwards and forwards to  i t s  in se r tio n  on the inner proximal
< r‘\

border o f 'th e  coxopodite. I t  p u lls  the coxopodite s trong ly  

backwards and thus towards the ce n te r .

61, Musculus adductor endopoditis I I  m axillae (fig* 8 )

This slender th read -lik e  muscle a r ise s  on the inner p rox i-

mal pja-rot- of the coxopodite, passing l a t e r a l ly  to i ts in ­

s e r tio n  on the cup-like sw elling  a t  the l a t e r a l  o u te r border 

of the endopodite. I t  causes the endopodite to  be ben t some­

what towards the inner reg ion .

62, Musculus f le x o r scaphognath itis I I  m axillae ( f ig  8 ) 

This muscle o r ig in a te s  in  the  cup-like thickening which

borders the  ou ter p .a ;f  t  of coxopodite and endopoditej and 

runs outwards w ith  pronounced ram ifica tio n  through the 

scaphognathite to i t s  attachment on the ca rtilag in o u s fo ld  

which p a ra l le ls  the o u ter border of the scaphognathite .

This segment i s  b en t by means o f  the f lex o r muscle. In 

Pandalus there  is  an a d d itio n a l su p e rio r  flexor muscle which 

is  uhbranched.

63-69. Musculi r e s p i r a to r i i  I I  m axillae ( f ig .  8 )

A rising on the d o rsa l surface of the endopleurite  ju s t  

mediad to the o r ig in  of the promotor, the f i r s t  o f  these , 

Musculus re sp ira to r in s  primus^ (63) goes forwards and outwards 

beneath .the  promotor to i t s  in se r tio n  on the l a t e r a l  p a r t o f
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the sk e le ta l sw elling  between com)podi te and scaphognathite*

This and the remaining respiratory muscles induce a strong 

undulating motion in  the sc aphognathi ts, thus fb icin g  the 

water which is  drawn into the g i l l  chamber to flow forwards.

The second muscle, Musculus resp iratorius secundus, (64), heavy 

and powerful lik e  the f ir s t  one, a r ise s  mediodorsally on the 

head apodeme, runs outwards and forwards, and passes above the 

f ir s t  one and below the promotor to reach i t s  insertion  just 

above the f ir s t .  The third, Musculus res pi ratorius te r tiu s ,

(65), i s  a small and slender muscle completely hidden u n til the 

more dorsal muscles are removed. I t  originates on the thickened 

sk e le ta l ridge on the anterior part of the head apodeme, and 

runs forward and s l ig h t ly  outwards to i t s  insertion  on the 

sk e le ta l sw elling of the scaphognatiiite just below the insertion  

of the remotor. The fourth, Musculus respiratorius quartus, (66) , 

i s  an exceedingly heavy but short muscle a r is in g  under the 

third on the same skeleta l ridge of the head apodeme, running 

outwards to i t s  in sertion  on the scaphognathite, between two 

ang l e s  o f the sk e le ta l sw elling  marking i t s  proximal border.

The f i f t h ,  Musculus respiratorius quintus, (67), is  a s im ll, 

powerful muscle arising on an infold ing o f  the apodemal menbrane 

behind the f i f t h ,  then passing fbrwards and s lig h tly  inwards 

to i t s  in sertion  on the sk e leta l swelling just beneath the 

in sertion  o f  the promotor. The s ix th , Musculus respiratorius
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sex tus, (6 8 )j a r i s e s  on the sane in fo ld in g  ju s t l a t e r a l  to the 

f i f t h ,  and proceeds s tr a ig h t  forwards to i t s  in se r t io n  on the 

sw elling , d i r e c t ly  below the in se r tio n  o f  the th ird . The seventh, 

Musculus re sp ira to r iu s  sep tim u s ,. (69) j l ik e  the s ix th , is  sh o rt 

and s lender, a r is in g  l a t e r a l ly  to i t  on the in fo ld in g  and b e ing  

in se rte d  on the sw elling midway between the in se rtio n s  o f 

the fo u rth  and the s ix th .
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The f i r s t  m axilliped

The resemblance of Hi is  appendage to the m axillae ra th e r  

than to the ty p ic a l th o rac ic  appendage has a lready  beer commented 

upon by several au thors. The endopodite is  weakly developed and 

devoid o f muscles in  the blue crab, but as i t s  b asa l p a r t  is  

p a r tly  fused to the exopodite, i t  n a tu ra lly  partakes o f  the 

motion of the exopodite caused by the adductor muscle o f  the 

l a t t e r .  The exopodite is  r e la t iv e ly  heavily  muscled. The

muscle extending through the flagellum  o r ig in a te s  e n t ire ly  

w ithin the proximal segment o f the flagellum , which is  con­

s id erab ly  en larged . This o rig in  is  s im ila r to th a t found in  

A stacus. In Pan dal us the o rig in  of th i s  muscle i s  in  the

basal lobe o f  the f i r s t  segment of the exopodite. The extremely 

poor development o f  the abductor of the flagellum  in  Pandalus 

appears to throw the whole ta sk  of moving he flagellum  upon 

the f la g e l la r  muscle i t s e l f ,  which th erefo re  needs the wider 

attachment space. In Astacus and C a llin e c te s , where the 

abductor o f the flagellum  is  r e la t iv e ly  very la rg e , the f la g e l la r  

muscle i s  ra th e r  s i  aider and weak.

Of the e x tr in s ic  muscles in  the f i r s t  m axilliped  

o f the b lue crab, i t  is  possib le to name p o s itiv e ly  only the 

promotor and the a t t r a c to r  of the ep ip o d ite . The small 

anomalous muscles whic.hjtake the place o f reducto r, lev a to r and 

depressor have been re fe r re d  to by number only, as th e i r  

tru e  function  is  as yet o b scu re . Further d issec tio n  

o f o th er rep re se n ta tiv e  decapods may subsequently iv-veal 

some species  in  which the functions of the corresponding 

muscles w ill be more apparent, and i t  may be po ssib le  in
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th is  way to assign  names by analogy to these which i t  i s  now 

inadvisab le  to  a ttem pt to  name a r b i t r a r i ly .

As in  both m axillae, the b asip o d ite  o f  the f i r s t  

m axilliped is  no longer tra ceab le  as  a d i s t in c t  segment, 

being e i th e r  e lim inated  completely or in d is tin g u ish ab ly  fused 

with the coxopodite. I t s  normal p o s itio n  i f  i t  were p resen t 

maybe asce rta in ed  in  r e la t io n  to the o rig in s  o f  endopodite 

and ex p ed ite . In th a t  case i t  would have la in  between the 

second endite  of the coxopodite and the ep ip o d ite .

70. Musculus promotor medi&lis I  pedis m a x illa r is  ( f ig .© ) ,

This strong bu t s lender muscle a r is e s  on the inner

a n te r io r  border of the paraphragm between the f i r s t  and second 

thoracic  segments near the m idline of the body. I t  passes 

forwards and s l ig h t ly  outwards to i t s  tendinous in se r t io n

on the totgh membrane composing the d o rsa l surface o f  the coxo­

p o d ite . I t  causes the coxopodite, and with i t  to some extent the 

inner p a r t  o f the whole appendage, to be brought upwards and 

inwards.

71. Musculus promo to r  l a t e r a l i s  I pedis m a x illa ris  (fig* 9)

I t  i s  hidden p a r t ly  beneath the f i r s t  o f  the a t t r a c to r s

of the ep ipodite  and p a r t ly  by the fUsed lam ellae o f the f i r s t  

and second th o rac ic  paraphragms, on the ou ter v e n tra l surface 

of which i t  a r i s e s .  I t  runs forwards and s l ig h t ly  inwards 

to  i t s  attachm ent on the la te r a l  border of the coxopodite ju s t  

a t  the po in t of o r ig in  of the ep ipodite . I t  helps to r a is e  

the appendage, but otherw ise opposes the medial promotor by 

exerting  an outward p u ll .
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72, ( f ig .  9)

This powerful but sh o rt muscle o r ig in a te s  on the endo­

s te r n i te ,  passing  outwards beneath  the median promotor to i t s  

in se r t io n  on the extreme ou ter v en tra l borders o f  the coxopodite 

w ithout a tendon. I t  i s  no t fe a s ib le  to attem pt to name th is  

muscle fu n c tio n a lly , as no d e f in i te  movement o f the appendage 

can be assigned s o le ly  to  it#  I t  appears to l i e  in  approxi­

m ately the same p o s itio n  a s  does the lev a to r muscle in  A stacus.

_73a*j3.# Musculus a t t r a c to r  e p ip o a itis  (a aid  b) I  pedis m a x illa ris  ( f ig # 9)

One branch a r is e s  on the d o rsa l p o rtio n  o f the para- 

phragm between the f i r s t  and second thoracic  segments, lying 

d ire c t ly  below the f i r s t  re sp ira to ry  muscle of the second m ax illa .

I t  passes outwards and forwards to i t s  in se r tio n  on the o u ter 

d o rsa l proximal border of the ep ip o d ite , which i t  ra is e s  -strongly, 

a t  the same tim e causing i t  to move backwards and inwards. The 

second branch, la rg e r  and more powerful than the f i r s t ,  passes 

under the f i r s t  on i t s  fb rward and outward path to i t s  in se r tio n  

beneath i t  on the v e n tra l proximal border o f the ep ip o d ite , 

which i t  b rings s tro n g ly  backwards and downwards.

74. (fig# 9)

This sh o rt muscle a r is e s  deeply w ithin a cup-like 

membrane beside the inner epistom al rim  and is  in se rte d  a t  the 

base of the f i r s t  end ite  on the coxopodite. Again i t  i s  

im practicable to g ive a functiona l name to th is  muscle, although 

i t  undoubtedly con tro ls  the coxopodite in  some way# I t  might 

perform the d u tie s  o f a le v a to r , but th if  can n o t be asce rta in ed  

d irec tly #
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75. ( f ig .  9 ) .

This sh o rt but th ick  muscle a r is e s  on the mesal edge 

of the same cuplike membrane. as does the preceding muscle, 

and is  in se r te d  deeply w ith in  the f i r s t  end ite  o f the coxopo­

d i te .  I t  i s  no t possib le  to name i t  as to function , although 

i t  presumably causes whatever motion the f i r s t  end ite  is  capable 

o f making. I ts  p o s itio n  is  somewhat s im ila r  to th a t o f th e  

depressor in  Pandalus and A stacus.

76. ( f ig .  9 ).

This sh o r t bu t heavy muscle a r is e s  on the l a t e r a l  

edge of the saire cuplike membrane which gives o rig in  to the two 

preceding muscles and i s  in se rted  beside and l a t e r a l  to 74, 

where the  f i r s t  and second enelites come to g e th er. Again a 

fu n c t io n a l  name is  not forthcoming as no p o s itiv e  motion 

can be assigned to  th i s  p a r t ic u la r  muscle.

77. Musculus adductor exopoditis I pedis m a x illa ris  ( f ig .  9 ) .

This muscle o r ig in a te s  on the p o s te r io r  su rface  o f

the coxopodite ju s t l a te r a l  to  the in se r tio n  of 76, and runs 

l a t e r a l ly  to i t s  in s e r t io n  on the o u te r a n te r io r  proximal border 

o f the exopodite ju s t  a.ove the o rig in  o f 78. I t  b rings the 

exopodite, and with i t  the p a r tly  fused endopodite, away from 

the ep ipod ite  and towards the  cen te r. Berkeley mentions a 

w ell-developed abductor exopod itis  in  Pandalus, no t p resen t 

in the blue crab. The endopodite o f  the b lue crab has 

no muscles o f  i t s  own.

78 . Musculus abductor f la g e l l i  exopod itis  I pedis m a x illa ris i f ig .

A rising  in  two places on the inner v e n tra l  proximal 

wall o f the exopod ite , th is  powerful muscle u n ite s  and passes
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to i t s  in s e r t io n  on the inner proximal edge o f the enlarged 

f i r s t  segment o f  the flagellum . This muscle causes a strong 

upward and outward movement in  the flagellum .

79 .Musculus f l a g e l l s r i s  exopoditis I  pedis m a x illa r is  ( f ig .  9 ) .

O rig ina ting  in  the proximal segment o f  the enlarged 

f i r s t  jo in t  of the flagellum , i t  runs outward through the 

various segments n ea rly  to  the t ip  o f  the flagellum , g iv ing  

o f f  s n a il  f ib e rs  in  each segment which a tta c h  themselves to  

the w all, thus g iving a high degree o f  p l i a b i l i ty  to the 

flagellum .



The second max i l l  ip  ed

In th is  appendage the f i r s t  true hinges between the 

jo in ts  appear, ju s t  a s  th e y  do in  both astacu s  and Pandalus.

In  se c tio n , the isch io p o d ite  is  found to be fused with the 

b a s ip o d ite . The exopodite i s  merely an am u la ted  flagellum

as in  Pandalus. The piomotor appears to be in se r te d  by a tendon 

as are some o f  the muscles a t  the d i s ta l  segments o f  the endopo­

d i te .  A long, f l a t  ep ipod ite  and two podobranchiae are p resen t 

w ith a slender a t t r a c to r  muscle to  co n tro l the ep ip o d ite . In  

Astacus there are  two podobranchiae and no ep ipod ite ; in  

Pandalus, a s in g le  podobranchia and an ep ipodite  are p resen t.

80 •Musculus piomotor I I  pedis m a x illa ris  ( f ig .  10 ).

I t  a r is e s  u su a lly  in  two p a r ts  on the inner median

edge o f the paraphragm between the f i r s t  and second th o rac ic  

segments in  a very broad attachm ent. The muscle f ib e rs  

rap id ly  converge in to  a s in g le  th in  tendon which is  a ttached  

to the extreme inner edge o f  the coxopodite. I t  causes the

e n tire  endopodite to move inwards and upwards.

81 * Musculus remotor I I  pedis m ax illa ris  (fig* 10).

This a r is e s  on a more la te r a l  p .a  r  t  o f the same

two paraphragms next to the gill-cham ber, and proceeds fo r ­

wards and inwards to i t s  in se r tio n  on the o u ter p o s te r io r  

border o f  the coxopodite. I t  lowers the ou ter p a r t  o f  the 

coxopodite, b ringing  i t  d is t in c t ly  outwards and backwards.

82. Musculus levato r I I  pedis m a x illa ris  ( f ig .  10).

I t  a r is e s  as  a heavy and massive muscle on the

inner l a t e r a l  edge of the paraphragm between the f i r s t
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and second th o rac ic  segments, and passes w ithou t dim inution 

in  s iz e  to i t s  in s e r t io n  on th e  d o rsa l proximal membranous 

p o rtio n  o f the b a s i- isc h io p o d ite . There i s  b u t one

lev a to r in  C a ll in e c te s ; both  Astacus and Pandalus have two.

83a-b« Musculus depressor (a and b) I I  pedis m ax illa ris  ( f ig .  10).

The main branch of the  depressor a r is e s  on the inner 

edge o f the paraphragm between the f i r s t  and second thoracic  

segments midway between the o rig in s  o f  promoter and le v a to r .

I t  p a r a l le ls  these two muscles to i t s  in se r tio n  on the inner 

p o s te r io r  border of the coxopodite. I t  g ives a strong 

inward and. downward p u ll to  the  coxopodite and hence to the 

whole o f the endopodite. The s n a il  depressor b a r is e s  

near the junction  of the coxopodite w ith the paraphragm and 

is  in se rte d  ju s t  v e n tra l to  the main branch. I t  a s s i s ts

in lowering the coxopodite,

84 . Musculus a t t r a c to r  e p ip o d itis  I I  pedis m a x illa ris  ^fig« 10}.

A rising  l a t e r a l ly  on the meeting point o f  the body

wall and the coxopodite, th is  slender muscle tra v e ls  l a te r a l ly  

to i t s  in se r t io n  on the proximal border o f  the ep ipod ite , which 

i t  moves s l ig h t ly  inwards.

85 . Musculus abductor exopod itis  I I  pedis m a x illa ris  ( f ig .  10).

I t  a r is e s  v e n tra lly  in  the outer side o f  the coxopodite

and proceeds l a t e r a l ly  to i  ts a ttaehm ait on the median v e n tra l 

proximal p e rt o f  the exopodite. I t  causes the exopodite to 

move outwards and forw ards.
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8 6 ,Musculus f la g e l la r i s  exopod itis  I I  pedis m a x illa r is  (fi£* 10)*

I t  a r i s e s  on the proximal border o f  the enlarged f i r s t

jo in t o f the flag e llu m  and runs n early  to the t i p ,  g iv ing  o f f  

sh o rt f ib e rs  a t  every an n u la tio n , As & consequence the 

flagellum  has a considerab le  degree of m obility .

87 ,M u s c u lu s  abductor f l a g e l l i  exopoditis I I  pedis m a x illa ris  (fig*l< 

This muscle a r is e s  in  two p a rts  on the pioximal d o rsa l

s ide  o f the basa l jo in t  o f  the ezopodite , fuses and runs to i t s  

in se r tio n  on the f i r s t  jo in t of the flagellum , to which i t  im­

p a rts  a strong outward motion.

8 8 ,Musculus produetor ireropoditis I I  pedis m a x illa ris  ( f ig .  10 ). 

This a r is e s  on the v e n tra l  l a t e r a l  border o f the b a s is

ischopodite and is  in se rte d  on the inner v e n tra l proximal edge 

o f the meropodite. The muscle is  sh o rt bu t powerful. I t  

moves the meropodite forw ard.

89„Musculus reductor m eropoditis I I  pedis m a x illa ris  ( f ig .  10).

A ifjore s len d e r bu t likew ise sh o rt muscle, th is  r is e s  

on the dorsal proximal border of the b as i-isch o p o d ite  and 

is  in se rte d  on the l a t e r a l  proximal border of the meropodite.

I t  tends to p u ll  the meropodite backwards.

90 ,Mus cuius abductor carpopoditis  I I  pedis m a x illa ris  ( f ig .  10).

I t  o r ig in a te s  in  many bundles o f f ib e rs  near the

inner proximal border of the raeropodi te and is  in se rted  on 

the proximal inner edge of the carpodite. I t  moves the 

carped ite  upwards and outwards.

9 1 . Mus cuius adductor carj8& it is  I I  pedis max i l l s r i s  i ( f ig . 10).

About the same s iz e  as  the preceding, th is  muscle

a r is e s  in  a bundle o f f ib e rs  on the inner surface o f  the 
meropodite, and i s  in se rted  on the proximal inner edge o f  the 
carpopodite which i t  moves downwards and inwards.
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92*Musculus productor p ro p o d itis  XI pedis m ax illa ris -  I fig* 10 ). 

A rising on the ou ter proximal w all o f the carpopodite, 

th is  muscle narrows rap id ly  to i t s  tendinous in se r t io n  on 

the o u te r proximal edge o f  the p ropodite, which i t  moves 

s tro n g ly  forw ards.

95„Musculus reductor p ro p o d itis  I I  pedis m a x illa ris , (fig* 10)•

This r e la t iv e ly  sm all muscle a r is e s  on the inner 

proximal p a rt of the carpopodite and is  in se rted  by a tendon 

on the inner proximal border of the propodite which i t  bends 

backwards, and hence toward the  mouth.

9 4  .Musculus productor d ac ty lo p o d itis  I I  pedis m ax illa ris  , (fig*  10). 

A rising on the o u ter proximal p a rt o f the 

propodite, i t  i s  in se rted  by a  sh o rt tendon on the outer 

proximal border of the oacty lopodite , which i t  moves forwards.

95.Musculus reductor d ac ty lo p o d itis  I I  pedis m a x illa ris . (fig* 1(1). 

Like the preceding in  s ize  and shape, th is  muscle 

a r is e s  on the inner proximal p a r t  o f  the propodite and passes 

quickly to i t s  tendinous in se r t io n  on the inner proximal edge 

of the dac ty lopod ite , which i s  brought inwards and backwards.



The third m axilliped

This appendage in the blue crab, as in  the cray­

f ish , reta in s i t s  function of a true mouthpart, and i s  

e sse n t ia lly  sim ilar to the second m axilliped in  structure.

In the shrimp, on the other hand, the third m axilliped  

no longer a s s is t s  in  the taking o f food, but Is  pedi- 

form and has completely lo s t  i t s  exopod i t e ,  while i t s  

endopodite has fewer segments, a ch aracteristic  condition  

in the Caridea. The endopodite in  the blue crab is  

bent inwards in  i t s  natural p osition , in  fa c t, i t  cannot 

be straightened p erfectly  due to  the shape o f  the seg­

ments and the uniformly weak developmeit o f  a l l  the 

extensors excepting the one controlling the dactylopodite.

The coxopodite and the basipodite of the third  

m axilliped o f the blue crab appear to be represented by a 

single segment, the pzotopodite. Brooks (1882) has labeled  

as "basipodite" the narrowed proximal part o f  the isch io -  

podite, which externally  appears to be seti o f f  from the 

main part o f  the segment by a suture* An examination o f  

the musculature o f  th is  segment, however, shows no ev i­

dence that i t  is  composed o f  two elements. Furthermore, 

the exopod ite  does not originate upon this proximal
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region, o f the isc h iopod.ite , which i t  would n a tu ra lly  do i f  a true  

b as ip o d ite  were involved here.

96, Musculus promotor I I I  pedis m a x illa ris  (fig*  1 1 ).

I t  a r is e s  mostly on the d o rsa l s ide  o f  the en d o ste rn ite  

o f the th ird  thoracic  segment, aid p a r t ly  on the v e n tra l (now 

a n te r io r)  side  o f th e  paraphragm, which is  very narrow here .

I t  is  a powerful and wide muscle, narrowing and th ickening  

as i t  goes forward to i t s  in se r t io n  on a heavy tendinous 

ligam ent o f the dorsal, proxiroal inner corner o f  the p ro to ­

p od ite , which i s  moved inwards and forwards by i t .

9?e Musculus remotor I I I  pedis m a x illa ris  (fig* 11)*

A rising l a t e r a l ly  on the en d o ste rn ite  th is  strong 

muscle is  in se rte d  by a tendon on the l a t e r a l  proximal edge 

of the p ro topod ite . I t  opposes the promo to r e f fe c tiv e ly , 

although i t  i s  somewhat le s s  developed.

£ 8 .rare* Musculus lev a to r (a , b and c)
I I I  pedis m ax illa ris  ( f ig ,  11).

This muscle i s  much sm aller than the preceding.

I t s  main branch (a) a r is e s  on the en d o ste rn ite  beneath 

the promotor, and is  in se rted  near the center o f  the  

p o s te r io r  w all of the p ro to p o d ite . The sh o r te s t  branch, (b) 

o r ig in a te s  near the main branch on the en d o ste rn ite , and 

jo in s  the main branch before i t s  in se r tio n  on the p ro topod ite . 

Another branehjtc)^ a r is e s  in  the extreme la te r a l  border 

of the pro topodite  not f a r  from the in se r tio n  o f  the remolDr, 

end passes inwards to i t s  in se r tio n  a n te r io r  to th a t o f  

the main branch on the p o s te r io r  w all o f  the p ro topod ite .

The lev a to rs  move the b asip o d ite  outwardsand forward^.
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99 .Musculus depressor I I I  pedis m a x illa ris  (fig* 11).

This i s  a very heavy muscle which o rig in a te s  over a

r e la t iv e ly  broad a rea  on the epimeral p la te  beneath and beside 

the promotor, as w ell as  the d o rsa l side o f  the en d o p leu rite .

I t s  many branches run forwards and inwards to jo in  before  

the in se r t io n  o f  the muscle on the v en tra l median d i s ta l  p a rt 

o f the p ro to p o d ite . I t  opposes the le v a to rs .

100. Musculus adductor exopoditis I I I  pedis m a x illa ris  ( f ig .  11). 

This s lender but strong muscle o r ig in a te s  in  the

extreme d i s t a l  a n te r io r  p a r t of the protopodite and runs in ­

wards to  i t s  in se r t io n  on a sh o rt hard p ro je c tio n  of the 

inner proximal border of the exOpodite, which is  pulled  

s tro n g ly  towards the m idline by the co n trac tio n  o f the muscle.

The Crayfish does n o t appear to have th is  muscle..

101.Musculus abductor exopoditis I I I  pedis m ax illa ris  ( f ig . 11). 

This is  a sh o rt, lo o s ly -k n it muscle a r is in g  v e n tra lly

on the median border of the protopodite and running ob liquely  

outwards and forwards to i t s  in se r tio n  on the heavy membrane 

attached to the v e n tra l proximal w all of the exopodite. I t  

moves the exopodite away from the center and s l ig h t ly  outwards.

102.Musculus abductor f la g e l l i  I I I  pedis m ax illa ris  ( f ig .  11). 

This strong  muscle o rig in a te s  in  two places on the

proximal p a r t  of the exopodite. The two sec tions soon tin ite , 

and the muscle is  in se rte d  by a tendon to the o u ter proximal 

edge o f  the g rea tly  enlarged f i r s t  segment o f  the flagellum , 

which is  moved s tro n g ly  upwards and outwards by i t s  a c tio n .
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103*Musculus H a g e l la r is  exopod itis  I I I  pedis n a x i l la r i s  ( f ig .  11) 

O rig inating  on the proximal wall of the enlarged 

f i r s t  segment o f  the flage llum , th is  muscle goes almost 

to the t ip  of the flage llum , giving o f f  f ib e rs  to each 

annulus, and thus in su rin g  freedom o f  motion to the flagellum .

104.Musculus flex o r m eropoditis I I I  pedis m a x illa ris  I fig* l l j *  

This muscle a r is e s  in  numerous groups o f f ib e rs  on 

both d o rsa l ahd v e n tra l w alls o f  the isch iopod ite . These 

f ib e rs  a l l  jo in  a tendon b efo re  th e i r  f in a l  in se r tio n  on the 

inner pioxicB l edge of the meropodite, which is  strongly- 

pulled  down by th e i r  action* There i s  apparen tly  no extensor 

muscle, the tension o f the jo in t  i t s e l f  being apparently  

su f f ic ie n t  to b rin g  the meropodite back in to  p o s itio n  a f te r  

i t s  co n trac tio n  by the f le x o r .
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105 , Musculus extensor carpopod itis  I I I  pedis m a x i l la r is -(fi£* 11)*

This very s lender and weak muscle o r ig in a te s  midway 

on the w alls o f  the meropodite and i s  in se rted  on the o u ter 

proximal edge o f the carpopodite, which i t  p u lls  upwards ra th e r  

weakly.

106 . Musculus flexo r carpopod itis  I I I  pedis m ax illa ris . Ifig* U )»

As might he expected from the condition in  the preceding 

segment, th is  muscle which causes th e  hending toward the cen ter 

is  very well developed. I t  o r ig in a te s  widely on the proximal 

margin o f  the meropodite, and narrows to  i t s  tendinous in ­

s e r tio n  on the inner proximal margin o f the carpopodite.

107. i-uisculus f lex o r p ro p o d itis  I I I  pedis m axillaris*  '.fig* Hi**

This muscle i s  s im ila r  to the f lex o r in  the preceding 

segment in  size and function . I t  o r ig in a te s  on the o u te r 

w alls o f the carpopodite, narrowing to an in se r tio n  on the 

o u te r proximal edge o f  the p ropodite .

108 * Musculus ex tensor pro p o d i t i s  I I I  pedis m a x illa ris , ( fl g# 11,'.

O rig ina ting  on the inner proximal w alls o f the 

carpopodite and in se rte d  hy a tendon on the inner proximal 

corner of the propodite, th is  muscle is  l ik e  the corresponding 

one in  the preceding segment in  form and function .



55

109, Musculus flexor dactylopoditis III pedis m axillaris (fig*  11)«

This muscle orig in ates on the outer proximal border 

o f the propodite and i s  inserted by a tendon on the outer proximal 

edge o f the daetylopodite. R elative to the s iz e  o f  i t s  oppos­

ing extensor, i t  i s  b e tter  developed than any other flexor in th is  

endopodite, and apparently can exert a strong outward pull upon 

the dactylopodite.

110* Mused us extensor dactylopoditis III pedis m axillaris (fig* 11)* 

Originating on the inner proximal margin o f  the propodite, 

th is musele is  inserted on the inner proximal edge o f  the dactylo- 

podtte, which i s  brought strongly downwards by i t .  In th is  segment 

the extensor and the flexor are nearly the sane in  s iz e  and apparent 

strength.
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The pereiopods

The fiv e  pairs o f pereiopods, or true leg s , occur upon the

la s t  f iv e  o f  the eight thoracic segments* The promotor, the re-
museles

motor and the levatorAo f  each pereiopod are ex tr in sic  in  the orig in
o f the telopodite  

o f a l l  th eir  parts* The depressoi^, however, i s  both ex tr in sic

and in tr in s ic  in  orig in , for the larger and heavier branches originate

in  the body 'wall or some of i t s  apodemes, while there are usually

two or more branches orig inating proximally on the anterior and

posterior w alls o f  the coxopodite.

The functions o f  the d ifferen t pairs o f  legs become 

evident upon examining th e ir  d ista l segments. On the f ir s t  pair 

o f  le g s , the daetylopodite a r ise s  on the anterior (preaxial) 

border o f  the propodite nearly at the middle; the unhampered 

t ip  o f  the propodite curves and tapers to a point, while the 

daetylopodite curves in  a way to oppose i t  e f fe c t iv e ly , the two 

forming a powerful pinching claw, the chela, which i s  rendered s t i l l  

more e ffe c t iv e  by the horny teeth which have developed on the 

opposable surfaces* Ihe claw is  held out in front o f the carapace, 

and may swing widely forwards and sideways in a horizontal plane, 

and le s s  widely in a perpendicular plane, both movements serving 

as the means to repulse an enemy or to se ize  and tear up food.

The extension o f  the le g  forwards has caused i t  to assume a 

p osition  half-turned from the noimal one, and now the true 

anterior (preaxial) surface of the f ir s t  pereiopod is  uppermost*



57

The second, third and fourth pereiopods resemble one 

another rather c lo se ly , as they are nearly the same in  s iz e , and per­

form the same kinds o f  motions, being adapted fo r  m ik ing. In 

these, the daetylopodite a r ise s  on the d is ta l  part o f  the propodite, 

tapering rapidly and becoming much fla tten ed . The t ip  i s  pointed 

and sharp, and on these t ip s  the crab is  able to m lk . The overhang 

of the carapace allow s l i t t l e  upward motion to these le g s , and so they 

have retained the noimal p osition  o f hanging downwards beneath the 

body* The anterior surface o f  these legs i s  preaxial, as i s  usually  

the case in  arthropods.

The f i f t h  and la s t  pereiopod is  the swimming le g , and pro­

jects  backwards and upwards behind the carapace when the crab i s  

swimning. I t s  basal muscles are very powerful, e sp ec ia lly  the 

remotor, which i s  re la tiv e ly  weak in  the preceding pereipods.

The texminal segment is  very th in  and f la t  l ik e  the blade o f a 

paddle, ovoid in  shape, and propels the crab sidewise very s w if t ly .  

Like the f ir s t  pereiopod, the f i f t h  i s  also a half-turn  away 

from i t s  normal p o sitio n , but in  a d irection  opposite to that 

of the f i r s t ,  so that i t s  anterior (preaxial) face i s  now down­

wards, and i t s  postaxial face uppermost.

Since the muscles o f  the segments d is ta l  to the b asi­

podite are e s se n t ia lly  sim ilar in a l l  the pereiopods, those o f  

the third pereiopod have been chosen to be described in  d e ta il ,  

while the corresponding muscles o f the other leg s  may be referred  

to the third as a model, taking into consideration the fa ct that
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the f ir s t  and f i f t h  legs are not id en tica l with i  t in  position*

The basic muscles are s u f f ic ie n t ly  d ifferen t in  each leg  to merit 

a f u l l  description .

A cross-section  o f the body at the le r e l  o f  the an ter ior  part 

o f the fourth and o f  the s ix th  thoracic segments shows the relations  

of some o f  the muscles o f  the f ir s t  and third leg s  to th eir  respective  

surroundings. (See fig* IS)*

The promotor o f the f i f t h  pereiopod deserves notice because 

o f the peculiar d isp o sitio n  o f i t s  an terior branch* This projects  

forwards through the thorax into the fourth thoracic segment, 

surrounded by a menfcrane, on the posterior surface of which i t s  

own fib ers orig in ate, and on the anterior surface o f  which about a 

dozen branches o f  muscles pertaining to the leg s  o f the fourth, 

f i f t h ,  six th  and seventh segments a lso  take th eir  orig in .

Another feature o f  the endoskeletal structure must here be 

explained. An intermediate endopleurite e x is ts  in  the center o f  

each of the basal chambers occupied by the fourth, f i f t h ,  s ix th  

and seventh segments. This endopleurite i s  fastened to the 

membrane covering the anterior projection o f  the promo tor o f  

the f i f t h  pereiopod, and g iv es  additional room for attachment 

to the numerous branches o f  muscles governing the movements of 

the leg  base.
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The f ir s t  pereiopod 

111 a -  b. Musculus promotor a and b. ( f ig s .  12A., 13B)

The an terior  branch a originates upon a narrow curved 

apodeme which comes inwards and forwards from the flo o r  o f  the 

gill-chamber and attaches i t s e l f  la te r a lly  by a process to the 

sternum and m edially to the endosternite between the third and 

fourth thoracic segments. The muscle passes outwards and down­

wards to i t s  attachment on a heavy membrane coming frcm the preaxial 

promimal border o f  the coxopodite. The posterior branch b orig inates  

on the anterior border o f the intermediate endopleurite o f th is  

segment and ends upon a heavy tendon attached to the anterior border 

of the coxopodite and d irectly  behind the attachment of branch a .

These two parts give a strong forward pull to the basal part o f  the 

le g .

112. Musculus remotor ( f ig .  126)
muscle

This i s  the only unbranched/controlling the leg  base.

I t  takes orig in  partly on the la tera l surface o f  the membrane 

enclosing the anterior promotor o f  the f i f t h  pereiopod behind 

113c and partly on the anterior part of the endopleurite separating 

the f i f t h  and six th  thoracic segments* I t  i s  inserted on a 

heavy tendon attached to the upper postaxial border o f  the coxopo­

d ite . The leg  base i s  pulled backwards by the contraction o f  

th is muscle.
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113 a -c . Musculus levator a-c (fig*  12 A, B)

The f ir s t  branch a orig in ates on the anterior border

of the endosternite separating the fourth and f i f t h  thoracic

segments. I t  passes outwards to i t s  insertion  on the upper

postaxial proximal border o f the coxopodite. A second and

much shorter branch, b, begins on the lower rim of the intermediate

endopleurite. A third branch .(^/begins behind th is  endopleurite

on the la tera l surface of the membrane holding the anterior

promotor branches o f  the f i f t h  pereiopod which extends forwards 
the

through thorax and gives attachment to many muscles, and runs 

into branch b at their mutual insertion* These muscle parts 

act together in  ra isin g  the leg  base.

114 a-g . Musculus depressor a-g ( f ig s .  12, A, B, C; 13B)

The f i r s t  branch a orig inates m esally on the sternum 

and passes outwards to i t s  insertion  on the tendon attached to 

the membrane on the preaxial proximal border of the b asi-  

isch iopod ite. The second branch b is  very in d istin c tly  

separated from the f ir s t ,  originating in several sections  

along the anterior edge o f  the endosternite separating the 

fourth and f i f t h  thoracic segments, A third branch c , which 

appears to be quite d is t in c t , orig inates on the extreme la te ra l  

part o f the same endosternite beneath 115a, and comes forwards 

to i t s  in sertion  on the membrane of the lower proximal border 

o f  the b asi-isch iop od ite . The fourth branch d begins behind 

the intermediate endopleurite on the under surface o f the  

pleural wall separating the gill-chamber from the f i f t h  thoracic
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segment. The renaining branches, e, f  and pi originate a t d iffered  

points in the posterior part o f  the coxopodite. These three 

last-named branches are not compact, and i t  i s  possib le to sub­

divide them s t i l l  further than th is .  The d istin ctn ess o f  these 

minor branches varies considerably according to the s ta te  of 

preservation o f the t is su e s , and consequently appears to be much 

le s s  evident in  some individuals than in others* They are 

inserted sid e  by side along the lower and p ost-ax ia l proximal 

margins o f  the b a sii- iseh io p o d ite . The depressor muscle as 

a whole g ives a very strong downward movement to the le g  base.

115. Musculus reductor meropoditis 

See 137.

116. Musculus abductor carpopoditis 

See 138.

117. Musculus adductor carpopoditis 

See 139.

118. Musculus product or propoditis 

See 140.

119. Musculus reductor propoditis 

See 141.

ISO. Musculus abductor dactylopoditis 

See 142.

121. Musculus adductor dactylopoditis 

See 143.
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The second pereiopod

122 a-d . Musculus promotor a-d ( f ig .  12D)

The most an terior  part, a, arises on the posterior  

surface o f the endosternite separating the fourth and f i f t h  

thoraeic segments, passingdoimrds and outwards to i t s  insertion  

on a heavy tendon coming from the proximal preaxial rim o f  the 

coxopodite. , The long and slender branch b originates mesally 

on the prolongation o f  the endopleurites where they come together 

just below the attractor of the epimera. It travels ventrally  

for h a lf i t s  length, separated from the v iscera l cavity  only 

by a very th in  sheet o f t is su e . I t  passes a t la s t  into the 

f i f t h  thoracic segment behind branch_a o f  the promotor, where 

i t  f in a lly  attaches i t s e l f  to the same tendon# The third  

branch £  orig inates on the la te r a l part o f  the membrane covering 

the anterior promo tor o f  the f i f t h  pereiopod which extends 

forwards through the thorax as previously stated. The most 

la te ra l branch d. orig in ates on the la tera l anterior surface 

o f the intermediate endopleurite, being inserted beside branch 

c_ on the broad tendon common to a l l  branches of the promoter.

The contraction o f  th is  muscle causes the leg  base to be 

moved strongly forwards.

123. Musculus remotor ( f ig .  12F)

As in  the f ir s t  leg , th is  is  the only unbranched 

muscle belonging to the le g  base. I t  a r ises on the anterior  

surface o f the endopleurite separating the f i f t h  and six th  

thoracie segments, passing downwards and outwards i6  i t s  

tendinous insertion  on the upper postaxial border o f  the
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coxopodite# I t  opposes the promotor#

124 a-d. Musculus 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 d is t in c t  from 

each other# The f ir s t  branch, a, a r ises  on the posterior  

surface of the endosternite between the fourth and f i f t h  

thoracic segments, and i s  inserted by an extremely strong 

tendon on the upper (in  th is  case postaxial) border o f  the 

b asi-isch iop od ite . A second branch, b, arises  on the la te r a l  

part o f the membrane eneasing the anterior promotor o f the f i f t h  

pereiopod# The two renaining branches, c and d, arise close  

together on the anterior surface o f the endosternite between 

the f if th  and six th  thoracic segments, and are inserted between 

branches a and b on the same strong tendon. The en tire muscle 

causes the leg  to be raised .

125 a -e . Musculus depressor a-e ( f ig .  12D, E, F)

The f ir s t  branch, a, originates mesally on the posterior  

surface o f  the endosternite separating the fourth and f i f t h  

thoraeic segments, as w ell as on the sternal wall of the f if t h  

segment. I t  i s  inserted on the lower (in  th is  case preaxial) 

rim of the b a s i  -isch iop od ite . A very short branch b^runs 

from the anterior part o f  the coxopodite to the same in sertion , 

while a sim ilar short branch, c, originates in  the rear o f the 

coxopodite. A s lig h t ly  longer branch d begins on the outer
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part o f  the stern a l wall near the endosternite between the f i f t h  

and s ix th  thoracic segments* The longest branch, j3, orig in ates  

on the anterior w all of the endopleurite separating the f i f t h  and 

six th  segments, coming forwards and downwards to  i t s  in sertion  

with the other branches* The muscle as a whole opposes the 

levator*

126. Musculus reductor meropoditis 

See 137.

127. Musculus abductor carpopoditis 

See 138*

128. Musculus adductor carpopoditis 

See 139.

129. Musculus pioduetor propoditis 

See 140.

130. Muselus reductor propoditis 

See 141.

131. Musculus abductor dactylopoditis  

See 142.

132. Musculus adductor dactylopoditis 

See 143.
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The third pereiopod 

133a-g. Musculus promotor a-g ( f ig s .  12A; 13A)

The anterior branch a originates on the posterior sur­

face o f  the endosternite separating the fourth and f i f t h  thoracic 

segments, going outwards to i t s  in sertion  on the tendon attacted  

to the anterior proximal rim of the coxopodite. The second 

braneh b originates on the same prolongation o f the endopleurites 

on which 122 b o f the preceding segment takes origin* It  

travles ven tra lly  beside 122b, separated from the v iscera l 

masses only by a th in  membrane, passing f in a lly  under the anterior  

extension o f  the promotor of the f i f t h  pereiopod u n til i t  jo in s  

i t s  tendon. Branch ĉ  orig inates mesally on the anterior upper 

edge of the endosternite separating the s iz th  and seventh segments 

near to i t s  point o f  fusion with the endopleurite. The next 

two branches d. and e , not very d is t in c t  from each other, arise  

on the la te ra l part o f  the membrane encasing the anterior promotor 

of the f if th  pereiopod. Branch f  arises on the ai terior  

la te ra l surface o f the intermediate endopleurite, while branch 

g a r ise s  just behind i t  on the posterior surface o f  the same 

endopleurite. A ll these go to the same insertion  with branch 

a . The muscle pu lls the leg  base forwards.
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134. Muse ulus re mo tor (fig* 12H, I)

This uribranehed muscle a r ise s  on the pleural w all and 

on the endosternite separating the s ix th  and seventh segments.

I ts  in sertion  is  on the proximal postaxial border o f  the coxo­

podite# I ts  contraction causes the leg  base to be drawn bacljwards.

135a-c* Musculus levator a-c ( f ig .  1SH)

The most ventral branch, a, begins on the anterior wall 

o f the six th  and seventh thoraeie segments. The branch b, 

originating ju st above i t  on the same endosternite, i s  perhaps 

not tru ly  d is t in c t  from i t .  The third branch, c ,  originates  

on the la te r a l part of the membrane covering the an terior  promotor 

o f the f if th  pereiopod. xhese three branches are a l l  inserted  

upon a heavy tendon attached to the proximal postaxial rim o f  the 

basi-ischiopodite# The le g  base is raised by their contraction.

136a-e# Mi sc ulus depressor a-e ( f ig s .  12G,H,I, 13A)

The f ir s t  o f  the numerous branches to th is  muscle, a, 

orig in ates partly on the posterior w a ll o f  the endosternite 

between the f i f t h  and s ix th  thoracic segments, partly on the 

anterior wall o f  the endosternite between the s ix th  and seventh 

segments, and p artly  on the sternal wall between# I t  passes to 

a heavy tendon attached to the tough membrane bordering the 

proximal an terior rim o f  the b a si-isch iop od ite . The next 

branch b begins on the endopleurite between the six th  and seventh 

segments just above the an terior prolongation of -the promotor 

of the f i f t h  pereiopod# The next branch c l i e s  partly behind
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branch b, originating on the endosternite near to  i t s  fusion with 

the endopleurite separating the s ix th  and seventh segments.

Branch d orig in ates an teriorly  in  the coxopodite, and branch e 

p osteriorly  in  the sane segnent. A ll these are inserted on the 

heavy tendon or on the membrane beside i t .  % eir mutual con­

traction  pu lls the le g  base fo rc ib ly  downwards*

137. Musculus reductor meropoditis ( f ig s .  IBI; 13A)

Thfe fan-shaped muscle begins in  several places on the 

preaxial part o f the b asi-isch iop od ite , and i s  inserted p ostax ia lly  

on the proximal border of the meropodite. The hinge between these 

two segments is  only s l ig h t ly  developed preaxially , and not much 

more so p osta x ia lly , so that the rearward motion imparted by th is  

muscle is  s l ig h t .  I t  is  opposed by the s t if fn e s s  o f the preaxial 

connection which causes the leg  to become straightened again a fter  

i t s  contraction*

138. Musculus abductor carpopoditis ( f ig s . 121, 13A)

This large muscle originates in  a great many bundles 

of fibers attached on the whole dorsal surface o f  the meropodite 

from i t s  anterior to i t s  posterior w alls. These bundles run 

together before th eir  insertion  on a long b lade-like tendon which 

i s  inserted on the posterior dorsal proximal border o f  the carpo­

podite. This muscle extends the carpopodite so that i t  l i e s  

in a straight lin e  with the meropodite.
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139. Musculus adductor carpopoditis ( f ig s .  121, 13A) 

This orig in ates in  the same nay as the abductor but

l i e s  ven tra lly  in i t s  segment and is  inserted sim ilarly  by 

a 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 carpopodite 

at right angles to the meropodite.

140. Musculus pro due tor propoditis ( f ig .  13A)

This densely-fibered fan-lil®  muscle orig inates

on the en tire outer border o f  the carpopodite, i t s  parts coming 

together on a heavy leaf-shaped tendon which i s  inserted on the 

proximal median anterior border o f  propodite, to which i t  gives  

a. strong forward motion.

141. Musculus reductor propoditis ( f ig .  13A)

This muscle a r ise s  on the outer and postaxial walls 

o f the carpopbdite, narrowing to i t s  tendinous insertion  on 

the posterior proximal border o f the propodite, which i s  moved 

backwards by i t .

142. Musculus abductor dactylopoditis ( f ig .  13A)

This rather slender and feather-shaped muscle a r ises

in  many small fib ers on the preaxial wall o f  the propodite.

I t  i s  inserted by a very long b lade-like tendon on the outer 

proximal edge o f  the daetylopodite, which is  mewed outward 

by i t s  action .
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143. Musculus adductor dactylopoditis ( f ig .  13A)

Very sim ilar to the preceding in  shape and s iz e ,  

th is  muscle a r ise s  la rg ely  on the postaxial part o f  the proto­

podite and i s  inserted also on a b lad e-lik e  tendon to the inner 

proximal border o f  the daetylopodite. The terminal segment 

is  bent strongly towards the midline by th is  muscle.

The fourth pereiopod 

144a-d. Musculus promotor a-d ( f ig .  12J)

The f ir s t  branch â  originates mesally on the endosternite 

between the seventh and eighth thoracic segments and i s  inserted  

on a heavy tendon attached to the membrane on the anterior border 

of the coxopodite. The second branch b originates dorsally  to 

a on the same endosternite and just below the membrane covering 

the an teriorly  extending promotor muscle o f the f i f t h  pereiopod.

The branch c_ orig in ates partly  on the la te ra l surface o f  the 

membrane o f  the promotor of the f if th  pereiopod and partly  

on the endosternite separating the seventh and eighth segments.

The branch d orig in ates on the posterior surface o f  the in ter­

mediate endopleurite, whidh in  th is  segment i s  very sm all.

A ll these branches are inserted with or beside the f ir s t  one.

The whole muscle moves the le g  base forwards.

145. Musculus remotor ( f ig .  12L)

As in  the three preceding pereiopods, the nemotor 

of the fourth pereiopod is  uhbranched. I t  originates on the 

lower surface o f  the pleural w a il, passing outwards and downwards 

to i t s  tendinous in sertion  on the upper posterior rim o f  coxopodite. 

I t  opposes the promoter by bringing the le g  backwards.
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146a-b. Musculus levator a-b. ( f ig .  12J,K)

The f ir s t  branch _a originates partly on the p osterior  

wall of the endosternite separating the s ix th  and seventh segments 

above 147a, and partly  on the anterior wall o f  the endosternite 

separating the seventh and eighth segments. The second branch 

b_ orig in ates on the anterior w all of the endosternite between 

the seventh and eighth segments. I t  would be possib le to sub­

divide th is  part into sm aller subdivisions, as several strands 

go more deeply than others. The branches o f th is  muscle go 

to a mutual insertion  on a heavy tendon coming from the upper 

proximal border o f  the coxopodi te. Their contraction causes 

the leg  base to be elevated .

147a-d. Musculus depressor a-d ( f ig .  12J,K,L)

The f ir s t  branch, a , originates partly on the posterior  

wall of the endosternite separating the s ix th  and seventh segments, 

partly  on the sternal wall of the seventh segment, and partly  

on the anterior surface o f  the endosternite between the seventh 

and eighth segments o f  the thorax. The second branch, b, l i e s  

behind the posterior part of the f i r s t  branch, spreading in a 

fan shape over the endosternite between the seventh and eighth  

segments o f  the thorax. I t  might be considered as being more 

than a single branch, as i t  i s  not very compact a t  i t s  source.

The third axxL fourth branches, c and d, begin on the anterior  

and posterior w alls resp ective ly  o f the coxopodite. A ll branches 

o f th is  muscle go to the same heavy tendon fastened to the 

proximal ventral rim of the b a si-isch io p o d ite . The muscle 

opposes the levator e f fe c t iv e ly .
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148. Musculus reductor meropoditis

See 137.

149. Musculus abductor carpopoditis

See 138.

150. Musculus adductor carpopoditis

See 139.

151. Musculus productor propoditis

See 140.

158. Musculus reductor propoditis 

See 141.

153. Musculus abductor dactylopoditis

See 148.'

154. Musculus adductor dactylopoditis

See 143.
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The f i f t h  pereiopod 

155a-c. Musculus promo tor a-c ( f ig .  12M)

The longest and heaviest branch ja originates anteriorly  

on the median p late and passes posteriorly  and la te r a lly  to i t s  

in sertion  on the tendon on the membrane a t the antero-ventral 

border o f  the coxopodite# The next branch Jd i s  very prominent, 

orig inating on the posterior surface o f  the membrane which pro­

jec ts  d ism a lly  forwards through the jr seeding segments and on 

the anterior surface of which some o f  the branches o f muscles 

o f the second, third and fourth pereiopods were attached. The third  

branch £  i s  the sm allest. I t  a r ise s  on the posterior surface o f  

the endosternite between the seventh and eighth segpnents, being 

inserted above branch b. on i t s  tendon. The muscle imparts a 

forward motion to the le g .

156a-b. Musculus remotor a-b ( f ig .  12M,0)

In th is pereiopod the remotor d iffers  from the corresponding 

muscle in  the other pereiopods in  that i t  i s  branch and in addition  

is  much more strongly developed than in  the other leg s  ,owixg to the 

fact that i t  has to give a powerful backstroke to th is  f i f t h  leg  

which serves as the paddle and which alone causes the very e ffe c t iv e  

swimming movements o f the crab. The f ir s t  branch a. originates  

dorsally  on a T-shaped part of the endopleurite which i s  attached 

medially on the median p la te . The posterior branch b. orig inates  

on the posterior w all o f the eighth segnent. Both branches are 

inserted  on a heavy tendon attached to the membrane on the proximal
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p ostax ia l (in  th is  case dorsal) border o f  the b asi-isch iop od ite .

The muscle as already stated d irects  the leg  backwards.

157a-c. Musculus levator a-c ( f ig ,  12M, N)

The large f ir s t  branch a originates on the median p late  

just p osterior to the f ir s t  branch o f the promotor* I t  travels  

la te r a lly  beneath the second branch o f  the promo tor and beneath 

the dorsal h a lf  o f the remotor a lso , to i t s  in sertion  on a heavy 

tendon attached to the anterior (dorsal) proximal border o f  the  

b asi-isch iop od ite . The second branch b i s  small and w^eiak.. I t  

orig inates on the sternum between the main branches o f  the promo tor 

and the depressor, and goes upwards and la t e r a l ly  to i t s  in sertion  

on the same tendon# The th ird  branch c i s  a heavy and strong one, 

arisin g  on the sternal w all near to the wedge formed by the f ir s t  

abdominal segment. The en tire muscle pulls the leg  strongly upwards.

158a-f. Musculus depressor a -f  ( f ig .  13M, N, 0)

The f ir s t  branch a, vexy large and heavy, originates  

m esally on the sternal wall of the eighth thoracic segment* Branch 

b i s  very sm all, orig inating  la te r a lly  on the sternal wall# Branch 

c. p a ra lle ls  the f ir s t  branch, beginning partly on the sternal wall 

and partly on the median p late . The fourth branch d orig inates on 

the posterior sternal wall at the end of the thorax# The f i f t h  

and s ix th  branches^ e_ and f ,  originate on the dorsal and posterior  

w alls resp ectively  o f  the coxopodite* A ll these branches converge 

upon an extrmely heavy tendon attached to the proximal preaxial 

( in  th is  case posterior) border of the b asi-isch iop od ite . This 

extraordinarily  powerful muscle pu lls the leg  base downwards.



74

159.

160.

161.

162.

163.

164.

165.

Musculus redactor meropoditis 

See 137•

Musculus abductor carpopoditis 

See 138.

Musculus adductor carpopoditis 

See 139.

Muse&jtus produetor propoditis 

See 140.

Musculus redactor propoditis 

See 141.

Musculus abductor dactylopoditis 

See 142.

Musculus adductor dactylopoditis 

See 143.
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The pleopods

A. The male

In the male b lue  crab, appendages occur only on the 

f i r s t  two segments of the abdomen. Tae d i s t a l  abdominal

segments a re  much narrower than in  th e  female, and the th i rd ,  

fourth  and f i f t h  segments a re  fused so th a t  t h e i r  o r ig in a l  

su tu res  a re  sc a rc e ly  v i s ib l e ,  a s  I  have pointed out p reviously  

in  t h i s  s tudy .

In  the  f i r s t  pleopod of the male, the eoxopodite i s  

la rge  and p a r t i a l l y  s c le ro t iz e d .  The b as ip o d ite  i s  i r r e g u la r ly  

shaped, and i t s  d i s t a l  border is  a manbrane which a t tach es  the 

long, whiplike f lage llum  and g ives  i t  the necessary  freedom 

o f movement. In  t h i s  membrane is  likew ise  a pocket in  which

the f l  age Hum o f  the second pleopod normally r e s t s .

The name "flagellum" is  chosen a r b i t r a r i l y  fo r  the  

d i s t a l  p a r t  of  the pleopod, as i t  does no t show the ch a rac te r  

o f  a true  f l  age Hum. hut n e i th e r  i s  there s u f f i c i e n t  ev i­

dence f o r  considering i t  a h igh ly  modified endopodite or exo- 

podi te.

The second pleopod i s  very much weaker than the 

f i r s t ,  which completely covers i t .  I t s  eoxopodite i s  very

th in -w a lled  and p a r t ly  membranous. A smaH bas ipod ite  i s

p re sen t ,  c o n tro lle d  by a s ing le  muscle o r ig in a t in g  in  the 

eoxopodite . The bas ip o d ite  and f l  age llum are  s c le ro t iz e d ,
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b u t an extensive  membrane l i e s  between them, as  in  the f i r s t  

pleopod, P re a x ia l ly  the b as ip o d ite  i s  rep resen ted  only 

by a membrane, a s  i t s  s c le ro t iz e d  p a r t  i s  e n t i r e ly  p o s ta x ia l  

in p o s it io n .

166. kusculus promotor coxopoditis I  pedis s p u r i i  ( f i g .  141)

This muscle o r ig in a te s  on the  v e n t r a l  surface o f  the  

l a s t  tho rac ic  somite ju s t  l a t e r a l  to the o r ig in  o f  the f i r s t  

v e n t r a l  s u p e r f ic ia l  abdomiiml muscle. I t  i s  in se r te d  on 

the inner preaxi&l promimal border o f  the  eoxopodite, which 

i t  e re c ts  s tro n g ly ,  This is  the only e x t r in s ic  muscle be­

longing to the f i r s t  pleopod.

167. kusculus abductor b a s ip o d i t i s  I pedis sp u r i i  ( f ig .  14a.)

A ris ing  on the w alls  o f  the  ou te r  p a r t  o f  the coxopo- 

d i t e ,  t h i s  muscle is  in se r te d  on the  ou te r  proximal margin o f  

the b a s ip o d i te ,  which is pu lled  away from the  center-by i t s  

c o n trac t io n .

168. kusculus adductor b a s ip o d i t i s  I  pedis sp u r i i  ( f ig .  14A)

This i s  a "heavy muscle a r i s i n g  on the  inner proximal 

w alls  o f  the eoxopodite. I t  i s  in se r te d  on the inner proximal 

border o f  the b a s ip o d i te ,  which is  pu lled  towards the  center 

by i t s  a c t io n .
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169. Kusculus abductor f l a g e l l i  I  pedis s p u r i i  ( f ig .  14A.)

This s n a i l  and compact muscle a r i s e s  on the d i s t a l  

p o s tax ia l  border o f  the  b a s ip o d i te ,  and i s  a t tached  to  the  

extended proximal edge o f  the f lege llum . I t  causes the  t ip  

of the f lagellum  to move s tro n g ly  outwards.

170. Musculus promotor coxopoditis I I  pedis s p u r i i  ( f ig .  14B)

This heavy muscle a r i s e s  on the a n te r io r  margin of 

the second abdominal segment lying e n t i r e ly  beneath the  f i r s t  

p leopod. I t  i s  in se r te d  on the inner proximal p a r t  o f  the 

eoxopodite, which is  e rec ted  by i t s  co n trac tio n .

171. ..jusculus adductor b a s ip o d i t i s  I I  pedis s p u r i i  ( f ig .  14B)

A ris ing  in  numerous s trands  on the inner  p o s tax ia l  

wall f  the eoxopodite, th is  muscle i s  a ttach ed  to the 

inner proximal border of the b a s ip o d i te ,  which i s  brought 

towards th e  cen te r  by i t s  con trac tio n . No abductor o f  the 

b as ip o d ite  i s  p resen t in  t h i s  appendage, as the  e l a s t i c i t y  

o f  the msnbrane ap paren tly  g iv es  the  necessary o p p o s it io n  to  

the adductor.

172. Musculus abductor f l a g e l l i  I I  pedis sp u r i i  ( f i g .  14B)

Like the corresponding muscle in  the f i r s t  abdominal 

appendage, th i s  muscle a r i s e s  on the l a t e r a l  p a r t  o f  the wall 

of th e  b as ip o d ite  and term inates  on the proximal p ie a x ia l  

border o f  the  f lagellum , which is  brought away from the 

c en te r  as w ell as s l i g h t l y  forwards by i t s  action*
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B. The female
♦

The f i r s t  and the s ix th  abdominal segments of the female 

b lue  crab Jack appendages* The second, th i rd ,

fou rth  and f i f t h  segments each have pleopods which become 

in c reas in g ly  s n a l l e r  p o s te r io r ly .  The eoxopodite and b a s i ­

podite  are  separa ted  by a membrane on the p o s ta x ia l  su rface ;  

p re a x ia l ly  the two a re  fused . A d e s c r ip t io n  of the muscles 

p e r ta in in g  to the f i r s t  abdominal appendage, a ttach ed  to the 

second abdominal segment, app lies  to the o ther  th ree  p a i r s  o f  

abdominal appendages, in  which the muscles are  s im ila r  but 

weaker.

173. Musculus promotor co^opaditis I  pedis sp u r i i  (fig* 146).

I t  a r i s e s  on the d o rsa l  border o f  the second abdominal 

segment and i s  in se r te d  on the middle o f  the p re a x ia l  proximal 

border o f  the eoxopodite, which i t  brings strongLy forwards.

174. Musculus abductor coxopoditis  I  pedis s p u r i i  ( f ig .  14G)

This muscle likew ise  o r ig in a te s  on th e  d o rsa l  border 

of the second abdominal segment l a t e r a l  to the o r ig in  of the 

promotor. I t  passes s l i g h t l y  outwards to i t s  in s e r t io n  on 

the extreme l a t e r a l  proximal border o f  the eoxopodite.

The appendage i s  moved away from the midline by i t s  a c t io n .

In the three  pleopods which follow th is  one, the abauctor 

of the eoxopodite takes i t s  o r ig in  below and behind th a t  

of the promotor muscle^so th a t  in  the l a s t  pleopod i t  is  

n e a r ly  obscured by the promotor when viewed p re a x ia l ly .
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This i s  the only noteworthy d if fe ren ce  in  any o f  thejmuscles
as with

of the following Jhree appendages compared those o f  the 
appendage

f i r s t ^  except th a t  they become sm aller  as the appendages 

themselves decrease in  size*

175. Musculus adductor coxopoditis  I  pedis s p u r i i  ( f ig .  14C)

This muscle i s  much la rg e r  than  i t s  opponent, the 

abductor. I t  a r i s e s  on the median d o rsa l  border of the second 

abdominal somite from almost the midline to the o r ig in  of 

the promotor. I t  i s  in se r te d  a t  th e  extreme median proximal 

margin of the eoxopodite, which i t  p u l ls  inwards and forwards.

176. Musculus reductor b a s ip o d i t i s  I  pedis s p u r i i  ( f i g .  14C)

This i s  a very short but q u ite  powerful muscle 

a r i s in g  l a t e r a l l y  a long  the proximal p o s te r io r  border o f  the 

eoxopodite a t  th e  only place where the fusion  i s  no t complete 

between b a s ip o d ite  and Eoxopodite. I t  runs inward without 

narrowing to i t s  in s e r t io n  a long  the proximal p o s te r io r  wall 

o f  the b a s ip o d i te ,  which is  moved backward by i ts a c t io n .

177. Musculus abductor exopod itis  I  pedis s p u r i i  ( °ig . 14C)

A rising  on the l a t e r a l  a n te r io r  border o f  the b a s i -  

podi te near the  in s e r t io n  o f  the  abductor o f  the  b a s ip o d i te ,  

the abductor o f  the exopodite i s  in se r ted  on the l a t e r a l  wall 

of  the exopodite, on which i t  produces a feeb le  outward p u l l .
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178# Musculus adductor exopoditis I pedis spurii ( f ig .  14C). 

This rather slender muscle a r ise s  on the median 

proximal preaxial w all of the basipodite and extends outwards to  

i t s  in sertio n  on the inner proximal end o f  1he exopodite, which 

is  moved inwards by i t s  pull#

There are no muscles to govern the endopodite, idiich 

moves only as the basipodite moves#

179# Musculus pro motor coxopoditis II  pedis spurii 

See 173#

180. Musculus abductor coxopoditis II pedis spu rii

See 174*

181. Musculus adductor coxopoditis II  pedis spurii

See 175#

182# Musculus reductor b asip od itis  II  pedis spurii 

See 176#

183. Musculus abductor exopoditis II  pedis spurii

See 177#

184. Musculus adductor exopoditis II pedis spurii

See 178#

185. Musculus promotor coxopoditis III  pedis spu rii

See 173.

186. Musculus abductor coxopoditis I II  pedis spurii

See 174.

187. Musculus adductor coxopoditis III pedis spu rii

See 175.

188. Musculus reductor b asip od itis  III  pedis spurii

See 176•
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189.

190.

191.

192.

193.

194.

195.

196 .

Musculus abductor exopoditis I II  pedis spu rii 

See 177.

Musculus adductor exopoditis I II  pedis sp u rii 

See 178.

Musculus piomotor coxopoditis IV pedis spurii 

See 173.

Musculus abductor coxopoditis IV pedis spu rii 

See 174.

Musculus adductor coxopoditis IV pedis sp u rii 

See 175.

Musculus reductor b asip od itis  IV pedis spurii 

See 176.

Musculus abductor exopoditis IV pedis sp u rii 

See 177.

Musculus adductor exopoditis IV pedis spu rii 

See 178*
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The skeleton

A b r ie f  survey o f some of the sk e le ta l p e c u lia r it ie s  found 

in the blue crab i s  not out o f place in  a study o f  i t s  myology, 

since the shape o f the sk e leton  and the arrangement o f the muscles 

attached upon i t  are mutually interdependent.

The segments of the head and thorax o f  the crab are 

immovably ankylosed, a s  I have repeatedly emphasized. To some 

extent, th is  fa c t  s im p lif ie s  the musculature, as i t  at once 

precludes the presence of true trunk muscles which are necessary  

only when the segments move in d iv id u ally .

The muscles of the la s t  f iv e  thoracic segments are 

separated in tern a lly  by a se r ie s  o f  irregu larly  shaped parti­

t io n s , ^ach of these partition s co n sists  o f  two thin  p la te s ,  

formed by the an terior w all of one segment c lo se ly  applied to  

the p osterior  w all o f the preceding segment* The lower h a lf  

o f each p a rtitio n  i s  formed by a pair of the p la tes  a r isin g  from 

the sternal borders of neighboring segments, and i s  called an 

endos terni te * The upper half of each p a rtitio n  is  sLmilarly 

formed by a pair of the p la tes  which orig inate on the p leural 

w alls of neighboring segments, and is  ca lled  an endopleurite.

Each endosternite coalesces with i t s  corresponding endopleurite, 

and i t  i s  a t  th is  line o f c o a lit io n  that the break occurs 

during eedysis to allow  the crab to moult com pletely.
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The endostexnites and endopleurites fonaed in  th e manner 

ju st described are e n t ir e ly  intersegments 1* A secondary in fo ld in g  

o f the pleural w all occurs, however, in  the fourth, f i f t h ,  s ix th  

and seventh thoracic segments. To th is infolded structure  

which i s  s t r i c t ly  intrasegmental I have given the name o f  secondary 

endopleurite. No corresponding infold ing occurs in  the stern a l 

parts o f these segments. The secondary endopleurite i s  firm ly  

attached at i t s  inner margin to the an terior surface o f  the 

aembrane encasing the promotor o f the f i f t h  pereiopod. The remoter 

muscle always finds i t s  orig in  behind the secondary endopleurite, 

while some o f  the branches o f the depressor and levator do so l ik e ­

wise in  certa in  segments. This ind icates that these p a rtitio n s  

are in truth only secondary, since th e  remotor o f a particu lar  

segment would not a r ise  outside i t s  own segment.

The endoskeletal p artition s of the la s t  f iv e  segments 

of the thorax present an in terestin g  complexity due to the over­

development o f the f i f t h  pereiopod, as I have already noted.

The muscle attachments of th is  pereiopod have been increased  

by the forward prolongation o^a branch of the promotor muscle 

through the three preceding segments. The p ock et-lik e membrane 

which encases th is  part o f the muscle serves as a place o f  

attachment for the several endopleurites where they meet the 

en d o stem ites ,a s  w e ll as fo r  the secondary endopleurites, while  

these attachments hold it  firm ly  in  place to r e s is t  the heavy 

p u ll which the muscle ex erts  upon i t .  The an terior termination  

o f th is  prolongation may be seen upon the p osterior  wall o f  the 

fourth thoracic segment, where i t  appears as an oval, semi­

transparent window p artly  separating the endopleurite and
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en d ostem ite  ly ing  between 1iie fourth and f i f t h  thoracic segments* 

ffliile the median p3ate extends forwards as fhr as 

the en d ostem ite  separating the f i r s t  and second pereiopods, i t  

serves ex c lu siv e ly  as a place o f  o r ig in  fo r  branches o f  the four 

basal muscles o f  the telopod ite o f the f i f t h  pereiopod. Some 

part of each of these muscles or ig in ates upon the median p la te ,  

although none o f  the muscles o r ig in a tes  e n tir e ly  upon i t .

The third m axilliped and the f i r s t  pereiopod bear a 

pair o f  g i l l s  which l i e  side by s id e  in  the gill-cham ber.

The second m axilliped lik ew ise possesses two g i l l s ,  one o f  which 

l i e s  in  the extreme an terior part of the gill-cham ber in  front 

of the g i l l s  belonging to the pereiopods, and which can be 

distinguished from them only by i t s  smaller s iz e  and i t s  an terior  

p o sitio n . The other g i l l  of the second m axilliped l i e s  a t  

right angles to  the f i r s t ,  extending outwards and backwards 

from the anterior com er of the gill-cham ber. The second

and th ird  pereiopods each possess a sin g le  g i l l .  The f ir s t  

m axilliped and the fourth and f i f t h  pereiopods lack g i l l s .
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The general s t ru c tu re  o f  the crustacean  appendage

In order  to understand the t ru e  r e la t io n s h ip s  between 

the exceedingly d iv e rse  and o f te n  highly sp e c ia l iz e d  crustaceans 

which e x i s t  today, i t  i s  a m atter o f  importance to  a t t e n p t  to 

re c o n s tru c t  a g en era lized  a n c e s t ra l  type, from which a l l  these 

e x is t in g  d ivergencies  may have a r i s e n  by various evolu tionary  

p rocesses.

A ty p ic a l  leg  of any o f  the h igher crustaceans 

co n s is ts  of n o t  more th an  seven segments, inc lud ing  the b a sa l  

segment c a l led  the eoxopodite, which i s  followed by the  b a s i ­

podite  b e a r in g  the endopodite o f  f iv e  segments, each seg­

ment having a p a i r  o f  muscles to move i t .  Any or a l l  o f  

these seven segments may be provided with e x i t e s —lobes grow­

ing on the  e x te rn a l  p a r t  o f  the limb, o r  e n d i te s —lobes grow­

ing on the i n te r n a l  p a r t  o f  the limb. These ex ites  and en­

d i t e s  when they are la rg e  and movsable, may have s p e c ia l  

muscles o f  th e i r  own.

In the in se c ts ,  the basal segment o f  the leg is  

obviously divided into a coxa and a subcoxa, th e  3a t t e r  fo m -  

ing s c le ro t iz e d  p la te s  in  the p le u ra l  wall o f  th e  thorax.

In the crustaceans , i t  i s  quite  p o ss ib le  to trace a  s im ila r  

development o f  the linb  b a s i s .  Consequently we may 1 ok 

upon the eoxopodite as  b e in g  equivalent to th e  coxa o f  the 

in s e c t ,  while the s te rn a l  and possib ly  the p le u ra l  regions
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o f  the thorax in  th e  h lue  crab rep resen t^  the  subeoxal regions 

of the le g s .

‘The eoxopodite i s  sometimes ankylosed w ith  the  

b a s ip o d i te ,  in  which case  1he r e s u l t i n g  s tru c tu re  goes by 

the name o f  p ro to p o d i te .  the eoxopodite may e x i s t  by i t ­

s e l f ,  as  in  th e  mandible and th e  two maxillae o f  the isopod 

and the amphipod ( f i g .  SI, A, B, C; f ig .  22 A, B, C), o r  i t  

may give r i s e  to  a b as ip o d ite  w ith  o r  without an exopodite 

and endopodite. 'l’he eoxopodite may hare one or more 

ep ipod ites  ( f i g .  24, E, F ) , which are u sually  g i l l - l i k e ,  

non-segmented s t ru c tu re s  forming a p a r t  o f  the  re sp ira to ry  

system.

In  the lower crustaceans , the leg  has an  exopodite 

as well as  an endopodite, both o f  which always a r i s e  from the 

b a s ip o d i te .  In the higher c rustaceans , the exopodite s t i l l  

p e r s i s t s  in  th e  m axillipeds  and 1he pleopods.

The exopodite may have any number o f  j o i n t s ,  and 

i t s  d i s t a l  p a r t  maybe modified to form a f lagellum , as in 

the m axilliped and tru e  legs o f  the mysid ( f ig .  19 D; f ig .

20, A, B, C). The endopodite, on the con trary , i s  very 

d e f in i t e ly  l im ited  to  a maximum of f iv e  segments. f req u en tly  

the d i s t a l  segments are n o t  p resen t,  and some o f  the p rox i­

mal ones may have ankylosed. The endopodite e x is ts  in  i t s  

t y p ic a l  form as a walking leg  in  the higher c rustaceans ,  

the names o f  i t s  segments being the isc h io p o d i te , the meropodite,
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the carpopodite , the p ropodite  and the  d a c ty lo p o d ite • Ihe 

ty p ic a l  c rustacean  leg  has two p r in c ip le  p laces f o r  bending,— 

one i s  a t  the b a s a l  jo in t  between the eoxopodite and the 

b a s ip o d i te ,  and the o th e r  i s  a t  th e  "knee" j o in t  between the 

meropodite and th e  carpopodite. Hence th e re  a re  ty p ic a l ly  

three  segments between the b asa l  j o i n t  and the "knee" jo in t ,  

and th ree  more beyon$ the "knee" jo in t .  When fewer segments 

occur in  e i t h e r  s e c t io n ,  we may know th a t  th e  leg  i s  not 

e n t i r e ly  ty p i c a l ,  Aor in s ta n c e ,  in  the  second m axilliped 

of the amphipod ( f ig ,  23 A), only two segments occur d i s t a l  

to the "knee" jo in t ,  and there fo re  we know th a t  i t  i s  the 

dac ty lopodite  which is a b se n t .  In the leg  o f  the  b lue  crab 

( f i g .  12 A, B ) , two moveable segments occur between the b asa l  

jo in t  and the "knee" j o in t .  One can e a s i ly  see in  th i s  

case th a t  the b a s ip o d i te  is  n e a r ly  ankylosed with the 

isc h io p o d ite ,  the r e s u l t i n g  s t ru c tu re  thereby becoming a 

b a s i- is c h io p o d i te  . In the leg  of the h igher crustaceans 

the exopodite i s  ab sen t,  'Ihe b as ip o d ite  plus the endopo­

d i te  i s  o f ten  re fe r re d  to as the  te lo p o d i te .

When more th an  seven segments appear to be v i s ib l e  

e x te rn a l ly  as i s  the case in  the  mysid Anaspides, the addi­

t io n a l  supposed segments a re  due to s l ig h t  c reases  o r  °urrows 

in  the body w all ,  and a re  not true  segments w ith t h e i r  necessary 

complement o f  muscle. Some shrimps a lso  apparen tly  have 

many ad d it io n a l  segments in  the d i s ta l  p a r t  o f  the le g s ,  but 

n e i th e r  a re  these true segments, as  thei r  myology proves.
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The s o -c a l le d  exopodite o f  th e  t r i o lo b i t e  leg  a r i s e s  

on the a c tu a l  basa l segment o f  the limb, and the  question has 

been r a is e d  as  to whether i t  i s  a true  exopodite o r  an 

e p ip o d i te .  I f  i t  i s  an  exopodite homologous with th a t  of 

l i v in g  c ru s tacean s ,  then i t  throws th e  ir i lob ite  ab so lu te ly  

in to  the Glass Crustacea. I f ,  on the o ther hand, i t  i s  an 

ep ip o d ite ,  then i t  makes the  t r i l o b i t e  a n c e s t r a l  to a l l  

the Arthropoda so f a r  a s  the s t ru c tu re  o f  i t s  legs  i s  concerned.
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L ist of abbreviations

a-b, primitive dorsoventral ax is o f  the appendage 

A Cxpd, anterior part o f the eoxopodite 

Add, tendon o f  adductor of the mandible 

Ant, anterior border 

Bnd, endite o f  the basipodite 

Bs-Iscpd, basi-ischiopodite  

Bspd, basipodite 

Cex, ex its  o f  the eoxopodite 

Cnd, endite o f  the eoxopodite 

Crpd, carpopodite 

Cxpd, coxopodi te 

Depd, dactylopodite 

End, endite 

Endpd, endopodite 

Eppd, epipodite 

Ex, ex ite  

Expd, exopodite 

Elb, flabellum  

Elg, flagellum  

I , tergal promotor muscle 

Iscpd, ischiopodite  

J, terga l remotor 

sternal promotor 

L, sternal remoter 

Mrpd, meropodite 

Palp, palp
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L ist o f abbreviations (continued)

P Cxpd, posterior part o f  the eoxopodite

Post, posterior border

Prpd, propodite

Prtpd, protopodite

Ptg, paratergite

S, sternum

Scg, scaphognathite

St, statocyst

T, tergum

Tn, telson



Fig* 1. Muscles o f  the abdomen o f  the male blue e»ab

A. Dissection o f the abdomen from the -ventral side to stow the

dorsal muscles 

7b. Snail branch of musculus d ila tor ani 

8-13. Musculi dorsales su perfic ia les abdominis

B. Dissection of the abdomen from the dcosal side to show the

ventral muscles*

1* Musculus superficiaLis thoraco-abdominis 

2-6. Musculi ventrales su p erfic ia les abdominis 

7a. Main branch of musculus d ila tor  ani 

I-VI. Abdominal somites 1 through 6 

TrwTelson





Fig. 2. Dorsal d issec tio n  of the eye o f  the blue crab
On the right side the deeper muscles are exposed

15. Musolus ocu li b asa lis  anterior

16. n " n posterior

17. n " attractor

18. " w adductor

19a and 19b Musculus ocu li abductor

20a, 20b and 20c. Musculus ocu li retractor d orsa lis

21. Musculus ocu li retractor v en tra lis

22. " " " la te r a lis

23a and 23b Musculus oculi retractor medial i s

I . Middle cylinder 

I I . Second segment

II I . Optic cup





Fig. 3* Dorsal d issection  o f  Hie f ir s t  antenna 
o f the blue crab with the deeper muscles 
la id  bare on the ri^tit side

24a and 24b. Musculus promo tor I antennae 

25a and 25b. " remotor I  "

2 6 . Musculus pioductor2 I antez

2 7 . rt reductorg I IT

2 8 . t t adductorg I tt

2 9 . n abductorg I It

3 0 . n productor3 I t t

3 1 * n reductor.
3

I t t

3 2 . t t n I t t

S t . ,  sta tocyst.





Fig. 4. The second antenna

3 3 . Musculus promo tor XI antennae

3 4 . IT remo tor I I  "

3 5 . W produetor iscb iopod itis I I  antennae

3 6 . It redactor n H II

3 7 . ft productor raeropodi t ie I t It

3 8 . I t reduc tor " II t»

3 9 . I t productor f la g e lla r is It n

40. n reduc tor ” I t ii

Cxpdf coxopoditei Bspd, basipodite*, Iscpd, ischiopodite; 

Mrpd, meropodite; Fig, flagellum .
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Cxpd

34



Fig, 5. ^he mandible

A. Dorsal vie* o f  the mandible in place

B. Analysis o f  the mandible as an appendage

C. Me sa l view o f  the mandible

41 • Muscuius abductor maior mandibulae

42 • " M minor w

43. w adductor posterior w

44. n M la te r a lis  "

45. " extensor palpi M

46. M flexor a " H

47 # » « b " «

x-xx, hinges of the mandible

T42, tendon of Musculus abductor minor mandibulae 

T44, » » *♦ adductor la te r a lis  "

S, cut ends o f  two stomach muscles 

I , the dorsal promotor 

J, n n remotor

KL, the ventral promotor and ventral remotor combined 

Ant, anterior border o f  the mandible 

Post, posterior " « » *t



B

T 4 4
T42

ant
post

4 3
j

4 2
JKL



f ig .  6 Diagram o f  the th eoretica l 

elementary musculature o f the segmental appendages (a fter  

Snodgrass)•

a -b ,  primitive dor so ventral a x is  o f  the appendage

I , tergal promoter muscle 

J, tergal remoter 

K, sternal promoter 

L, sternal remotor 

T, tergum 

S, sternum





Fig. 7. The f i r s t  maxilla

48. Musculus promo tor I maxillae

49-50. n remotor M H

51. IT adductor anterior I maxillae

52. f t n  posterior I maxillae

tolO Tl abductor coxopoditis I maxillae

54. n levator I maxillae

55. t t depressor I maxillae

56. i t adductor endopoditie I maxillae

A Cxpd, anterior part of the coxopodite. P cxpd, posterior part 

o f the coxopodite. Cnd, and Cndg, f ir s t  and second endites o f  

the coxopodite. Endpd, endopodite.



Cndi

-Cndz



Fig. 8. The second maxilla

57* Musculus pro mo tor II maxillae

58. n remotor H "

59. n depressor ”  "

6 0 *  " adductor coxopoditis I I  maxilla

61. " " endopodi t ia  w "

62* " flexor scaphognathitis II  "

63-69. Muscull r esp lm to r ii II maxilla

Cnd,j and f i r s t  and second endites of Hie coxopodite*

endopodite. Scg, s caphogna th i te •

Endpd,



\ \  61 
\  Cndi
\?nd  2



.big. 9 . The f i r s t  maxilliped

70* Musculue promotor medial is  I pedis m axillaris 

71. " n la te r a lis  I pedis m axillaris

72* Unnamed muscle 

73a-b. " w

74. n "

75. " »

76. » "

77. Muscuius adductor ezopoditis I pedis m azilleris

78. " abductor f la g e l l i  " ” " "

79. " f la g e lla r is  exopoditis I pedis m axillaris

Cnd̂  and Cndg, f i r s t  and second endites o f the ooxopodite. 

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

exopodite.





Fig. 10. The second maxllliped

80. Musculus promoter II pedis maxi H aris

81. Tf re mo tor n n  w

82. t t levator * " "

83a--b. » deplessor a-b. II  pedis m axillaris

84. n attraotor ep ipod itis II  pedis m axillaris

85. n abductor exopod i t  is  *• «* «

86. n f la g e lla r !  s n "  "  "

87. n abductor f la g e l l i  exopod i t  i s  II pedis m axillaris

88. t i productor meropoditis "
i t n

89. n redictor " " n n

90. n abductor carpopoditis B n n

91. n adductor "  " n it

92. » productor propoditis " it «

93. i t reduc tor w n w t t

94. if productor dactylopoditis n i t i t

95. if reduc tor w ” f t t t

Bs-Iscpd, basi4sich iopodite. Crpd, carpopodite. Cxpd, coxopei 

Dcpd, dactylopodite. 35ppdf epipodite. Expd, exopodite.

Mrpd, meropodite. propodite.



"85 x  
Bs-Iscpd
-Mrpd c



Fig. 11. The th ird  m axilliped

96. Musculus promotor I I I  pedis m ax illaris

97. " remotor n n n

98a-0. " levator a-c III  pedis m axillaris

99. w depressor » » »

100. n adductor eaopoditis III pedis m axillaris

101. n abductor n « « n

UOS. * " f la g e l l i  » « **

103. ” f la g d lla r is  exopoditis II I  pedis m axillaris

104. n flexor meropoditis n *» «

105. " extensor M * « »

106. n flexor carpopoditis n » »

107. * " propoditis « « «

108. " extensor " " w n

109. " flexor dactylopoditis » » »

110. " extensor " « « «

Crpd, oarpopodite. Dcpd, d acty lop od ite . E ppd, ep ipodite. 

Expd, exopodite. Iscpd, isc h io p o d ite . Mrpd> meropodfte.

Prpd, propodite. Prtpd, protopodite.



98c 9oa 98b

P rtpd
01

Iscpcl 10-4 

Prpd

Dcpd

Mrpd / y /  /  j j ip
CrpcKlKX109 10 i 107 10G 105



Fig* 1 2 . The p ereiop ods

A, B, C. The f i r s t  pereiopod 

l l l a - b .  Mu.sc ulus pro motor a-b

112. " remo tor

113a-c. " levator a-e

114a-g. " depressor a-g

115. " reduc tor meropoditis

116. ” abductor earpopoditis

117. H adductor "

E, E. The second pereiopod

122a-d. Muscuius promoter a-d

123. n remotor

124a-d. n levator a-d *

125a-e. tt depressor a -e

126. tt reduc tor m eropoditis

127. tt abductor earpopoditis

128. tt adductor **

f i t  I . The th ird  pereiopod.

133 a-g . Mus cuius promoter a-g

134. n remoter

135 a -c »• lev a to r  a-c

136 a -e n. depressor a-e

137. t* reductar meropoditis

138. tt abductor earpopoditis

139. n adduc tor w
B s-Iscpd, b a s i- ie ch io p o d ite . Cacpd, coxopodite.



F ig . 12 The pereiopods (continued) 

J, K, L. The fourth pereiopod

144a-d. Musculus pro mo tor a-d

145. tt remotor

146 a -b . n levator a-b

I47a-d . tt depressor a-d

148. tt reduc tor meropoditis

149. tt abductor earpopoditis

150. tt adduc tor w

M, N, 0 . The f i f t h  pereiopod

155a-c• Musoulus promotor a-o

156a -b . n remotor a-b

157a-c . it leva tor  a-c

1 5 8 a -f . tt depressor a - f

159. ft reduc tor meropoditis

160. tt abductor earpopoditis

161. tt adductor "



125a 125b 125d 125a 128 126 125b 125d



Bs-Iscpd Cxpd 133a 136a 139 137

L
14-9 147d 145144d 144c 144b

144 a 147a 147c 146a 147a 150 148 147c 147b





f i g .  1 3 . T ran sverse  s e c t io n  o f  th e  th orax

A. Section  through the th ird  perelopod

122b. Branch o f Musculus promotor o f  second perelopod 

133c-g . Branches o f  Mu sc ulus pr anotor o f  th ird  perelopod 

136a. Branch o f  Muscuius depressor w w n

137. Musculus reductor opod ltls * « «

138. " abductor carpopodltis « « ♦»

139. " adductor " n w w

140. " productor propoditis ” M w

141. " reductor " « w n

142. " abductor d a cty lo p o d itis  n 9 "

143. " adductor w " " n

155a. Branch o f  Musculus promo tor o f  f i f t h  perelopod

156d. » » n remotor " w "

157a. « « « leva tor  " n "

B. S ection  through "the f i r s t  perelopod

14. Musculus a ttra c to r  ep im eralis

l l l a - b .  Branches o f  Musculus promotor o f  f i r s t  perelopod 

114a. Branch o f  Musculus depressor » « «

115. Musculus reductor m eropoditiis " " w

116. " abductor oarpopoditis " n n

117. w adductor " " " "

118* " productor propod itis » « *

119. " reductor " *  " "

120. " abductor dactylopodi t i s  " w "

121. " adductor " w " "
122b. Branch o f Musculus promotor o f jecond Perelopod 
l » b .  " " " m r d





l i g .  14 . The p leopods

A. The f i r s t  pleopod o f  the male

166. Musculus promotor coaopoditie Ipedis sp u rii

167. " abductor basipoditiB  I " n

168* w adductor w M " "

169. w abductor f l a g e l l i  w ” "

B. The second pleopod of the sa le

170. Musculus promotor coxopoditis II pedia spu rii

171. * adductor b a sip o d itis  H n »

172. n abductor f la g e l l i  « « »

C. The f i r s t  pleopod o f the female

173. Musculus promotor coxopoditis I pedis sp u rii

174. n abductor n »? « «

175. » adductor « n e w

176. n reductor b a sip o d itis  " w **

177. " abductor eaopoditia « n n

178. n adduc tor " " w **.
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J ig . 15 Dorsal view  o f  the b lu e  crab





Fig.  16, Ventral view o f  the blue crab
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Fig, 17* Dorsal view  o f  thorax with carapace 

removed to show in ternal sk e le ta l parts

I-V III, f i r s t  through eigh th  somites o f  thorax





Fig. 18. Lateral se c tio n  o f thorax to show 

in ternal sk e le ta l parts.

I-V III, f i r s t  through eighth  somites o f  thorax





F ig . 1 9 . Appendages o f  M ichtheim ysig a te n o le p ls

A. The mandible

B. The f i r s t  m axilla

C. The second m axilla

D. The f i r s t  m&xilllped

Bspd, h a sip o d ite . Crpd, carpodite . Crpd, coxopodite.

Dcpd, dactylopod ite. End, en d ite . Eppd, ep ip o d ite . Expd, 

exopodite. Fib, flabellum . Iscpd, isch iop od ite .

Mrpd, meropodite. Prpd, p iop od ite . Prtpd, protopodite.



A
Cxpd

—Expd
)cpd 

P rp d  j-y>.
End 2

End l

C x p d

End

Fib
(Expd)

Bspd
Eppd

Cxpd



Fig, SO. Appendages o f  M jchthelxnysis s t e n o le p is

A. The second m axilliped

B. The th ird  m axilliped

C. The f i f t h  pereiopod

Bspd, fcasipodite# Cppd, carpopodite. Cxpd, 

Dcpd, dactylopodite. Eppd, epipodite* Expd

Iscpd, isch io p o d ite . Mrpd, meropodite. Prpd,

Prtpd, protopodite*

coxopodite.

exppodite. 

propod ite«



c
C rp d

-E ppd

Mrpd
Iscpd

-Bspd

C xpd



Fig* 21 Appendages o f  L igia exotica

A. The mandible 

B* The f i r s t  m axilla

C. The second maxilla

D. The m axilliped

E. the f ir s t  pereiopod

Bnd, end ite o f  the b a sip o d ite . Bs-Iscpd, basi-iseh iopod ite*  

Bapd, b asipod ite. Dcpd, dadylopodite. End, en d ite . Endpd, 

endopodlte* Eppd, ep ipodite. Ex, e x ite . Mrpd, meropodite* 

Frpd, propodite*





F ig . 2 2 . Appendages o f  O rohesto ldea  c a l l  ib m ia n a

A. The mandible

B. The f i r s t  m axilla

C. The second m axilla

D. The f i r s t  m axllliped

Bspd, b a sip o d ite . Cxpd, eoasopodite. End, en d ite . 

Endpd, endopodite.



A

E ndiEnd z

C x p d



F ig  • 2 3 . Appendages o f  O rcheeto idea  c a l ifo r n la n a

A. The second m axilliped

B. The th ird  m azilliped

C. The f i f t h  pereiopod

Bspd, b asip od ite . Crpd, carpopodite. Cxpd, coxopodite. 

Iscpd, isch iop od ite . Mrpd, meropodite* Prpd, piopodite. 

Ptg, p araterg ite .



A

Bspd Iscpd

B
Bspd Iscpa

Bspd Iscpd M rp d  C r p d  P r p d



Fig* 2 4 . Appendages o f  Penaeus s e t i f e r n s

A. The mandible

B. The f i r s t  m axilla

C. The second m axilla

D. The f i r s t  m axilliped

E. The second m axilliped

F. The th ird  m axilliped

Add, tendon o f the adductor muscle o f  the mandible. Bnd, 

en d ite  o f  the b asip od ite . Bspd, b asip od ite . Cex, ex ite  

of the coxopodite. Cxpd, coxopodite. Expd, exopodite.

Frtpd, protopodite. Scg, acaphognathite.
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