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T h e  c la m  M y a  d i f f e r s  f r o m  o th e r  p e le c y p o d s  w h ic h  h a v e  b e e n  in v e s t ig a t e d  in  t h i s  r e s p e c t  
in  h a v in g  m o s t  o f  t h e  r e s e r v e  n u t r i t i v e  m a t e r i a l s  f o r m e d  w i t h in  t h e  v a c u o la t e d  fo ll ic le  c e lls  
o f  t h e  g o n a d s  i n s t e a d  o f w i t h in  t h e  v e r y  l im i t e d  a m o u n t  o f  m e s e n c h v m a to u s  c o n n e c t iv e  t i s s u e  
o f t h e  v i s c e r a l  m a s s . T h e  p r o f u s e ly  b r a n c h i n g  t u b u l a r  g o n a d s  o r ig i n a t e  f ro m  tw o  g r o u p s  o f 
p r im o r d i a l  g e r m  c e lls  s i t u a t e d  in  t h e  p o s i t io n  o f  t h e  f u t u r e  g e n i t a l  a p e r t u r e s .  T h e  g e r m in a l  
p r im o r d i a  s o o n  b e c o m e  d i f f e r e n t ia t e d  i n to  tw o  ty p e s  o f  n u c le i ,  o n e  o f  w h ic h  b e c o m e s  a s s o c ia te d  
w i th  t h e  l a r g e ,  v a c u o la te d  fo ll ic le  c e lls , w h ic h  f o r m  t h e  p r in c i p a l  v o lu m e  o f  th e  g o n a d a l  t is s u e ,  
w h i l e  th e  o t h e r  ty p e  p r o l i f e r a te s  to  fo rm  t h e  p r i m a r y  g o n ia  w h ic h  b e c o m e  w id e ly  s c a t te r e d  
a lo n g  t h e  w a l l s  o f  e a c h  a lv e o lu s .

T h e r e  is  m u c h  d e g e n e r a t io n  a n d  c y to ly s is  d u r i n g  g a m e to g e n e s i s  i n  b o th  s e x e s , w i th  th e  
a c c u m u la t io n  o f  c h a r a c t e r i s t i c  i n c lu s io n s  w i t h in  t h e  fo ll ic le  ce lls . A ty p ic a l  s p e rm a to g e n e s is  
fo llo w e d  b y  c y to ly s is  o c c u r s  t h r o u g h o u t  t h e  y e a r  b u t  t h e  n o r m a l  m e th o d  o n ly  in  p r e p a r a t i o n  
f o r  s p a w n i n g .  N o  e v id e n c e  o f p r o t a n d r y  o r  c h a n g e  o f  s e x  w a s  o b t a i n e d ;  o n ly  t h r e e  
h e r m a p h r o d i t e s  w e r e  f o u n d  in  t h e  e x a m in a t io n  o f m o re  t h a n  1 0 0 0  in d iv id u a ls .

D u rin g  th e  p a s t few  y e a rs  i t  has been found  th a t  in  several 
species of pelecypods a ll or n e a rly  a ll in d iv id u als  a re  pro- 
tan d ric , w ith  a s tro n g  tendency  to w ard  a lte rn a tin g  fem ale 
and  m ale phases in  la te r  life. In  the  v iv ip a ro u s  o y ste rs  (Coe, 
’34; O rton, ’36) and  in  a t  lea s t one species of T eredo  (Coe, 
’36) th e re  m ay  he two or m ore of these  functional phases 
w ith in  a sing le  year. In  the  ov iparous o y ste rs  th e  dom inance 
of p ro ta n d ry  is less com plete, th e  p ro p o rtio n  of ind iv iduals  
function ing  as fem ales d u rin g  th e ir  f irs t b reed ing  season  de­
pend ing  upon  the locality  and  the  env ironm en ta l conditions. 
I n  o lder ind iv iduals  the  sexual p h ase  m ay  change in  the 
in te rv a l betw een two b reed ing  seasons or even d u r in g  a  single 
b reed in g  season  in  the  case of young  in d iv id u als  under 
ce rta in  conditions (Coe, ’36 a ) .  In  the  quohog, on the  o th er 
hand , an  in itia l m ale phase  leads to  e ither of th e  unisexual 
phases, w ith  no evidence of a  second change of sex (Loosan- 
off, ’36, ’37).

91

JO U R N A L  O F  M O R PH O L O G Y , VOL. 6 2 ,  N O . 1



92 W . E. COE AND H . J .  T U R N E E , J E .

The question  as to  the  ex ten t of p ro ta n d ry  among’ the pelecy­
pods requ ires  fu r th e r  in v estig a tio n , and  i t  w as w ith  the  
object of answ ering  th is  question  fo r  the so ft-shell clam  th a t  
th is  study  w as u ndertaken . A lthough  i t  w as soon determ ined  
th a t  in  th is  species th e re  is  no evidence o f p ro ta n d ry , the  
histo logical s tru c tu re  and  developm ental h is to ry  of the gonads 
w ere found  to be of such a b e rra n t types th a t  i t  seem s a d ­
visable to describe in  some d e ta il the  p rocesses observed.

D E V E L O P M E N T  O F P R IM A R Y  G O N A D

The p r im a ry  gonads develop fro m  a p a ir  of ge rm in a l p ri- 
m o rd ia  s itu a ted  n e a r  the  p o s te r io r  end  of th e  body an d  ju s t  
v e n tra l to  the p e ricard ium . These positions a re  re ta in e d  in  
the  adu lt as the la te r  openings of the gen ita l ducts (figs. 1, 2).

F ig . 1 P ortion  o f  section  through body o f  you n g  ind ividual 17 mm. in  length , 
show ing position  o f  th e  pair o f  prim ary gonads ( g )  w ith  transverse connective  
(g ')  and  transverse sections o f  several branches; b l, vascular connective tissu e;  
cvn, cerebro-visceral nerve cords; go , g en ita l open ings; k, k id ney; i, in te stin e ;  
me, ep ibranchial cham ber; pe, pericard ial ca v ity ; pg , prim ary germ  cells separated  
b y  more numerous fo llic le  cells.
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F ro m  the germ inal p r im o rd ia  a  p a ir  of slender p rocesses 
g row  out v e n tra lly  and  a n te r io r ly  th ro u g h  th e  loose v ascu lar 
connective tissue  ad jacen t to  the  in tes tin e  to  fo rm  th e  basis 
of the  p ro fu se ly  b ranched  follicles of the  a d u lt  gonads. The 
gonadal system s of the  two sides of the body  a re  connected 
b y  a  tra n sv e rse  p rocess a t the  p o s te r io r  end  (fig. 1). These 
te rm in a l po rtions  of the  gonad become th e  gen ita l ducts of 
the  ad u lt by the  fo rm a tio n  of la rg e  c e n tra l lum ens (figs. 2, 3).

T he young gonads consist of cy lind rica l, b ranch ing  ro o t­
like m asses of vacuo la ted  follicle cells, w ith sc a tte re d  germ inal

F ig . 4 Term inal p ortion  o f  prim ary gonad o f  young individual, 6 m m . in  
len gth , show ing sy n cy tia l group o f  germ  cell nuclei a t  tip  o f  grow ing p o in t (a )  
and nu clei o f  fo llic le  ce lls ( f c )  beneath. A t  one poin t (b )  a t  th e  sid e  o f  the 
gonad a  sim ilar, but sm aller, group o f  germ  cells in d ica tes the prim ordium  of 
a  latera l branch of th e  gonad, w h ile  other prim ary gon ia  (p g c ) , scattered  along  
the  w all, represent th e  antecedents o f the fu n ction a l gam etes; c, nucleus in 
prophase o f m itosis.

cells a long  the  p e rip h e ry  (fig. 4 ). F ro m  these few  germ inal 
cells a ll the  fu tu re  gam etes w ill be d e riv ed ; the follicle cells 
a re  s tr ic tly  n u tritiv e .

T he ap ical g row ing  p o in t of each b ranch  is  com posed of 
a  syncytium  co n ta in ing  two qu ite  d iffe ren t types of nuclei. 
T he la rg e r  of th ese  w ill la te r  be in co rp o ra ted  in to  the  p r im a ry  
germ  cells, w hile th e  sm alle r ones w ill become the  nuclei of 
follicle cells (figs. 4, 5, 6 ). No tra n s itio n a l stages betw een 
th e  tw o types of nuclei a re  found  and  i t  is  ev ident th a t  each
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p ro d u ces  oni}’ i ts  own kind, a lthough  both  hav e  had  a common 
o rig in  in  th e  gonadal p rim ord ium .

A  sh o rt  d istance behind  the  apex  each o f the  follicle cell 
nuclei becom es enclosed in  a  th in  la y e r  o f cy toplasm  s u r ­
ro u n d in g  a la rg e  cen tra l vacuole and  incom plete ly  sep ara ted  
fro m  i ts  ne ighbors by a delicate cell m em brane.

A s the  root-like g row th  proceeds an  occasional germ  cell 
is  left beh ind  along  the  w all of the  cy linder fo rm ed  by the 
m uch m ore  num erous follicle cells (fig. 4 ). T hese sc a tte re d  
germ  cells become them selves th e  cen te rs  fo r  th e  outgrow th  
of la te ra l  b ranches s im ila r jn  a ll respec ts  to  the  p r im a ry  p o r ­
tion  (figs. 5, 6). In  th is  m anner a  com plex system  of b ranch­
in g  roo t-like  processes even tua lly  ram ifies v e n tra lly  and

'5

5

F ig . 5 T erm inal portion  of branch of prim ary gonad w ith  sy n cy tia l group of  
n u cle i o f  germ  cells (p g )  and fo llic le  cells ( í e ) .  L ength  o f  body 9 mm.

F ig . 6 P o rtio n  of branch in w hich the cell m em branes o f  germ  (p g )  and  
fo llic le  ( f c )  ce lls have becom e estab lished .

a n te r io r ly  am ong the  o ther v isce ra  and  even in to  the  foot. 
These w ill la te r  fo rm  the  follicles of the  functional gonads 
w ith  th e  gen ita l ducts opening in to  the  su p ra b ra n ch ia l cav ity  
a t  the  s ite s  of the  o rig ina l p r im o rd ia  (fig. 1 ). Sm all g roups 
of p ro life ra tin g  germ  cells and  follicle cell nuclei rem ain  fo r 
sev era l w eeks a t the  sites of the  gonadal p rim o rd ia  as sources 
of su p p lem en ta ry  gon ia  and  follicle cells fo r th e  rap id ly  grow ­
in g  g o n ad  (fig. 2). A s the  body increases in  size th e  p ro p o r­
tio n a l g ro w th  of the  gonads is accelerated , b u t even w ith  a 
body len g th  of only 6 mm. the  p rin c ip a l p a r ts  of the  system  
a re  a lre a d y  established.
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Â  few  weeks la te r  both  the  germ  cells and  follicle cells 
have been c a rr ie d  fo rw ard  by  the  elongation  of the  te rm in a l 
p o rtio n s  of the  gonads. In  th e ir  p ro g re ss  th e  germ  cells have 
come to lie sep a ra te ly  or in  sm all g ro u p s betw een th e  follicle 
cells along the  gonadal w alls. T he  follicle cells se p a ra te  to  
fo rm  a  la rg e  cen tra l lum en in  each gonad  fro m  th e  gen ita l 
opening fo rw ard , th u s  p roducing  a slender canal which be­
comes the  fu tu re  gen ita l duct. T he tra n sv e rse  connective is 
also included, th ereb y  allow ing th e  gen ita l p roducts  of both 
gonads to p a s s  fro m  the  body  th ro u g h  e ith e r  gen ita l opening 
(fig. 3 ) -------------

F ig . 7 Section  o f  branch in  w hich the prim ary gon ia  and fo llic le  cells are 
sharply d ifferentiated.

F ig . 8 F o llic le  cells ( f e )  have increased in  size and  separated  the  prim ary  
gon ia  (p g )  m ore w idely. L en gth  of body 20 mm.

The young gonads of th is  species of clam  show little  r e ­
sem blance to  those described  fo r  o ther pelecypods because 
of the  v as tly  g re a te r  developm ent of the  follicle cells and  the 
w idely  sca ttered  gonia. T he d ifference is  accen tuated  by  the  
ex trem ely  sm all am oun t of m esenchym e in  M ya, so th a t  the  
young alveoli a re  packed  closely to g e th e r (fig. 9) in s te a d  of 
being sep ara te d  by th e  g re a t  abundance of m esenchym e found 
in  m any  o ther b ivalves. T he fo llicle cells of M ya, how ever, 
resem ble superfic ially  th e  m esenchym e of o ther fo rm s, p a r ­
ticu la rly  w hen th ey  con ta in  g ra n u la r  inclusions, and  th e ir  
n u tr itiv e  functions a re  s im ila r b u t th e ir o rig in  is  qu ite  d if ­
fe ren t.
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A t th e  age of abou t 3 m onths, w hen the  b o d y  leng th  of well- 
n o u rish ed  ind iv iduals  has reached  abou t 20 to  30 mm., the 
p ro fu se ly  b ranch ing  gonads fill a lm ost th e  en tire  v isceral 
m ass p o s te r io r  to  the  d igestive gland. E a c h  of th e  la rg e r  
b ran ch es  has fro m  th ir ty  to s ix ty  follicle cells in  a  tra n sv e rse  
section  (figs. 7 to  11), w ith  only a th in  sh ea th  of loose con­
nective  tissu e  se p a ra tin g  a d jacen t b ranches (fig. 9).

In  th e  young gonad  the follicle cells a re  qu ite  tra n sp a re n t, 
w ith  ex trem ely  th in  and  delicate w alls b o rd ered  in te rn a lly

F ig . 9 Sm all portion o f  gonad, show ing the closely  crowded branches separated  
b y  th in  sheaths o f  vascular connective tissu e and sm all blood vesse ls (b v ) ; 
w id ely  scattered  germ  cells (p g c ) are shown a lon g  th e  Avails, w ith  numerous 
fo llic le  ce lls ( f c )  filling  the rest o f  the  gonad. L en gth  of' body 20 mm.

b y  a th in  lay er of cy toplasm  su rro u n d in g  a la rg e  cen tra l 
vacuole. B u t w ith  in c reas in g  age the  cy toplasm  show s an  
accum ulation  of ro u n d ed  g ran u le s  o r  globules of v a rio u s  
sizes. T he  lipo id  globules a re  v isib le  in  life  because of th e ir  
h ig h e r  index  of re frac tio n  and  in  th e  p re p a re d  sections the  
p ro te in s  become conspicuous because of th e ir  d iffe ren tia l 
s ta in ing . A t the  tim e of sexual d iffe ren tia tion  and  la te r  the  
fo llicle cells accum ulate inclusions which a re  alm ost as  ch a rac ­
te r is tic  of th e  two sexes as a re  the  gam etes them selves (figs.
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14, 20 to  22). I n  h e rm ap h ro d ite s  which hav e  the  ovogenic 
and  sperm atogenic  cells in  se p a ra te  alveoli, each alveolus has 
only the inclusions p ecu lia r  to  i ts  own ty p e  of sexuality  
(fig. 23).

S E X U A L  D IF F E R E N T IA T IO N

The p r im a ry  germ  cells of the  two sexes a jjp ear to  be 
ind istingu ishab le  b u t as  ea rly  as  Septem ber, w hen well- 
nourished  ind iv iduals  of th e  e a r lie r  b roods have  reached

'hi
j ®
'■tVtír’ y '
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F ig . 10 In it ia l phase o f  sexual d ifferen tia tio n ; fem ale. F o llic le  cells ( fc )  
have increased in  size and a  fe w  gon ia  have transform ed to ovocytes (o c )  ; fo llic le  
cells have sm all inclusion  granu les. Sam e m agnification  as in  figures 7 and 8. 
L ength  o f  body 26 mm.

F ig . 11 D ifferen tia tion  o f  ovocytes (o c )  ; fo llic le  cells are b eg in n in g  to show  
spherical inclusions.

a leng th  of 20 mm. o r m ore, a  s tag e  is reached  w here the  
m ale gonad  is  ch a rac te rized  b y  th e  ra p id  m u ltip lica tion  of 
the  p r im a ry  gon ia  and  th e ir  d iffe ren tia tion  in to  sp e rm a to ­
gonia. I n  a n  equal p ro p o rtio n  of ind iv iduals the  p r im a ry  
gonia a re  d iffe ren tia ted  in to  ovocytes a fte r  p assin g  th ro u g h  
the  sp irem e and  synap tic  phases.

Y oung w hich a re  h a tch ed  in  m id-sum m er o r la te r , as well 
as those w ith  r e ta rd e d  grow th , do not reveal th e ir  type  of
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sex u a lity  u n til ea rly  w in te r o r in  som e eases u n til early  
sp ring .

A lthough  the  d iffe ren tia ted  young g o n a d  shows som e in d i­
ca tions of b isexuality , as is  the  case w ith  so m any  o ther 
pelecypods, i t  is only ra re ly  th a t  fu n c tio n a l h e rm ap h ro d itism  
occurs. T here  seem s to be a d ire c t tra n s fo rm a tio n  of m ost 
of the  p r im a ry  gonia in to  one type  of sex u a l cell o r the  o ther, 
a lth o u g h  a few  typ ical ovocytes a re  som etim es p re se n t in 
th e  sp e rm aries  of young ind iv iduals  (fig. 17). D iffe ren tia ­
tio n  in to  the  two sexes is rem ark ab ly  u n ifo rm , how ever, fo r 
only  th re e  functional h e rm ap h ro d ite s  w ere  found  in  m ore 
th a n  a thousand  ad u lt ind iv iduals . One o f  these  w as an  ex­
am ple  of b ila te ra l herm aphrod itism , w hile th e  o th e rs  w ere of 
th e  m ixed type.

Ovogenesis

T he p r im a ry  gonad is  tra n s fo rm ed  in to  an  o v a ry  by the  
g ro w th  of the  ovocytes and  the  fo rm a tio n  of a  c e n tra l lum en 
b y  th e  se p a ra tio n  of the  vacuo la ted  fo llicu la r cells (figs. 12, 
13). A t  f irs t only a few  of th e  m any  y oung  ovocytes continue 
th e ir  g row th  as definitive ova (fig. 14), th e  num ber ev idently  
d epend ing  on the  abundance of n u tritio n , fo r  th ere  is a  d irec t 
c o rre la tio n  betw een th e  size of th e  y oung  fem ale  and  the  
num ber of ova produced.

On reach in g  fu ll size (0.069 to  0.073 m m .) in  A p ril o r M ay 
th e  ova rem ain  fo r  a  tim e a ttach ed  by  slender s ta lk s to  the  
w alls o f the  g re a tly  en la rg ed  follicles and  then  d ro p  off into 
th e  lum ens.

T he f irs t spaw ning  u su a lly  occurs in  ea rly  Ju n e  in  the  
v ic in ity  of N ew  H aven, b u t m ay  tak e  place e a rlie r  in  seasons 
o r  s itu a tio n s  w here the  w a te r  reaches a  su itab le  tem p era tu re  
in  M ay (M ead, ’00; M ead and  B arn es, ’03). I t  seem s probable 
th a t  some fem ales m ay  spaw n  severa l tim es d u r in g  the  sum m er, 
fo r  m an y  la rg e  ova m ay  be found  in  the  gonads a f te r  p a rtia l  
spaw ning . M any sm all ovocytes as well as  re s id u a l gonia 
rem a in  a f te r  spaw ning  as  an teceden ts  of th e  gam etes to  be 
fo rm ed  p re p a ra to ry  to  the  n e x t b reed in g  season. U nspaw ned  
r ip e  o r  n e a rly  r ip e  ova undergo  cytolysis (fig. 15).
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S P E R M A T O G E N E S IS

This species d iffers fro m  m ost o th er pelecypods in  having- 
two d istin c t ty p es  of sperm atogen ic  tra n sfo rm a tio n s . One 
of these is  s im ila r to  th a t  described  fo r  o th er fo rm s (Coe, 
’32), w hile the o ther m ethod  is  h igh ly  a typ ica l and  rem in iscen t 
of the a b e rra n t p rocesses which occur in  som e of the  g a s tro ­
pods, lep id o p te ra  and  o th er groups.

P ig . 12 P ortion  o f  ovarv o f  you n g  clam  28 mm. in  len gth , show ing grow th of 
ovocytes (o c )  and sm aller ovocytes (oc') in syn ap tic  phase; a  lumen (L )  is  
form ing  in  the central ax is betw een  th e  fo llic le  ce lls ;  inclusions larger. January.

F ig . 13 P ortion  o f  ovary w ith  d isin teg ra tin g  fo llic le  cells and large  central 
lum en. Sam e m agnification  and  le tter in g  a s  in figures 7, 8, 10 to  12. M arch.

In  the  ty p ica l m ethod th e  spe rm atogon ia  along the  w alls 
of the  solid gonad  begin p ro life ra tio n  as soon as sexual d if ­
fe ren tia tio n  becomes a p p a re n t in  young an im als and  in  ea rly  
au tum n  in  o lder ind iv iduals . T hese p ro life ra tin g  g ro u p s of 
spe rm atogon ia  fo rce  th e ir  w ay  betw een the follicle cells and  
begin m ig ra tio n  to w ard  th e  cen ter of the  alveolus. A s the 
sperm atocy tes and  sp e rm a tid s  ap p ro ach  the  cen ter a  cen tra l 
lum en is fo rm ed  and  in  th is  space sperm atogenesis is  com ­
p leted  (fig. 16).
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In  w ell-nourished ind iv iduals  n e a r ly  all the  follicle cells 
a re  eventually  e lim inated  and  th e  m u ltitu d es  of sperm ato- 
genic cells fill the  en tire  alveolus (fig. 17). The m atu re  
sperm atozoa a re  u su a lly  re ta in e d  u n til a ll the  active cells 
of the en tire  sp e rm a rv  have com pleted  th e ir  tra n s fo rm a ­
tions. E ach  alveolus is  th en  filled w ith  ir re g u la r  ra d ia l 
colum ns of sperm atozoa w ith  th e ir  ta ils  occupying the  in te r-  
rad ia l spaces and  filling the  cen tral lum en. B efo re  the sperm

spc

p g
f e y

F ig . 16 P ortion  o f  sperm ary o f  poorly nourished ind iv idual w ith  a  shell 
length  o f  on ly 10 mm. Slender radial colum ns o f  sperm atogenic cells extend b e­
tw een  the  vacuolated fo llic le  ce lls from  periphery to  the central lum en w hich con ­
ta in s a sm all number o f  sperm atozoa (sp z ) ; fo llic le  cells enclose several a typ ica l 
cells ( d e ) ;  spt, sperm atids; spc, spc', p rim ary and secondary sperm atocytes; 
sp g , sperm atogonia . M ay.

a re  d ischarged  a com plete lay e r  of follicle cells is  h u ilt up  
a long  the  p e rip h e ry , w ith  sca tte re d  re s id u a l gon ia  along  th e  
connective tissue  w all (fig. 18).

In  an im als th a t  a re  less w ell nourished , p a rtic u la r ly  in  
young  and dw arfed  an im als, re la tiv e ly  few  sperm atogon ia  
a re  fo rm ed  an d  these  rem a in  se p a ra te d  by num erous follicle 
cells. The ra d ia l g ro u p s  of sperm atogen ic  cells a re  m uch
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m o re  w idely  se p ara te d  th a n  those show n in  figure  16 and  
on ly  a few  sperm atozoa a re  p roduced . T h e  alveoli a re  of 
abou t no rm al size, how ever, b u t a re  few  in  num ber. I n  o ther 
cases only a few  of the alveoli p a rtic ip a te  in  sperm atogenesis  
in  th e  ea rly  p a r t  of the season, the  la rg e r  p o r tio n  of the  gonad 
rem a in in g  m ore o r less inactive u n til a f te r  the  f irs t spaw ning. 
M ore ex tensive ac tiva tion  and  a second sp aw n in g  p resum ably  
fo llow s if  n u tritiv e  conditions la te r  becom e favorab le .

1► V ® '© '  ® ¿ v i * / ©  ® 1 © § |3

I M

F ig . 17 P ortion  o f  sperm ary o f  well-nourished you n g  ind iv idual, show ing the  
crow ded sperm atogen ic cells, w ith  the  ta ils  o f  sperm atozoa p ro jectin g  in to the  
central lum en o f  the gonad; p g , u n d ifferentia ted  gon ia ; spg, sp g ', prim ary and  
secondary sp erm atogon ia; de, d egenerating atyp ica l ce lls ; oc, ovocyte-like cell. 
O ther le tters as in figure 16. M ay.

T he in itia l  phases of sperm atogenesis  u su a lly  begin  in  the  
au tu m n  o r  ea rly  w in ter, a lthough  young  hatched  in  la te  
sum m er w ill no t commence th e  p rocess u n til the  fo llow ing 
sp rin g . A  sm all p ro p o rtio n  of the  sperm atozoa  w ill be m atu re  
as  ea rly  as  F e b ru a ry  in  th e  v icin ity  of New H aven  b u t these  
w ill be re ta in e d  in  the gonads u n til all the  active sp e rm a to ­
gon ia  hav e  com pleted th e ir  tra n sfo rm a tio n .
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Because of the d ifferences in  th e  tim e of spaw ning  of its  
v a rio u s  m em bers the  b reed ing  season  of the p o p u la tion  as a 
whole extends over th e  en tire  sum m er. T hese  d ifferences 
a re  p resum ab ly  due n o t only to  in d iv id u a l v a ria tio n s  in  the  
in itia l spaw ning  p e rio d  of the  season  bu t also to  second 
spaw nings by  some of the  m ales th a t  have p roduced  only a 
sm all am ount of sp e rm  e a rlie r  in  the season. U nder ex­
trem ely  unfavorab le  cond itions som e ind iv iduals  fa il to  p ro ­
duce any  norm al sperm atozoa a t  the  usual tim e  ; a ll th e  active 
cells undergo  a typ ica l and  d egenera tive  tran sfo rm atio n s .

* * * 0 *0,

F ig . 18 P ortion  of sperm ary a fte r  com pletion  o f  sperm atogenesis, show ing  
the slender rad ia l colum ns of sperm atozoa (sp z )  w ith  ta ils  betw een the  colum ns 
and p rojectin g  in to  the lum en. A  s in g le  residual gonium  (r g )  lies on the  
periphery betw een  th e  b asa l fo llic le  ce lls ( f c )  ; de, atyp ica l cells. M ay.

F ig . 19 A  sim ilar portion o f  th e  collapsed  alveolus a fter  the discharge o f  th e  
sperm atozoa; debris is  scattered  in  the  narrow  lumen and tw o residual gon ia  
( r g )  are show n; other le tters as in  figure 18.

Im m edia te ly  a f te r  spaw n ing  th e  alveoli of the  gonads of 
some of the  w ell-nourished  m ales w ill have only a  n a rro w  
lum en w ith  a single la y e r  of follicle cells an d  sca tte re d  
res id u a l gon ia  (fig. 19). O ther ind iv iduals  will have re ta in ed  
m ore num erous follicle cells w ith  m ore or less extensive ac­
cum ulations of d eg en era tiv e  p roducts  from  a typ ica l o r ab ­
norm al m eiosis (fig. 22).
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A ty p ic a l  spermatogenesis. T h is  a b e rra n t  m ode of m eiosis 
u su a lly  begins before  the onset of ty p ica l sperm atogenesis  in  
young  m ales and  sh o rtly  a f te r  spaw ning  in  o lder ind iv iduals  
(fig. 22). V ast num bers of these ab n o rm al cells a re  o ften  
p roduced  before  the f irs t norm al sp e rm a to cy te s  ap p ear. They 
a re  ev iden tly  derived  from  the  sam e sp erm a to g o n ia  as  the  
o th ers , b u t th e ir  behav ior is  qu ite  d iffe ren t. In  the  a typ ica l 
sp e rm ato cy te  the cy toplasm  su rro u n d in g  th e  nucleus involved 
w ith d raw s from  the  loosely syncy tia l m ass  and  becomes 
ro u n d ed  in to  a sh a rp ly  outlined  cell. T he nucleus la te r  
d iv ides b u t the con tour of the  cell rem ain s  sm ooth an d  the 
hom ogeneous cy toplasm  s ta in s  in ten se ly  w ith  acid  dyes.

Successive nuclear d iv isions m ay  follow , p ro d u cin g  four, 
e igh t o r  six teen  sm aller nuclei, a ll of w hich m ay  som etim es 
have a  no rm al appearance . M ore often , how ever, pycnotic 
changes ap p ear in  one or m ore of th e  co n stitu en t nuclei and 
fre q u e n tly  a ll a re  pycnotic (fig. 17). In  o th e r  cases division 
is  checked a f te r  two or th re e  nuclei a re  form ed. E ach  of these 
nuclei, su rro u n d ed  by  a  lay e r  of c lea r cy toplasm  m ay  then  
se p a ra te  fro m  the  o thers  and  undergo  fu r th e r  d iv isions o r it 
m ay  becom e pycnotic and  la te r  eytolyzed. T hese a typ ica l 
cells an d  th e ir  degenera tive  d e riv a tiv es  p ass  th ro u g h  the  
b ro ad  openings in to  th e  follicle cells and  occupy th e  cen tra l 
vacuoles. B y  the  tim e th a t  tru e  sp e rm atogenesis  commences 
th ey  m ay  have become v e ry  num erous (figs. 20 to  22).

T he definitive s tages  in  th is  a ty p ica l m ethod of m eiosis are  
n o t u su a lly  reached  u n til n o rm al sperm atogenesis  h as  p ro ­
g ressed  as  f a r  as the  fo rm atio n  of secondary  sp erm atocy tes  or 
sp e rm atid s . A t th a t  tim e such m ultinuclea te  cells, or cysts, 
as  have no t become pycnotic o r cytolyzed a re  found  to  con­
ta in  fro m  tw o to  six teen  o r m ore sp e rm atid s . Som e of them  
la te r  tra n s fo rm  in to  sperm atozoa w ith  ty p ica l b asa l bodies 
b u t i t  is  n o t certa in  w hether any  of them  even tua lly  become 
functional.

In  some of the  young  m ales only a few  of these a typ ical 
cells a re  fo rm ed  befo re  or d u rin g  sperm atogenesis  b u t if the 
in d iv id u a l is  kep t fo r  a  few  wTeeks under u n fav o rab le  condi­
tions th e  ra tio  of a ty p ica l to  n o rm al cells is  u su a lly  g rea tly



106 W . E. COE AND H . J .  T U R N E R , JR .



GONADS AND GAMETES IN  MYA 107

increased . They w ere found  in g re a t  abundance in  every  one 
of the  sev era l h u n d red  ad u lt m ales fro m  v ario u s localities 
a long  th e  coast when exam ined d u r in g  the  au tu m n  an d  w in ter 
b u t m ost of them  become c3Ttolyzed d u r in g  active sp e rm a to ­
genesis in  ea rly  sp ring . T hey  a p p e a r  a g a in  as soon as norm al 
sp e rm atogenesis  has been com pleted.

F O L L IC L E  C E L L  IN C L U S IO N S

I t  w as no ted  above th a t  the  m esenchym atous tissue  which 
in  m ost species of bivalves serves fo r  th e  accum ulation and  
s to ra g e  of rese rv e  n u tritiv e  substances is  p rac tica lly  lacking 
in  M ya. A s a com pensation  the  follicle cells of the gonads 
function  in  th is  capacity , accum ulating  la rg e  am ounts of 
m a te ria l in  the fo rm  of ch a ra c te ris tic  cell inclusions rea d y  fo r 
u tiliza tio n  d u ring  the p e rio d  of m ost ra p id  gam etogenesis.

Female.  In  the  fem ale these inclusions consist of sm all 
g lobules of lipo id  n a tu re  and  la rg e r  globules of album inous 
com position, the  m a te ria l of which is  derived  in  p a r t  from  the 
cy top lasm ic  ac tiv ities  of the  follicle cells and  in  p a r t  from  
th e  cy to lysis of d eg en era tin g  ovocytes. T hey  firs t become 
v isib le in  th e  cells of the  young  clam  a t abou t the tim e of 
sexual d iffe ren tia tion  and  continue to increase  in  abundance 
d u rin g  the  g row th  of the  young ova (figs. 11, 12). T he p lum p 
and  tu rg id  aspec t of the  v isceral m ass d u rin g  the  au tum n and  
w in te r  in  a ll sexually  m a tu re  fem ales is  la rg e ly  due to these 
inclusions.

T he p ro p o rtio n  of d egenera tive  ova is la rg e ly  dependen t 
upon  n u tr i tiv e  conditions bu t is  alw ays considerab le  (figs. 12 
to 15, 23). As the  ova ap p ro ach  m a tu r ity  the  follicle cells 
n e a r  th e  cen te r of each alveolus undergo  cy to lysis and  th e ir 
inclusions become availab le  fo r  th e  n o u rishm en t of the 
ra p id ly  g row ing  ova. A  continuous lum en is thus estab lished  
th ro u g h o u t the e n tire  a lveo lar system , includ ing  the term ina l 
gen ita l ducts. E v en tu a lly  only a few  of the  follicle cells r e ­
m ain  in  w ell-nourished  in d iv id u als  which p roduce m any  ova, 
bu t in  cases of m a ln u tritio n  th e re  a re  m any  rem ain ing  follicle 
cells and  b u t few  ova.
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The alveolus collapses a f te r  spaw ning  bu t the  lum en is soon 
filled by the  ing row th  of new  follicle cells an d  the  tu rg id ity  
of the whole a lveo lar system  is  res to red . D egenera tive  in ­
clusions a re  alw ays p re se n t (figs. 15, 23).

Male. The follicle cells of th e  m ales, as  no ted  in  a p re ­
ceding section, alw ays con ta in  n u tr ie n t inclusions derived  in 
p a r t  from  the  cy toplasm ic ac tiv ity  of the  cells them selves

P ig . 23 P ortion  of gonacls o f  b ila tera l herm aphrodite, in d ica tin g  th e  char­
acteristic  inclusions in m ale and fem a le  (upper right in figure) a lveoli. M ay.

b u t m ore especially , except in  ve ry  young  m ales, from  the 
cyto lysis of the  d e riv a tiv es  of a typ ica l sperm atogenesis  
(figs. 20 to 23). T hese rese rv e  n u tr ie n ts  a re  u tilized  a t  the  
tim e of m ost ra p id  sperm atogenesis.

S P A W N IN G

In  th e  v ic in ity  of New H aven  m ost of the  young clam s are  
rea d y  fo r th e ir  f irs t spaw ning  in  the  ea rly  sum m er, w hen they 
a re  about 1 y e a r  of age. I t  seem s qu ite  probable, how ever, th a t
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some ind iv iduals  in  favo rab le  s itu a tio n s  m a y  spaw n la te  in  
th e ir  f irs t sum m er, w hen th ey  a re  only ab o u t 4 m onths old. 
T he gonads of sm all, th in-shelled  in d iv id u a ls  a re  som etim es 
fu lly  r ip e  o r recen tly  spaw ned a t  th a t  tim e , b u t p ro o f of age 
h as  n o t been sa tisfac to ry . M any young clam s, o rig in a tin g  
fro m  th e  la s t se t of the p rev ious season, h av e  rem ained  over 
w in te r  w ith  a  shell leng th  of 10 mm. or less  and  these  a re  
n o t ea s ily  d istingu ished  d u rin g  th e  la t te r  p a r t  of the  follow ­
in g  sum m er from  ind iv iduals  only 4 m on ths of age. The 
evidence ind ica tes th a t  the clam  resem bles th e  oyste r (O strea  
v irg in ic a )  in  resp ec t to  age a t  spaw ning , fo r  the  age of the 
la t te r  a t  the  firs t spaw ning  p e rio d  h as  been  shown to  v a ry  
fro m  4 m on ths to  2 y ea rs , depend ing  bo th  on the  ind iv idual 
an d  on the  locality  (Coe, ’36 a ) .

T he p rocess of spaw ning  in  both sexes h a s  been observed  in  
the  lab o ra to ry  w hen the  fu lly  r ip e  in d iv id u a ls  have been 
t ra n s fe r re d  fro m  the  re f r ig e ra to r  to  w a te r  hav ing  a te m p e ra ­
tu re  of 20° to  25°C. The gam etes a re  fo rc e d  fro m  the  siphon 
in  rh y th m ica l je ts . M ead and  B a rn e s  ( ’03) r e p o r t  success 
in  re a r in g  young  clam s fro m  a rtific ia lly  in sem in a ted  ova bu t 
n e ith e r  B eld ing  ( ’16) no r ou rse lves w ere  able to  obtain  
no rm al developm ent th ro u g h  th e  la te r  s tag es  excep t from  
those ova which had  passed  th ro u g h  the  oviducts.

Píate o f g row th ;  dw arfs

T he observations of M ead ( ’00) as well as  of M ead and  
B arn es  ( ’03) have dem o n stra ted  th a t  g row th  m ay be so ve ry  
ra p id  u n d e r favo rab le  conditions th a t  th e  shell of th e  young 
clam  m ay  reach  a  leng th  of 10 to  15 mm. in  Ju ly  an d  40 to 
48 mm. by th e  end of S ep tem ber of i ts  firs t year. T he ra te  
is  re ta rd e d  by  th e  low er te m p e ra tu re  of au tum n  an d  w in ter 
and  by the  fo rm a tio n  of sexual p ro d u cts  in  th e  sp ring . H ence 
only  re la tiv e ly  few  ind iv iduals  exceed 50 mm. in  leng th  d u ring  
th e  spaw ning  season  w hen abou t 1 y e a r  of age. A  leng th  of 
60 to  80 mm. m ay  be reached  w hen abou t 2 y e a rs  old, bu t in  
la te r  life  the  increm ent in  size is  re la tiv e ly  slow. A n extrem e 
leng th  of 143 mm. h as  been rep o rted  fo r  an old ind iv idual.

JO U R N A L  O F  M O R PH O L O G Y , V O L, 6 2 ,  N O . 1
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F o r  m ost ind iv iduals, how ever, th e  grow th  ra te  is  m uch less 
and  some a re  only 6 to  8 mm. long  a t the  end  of th e ir  first 
year. In  sp ite  of th is  dw arfed  cond ition  a  few  gam etes m ay 
be form ed a t  the  usual spaw ning  season . T he  gonadal alveoli 
of these d w arfs  a re  n e a rly  as  la rg e  as  in  w ell-nourished  in d i­
v iduals  bu t the  gon ia  a re  so w idely sc a tte re d  th a t  only a few  
of the sections con ta in  even a  s ing le  germ  cell. M ead ( ’00) 
h as  shown th a t  these d w a rfs  r e ta in  the  capac ity  fo r  rap id  
g row th  w hen p laced  u n d e r fav o rab le  conditions. On the  m ore 
n o rth e rn  p o rtio n s  of the  coast the  r a te  of g row th  is  m uch less, 
as  Newcombe ( ’35) found  in  the B a y  of F u n d y , w hile the 
h igher tem p e ra tu re  and  longer g row ing  season  to  th e  sou th­
w a rd  fav o r a  m ore ra p id  increase  in  size (B elding, ’16).

SU M M A R Y

1. The p r im a ry  gonads of th e  soft-shell clam  (M ya 
a re n a r ia )  d iffer from  those described  fo r  o ther pelecypods in  
hav ing  solid, cy lindrica l, p ro fu se ly  b ranch ing  alveoli filled 
w ith  large , vacuo la ted  follicle cells an d  w ith  w idely  sca tte red  
gon ia  on the p e rip h e ry .

2. E ach  m em ber of the  p a ir  of gonadal p rim o rd ia  consists 
of a cytoplasm ic syncytium , in  th e  position  of th e  fu tu re  
gen ita l opening, w ith  nuclei d iffe ren tia ted  into th e  tw o types 
which are  c h a ra c te r is tic  of th e  germ inal and  the follicle cells. 
The sm aller nuclei a re  in co rp o ra ted  into the  large , vacuolated  
follicle cells, w hile the  la rg e r  nuclei belong to th e  p r im a ry  
gonia.

3. E ach  gonad  ex tends a n te r io r ly  and  v en tra lly  in to  a  rac e ­
m ose system  by  root-like  ou tg row ths, w ith  syncy tia l caps of 
p ro life ra tin g  and  d iffe re n tia tin g  cells, the p r im a ry  gonia 
being  sca tte red  a long  the  p e rip h e ry  of the cy lindrical colum ns 
of follicle cells as g row th  proceeds.

4. Fo llow ing  sexual d iffe ren tia tion , ch a rac te ris tic  inclusions 
a re  accum ulated  w ith in  the  follicle cells and  betw een them  in 
both sexes. T hose in  the  fem ales consist of deep ly  sta in ing  
globules of v a rio u s  sizes a ris in g  in  p a r t  from  cytoplasm ic 
secretions a n d  in  p a r t  fro m  the  d isin teg ra tio n  of ovocytes.
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T hose in  th e  m ales m ay  he follow ed th ro u g h  successive stages 
of d iv ision  in to  16 to  32 o r m ore p a r ts  a n d  ev iden tly  r e p re ­
sen t successive phases in  the  m eiosis of a ty p ica l sp e rm ato ­
cytes. M ost of them  u su a lly  becom e cy to lvzed  befo re  or 
d u rin g  no rm al gam etogenesis, b u t o thers  becom e d iffe ren ti­
a ted  in to  a typ ica l sperm atozoa.

5. A  cen tra l lum en is  fo rm ed  in  each  alveolus du rin g  
gam etogenesis  and  m ost of th e  follicle cells a re  e lim inated  by 
the  encroachm ent of gam etes in  w ell-nourished  ind iv iduals  
b u t o th ers  a re  re s to red  im m edia te ly  a f te r  spaw ning. In  
po o rly  n o u rish ed  ind iv iduals  p roducing  few  gam etes m any  
of th e  fo llicle cells and th e ir  inclusions a re  re ta in ed .

6. T he  species is  n o rm ally  unisexual, w ith  approx im ate  
eq u a lity  in  th e  sex ra tio s  o r w ith  a  s lig h t excess of m ales d u r ­
in g  the  f ir s t  y ea r. F u n c tio n a l h e rm a p h ro d ite s  constitu te  less 
th a n  £ of 1%  of the  p o p u la tion  in  th e  v ic in ity  of New H aven. 
No evidence of a  change of sex h as  been observed.
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