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Conference Paper

Culture of M ulinia lateralis and Crepidula fornicata  
embryos and larvae for studies of pollution effects

A. Calabrese and E. W. Rhodes

National M arine Fisheries Service, M iddle A tla n tic  Coastal Fisheries Center, 
M ilford Laboratory, Milford, C onnecticut 06460, U. S. A.

C onsiderable em phasis has been p laced on developing culture 
system s fo r two species of molluscs w hich have no com m ercial 
im portance, biuit a re  of considerable ecological significance. S ever­
al characteri'Sftics of the  bivalve, M ulinia lateralis, and' the  gas­
tropod, Crepidula fornicata, m ake them  su itab le as te s t  organism s 
for studies of pollution effects. M ulinia lateralis has the following 
characteristics: a short generation tim e (approxim ately  60 days); 
a re la tive ly  high reproductive ra te  (3 to 4 m illion eggs a t a single 
spawning); reasonable longevity <2 years); sex d ifferentiation 
read ily  discernible through the shell of sexually  ripe specim ens; is 
re la tive ly  easy to culture; is small (adults 2. 7 to 20.0 m m  long) and 
requires little  space fo r rearing. Crepidula fornicata  has th e  fo l­
lowing characteristics: a short generation tim e (approxim ately 100 
days); a sa tisfac to ry  reproductive ra te  (about 6,000 la rvae in a 
single brood release; fem ales may produce 15 la rva l broods in a 
6-m onth period); m ales and  fem ales can be easily identified b e­
cause of th e ir  character-stacking behaviour (m ature m ales can  be 
ex terna lly  identified); developm ent of em bryos can be observed 
w ith in  the egg capsule by growing m ated pairs on transparen t 
surfaces; la rv a l releases can be predicted  by noting color changes 
in  the  egg mass (pale yellow w hen f irs t produced, w hile nearly  
b lack w hen  release is im m inent); earliest free-sw im m ing larvae 
are la rge (about 400 ¡i) and can be grown to se tting  size (about 
800 ¡i) in  ,10 days in both static and flowing cultures; spat can  be 
easily grow n to m atu rity  on flat, tran sp a ren t surfaces and can be 
tran sfe rred  from  one surface to another; and  although sexually 
m atu re  specim ens are  consecutively pro tandric , they can quickly 
pass th rough the m ale phase w ithout reproducing.

INTRODUCTIO N

A lth o u g h  s tu d ie s  of th e  e ffec t o f p o llu ta n ts  on m a rin e  in v e r te b ra te s  h av e  
been  co n d u c ted  fo r y e a rs , i t  w as concluded  a t  th e  F ood  an d  A g ric u ltu re  O rg a­
n iz a tio n ’s (FAO) » C onference  on M arin e  P o llu tio n  and  its  E ffec ts  on L iv ing  
R eso u rces a n d  F ish ing«  h e ld  in  19701, th a t  th e  ra n g e  of o rg an ism s used  fo r 
p o llu tio n  to x ic ity  te s ts  sh o u ld  b e  co n s id erab ly  ex p an d ed . M oreover, i t  w as con­
clu d ed  th a t  re se a rc h  sh o u ld  b e  focused  on c e r ta in  species of o rgan ism s, w h ich  
w ou ld  sa tis fy  th e  v a r io u s  b as ic  ob jec tiv es  an d  re q u ire m e n ts  of ex p e r im e n ta l 
re se a rch , such  a s  a b u n d a n c e  of species, se d en ta rism , m in im u m  life  span , h igh  
s e n s itiv i ty  to  p o llu ta n ts  an d  a  size su ffic ie n tly  la rg e  fo r  m a k in g  b iochem ica l
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an d  h is to lo g ica l ana lyses. I t  w as also n o te d  th a t  a q u a c u l tu re  p ro jec ts  could 
p ro v id e  an  ex ce llen t o p p o rtu n ity  fo r th e  d e v e lo p m e n t of tech n iq u es  fo r th e  
c u l tu re  of such  o rgan ism s fo r p o llu tio n  s tu d ie s . M ilfo rd  L a b o ra to ry  a t  M ilford , 
C o n n ecticu t, a p a r t  of th e  N a tio n a l M a rin e  F ish e rie s  S erv ice  of th e  N ational 
O cean ic a n d  A tm ospheric  A d m in is tra tio n , h a s , o v er th e  p a s t 40 y ears , developed 
th e  e x p e r tise  fo r c u ltu r in g  m a rin e  m olluscs in  th e  la b o ra to ry  an d  has w o rk ed  
e x ten s iv e ly  w ith  the  em b ry o n ic  an d  la rv a l fo rm s  of tw o  econom ically  im p o rta n t 
species —  th e  A m erican -o y ste r, C rassostrea  v irg in ic a , and  th e  h a rd -sh e ll clam , 
M ercenaria  m ercenaria . B ecause  of th e ir  lo n g s ta n d in g  co m m erc ia l value , m uch  
is k n o w n  of th e  sp a w n in g  m echan ism s of th e se  e s tu a r in e  m olluscs an d  th e  
p h y sio lo g ica l req u ire m e n ts  of th e ir  e a r ly  d e v e lo p m e n ta l s tag es; consequen tly , 
s tu d ie s  h a v e  been  co n d u c ted  to  d e te rm in e  th e  effec ts  o f p o llu ta n ts  on th e  young  
of th e se  species.

M ore  rec e n tly  a t M ilford , h o w ev er, co n s id e ra b le  em p h asis  h as  been  p laced 
on  d ev e lo p in g  c u ltu re  sy stem s fo r tw o  sp e c ie s  of m olluscs w h ich  h av e  no com ­
m e rc ia l im p o rtan ce , b u t a re  of c o n s id e ra b le  ecological sign ificance. T hese 
o rgan ism s, M ulin ia  la tera lis  an d  C rep id u la  fo rn ica ta , h a v e  b een  cu ltu red  and  
fo u n d  su ita b le  as te s t  o rgan ism s fo r s tu d ies  of- p o llu tio n  effects- b ecause  of th e ir  
size, a v a ila b ili ty , sh o r t g e n e ra tio n  tim e, fe c u n d ity , an d  ease in  cu ltu r in g  in  the  
la b o ra to ry . N o t only  can  th e  effec ts  of .p o llu tio n  on th ese  o rg an ism s be assessed 
b y  d e te rm in in g  th e  p e rc en ta g e  of la rv a e  d ev e lo p in g  n o rm a lly  in  co n tam in ated  
te s t w a te r ,  b u t s tu d ies  can  be m a d e  on  th e  su b le th a l e ffec ts  of co n tam in an ts  on 
v ia b ility , g ro w th , re p ro d u c tio n  an d  m u ta g e n - in d u c e d  d e v ia tio n s  in  succeeding  
g en e ra tio n s . In  th is  p re se n ta tio n , c e r ta in  a sp e c ts  of c u ltu re  tech n iq u es  w ill b e  
d iscussed  fo r th ese  tw o es tu a rin e .m o llu scs .

CULTURE OF M U L IN IA  L A T E R A L IS

M ost com m ercial m olluscs, such  as th e  A m erican  o y s te r, C rassostrea  v i r ­
g inica, h a rd -sh e ll  clam , M ercenaria  m e rc e n a r ia , . s u rf  clam , S p isu la  solidissim a, 
an d  so ft-sh e ll clam , M ya arenaria , r e q u ire  a  y e a r  o r m o re  to  a t ta in  sex u a l m a­
tu r i ty ,  h a v e  no  e x te rn a ly  d is tin g u ish a b le  s e x  d iffe re n tia tio n , and , a t le a s t som e, 
a re  p re su m a b ly  p ro tan d ric . To m a in ta in  s ig n ifican t n u m b e rs  of these  
m o llu scs  u n d e r  co n tro lled  cond itions in  th e  la b o ra to ry , as re q u ire d  fo r stud ies 
of p o llu tio n  effects, co n s id erab le  food, sp a ce  an d  flow ing  sea  w a te r  a re  needed.

M u lin ia  la tera lis  (Say) (F am ily : M a c tr id a e ) , com m only  k n o w n  as the  coot or 
l i t t le  s u r f  clam , h as  a n u m b e r of c h a ra c te r is tic s  th a t  cou ld  m a k e  i t  u se fu l for 
d e te rm in in g  effec ts  o f p o llu tio n  on sh e llf ish . F ac to rs  w h ich  m a k e  it  an  effic ien t 
o rg an ism  fo r such  s tu d y  inc lude: (1) sh o r t  g e n e ra tio n  tim e, (2) sex  d iffe ren tia tio n  
re a d ily  d isc e rn ib le  th ro u g h  th e  sh e ll in  s e x u a lly  rip e  specim ens, (3) re la tiv e ly  
h ig h  re p ro d u c tiv e  ra te , (4) ease of h a n d lin g  and  cu ltu rin g , (5) sm all space re ­
q u ire m e n ts , an d  (6) rea so n ab le  lo n g e v ity 2.

A vailability  of Adults
M . la tera lis  is fo und  in  a b u n d a n c e  in  fav o ra b le  en v iro n m e n ts  fro m  M al- 

p e q u e  B ay , C anada , to  n o r th e a s te rn  M exico  and  in  th e  W est In d ies3. In  L ong 
Is la n d  S ound , o u r s tu d y  area . S a n d e rs4 re p o r te d  th a t M. la tera lis  w as w idely  
d is t r ib u te d  b u t fo und  th a t  th e ir  ab u n d a n c e  v a r ie d  co n s id erab ly  d u r in g  b im o n th ly  
sa m p lin g  p erio d s . W ass3 an d  Ja c k so h 6 s tu d ie d  M. la tera lis  p o p u la tio n s  and  found
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th a t  th e y  e x h ib ite d  p o p u la tio n  explosions, fo llo w ed  by  v e ry  h ig h  ju v e n ile  m o r­
ta litie s . In  M . la tera lis , p o p u la tio n  f lu c tu a tio n s  h a v e ,  on occasion, m a d e  it d iffi­
c u lt to  f in d  su f f ic ie n t n u m b e rs  of a d u lts  fo r e x p e r im e n ta tio n  an d  i t  w as fo und  
d es irab le  to co llec t la rg e  stocks of ad u lts  w h en  a b u n d a n t  an d  to  m a in ta in  th e m  
in la b o ra to ry  h o ld in g  fac ilities . C ollections can  b e  m a d e  re a d ily  w ith  a n  o y s te r  
d red g e  f it te d  w ith  a  sm a ll-m e sh  liner.

M aintenance of Juveniles and Adults

Ju v e n ile  an d  a d u lt  M . la tera lis  a re  b e s t m a in ta in e d  in  th e  la b o ra to ry  in 
flo w in g  sea w a te r  in  t r a y s  o r ta n k s  w ith  tw o  in c h e s  of b each  san d  as su b s tra te . 
T h e  n a tu ra l  food  su p p ly  in  flow ing  sea w a te r  is n o rm a lly  su ffic ie n t to  m a in ta in  
th e se  o rg an ism s in  good p h y sica l cond ition , b u t su p p le m e n ta l feed in g  w ith  a lgal 
c u ltu re s  is rec o m m en d e d  if such  a sou rce  is a v a ila b le . E ven  th o u g h  th e se  c lam s 
g ro w  ra p id ly  in  th e  la b o ra to ry , th e y  ach ieve f a s te r  g ro w th  if p laced  ou tdoo rs 
in  boxes of san d  k e p t in  ta n k s  of ru n n in g  w a te r  d u r in g  th e  w a rm e r  m o n th s  of 
th e  y ea r . U sing  th is  p ro ced u re , se v e ra l d if fe re n t p o p u la tio n s  can  be es tab lish ed  
w ith in  3 to  4 m on ths.

Conditioning and Spawning

C a la b re se7 s tu d ied  th e  rep ro d u c tiv e  cycle  of M . la tera lis  in  L ong  Is lan d  
S o u n d  an d  fo u n d  th a t  th e y  sp a w n  n a tu ra lly  f ro m  J u ly  to  S ep te m b er. No con­
d itio n in g  of th e  a d u lts  is n ec essa ry  d u r in g  th is  t im e  to  o b ta in  v ia b le  gam etes. 
S ig n if ica n t n u m b e rs  of m a tu re  c lam s can  be fo u n d  in  M ay an d  J u n e  an d  m in i­
m al co n d itio n in g  is re q u ire d  fo r th e m  to spaw n. F ro m  O ctober to  D ecem ber it 
is v e ry  d iffic u lt to  p ro d u c e  m a tu re  an im als  in  th e  la b o ra to ry , ev en  w ith  su p p le ­
m e n ta l fee d in g  an d  w a rm e d  sea w a te r . D u rin g  th e se  m o n th s  th e  clam s a re  in  an  
in a c tiv e  s ta g e  fo llo w in g  th e  sp a w n in g  season  or in  e a r ly  s tag es of gam etogenesis. 
I t  m a y  b e  possib le  to  h a v e  M. la tera lis  a v a ila b le  fo r  sp a w n in g  d u r in g  th is  period  
b y  p lac ing  r ip e  an im als  in  ch illed  sea w a te r  in  la te  sp rin g , w h ich  p re v e n ts  th e m  
fro m  spaw n in g , a n d  th e n  b r ie f ly  cond ition ing  th e m  b e fo re  needed . T hese  m e th o d s 
w o rk  su ccessfu lly  fo r  o th e r  species of c lam s8.

M . la tera lis  re sp o n d  w ell to  th e  co n d itio n in g  te ch n iq u e s  deve loped  by  
L oosanoff a n d  D av is8 fo r  r ip e n in g  b iv a lv es o u t of season . M . la tera lis  a re  ta k e n  
fro m  am b ie n t te m p e ra tu re s  d u r in g  th e  co lder p a r t  o f th e  y e a r  an d  p la ce d  in  
ru n n in g  w a te r  tra y s . T h ey  a re  th e n  acc lim ated  b y  in c re a s in g  th e  sea w a te r  te m ­
p e ra tu re  se v e ra l d eg re es  each  d a y  u n ti l  th e  c o n d itio n in g  te m p e ra tu re  is reach ed . 
I t  re q u ire s  f ro m  2 to  5 w eek s a t  18 to  20 flC to  co n d itio n  th e se  an im a ls  fo r 
spaw n ing .

O ne a d v a n ta g e  of w o rk in g  w ith  M . la tera lis  is th e  ease in  se p a ra tin g  m ales 
fro m  fem a les  b e fo re  th e  sp a w n in g  a t te m p t is m ade. T h e  m a tu re  fem a le  gonad  
is p in k - to - re d - to -o ra n g e  in  color an d  th e  m a tu re  m a le  g onad  is w h ite . T h e  th in  
sh e lls  of M. la tera lis  m a k e  it possib le  to  see th e  u n d e r ly in g  gonad  in  th e  um bone 
reg ion .

T h e  sp a w n in g  te c h n iq u e s  d esc rib ed  b y  L oosano ff an d  D av is8 a re  v e ry  suc­
cessfu l fo r  M . la teralis. R ip e  a d u lts  a re  p laced  in  f in g e r  bow ls an d  th e  te m p e r­
a tu re  is ra ise d  to  a b o u t 28 °C in  w a rm  w a te r  b a th . If  th e rm a l s tim u la tio n  
a lone  does n o t in d u ce  sp a w n in g  in  30 m inu tes , a  sp e rm  su sp en sio n  p rep a re d
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fro m  a sac rificed  m ale  can  be added  as an  a d d itio n a l s tim u la n t. W hen  th e  w a te r  
in  th e  sp a w n in g  c o n ta in e r  has becom e c lo u d y  w ith  eggs or sp e rm  th e  clam s 
m ay stop  sp aw n in g , b u t can  be induced  to  s t a r t  aga in  if m oved  to  c lean  w ate r.

Fecundity
T h e fec u n d ity  of M . la tera lis  is h igh , a l th o u g h  v a ria b le , as ju d g e d  by  the  

n u m b e r  of eggs d isch arg ed  by  in d iv id u a l fem a les  a t  a sing le  spaw n in g . The 
n u m b e r  of eggs re leased  b y  a sp a w n in g  fe m a le  dep en d s on th e  size of th e  an i­
m al, as wTell as th e  d eg ree  of d ev e lo p m en t o f  th e  g o n ad 3. A lth o u g h  th e  sm allest 
n u m b e r  of eggs re leased  b y  a sing le fem a le  is  in  th e  th o u sa n d s  an d  th e  g rea te s t 
a b o u t 7 m illion , th e  a v e rag e  egg y ie ld  p e r  fe m a le  is 3 to  4 m illion.

Rearing Em bryos and Larvae

N ew ly  sp a w n e d  eggs of M. la tera lis  a r e  o ften  ir re g u la r  in  sh ap e  b u t b e­
com e sp h e ric a l w h en  suspended  in  sea  w a te r  fo r a few  m in u tes . T h e  eggs should  
be  fe r tiliz e d  w ith  m o tile  sp e rm  as soon as p o ss ib le  a f te r  th e y  a re  re leased , w ith  
ca re  ta k e n  to  avo id  excess sperm  in tro d u c tio n  in to  th e  egg su sp en sio n  since 
p o ly sp e rm y  an d  ab n o rm a l deve lopm en t m a y  ensue.

F e rtilized  eggs, a b o u t 50 m icrons in  d ia m e te r , m a y  b e  se p a ra te d  fro m  feces 
an d  o th e r  sp a w n in g  d eb ris  by  p assin g  th e m  th ro u g h  a sieve coarse  enough  to 
pass  th e  eggs easily  b u t  fine enough  to  r e ta in  th e  deb ris . A  sieve w ith  m esh 
open in g s of 100 m icrons w orks w ell fo r  M. la tera lis  eggs. Eggs can  b e  conve­
n ie n tly  c u ltu re d  in  o n e - lite r  o r f if te e n - li te r  c o n ta in e rs  u s in g  15 ¡a  f ilte re d , u ltra ­
v io le t- tre a te d  sea w a te r  a t  a  d en sity  of 30 eggs/m l. A t 20 to  25 °C th e  trocho- 
p h o re  s ta g e  is a t ta in e d  in  9 ho u rs  a n d  d e v e lo p m e n t p roceeds to  th e  s tra ig h t-  
h in g e  v e lig e r  s ta g e  in  15 h o u rs3.

A fte r  48 h o u rs  th e  s tra ig h t-h in g e  v e l ig e r  la rv a e , now  70 to  75 p  in  leng th , 
a re  se p a ra te d  fro m  th e  c u ltu re  m ed ium  b y  p o u rin g  or sip h o n in g  th e  con ten ts 
of th e  c u l tu re  c o n ta in e r  th ro u g h  an  a p p ro p r ia te  sieve (openings ab o u t 40 m i­
crons). T h ese  48 -h o u r la rv a e  a re  re d is tr ib u te d  in to  c lean  c u l tu re  m ed ia  a t a 
d en s ity  of 15 la rv a e /m l. L a rv a e  can  b e  su c ce ssfu lly  re a re d  to  m e tam o rp h o sis  in 
6 to  8 d ay s  a t  25 °C on  an  a lg a l d ie t. T h e  la rv a e  shou ld  b e  sc reen ed  fro m  the  
c u ltu re s  an d  re su sp e n d ed  in  f re sh  m ed ia  e v e ry  48 h o u rs  to  rem o v e unconsum ed  
food an d  m e tab o lic  w as te  p roducts.

A  co m b in a tio n  of th e  ch ry so p h y tes , Iso ch ry s is  ga lbana  an d  M onochrysis  
lu th e r i, is an  ex c e lle n t food fo r M. la te ra lis  la rv a e . T hese a lgal species can  be 
g ro w n  u n d e r  c a re fu lly  co n tro lled  cond itions in  sem i-co n tin u o u s u n ia lg a l cu ltu res  
a f te r  th e  m e th o d  of U keles9. T hese a lg ae  a r e  added  to  th e  la rv a l c u ltu re s  a t a 
d en s ity  of 100 to  120 th o u sa n d  ce lls /m l b eg in n in g  a t 48 h o u rs  and  th e n  every  
24 hours.

M ost M. la tera lis  la rv a e  u n d erg o  m e tam o rp h o s is  an d  becom e b en th ie  a t a 
le n g th  of 200 to  220 p. H ow ever, th e  size a t  m e tam o rp h o sis  is q u ite  v a riab le  
a n d  in d iv id u a ls  f ro m  150 to  245 p m ay  po ssess  b o th  a foot an d  a v e lu m  an d  m ay 
a l te rn a te ly  c ra w l an d  sw im .
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O ptim um  Culture Requirem ents

C a la b re se10’ 11 h as  s tu d ied  th e  effec ts  of te m p e ra tu re , sa lin ity , an d  pH  on 
em b ry o s an d  la rv a e  of M . la te ra lis  and  h as  d e te rm in e d  th e ir  o p tim al re q u ire ­
m en ts . E m b ry o s deve loped  sa tis fa c to r ily  (70%  or m o re  of m ax im um ) in to  n o r­
m al s tra ig h t-h in g e  la rv a e  a t  s a lin itie s  fro m  22.5— 30.0 pp t, te m p e ra tu re s  from  
15.0— 25.0 °C an d  pH  fro m  7.25— 8.25. L a rv a e  su rv iv e d  sa tis fa c to rily  a t sa lin i­
tie s  from  20.0— 27.5 pp t, te m p e ra tu re s  f ro m  7.5— 27.5 °C an d  pH  fro m  6.50— 8.75. 
L a rv a e  g rew  sa tis fac to rily , h o w ev e r, a t sa lin itie s  fro m  20.0— 30.0 p p t, te m p e ra ­
tu re s  from  20.0— 30.0 °C a n d  p H  fro m  7.00— 8.50. T hus, op tim u m  re q u ire m e n ts  
fo r c u ltu r in g  M. la tera lis  f ro m  egg  to  m e tam o rp h o sis  a re  sa lin itie s  f ro m  22.5— 
— 27.5 pp t, te m p e ra tu re s  f ro m  20.0— 25.0 °C a n d  pH  fro m  7.25— 8.25 (Figs. 
1, 2, 3).

5  s o ­

o i  e g g s  d e v e lo p in g  
no rm ally
su rv iv a l o f  la rv a e

le n g th

7 5 12 5 175 22 .5 32 5 37.5

TEMPERATURE ( ° C )

Fig. 1. T he te m p e ra tu re  to le ra n c e  o f e m b ry o s  an d  la rv a e  o f M. lateralis  a t  27 ± 0.5 p p t  sa lin ity , 
as in d ic a te d  b y  th e  p e rcen tag e  of em b ry o s  th a t  developed  n o rm a lly , p e rcen tag e  o f la rv a e  th a t 

su rv iv ed  and  p e rc e n ta g e  in c re a se  in  m ean  len g th  o f la rv a e , (a fte r  C a la b rese10).

Growth of Juveniles

R ecen tly  m e tam o rp h o se d  M . la tera lis  su rv iv e  an d  g ro w  b e s t an d  a re  m ost 
easily  h an d led  if th e y  a re  k e p t in  s ta tic  c u ltu re s  w ith  f re q u e n t w a te r  changes 
u n ti l  th e y  a re  a b o u t 0.5 m m  in  le n g th . A t th is  size th e se  c lam s g ro w  m ore 
ra p id ly  if  p laced  in  ru n n in g  w a te r  tra y s . Som e n o u rish m e n t is su p p lied  by  the  
foods n a tu ra lly  p re se n t in  th e  sea w a te r , b u t  la b o ra to ry  cu ltu re d  a lg a e  a re  also 
ro u tin e ly  d rip p e d  in to  th e se  t r a y s  to  ac ce le ra te  g ro w th . R ap id  g ro w th  of ju ­
v en iles  is a t ta in e d  a t  22 to  24 °C. E v en  fa s te r  g ro w th  of ju v e n ile s  can  be 
ach ieved  if p laced  o u td o o rs  in  bo x es of sand  k ep t in  ta n k s  of ru n n in g  sea w a te r  
d u r in g  th e  w a rm e r  m o n th s  of th e  y ea r.



94 A. CA LA BRESE AND E. W. RH O D ES

ïoo

o f  e g g *  d e v e lo p in g  \
n o r m o lly
s u r v iv a l  o f  la rv a e

in c re a s e  in m e a n  leng th

SA LIN ITY  (P P T )

Fig. 2. T h e  sa lin ity  to le ra n c e  o f em b ry o s and  la rv a e  o f  M. la teralis  a t  25 ± 1 °C, as in d ica ted  
by  p e rcen tag e  of e m b ry o s  th a t  deve lo p ed  n o rm a lly , p e rcen tag e  o f la rv a e  th a t  su rv iv e d  and 

p e rc e n ta g e  in crease  in  m ean  le n g th  o f  la rv ae , (a fte r C a la b rese10).

loo

z
uc t

o f  egg* d a v o lop ing
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survival o f  la rv a «
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ADJUSTED IN IT IA L  pH

Fig. 3. T h e  pH  to le ra n c e  o f em b ry o s  and  la rv a e  o f M . lateralis, as in d ic a te d  b y  p e rc e n ta g e  of 
em b ry o s th a t  d ev e lo p ed  n o rm a lly , p e rc e n ta g e  of la rv a e  th a t  su rv iv ed  a n d  p e rcen tag e  increase 

in  m ean  le n g th  of la rv ae , ( a f te r  C alabrese11).
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Generation Time
U sin g  th e  c u l tu re  m e th o d s fo r M . la tera lis  o u tlin e d  above, th e  egg -to -egg  

cycle in  th e  la b o ra to ry  h as  ra n g e d  fro m  39 to  135 d ay s  w ith  th e  av e rag e  g e n e r­
a tio n  tim e  ab o u t 60 days3. A lth o u g h  fu lly  g ro w n  M . la tera lis  a re  15 to  20 m m  
long, b o th  m ale  an d  fem a le  la b o ra to ry  re a re d  M. la te ra lis  h av e  sp a w n e d  w h en  
o n ly  2.7 m m  in leng th .

CULTURE OF CR EPID U LA  F O R N IC A T A

T h e p ro so b ra n ch  g as tro p o d , C rep idu la  fo rn ica ta , is a n  im p o r ta n t m em b er 
of m a rin e  bo tto m  com m u n ities  a lo n g  th e  A tla n tic  co ast of N o rth  A m erica  fro m  
N ew  B ru n sw ick , C anada , to  th e  C a rib b ea n  is lan d s and  U ru g u a y , an d  in  n o r th ­
e rn  E urope, in c lu d in g  E n g lan d , W ales, F ran ce , B elg ium , H olland , G erm an y , 
D en m a rk , a n d  S w e d en 12. C. fo rn ica ta  h as also b e e n  re p o rte d  fro m  th e  P ac ific  
coast o f th e  U n ited  S ta te s13. C. fo rn ica ta  is m ost o ften  fo u n d  associa ted  w ith  
o y s te r  beds w h ere  it is g e n e ra lly  co nsidered  to  b e  a co m p etito r of th e  o y ste r 
fo r space an d  food. I t  m ay  m o re  d ire c tly  a ffec t o y s te r  p o p u la tio n s  b y  rem ov ing  
o y s te r  la rv a e  fro m  th e  w a te r  co lu m n  b y  tra p p in g  th e m  in  food m asses w h ile  
fee d in g 14 or b y  g ro w in g  ra p id ly  an d  sm o th e rin g  o y s te r  sp a t15.

C. fo rn ica ta  is a p ro ta n d r ic , consecu tive  h e rm a p h ro d ite 10. A lth o u g h  a d u lts  
a re  cap ab le  of som e locom otion, th is  species fo rm s sessile s tack s  com posed  of 
n u m e ro u s  in d iv id u a ls  w ith  v e ry  specific  size, sp a tia l, an d  se x u a l re la tio n sh ip s . 
T hese  s tack s  w ind  to  th e  r ig h t, an d  th e  fu n c tio n a l fem ales  a re  a t th e  bo tto m  
a n d  a re  th e  la rg e s t an d  o ld est an im als . T h e  u p p erm o st, sm allest, an d  y o u n g es t 
a n im a ls  a re  fu n c tio n a l m ales, w h ile  som e in  th e  m id d le  of th e  s ta ck  a re  in  
tra n s i tio n  from  th e  m a le  to  th e  fem a le  s ta te 16. T h e  an im als  a re  o r ie n te d  w ith  
th e ir  r ig h t a n te r io r  m a rg in s  in  co n tac t, a  position  fa c ilita tin g  copu lation . F e­
m ales  la y  a g e la tin o u s  m ass of egg capsu les  in  f ro n t  of th e  foo t w h e re  th e y  are  
covered  b y  th e  a n te r io r  p o r tio n  of th e  body . A t each  sp a w n in g  n u m e ro u s  egg 
capsu les  co n ta in in g  ab o u t 250 eggs each  a re  p ro d u c e d 12, and  fem ales  a re  ca­
p a b le  of sp a w n in g  a t  le as t tw ic e  a n n u a lly 17.

D ev e lo p m en t of th e  em b ry o s  to  an  ad v an ced  v e lig e r s tag e  occurs in  th e  
capsu les, a n d  th e n  th e  d is in te g ra tin g  capsu les  and  la rv a e  a re  ac tiv e ly  ex p e lled  
f ro m  th e  b rood  ch am b er b y  th e  fem ale . T h e  p la n k to tro p h ic  la rv a e  a re  in itia lly  
a b o u t 350 p. long  an d  m o re  th a n  doub le  in  size w h ile  in  th e  p la n k to n . The 
la rv a e  h av e -b e e n  w e ll d esc rib ed  b y  W e rn e r18. In  th e  field , ju v e n ile  C. fo rn ica ta  
can  re a c h  th e  fu n c tio n a l m a le  p h ase  in  th e ir  f irs t  su m m er, an d  th e  you n g est 
fem a les  becom e fu n c tio n a l d u r in g  th e ir  second  su m m e r19. In  la b o ra to ry  cu ltu re , 
C. fo rn ica ta  h a s  ex h ib ite d  a n u m b e r  of ch a ra c te ris tic s  w h ich  m ake  i t  u se fu l for 
d e te rm in in g  th e  effec ts  of p o llu tio n  on  gastropods. T h ese  c h a ra c te r is tic s  inc lude: 
(1) a v a ila b ility  of ad u lts  on  b o th  sides of th e  A tla n tic , (2) m in im al space 
re q u ire m e n ts , (3) ease in  o b ta in in g  eggs an d  la rv a e  fo r s tu d y , (4) su ffic ie n tly  
h ig h  rep ro d u c tiv e  ra te , (5) ease in  c u ltu r in g  you n g  stages, (6) v e ry  ra p id  la rv a l 
g ro w th  ra te , a n d  (7) a re la tiv e ly  sh o r t g e n e ra tio n  tim e.

A vailability of Adults
A d u lt C. fo rn ica ta  a re  fo u n d  in  ab u n d a n c e  on m ost o y ste r g ro w in g  g ro u n d s 

th ro u g h o u t th e ir  range . T h e  eco log ical cond itions n ecessary  to su p p o rt a C. 
fo rn ica ta  p o p u la tio n  a re  so s im ila r  to  th e  req u ire m e n ts  of O strea  ed u lis  th a t
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W alne12 h as  in d ic a ted  th a t  an  ab u n d a n ce  of C. fo rn ica ta  fo rm s a v e ry  good 
in d ica tio n  as to  th e  su ita b ility  of an  a re a  f o r  o y ste r c u ltu re . A d u lt C. fo rn ica ta , 
a ttach ed  to  th e ir  n a tu ra l  su b s tra te , can  be le f t  o u t of w a te r  fo r a t  le a s t 12 h o u rs  
w ith o u t in c u rr in g  an y  m o r ta lity  if a ir  te m p e ra tu re s  a re  cool. A d u lt C. forn ica ta  
a re  b es t le f t  to  ac c lim a te  fo r a few  days in  a ta n k  of flo w in g  sea  w a te r  in  th e  
la b o ra to ry  b e fo re  an  a t te m p t is m ade  to  s e p a ra te  th e m  fro m  th e ir  su b s tra te  
fo r  e x p e rim en ta l pu rposes.

M aintenance of A dults

S tock  p o p u la tio n s  of C. fo rn ica ta  a d u l ts  can  b e  k e p t in  ta n k s  of flow ing , 
u n filte re d  sea  w a te r . I t  is n ecessa ry  to  k ee p  th ese  ta n k s  re la tiv e ly  fre e  of s ilt 
to  avoid su ffo c a tin g  th e  an im als. F o r la b o ra to ry  w o rk , w h e re  it is n ecessary  
to  observe  th e  b eh a v io r  of s in g le  in d iv id u a ls  o r of s e p a ra te  s ta ck s  of adu lts , 
th e  an im als  can  be rem o v e d  fro m  th e ir  o r ig in a l su b s tra te , p laced  on  n u m b e re d  
panels, a n d  su sp en d ed  v e r tic a lly  in  ta n k s  o f  sea w a te r . T h e  an im als  m ay  m ove 
over th e  su rfa c e  of th e  p an e l, b u t  th e y  w ill n o t m ove off th e  p a n e l un less  u n d e r 
stress. I f  t r a n s p a re n t  p la s tic  p a n e ls  a re  u sed  to  co n ta in  re p ro d u c tiv e  stacks of 
adu lts , th e n  th e  egg la y in g  b e h a v io r  of th e  b o tto m -m o st fem a le  can  b e  o b se rv ­
ed th ro u g h  th e  p an e l. Coe20 fo u n d  th a t  m o s t la b o ra to ry  sea w a te r  sy stem s do 
n o t su p p ly  ad e q u a te  n u tr i t io n  fo r  th e  n o rm a l d ev e lo p m en t of th e  rep ro d u c tiv e  
system s of C. fo rn ica ta . A t M ilfo rd , h o w ev e r, th e  food an  o x y g en  req u ire m e n ts  
of ad u lt C. fo rn ica ta  a re  m e t b y  m a in ta in in g  th e m  in  u n f ilte re d  sea  w a te r  a t a 
flow  r a te  of 30 m l/an im a l/m in . A d u lts  h a v e  also b een  su ccessfu lly  m a in ta in e d  
in  s ta tic  c u l tu re  b y  re n e w in g  th e  w a te r  e v e ry  day , a e ra tin g  th e  c u ltu re , and  
su p p le m e n ta lly  feed in g  d a ily  w ith  cu ltu red  algae.

Conditioning and Spawning

C h ip p e rfie ld 17 h a s  re p o r te d  th a t  th e  n a tu ra l  sp a w n in g  p e r io d  fo r a p opu ­
la tio n  of C. fo rn ica ta  in  B r ita in  beg ins  in  th e  sp rin g , w h en  th e  w a te r  te m p e r­
a tu re  rises to  10 °C, a n d  co n tin u es  u n til  S ep te m b er. T h e  L ong Is lan d  S ound 
p o p u la tio n  u sed  in  o u r  la b o ra to ry  w o rk  a p p e a rs  to  h av e  th e  sam e n a tu ra l 
season. A d u lts  co llec ted  d u r in g  th is  p e rio d  w ould  be ex p ec ted  to  co n tin u e  r e ­
p ro d u cin g  in  th e  la b o ra to ry .

C. fo rn ica ta  can  b e  easily  in d u ced  to  b re e d  o u t of season. S pecim ens co llected  
f io m  L ong Is lan d  S o u n d  o ff N o rw alk , C onnecticu t, in  N ovem ber, w h en  the  
a m b ien t w a te r  te m p e ra tu re  w as  14 °C and  egg la y in g  h a d  ceased, s ta r te d  p ro ­
ducing  eggs in  a  fe w  w eek s w h e n  h e ld  in  th e  la b o ra to ry  a t  b o th  18 an d  25 °C. 
A n o th e r  g roup , co llec ted  fro m  N ew  H aven  H arb o r, C onnecticu t, in  M arch  from  
w a te r  a t 8 °C b eg a n  p ro d u c in g  eggs in  as fe w  as 5 days a t  e lev a ted  te m p e ra tu re s  
in  the  la b o ra to ry . W e h a v e  used  a  te m p e ra tu re  acc lim atio n  r a te  of no m ore 
th a n  3 °C /day  in  o u r  s tu d ie s  an d  h av e  o b se rv ed  no h a rm fu l effec ts  caused  by  
th e  te m p e ra tu re  increases.

R ep ro d u c tio n  of th e se  a n im a ls  u n d e r  la b o ra to ry  in d u c ed  cond itions can 
be easily  s tu d ied  by  p la c in g  s ta c k e d  p a irs  of an im als  on in d iv id u a l, n u m b e re d  
panels. In  se lec tin g  p a irs  fo r  th is  w ork , som e ca re  m u st b e  ta k e n  to  in su re  th a t 
b o th  a m a le  an d  fem a le  a re  p re se n t. In  th e se  studies, th e re fo re , on ly  iso lated  
p a irs  th a t  h a d  no sc a r  a re as  on th e ir  she lls , w h ich  w o u ld  in d ic a te  positions
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p re v io u s ly  occup ied  b y  sm all m ales, w e re  se lec ted  or th e  top  tw o  an im als  fro m  
a  s ta c k  w e re  chosen. I f  b o th  s ta ck e d  an im a ls  a r e  m a les  in itia lly , th e  lo w er 
an im a l u n d e rg o e s  tra n s fo rm a tio n  to  th e  fem a le  p h ase .

C. fo rn ica ta  w ill rep ro d u ce  in  ta n k s  of f lo w in g  sea w a te r  a t te m p e ra tu re s  
b e tw e e n  15 an d  27.5 °C fo r  a t  le a s t s ix  m o n th s . T h e  m o st ra p id  d ev e lo p m en t of 
th e  em b ry o s  o cc u rs  a t  27.5 °C, th e  h ig h e s t te m p e ra tu re  s tu d ied . A t th is  te m p e r­
a tu re  la rv a e  a re  lib e ra te d  ju s t 9 days a f te r  egg la y in g . A t  15 °C th e  tim e  to

.LEVEL CONTROL CHAMBER

LARVAL CATCH CHAMBER
OVERFLOW

SCREEN CLOTH

AIR LIFT.

Fig. 4. S c h e m a tic  of th e  a p p a ra tu s  used  to  co llec t C. forn ica ta  la rv a e  a f te r  th e y  hav e  em erged
fro m  th e  egg cases.
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la rv a l re lease  is le n g th en e d  to  3 w eeks. T h e  n u m b e r  of la rv a e  p ro d u ced  b y  
la b o ra to ry -h e ld  fem ales a t  h ig h  te m p e ra tu re s  is s ig n if ic a n tly  sm a lle r  th a n  th e  
n u m b e r p ro d u ce d  a t lo w er te m p e ra tu re s  a n d  te m p e ra tu re s  b e tw e en  15.0 and  
22.5 °C y ie ld  th e  g re a te s t n u m b e r  of la rv a e  p e r  u n it tim e.

As th e  em bryos deve lop  w ith in  th e  p ro te c te d  eg g  capsu les, th e y  change 
color an d  th ese  changes can  b e  o b se rv ed  i f  t h e  fem a le  is k e p t on a  tr a n s p a re n t 
su rface . N ew ly  la id  eggs a re  p a le  yellow  a n d  becom e d a rk  b ro w n  or g ra y  ju s t 
b e fo re  th e  ad v an ced  v e lig e rs  a re  re leased .

In  o u r p ro ce d u re , fem a les  w ith  d a rk  e g g  m asses a re  p laced  in  a  specia l 
a p p a ra tu s  w h ich  fa c ilita te s  th e  co llec tion  of th e  la rv a e  w h en  th e y  a re  released . 
T h is  is n ec essa ry  since  th e  a d u lts  v e ry  e ff ic ie n tly  f i l te r  th e ir  o w n  la rv a e  from  
th e  w a te r, an d  n u m ero u s  la rv a e  a re  lo s t in  th e  fecal m ass. T h e  la rv a l  co llec ting  
a p p a ra tu s  (Fig. 4} u tilize s  a n  a ir l if t  p u m p  to  d e liv e r  w a te r  co n ta in in g  la rv a e  
in to  a PV C  a n d  ny lon  m esh  sc re en -c lo th  f i l te r .  T h e  sc reen  c lo th  h a s  openings 
of 180 (j.. T h e  la rv a e  a re  re ta in e d  b y  th e  f i l te r ,  an d  th e  w a te r  re tu rn s  to  th e  
re lease  ch a m b e r th ro u g h  a s ta n d p ip e . T h e  s ta n d p ip e  m a in ta in s  a 2 cm  la y e r  of 
w a te r  above th e  sc reen  c lo th . T h is dev ice  co llects ab o u t 70l9/o of th e  la rv a e  
re leased  a t  a re c irc u la te d  flo w  ra te  of 60 m l/m in .

Fecundity  .
Coe21 fo u n d  th a t  C rep id u la  o n y x  cou ld  sp a w n  10 tim es an n u a lly  and  p ro ­

duced  b e tw e en  5,000 an d  20,000 eggs a t  ea ch  sp aw n in g . W e h av e  m a d e  no es ti­
m a te s  o f  egg p ro d u c tio n  fo r  C. fo rn ica ta , b u t  h av e  m a d e  coun ts  of la rv a e  lib e r ­
a te d  a t v a rio u s  te m p e ra tu re s . T h e  n u m b e r  of la rv a e  p ro d u ce d  a t each  sp aw n in g  
decreases w ith  in c reas in g  te m p e ra tu re s . A t 15 °C a b o u t 10,000 la rv a e  a re  p ro ­
duced  p e r  fem a le  p e r  sp aw n in g , w h ile  a t 27.5 °C th e  la rv a l p ro d u c tio n  is on ly  
a b o u t 1,500. A n im als  h e ld  a t h ig h e r  te m p e ra tu re s , h o w ev er, p ro d u ce  consecu­
tiv e  b roods of la rv a e  fa s te r  th a n  th o se  h e ld  a t lo w er te m p e ra tu re s  and , conse­
q u en tly , a b o u t th e  sam e n u m b e r  of la rv a e  a re  p ro d u ced  in  a g iv en  le n g th  of 
tim e  w ith in  th e  te m p e ra tu re  ra n g e  of 15.0 to  22.5 °C. F ecu n d ity  is red u ced  a t 
te m p e ra tu re s  above 22.5 °C.

Rearing the Larvae
W e rn e r18 ra ise d  som e C. fo rn ica ta  la rv a e  to  m e tam o rp h o sis  b y  grow ing  

th e m  in  co a rse ly  f ilte re d  sea w a te r  to  w h ich  h e  d id  n o t h av e  to  add  a n y  ad d itio n ­
al n u tr ie n t. P ilk in g to n  an d  F re t te r22 re a re d  C. fo rn ica ta  to  m e tam o rp h o sis  on 
a cu ltu re d  a lg a l diet, b u t  th e ir  m e th o d  in c lu d ed  using  a p ip e tte  to  tra n s fe r  th e  
la rv a e  to  f re sh  sea  w a te r  p e rio d ica lly . T h is p rocess is tim e-co n su m in g  an d  im po­
ses a lim it on th e  n u m b e r  of la rv a e  used. T h e  tw o  m ethods d esc rib ed  h e re  fo r 
re a r in g  C. fo rn ica ta  la rv a e  ca n  b e  ro u tin e ly  used  successfu lly  to  c u l tu re  la rg e  
n u m b e rs  of la rv a e .

C. fo rn ica ta  la rv a e  w e re  f ir s t  r e a re d  successfu lly  in  o u r la b o ra to ry  in  a 
f low ing  sea  w a te r  c u l tu re  sy s tem  s im ila r  to  th a t  d iag ram m ed  in F ig u re  5. In  th is 
sy stem  th e  la rv a e  a re  p la ce d  in  a  P V C  sc re en  m ade  w ith  n y lo n  m esh  sc reen  
c lo th  w ith  open ings of 180 p,. T h e  w a te r  lev e l above th e  sc reen  c lo th  is d e te r­
m ined  b y  th e  h e ig h t of th e  s u r ro u n d in g  P V C  c o n ta in e r  w hich , in  o u r system , 
is ab o u t 5 cm, an d  th e  v o lu m e of w a te r  in  th e  la rv a l ch a m b e r is 1 lite r . U ltra ­
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v io le t- tre a te d , 1 (x f ilte re d  sea  w a te r  flow s th ro u g h  th e  system  a t  a r a te  of 10 
li te rs /d a y , an d  c u l tu re d  algae, k e p t  ch illed  a t 15 °C, a re  s im u lta n eo u s ly  in tr o ­
d u ced  so th a t  th e  food co n cen tra tio n  is a b o u t 150,000 m ix ed  a lg a l ce lls /m l. A t 
th is  food  co n c en tra tio n , up  to  3,000 la rv a e  can  b e  r e a r e d  w ith  no red u c tio n  in  
g ro w th  ra te . C. fo rn ica ta  la rv a e  h av e  b ee n  r e a re d  to  m e tam o rp h o sis  in  th is  
sy s tem  w ith o u t e v e r  c lean ing  th e  sy s tem  o r c o m p le te ly  ren e w in g  th e  sea w a te r  
in  th e  g ro w th  ch a m b e r. B est re su lts  a re  o b ta in ed  if  th e  sy stem  is c lean ed  ev e ry  
second  day . U n d e r th e se  cond itions la rv a e  b eg in  to  m e tam o rp h o se  in  abou t 
7 d a y s  a t  25 °C and, on th e  average , m o re  th a n  5 0 %  of th e  la rv a e  com plete 
m e tam o rp h o sis .

FOOD SUPPLY.

FOOD

1/U  FILTER
^ A T E R  IN

SEA W ATER

LA RV A L CHA M BER J ,E V E L  CONTROL CHAMBER

SCREEN CLOTH

Fig. 5. S ch em atic  o f th e  c u ltu re  sy s tem  u sed  to  r e a r  C. fo rn ica ta  la rv ae  in  flow ing  sea w ater.

C. fo rn ica ta  la rv a e  can  also b e  re a re d  in  s ta tic  c u ltu re s , s im ila r  to  those 
u sed  t ra d i t io n a l ly  in  b iv a lv e  c u ltu re . E x c e lle n t re su lts  a re  ach ie v ed  w h e n  500 
la rv a e  a re  re a re d  in  1 - li te r  p o ly p ro p y le n e  b e a k e rs  u s in g  1 |j. f i lte re d , U V -trea te d  
sea w a te r  an d  an  in it ia l  food c o n c e n tra tio n  of 150,000 m ix e d  a lg a l ce lls /m l. T he
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la rv a e  m u s t b e  sc reened  from  th e  s ta tic  c u l tu re s  each  day , resu sp en d ed  in  fre sh  
sea w a te r , and  fed. W hen p o u rin g  th e se  la rv a e  onto  a  sc reen  to  rem o v e  them  
f ro m  th e  d ay -o ld  c u ltu re  m edia, i t  is im p o r ta n t  th a t  a  2 cm  la y e r  o f w a te r  be 
p re se n t above th e  sc reen  su rface . T h is  b u f fe r  la y e r  of w a te r  p re v e n ts  physica l 
d am ag e  on  th e  sc reen  and  des icca tion  of th e  la rv ae . S om e la rv a e  in  s ta tic  c u l­
tu re s  h a v e  m etam o rp h o sed  in  as few  as 4 d ay s  , a t 25 °C, an d  b e tw e en  50 and  
90°/o of th e  in itia l n u m b e r n o rm a lly  su rv iv e  th e  la rv a l period .

F iv e  a lg a l species h av e  b ee n  fed  to  C. fo rn ica ta  la rv a e  an d  th e ir  v a lue  in  
p ro m o tin g  la rv a l g ro w th  in  d escen d in g  o rd e r  of im p o rta n c e  is as follow s: 
P h a eo d a c ty lu m  tr ico rn u tu m , M on o ch rysis  lu th e r i, Iso ch rysis  galbana, C hlorella  
580, an d  D unalie lla  euchlora . A  m ix tu re  o f  all 5 species w as su p e rio r  to any  
s in g le  food, a n d  th is  m ix tu re  w as  u sed  in  su b se q u e n t w ork.

H a n d lin g  and  G row ing  Ju v en ile s
S e ttle m e n t o f C. fo rn ica ta  la rv a e  h as  o ccu rred  on th e  su rfa ce  of ev e ry  

ty p e  of c o n ta in e r  used  to  g ro w  th em , in c lu d in g  glass, po ly p ro p y len e , PVC, 
n y lo n  m esh, f ib e r  g lass, an d  p lex ig lass . T h e  m ost sa tis fa c to ry  m e th o d  to  grow  
ju v e n ile s  is to  p lace rec e n tly  a t ta c h e d  a n im a ls  in  a sh a llo w  tr a y  w ith  flow ing  
sea  w a te r . F if ty  ju v en ile s  can  b e  ra p id ly  g ro w n  to se x u a l m a tu r i ty  a t  a flow  ra te  
of 1 li te r /m in  u sing  th is  m ethod . T h e  t r a y  s itu a tio n  g ives each  ju v e n ile  po­
te n t ia l  access to  ev e ry  o th e r  ju v e n ile  an d  fac ilita te s  p a ir in g  b e h a v io r  a t th e  
o n se t of m a tu r ity . A s p a irs  a re  fo rm e d  in  th e  tra y , th e y  can  b e  rem o v e d  and  
p laced  on t r a n s p a re n t  p an e ls  fo r o b se rv a tio n  of th e  o n se t of egg lay ing . Ju v e ­
n ile s  h a v e  also  b een  g ro w n  to  se x u a l m a tu r i ty  in  s ta tic  c u ltu re s  in  w h ich  th e  
w a te r  w as a e ra te d , ren e w e d  e v e ry  second  d ay , an d  c u ltu re d  a lgae ad d ed  each  
day.

Generation Tim e

T h e  m ost ra p id  g e n e ra tio n  tim e  fo r C. fo rn ica ta , 72 days, has o ccu rred  a t 
25 °C u sing  flow ing  c u ltu re  m e th o d s  th ro u g h o u t th e  life  cycle. T e m p e ra tu re s  
h ig h e r  th a n  25 °C h av e  n o t b ee n  in v e s tig a te d  fo r each  s ta g e  in  th e  life  cycle; 
h o w ev er, a t  27.5 °C em b ry o n ic  an d  la rv a l  d ev e lo p m en t an d  a d u lt  g ro w th  is 
m o re  ra p id  th a n  a t 25 °C, and  th e  life  cycle m ig h t be sh o r te n e d  a t th is  te m p e r­
a tu re . T ab le  I  p re se n ts  a su m m a ry  of th e  life  cycle of C. fo rn ica ta  a t 25 °C 
in  b o th  s ta tic  an d  flow ing  system s.

Effects of Various Environm ental Parameters

G ro w th  of C. fo rn ica ta  a t e v e ry  s ta g e  is positively  re la te d  to te m p e ra tu re . 
T h e  g ro w th  r a te  of la rv a e  in c re ase d  w ith  in c reasin g  te m p e ra tu re s  fro m  10 to  
30 °C. L a rv a l m e tam o rp h o sis  o cc u rre d  a t  te m p e ra tu re s  b e tw e en  15 an d  30 °C,

TA B LE I
Days required for various stages in  the life  cycle of C. formicata at 25 IJC.

Egg Laying to 
L arval Release

L arval
Period

S ettlem ent to F irst P airing  to 
F irs t P airing  Egg Laying

Total =  
Generation 

Time

Static 12 9 49 56 126
Flow 10 6 34 22 72
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w ith  m a x im u m  se ttle m e n t o ccu rrin g  a t  25 °C. J u v e n ile  C. fo rn ica ta  g ro w  fa s te r  
a n d  re a c h  se x u a l m a tu r i ty  sooner a t 25 °C th a n  a t  lo w er te m p e ra tu re s . A d u lt 
C. fo rn ica ta  g ro w  fa s te r  as te m p e ra tu re s  in c re ase  f ro m  15 to  27.5 °C.

C. fo rn ica ta  la rv a e  a re  n o t v e ry  to le ra n t of low  sa lin ities . S ig n if ica n t la rv a l 
g ro w th  o cc u rre d  o n ly  a t sa lin itie s  of 20 p p t  an d  h ig h e r, w h ile  accep tab le  levels 
of m e tam o rp h o sis  o ccu rred  on ly  a t sa lin itie s  a b o v e  22.5 pp t. R ap id  la rv a l 
g ro w th  an d  good su rv iv a l th ro u g h  m e tam o rp h o sis  o cc u rre d  a t  sa lin itie s  u p  to 
40 p p t, th e  h ig h e s t sa lin ity  te sted .
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IZV O D

Uzgoj em brija i licinki M ulinia la tera lis  i Crepidula fornicata  
u  istrazivanjim a u tje c a ja  zagaßivanja

A. Calabrese i  E. W. Rhodes

N arodita je  paznja posvecena u sa v rsa v an ju  uzgojnih m etoda d v iju  vrsta  m olu- 
ska koji nem aju  kom ercijalnu vrijednost, ali isu zato u ekoloskom pogledu vrlo zna- 
dajni. Zbog nekih svojstava skoljkas M ulinia lateralis  i puz Crepidula fornicata  pred- 
s tav lja ju  podesne orgamizme za istrazivanja u tje c a ja  zagadivanja. Pogodna svojstva 
M. lateralis siuislijedeca: k ratko  v,rijeme jedne 'generacije (oko 60 dana); relativno veM- 
ka mod reprodukcije  (3—4 miliona ja ja  u  j.edinom m rijescenju); um jerena druzina zi- 
vota (2 godine); razlike u spolu vidljive k ro z  ljuä tu re spolno zrelih p rim jeraka; 
re la tivno  lak  uzgoj; m ale dim enzije (odrasli o d  2.7 do 20j0 m m  dugi) te  stoga i po- 
treb an  m inim alni prostor za uzgoj. Crepidula fornicata  ima slijedeca povoljna svo j­
stva : k ra tko  vrij eme jedne generacije (oko 100 dana); dovoljna moe reprodukcije 
(oko 6000 lidinki u jednom  m rijescenju); zenke m ogu proizvesti 15 licinadkih stokova 
u 6 m jeseönom  periodu); zbog karakteristiönog v lad an ja  — sakup ljan ja  u  h ipe , m uzja- 
ci se lako raz liku ju  od zenki (zreli m uzjaci xnogu se odrediti po vanjStini); razvoj 
em brija u n u ta r  kapsule uodljiv je  na p ro z irn im  povrsinam a; oslobadanje lidinki mo­
fe  se p redvid jeti pracenjem  prom jena boja ja je a n ih  m asa (svijetlozuta — kada su 
ja ja  proizvedena1, do ©koro ern a  — p re d  sam o izbacivanje); p rv e  pliivajude lidinke 
velike su (oko 4i00 (x) i postizu velidinu za p r ih v a t (oko SOOfi) u roku od 10 dana; 
m ladi prihvaceni oblici m ogu se lako uzgoj iti d o  zrel’osti na rav n im  prozirnim  povrái- 
nam a, i p rem jestiti se s jedne na drugu povrsinu ; i iako su spolno zreli prim jerci 
protandridni, mogu brzo proci fazu m uzjaka, a d a  se ne razmnoSavaju.
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