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D E V E L O P M E N T  O F E G G S  A N D  E M B R Y O S  
O F T H E  S U R F C LAM, S P IS U L A  S O L I D I S S I M A ,  

I N  S Y N T H E T IC  S E A W A T E R

The eggs of the s u r f  clam , S p isu la  solidissim a, 
have been used ex tensively  for in v estig a tio n s of 
egg s tru c tu re  and  em bryonic developm ent of 
bivalves. A llen (1951) h as  po in ted  o u t th e  ad ­
van tages of the  use of s u r f  clam  eggs for 
research  of th is  n a tu re . T hese s tu d ies  have been 
lim ited , how ever, to  a re as  w here n a tu ra l sea ­
w a te r  w as read ily  available, due to  th e  u n su it­
ab ility  of m ost sy n th e tic  seaw a te rs  fo r su p p o rt­
ing th e  em bryonic developm ent of bivalves 
(David A. N elson, N M FS , M ilford, C onnecticu t 
and  G erald Z aroog ian , E n v iro n m en ta l P ro te c ­
tion  A gency L aborato ry , W est K ingston , Rhode 
Island , pers. com m.).

E xper im en ta l  O bservat ions

W e recently  rea re d  S p isu la  so lid issim a  em ­
bryos in a  sy n th e tic  se aw ate r fo rm ulation  d e­
veloped by Z aroogian , Pesch, and  M orrison 
(1969) as a  cu ltu re  m edium  in w hich to  rea r  
oyste r em bryos. O ur observa tions w ere m ade in 
sa lin itie s  of 25 and  30 °/oo a t  10°, 15°, and 20°C 
w a te r  tem p era tu re s . W ith in  th ese  ran g e s  we 
found 20°C to be th e  op tim um  te m p e ra tu re  for 
developm ent, a llow ing  u s  to  re a r  eggs to  th e  
5-day-old stage (early  veliger) w ith  alm ost 
100% surv ival and  no s ig n s of la rv a l a b n o rm a li­
ties. A t 20°C po la r body fo rm ation  occurs in 
abou t 45 m in and  th e  tw o-cell s tag e  in abou t 
90 m in. T he ea rly  veliger, o r s tra ig h t-h in g e  
s tage , is reached in  less th a n  24 h. A t 15°C all 
s tag es  of developm ent a re  norm al b u t som ew hat 
delayed, w ith developm ent to  th e  s tra ig h t-  
h inge stage req u irin g  m ore th a n  24 h. A t 10CC 
the  ra te  of developm ent of all s tag es  is g rea tly  
re ta rd ed  and  m any abnorm al em bryos a re  
p resen t. T he m ajo rity  of fertilized  eggs held a t  
10°C requ ires  m ore th a n  96 h to  develop to  the  
s tra ig h t-h in g e  stage.

A t 20°C we found th a t  developm ent of fe r ­
tilized  eggs in  sy n th e tic  se aw ate r w as com ­

parab le  to  th e  best developm ent observed in 
n a tu ra l seaw ater.

T h is study  did no t involve te s tin g  em bry­
onic developm ent of S . so lid issim a  in syn the tic  
seaw ater over a  w'ide ran g e  of sa lin ities , bu t 
w as lim ited  to  those  sa lin itie s  cu rre n tly  in  use 
in o th e r research  p ro g ram s w ith in  th is  lab o ra­
tory . I t  appeared  th a t  th e re  w as no difference in 
su rv ival and  developm ent of eggs to  th e  5-day- 
old stage a t  sa lin ities  of 25 and 30 "/00, th e  only 
sa lin itie s  tested . In  ea rlie r  w ork, however, 
S tickney (in  Y ancey and  W elch, 1968) reported  
th a t  S. so lid issim a  eggs failed to  develop under 
experim en tal conditions in  sa lin itie s  of less than  
23 °/oo in n a tu ra l seaw ater.

Since th e  syn the tic  seaw ater form ulation  
developed by Z aroog ian , P esch , and  M orrison 
(1969) can be read ily  p repared , its  general 
acceptance could lead to  a  w ider u tiliza tio n  of 
su rf  clam  eggs by em bryologists and  cytologists 
w ith s tan d ard iza tio n  of techn iques and  com par­
ab ility  of resu lts  no t alw ays possible when 
n a tu ra l seaw ate rs  from  d iffe ren t locations are 
used.

LaR oche, E is le r , and T arzw ell (1970), in 
s tud ies  of bioassay p rocedures for oil and oil 
d isp e rsan t tox ic ity  evaluation , suggested  th e  use 
of Z aro o g ian ’s seaw ater a s  a  s ta n d a rd  te s tin g  
m edium  in  place of n a tu ra l seaw ater, th e  com ­
position of w hich varies, especially  in reg a rd  to 
th e  presence of trace  m etals, dissolved organics, 
and  p a r ticu la te  m a tte r. T hey  recom m ended the 
u se  of Z aro o g ian ’s se aw ate r because of its 
ab ility  to  su p p o rt spaw ning  a d u lts  and  la rvae 
of the  A m erican  oyster, C rassostrea virginica, 
for a t  least 48 h w ith o u t v isib le  adverse  effects, 
and  ad u lt m um m ichog, F un d u lu s heteroclitus, 
g ra ss  sh rim p , Palaem onetes vu lgaris, and  sand- 
worm , N ereis virens, for ex tended  periods. 
Thus, w hen sufficient research  has been p e r­
form ed in  th is  a rea , i t  m ay be possible no t only 
to  hold ad u lt an im als  b u t also  to  rea r  th e  eggs 
and  la rvae  of these  an im als  in th e  sam e sy n ­
th e tic  seaw ater. T h is w ould be an  obvious a d ­
van tag e  in  assessing  com parative  to le ran ces to 
p o llu tan ts  of d iffe ren t life stages.
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C ollec tion  and M ain tenance  of 
S u r f  Clams in the L abora tory

A lthough  som e inform ation  on the  collection 
an d  m ain tenance of su rf  clam s in th e  la b o ra ­
to ry  and th e ir  reproductive cycle has been pub ­
lished (Loosanoff and Davis, 1963; Ropes, 1968; 
Y ancey  and  W elch, 1968), we feei it  p e rtin e n t 
to  th is  p ap e r th a t  it  be review ed and our own 
observa tions added.

A d u lt s u r f  clam s can be purchased  from  bio­
logical supp ly  houses or collected in  th e ir  n a t­
u ra l h ab ita t. The range of S. solid issim a  is 
a long  the  A tla n tic  C oast of N orth  A m erica, from 
th e  G ulf of S t. L aw rence to  Cape H a tte ra s  
(Y ancey an d  W elch, 1968). S outh  of C ape H a t­
te ra s  the  s u r f  clam  is rep resen ted  by Sp isu la  
so lid issim a  raveneli, s im ila r to  S . so lid issim a  
b u t a sm a lle r species. S. so lid issim a  is found in 
sandy  bo ttom s from  th e  low -tide line to  dep ths 
of 500 ft in  w ate rs  of oceanic sa lin ity . T hey are  
p resen t in  shallow  w ater beds, a t  various points 
along  th e ir  range , and are  easily  hand -ga thered  
along  the  coasts  of D elaw are, New Je rsey , Long 
Island  (N ew  Y ork), Rhode Island , and M assa­
chusetts . O ur collections have come m ain ly  from  
L ittle  N a rra g a n s e tt  Bay and  th e  area  of P o in t 
Ju d ith , in  R hode Island .

S u rf  c lam s can also be ob ta ined  from  com ­
m erc ial clam  boats w ork ing  th e  beds, b u t our 
o bse rvations have shown th a t  hand -ga thered  
clam s a re  m ore su itab le  for labora to ry  purposes; 
those ob ta ined  from com m ercial sources a re  
often dam aged  by the  ac tion  of the  h y d rau lic  
d redge used  in  harvesting . T hey  suffer h igh 
m o rta litie s  soon afte r in troduc tion  in to  th e  
lab o ra to ry  an d  long-term  su rv ival of those  re ­
m ain ing  also  seem s in ferio r to  th a t  of hand- 
g a th ered  stocks.

W e feei th a t  the  best w ork ing  size fo r la b o ra ­
to ry  an im als  to  be used as a source of g am etes 
is 4 to  5 inches. L a rg er ones requ ire  m ore space 
an d  do no t su rv ive as well in crowded tan k s. 
S m alle r an im als  a re  m ore d ifficult to  spaw n, 
even though  we have found som e specim ens as 
sm all as 5 cm to have viable sex products.

Ropes (1968), in a study  of th e  rep roductive  
cycle of offshore su rf  clam  popu la tions, found a 
b ian n u al cycle du ring  3 y ea rs  of th e  4-year 
period covered by his study . T h is b ian n u al cycle 
w as charac terized  by a  m ajo r m id-year sp a w n ­
in g  and  a  m ino r la te-year spaw ning . H e found 
rip e  clam s a s  ea rly  as M ay and  as la te  a s  O cto­

ber d u rin g  3 y ea rs  of th e  study. T h is p a tte rn  of 
ripeness m ay vary  betw een in sh o re  and  off­
shore  popu la tions, depend ing  on local te m p e ra ­
tu re  conditions. W e found rip e  clam s only from 
Ju n e  to  A u g u st in  in sho re  Rhode Is lan d  w aters.

S u rf  c lam s can be collected p rio r  to  th e ir  
n a tu ra l spaw n ing  period and  conditioned to 
ripeness in  th e  labo ra to ry . C ond ition ing  refers 
to  a  p rocedure  of g rad u a lly  ra is in g  th e  w ater 
te m p e ra tu re s  a t w hich bivalves a re  m ain ta ined  
as a  m eans of ach iev ing  gonad  ripeness p rio r 
to  th e  tim e one w ould expect to  find ripe a n i­
m als in th e  field (Loosanoff, 1954).

W e have collected an im als w ith  un ripe  
gam etes from  early  w in te r th ro u g h  la te  sp rin g  
(D ecem ber to  M ay) and  conditioned them  at 
15°C. T his te m p e ra tu re  equals o r exceeds th a t 
a t w hich gam etogenesis takes place in n a tu ra l 
popu la tions (Ropes, 1968). Such an im als  col­
lected in ea rly  w in te r  and conditioned  in  th e  
labo ra to ry  have been spaw ned a s  ea rly  as 
M arch.

R ipe su rf  clam s held in th e  lab o ra to ry  a t  15' C 
have never spaw ned spon taneously ; th u s , th e  
spaw n ing  th resho ld  of th is  anim al in  the  labo­
ra to ry  w ould ap p ear to  be h ig h e r th a n  15°C. We 
do feei, how ever, even though  we, as yet, lack 
q u an tita tiv e  d a ta  to  su b s tan tia te  it, th a t  ripe 
an im als  held a t 15J C tend  to  reso rb  th e ir  
gam etes m ore quickly than  those  held a t  a 
lov/er te m p e ra tu re  follow ing condition ing . Ripe 
an im als  collected in Ju n e  and held a t  10°C con­
ta in ed  viable sex p roducts in D ecem ber.

Ropes (1968) repo rted  th a t offshore popu la­
tio n s  spaw n a t low er te m p era tu re s  th a n  we 
found in o u r labo ra to ry  popu la tions. H e also 
noted th a t  a b ru p t r ises  in w ate r tem p era tu re  
w ere no t c lea rly  a  cause of spaw ning  in n a tu ra l 
popu la tions. A  rap id  increase in  te m p e ra tu re  is 
ce rta in ly  an  im p o rta n t fac to r in s tim u la tin g  
spaw n ing  in  the  labora to ry . C lam s conditioned 
a t 15°C spaw ned  w hen th e  te m p e ra tu re  was 
ra ised  quickly  to  18-20°C. H ow ever, these  clam s 
w ere less responsive than  those  held in  dam p 
re frig e ra tio n  (approxim ately  2°C , covered w ith 
a  w et towel to  p reven t dry ing) overn igh t p rio r 
to  exposure to  18-20' C. R efrigera ted  clam s n o r­
m ally  spaw ned w ith in  an  h o u r a f te r  exposure 
to  18-20°C, w hile those conditioned a t  15°C 
and  exposed to  w a te r  a t 18-20°C did not.

E ggs and  sperm  can also be ob ta ined  by s tr ip ­
p ing  the  sex products from  th e  gonads u sing  a

248



m ethod described by Costello e t al. (1957). This 
involves rem oving one shell and  gili, exposing 
th e  v isceral m ass, and slicing  in to  the  gonad 
w hich overlays th e  digestive g lands and  viscera. 
C are should be taken  to  avoid c u ttin g  in to  the 
u nderly ing  in testines and digestive g lands, as 
th e  presence of body fluids in  th e  c u ltu re s  of 
eggs appears to be d e trim en ta l to  em bryonic 
developm ent. The eggs and sperm  a re  w ashed 
in to  sep ara te  collecting con tainers . M ost of the 
tis su e  and debris collected a long  w ith  th e  
gam etes can be rem oved by selective screen ing .

S tripped  eggs tend  to  be m ore ir re g u la r  in 
shape  th a n  n a tu ra lly  spaw ned eggs b u t soon 
become spherical. P rev ious in v estig a to rs  
(Loosanoff and Davis, 1963) have repo rted  the 
d iam eter of spaw ned m a tu re  eggs to  average 
56.5 ¡j . O ur m easurem ents of rounded  stripped  
eggs from  ripe clam s have agreed w ith  this.

To fertilize  th e  eggs a  sm all q u a n tity  of 
sperm  suspension is added to  th e  egg suspension  
and  m ixed by rap id  s tirr in g ; care m u st be taken 
to  add only a  sm all q u an tity  of sperm  as S p i­
cula  eggs a re  qu ite  suscep tib le  to  po lysperm y a t 
h igh sperm  concen tra tions (Allen, 1951). F o l­
low ing fertiliza tion  th e  g erm inal vesicle b reaks 
down and  a  th in  m em brane form s a  sh o r t d is ­
tance  above th e  su rface  of th e  egg.

In  conclusion we would like to  p o in t o u t th a t 
th is  is th e  firs t tim e to  our know ledge th a t 
S p isu la  so lid issim a  em bryos have been rea red  in 
sy n th e tic  seaw ater, a lthough  th e y  have been 
prev iously  rea red  in  the  lab o ra to ry  in  n a tu ra l 
seaw ater. N o t all syn the tic  seaw aters  cu rren tly  
ava ilab le a re  su itab le  for th is  p u rp o se  b u t th a t  
developed by Z aroogian, Pesch, an d  M orrison 
h as  consisten tly  g iven us good resu lts . W e feei 
th a t  th e  ab ility  to  rea r  th ese  em bryos in sy n ­
th e tic  seaw ater w ill enhance th e  value  of su rf  
clam  eggs and em bryos in  em bryological and 
cytological research  by offering a  standard ized

rea rin g  m edium  and  a com parab ility  of resu lts  
no t alw ays possible when n a tu ra l seaw aters 
from  d iffe ren t locations a re  used, as well as 
m aking possible th e  use of th ese  o rgan ism s in 
bioassay p rocedures w here th e  com position of 
the  seaw ater m u s t be known.
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