
REFERENCE COPY 
Do Not Remove from the L i b r . ~ r * #  

U. S. Fish and Wildlife c r v ' - 2  
National Wetlands Researcl- , \-en%r 

7 

FWSIOBS-8211 I . I2  
I 

October 1983 Lafoyette, Louisiana 70506 TR EL.82-4 

Species Profiles: Life Histories and 
Environmental Requirements of Coastal Fishes 
and Invertebrates (Mid-Atlantic) 

BAY SCALLOP 

Coastal Ecoloav G r o w  
Fish and Wildlife Service Waterways ~ x ~ e r i r n e G i  ~ ta t i oh  

-- 

U.S. Departnient of the Interior U.S. Army Corps of Engineers 



FWS/3BS-92/11.12 
TR EL-82-4 
Oc tober  1983 

Spec ies  P r o f i l e s :  L i f e  H i s t o r i e s  and Env i ronmen ta l  Requ i re~ i i en ts  
o f  Coasta l  F i  shes and I n v e r t e b r a t e s  (M id -A t1  a n t i c )  

BAY SCALLOP 

Cleinon W. Fay, R i c h a r d  J. Neves, and Gar land  8.  Pardue 
Department o f  F i s h e r i e s  and iili 1  d l  i f e  Sc iences 

V i  r y i n i a  P o l y t e c h n i c  I n s t i t u t e  and S t a t e  U n i v e r s i t y  
B l  acksburg  , VA 24061 

P r o j e c t  Manayer 
L a r r y  Shanks 

P r o j e c t  O f f i c e r  
Norman 3enson 

Ya ti ona 1  Coas ta l  Ecosys terns Team 
U.S. F i s h  and W i l d l i f e  S e r v i c e  

1010 Gause Roul  eva r d  
S l  i d e l l ,  LA 70458 

T h i s  s t u d y  was conducted 
i n  c o o p e r a t i o n  ~ v i  t l i  
Coas ta l  Eco l  ogy Group 

11. S. Army Corps o f  Eng i neers  
Waterways Exper imen t  S t a t i o n  

Performed f o r  
N a t i o n a l  Coas ta l  Ecorystorns Teain 
D i v i s i o n  o f  " D o l o g i c a l  S e r v i c e s  

F i s h  and W- i l d l  i f e  S e r v i c e  
U .S. Depart inent o f  the I n t e r i  i>r 

Washington, rlC 20230 



CONVERSION FACTORS 
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ounces 
pounds 
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kilometers 
kilometers 
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square meters 
hectares 
square kilometers 

gallons (ga l )  
cubic f e e t  ( f t  ' )  
acre-feet  

1 i t e r s  
cubic meters 
cubic meters 

ounces (oz)  
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short  tons_ ( ton)  
BT U 

grams 
ki 1 ograms 
metric tons 
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T h i s  s p e c i e s  p r o f i l e  i s  one o f  n s e r i e s  on c o a s t a l  a q u a t i c  organ isms,  
p r i n c i p a l  l y  f i s h ,  o f  s p o r t ,  coinmercia l  , o r  e c o l o g i c a l  impor tance.  The ~ r o f  i 1 es 
a r e  des igned t o  p r ~ i  tle c o a s t a l  managers, eng ineers ,  and b i o l  o g i s t s  l v i  t h  a  b r i e f  
coinprehensive s k e t c h  o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and env i ronmen ta l  r e q u i r e -  
ments o f  t h e  s p e c i e s  and t o  d e s c r i b e  how p o p u l a t i o n s  o f  t h e  spec ies  ;nay be 
expected t o  r e a c t  t o  e n v i  ronmenta l  changes c;tusctd by c o a s t a l  deve l  opme:rit. Each 
p r o f i l e  has s e c t i o n s  on taxonomy, l i  f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  e n \ ~ i r o n m e n t a l  
r e q u i  rements , and economic importance, i f  app l  i c a b l  e. A  t h r e e - r i n g  h i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can !)e added as t h e y  a r e  prepared.  
T h i s  p r o j e c t  i s  j o i n t l y  p lanned and f i n a n c e d  by  t h e  U.S. Army Corps o f  E i l g inee rs  
and t h e  U.S. F i s h  and W i l d l i f e  S e r v i c e .  

Sugges t ions  o r  q u e s t i o n s  r e g a r d i n g  t h i s  r e p o r t  shou ld  be d i  r e c t e d  t o :  

I n f o r m a t i o n  T r a n s f e r  S p e c i a l  i s  t 
N a t i o n a l  Coas t 3 l  Ecosystems Teaq 
U.S. F i s h  and W i l d l i f e  S e r v i c e  
NASA-Sl i d e l  1  Computer Compl ex 
1010 Gause s o u l  eva rd  
S l  i d e l l ,  LA 70358 

U.S. Army Eng ineer  Waterways Exper imen t  S t a t i o n  
A t t e n t i o n :  WESER 
P o s t  O f f i c e  Rox G31 
V icksburg ,  MS 39180 

T h i s  s e r i e s  shou ld  be r e f e r e n c e d  as f o l l o w s :  

U.S. F i s h  and W i l d l i f e  S e r v i c e .  1993. Spec ies  p r o f i l e s :  l i f e  h i s t o r i e s  and 
e n v i  ronmenta l  requ i remen ts  o f  c o a s t a l  f i s h e s  and i n v e r t e b r a t e s .  1J.S. F i s h  
and W i l d l i f e  S e r v i c e ,  D i v i s i o n  o f  B i o l o g i c a l  S e r v i c e s ,  FWS/OBS-82/11. 
U.S. Army Corps o f  Eng ineers ,  TR EL-82-4. 

T h i s  p r o f i l e  shou ld  be c i t e d  as f o l l o w s :  

Fay, C.W., R.J. Neves, and G.B. Pardue. 1983. Spec ies  p r o f i l e s :  l i f e  h i s t o r i e s  
and env i ronmen ta l  r e q l t i  rements o f  c o a s t a l  f i s h e s  and i n v e r t e b r a t e s  (Mid-  
A t l a n t i c )  -- bay s c a l l o p .  1J.S. F i s h  and W i l d l i f e  S e r v i c e ,  r l i v i s i o n  o f  
B i o l o g i c a l  S e r v i c e s ,  FWS/OBS-82/11.12. IJ. S. Army Corps o f  Eng ineers  , 
TI? EL-82-4. 17 pp. 
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F igu re  1. Bay s c a l l o p :  l e f t ,  e x t e r n a l  v iew o f  s h e l l ;  r i g h t ,  i n t e r n a l  v iew o f  s h e l l .  

BAY SCALLOP 

Scientif ic name. . .  Argopecten i r radians 
Preferred common name.. . . .  .Bay scal- 

lop (F igure 1) 
Class.. . . . . . . . . . . . . . . . . . . . . . . . .  Bivalvia 
Order. . . . . . . . . . . . . . . . . . . . . . .  .An i  somya- 

r i a  
Family. . . . . . . . . . . . . . . . . . . . . .  Pectinidae 

Argopecten -- i rradians are gener- 
ally recognized, in tergrad ing in  
d ist r ibut ion,  w i th  A.  i . irradians 
extending from cape c o d  t o  New 
Jersey, - A.  - i .  concentricus from 
New Jersey to  the  Chandeluer 
Islands in the  Gulf of Mexico, 
and - A.  - i .  amplicostatus from Gal- 
veston, Texas, to  Laguna Madre, 
Texas (Waller 1969). 

Geographic range: North shore of 
Cape Cod (42ON latitude, 70°W MORPHOLOGY/IDENTIFICATION AIDS 
longitude) south t o  Laguna 
Madre, Texas (26ON, 97OW) 
(Waller 1969) (see Figure 2 f o r  a Dist inguishing among the queen 
map of the d is t r ibut ion of the  scallop (Chlamys opercularis) , calico 
bay scallop in t he  mid-At lant ic  scallop (Argopecten gibbus),  and bay 

I region). Three subspecies of scallop is d i f f i cu l t  wi thout  specimens 
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Figure 2 .  Mid-Atlantic d i s t r i b u t i o n  of t h e  bay sca l lop .  



o f  al l  t h r e e  f o r  comparison. T h e  most 
d iagnost ic  f ea tu re  f o r  separat ion is 
t h e  d i f fe rence i n  re la t i ve  convex i t y  o f  
l e f t  and right valves among species. 

I T h e  queen scallop is d i s t i nc t l y  l e f t  
convex; t h a t  is, t h e  le f t  va lve  is more 
rounded than  t h e  r ight.  T h e  calico 
scallop valves a re  s l i gh t l y  l e f t  convex 
o r  equiconvex.  I n  contrast ,  t h e  bay  
scallop is d i s t i nc t l y  r ight convex; t h a t  
is, t h e  r ight va lve  is more rounded 
than  t h e  l e f t  (Broom 1976). A l i s t  o f  
o the r  qua l i ta t i ve  characters,  usefu l  
when al l  t h r e e  species a re  i n  hand, 
and a dichotomous key  f o r  species o f  
t h e  genus Argopecten a re  presented 
i n  Broom (1976). 

Bay scallop shells a re  symmetr ic 
o r  near ly  so, w i t h  a d i s t i nc t  notch on 
t h e  an ter io r  edge of  t h e  h inge.  
Valves possess 13 t o  22 radial  r i b s  
(less than  18 on A.  i. amplicostatus 
and more than  14 n A .  i .  i r rad ians  
and A .  i. c o n c e n t r i c u s ) ~ ( ~ ~ r o o m  1976). 
~ o r m a l  adu l t  size ranges f rom 55 t o  90 
mm (2.2 t o  3 . 5  inches) i n  diameter.  
Color o f  t h e  l e f t  ( top)  va lve var ies 
considerably, b u t  general ly  is d a r k  
g rey ,  black, o r  brown,  and sometimes 
w i th  red,  orange, o r  yel low hues; 
mot t l ing  o r  concentr ic  band ing  also 
occurs .  R igh t  valves v a r y  f rom ye l -  
low o r  wh i te  t o  near ly  as d a r k  as l e f t  
valves; addit ional mark ings  usual ly  
a re  absent, b u t  if present ,  t h e y  a r e  
simi lar t o  those on t h e  l e f t  va l ve  
(Waller 1969). 

REASON FOR INCLUSION I N  SERIES 

Bay scallops have been harvested 
since colonial times, and i n  recent  
years ( f o r  example, 1976), accounted 
f o r  u p  t o  946 met r ic  tons (mt) (1,041 
tons)  o f  scallop meats (Peters 1978). 
O f  t h e  t h r e e  commercially explo i ted 
scallops o f  t h e  At lan t ic  coast, t h e  bay  
scallop ranks  wel l  beh ind  t h e  sea 
scallop ( Placopecten magellanicus) and 
about equal t o  t h e  calico scallop i n  
magni tude o f  catch (Peters 1978). I n  

terms o f  exvessel p r i c e  (a t  t h e  
po r t s ) ,  bay scallops are  o f  h ighe r  
va lue t o  f ishermen than  are  sea scal- 
lops. 

I n  addi t ion t o  t h e i r  economic 
importance, bay scallops are  inc luded 
i n  t h e  series because o f  t h e i r  v u l n e r -  
abi l i ty ,  t h e  d i f f i c u l t y  i n  managing 
them, and t h e i r  importance i n  t h e  food 
web. T h e i r  d i s t r i bu t i on  is en t i re l y  
estuar ine o r  near-coastal ( less than  
4 .8  km o r  3 mi of fshore,  and w i th in  
State t e r r i t o r i a l  waters) ,  making them 
vu lnerab le  t o  recreat ional and indus-  
t r i a l  development along t h e  shore. 
Also, bay scallops a re  sho r t - l i ved  
(general ly  less than  26 months);  con- 
sequently, explo i table stocks v a r y  con- 
s iderably  f rom year  t o  year,  making 
management and y ie ld  p red ic t ion  diff i- 
c u l t  (Peters 1978). Final ly,  t h e  spe- 
cies is an important  l i n k  i n  t h e  estua- 
r i ne  community food web, f unne l i ng  
energy  f rom p lank ton ic  and benth ic  
organisms t o  aquat ic  and t e r r e s t r i a l  
p redators  (Be ld ing  1910). 

LIFE HISTORY 

Reproduct ive Physio logy/Strategy 

Bay scallops are  hermaphrodi t ic  
and general ly  p ro tandrous  ( re leasing 
male gametes be fore  female gametes) 
(Loosanoff and Davis 1963; Peters 
1978) . A s ingle ind iv idua l  may 
release both  t ypes  o f  gametes i n  a 
s ingle spawning pe r iod  (Peters 1978); 
b u t  because o f  p r o t a n d r y ,  se l f - f e r t i l i -  
zation i n  na tu re  is  p robab ly  r a r e  
(Be ld ing  1910; Gutsel l  1930). Bay 
scallops mature and spawn f o r  t h e  
f i r s t  t ime a t  approximate ly  1 year  of  
age. Al though size a t  age 1 var ies 
because of  d i f ferences i n  g rowth  rates 
among populations, m a t u r i t y  i s  a 
func t ion  o f  age, no t  size (Gutsel l  
1930; Marshall 1960; Broom 1976). 
Since t h e  average longev i ty  is on l y  12 
t o  16 months, and maximum longev i t y  
about 26 months (Be ld ing  1910), few 



i nd iv idua ls  spawn more than  once 
(Peters 1978) . 

Spawning 

I n  t h e  mid-At lan t ic  region, bay  
scallops spawn f rom m id -Apr i l  t h r o u g h  
ea r l y  September (Chanley and 
Andrews 1971 ) . Specif ic spawning 
times, however, v a r y  considerably 
across t h e  species range.  I n  Massa- 
chuset ts  (Be ld ing  1910), Connect icut  
(Cooper and Marshal l  1963), Rhode 
Is land (Risser  1901), and Long Is land 
Sound (H ickey  1978), most spawning 
occurs d u r i n g  June  and Ju ly ,  as 
water  temperatu res increase. I n  con- 
t ras t ,  populat ions i n  Nor th  Carolina 
(Gutsel l  1930; Sas t r y  1966) and Flo- 
r ida  (Sast ry  1963; Ba rbe r  and Blake 
1983) spawn between A u g u s t  and 
December, as water  temperatures 
decrease. T h i s  apparent  la t i tud ina l  
d i f fe rence i n  spawning t ime may rep-  
resent  d i f f e r e n t  physiological adapta- 
t ions  t o  environmental condi t ions 
among t h e  t h r e e  recognized subspecies 
o f  bay  scallops (Sas t r y  1970a). 

Gametogenesis and spawning t ime 
o f  bay  scallops a re  cor re la ted  w i th  
water  temperature and food supp ly  
( T u r n e r  and Hanks 1960; Sast ry  1963, 
1966, 1968, 1970a, 1970b; Sast ry  and 
Blake 1971; H ickey  1978). A water  
temperature o f  a t  least 15OC (5g°F) 
was necessary f o r  in i t ia t ion  o f  gameto- 
genesis i n  ove rw in te r i ng  bay  scallops, 
whi le  a t  least 20°C (68OF) and ade- 
qua te  food supp ly  were necessary f o r  
gametogenesis t o  reach t h e  "germinal 
vesicle d issolut ion"  stage (Sast ry  
1968). Temperatures above 20°C and 
adequate food were necessary f o r  
gametes f rom winter-col lected scallops 
t o  reach a fe r t i l i zab le  stage. For  
spr ing-col lected scallops, matu rat ion 
and  spawning occu r red  w i t h  o r  w i th -  
o u t  food f o r  scallops held a t  20°C, 
25OC (77OF), and  30°C (86OF), whi le 
those he ld  a t  10°C (50°F) and 15OC 
d i d  no t  mature and spawn (Sas t r y  
1966). Sas t ry  (1970a) s tated t h a t  
var ia t ion i n  rep roduc t i ve  physio logy i n  

geographical ly separated b a y  scallop 
populat ions (Woods Hole, Massachu- 
setts, compared t o  Beaufort ,  No r th  
Carol ina) is p robab ly  an adapt ive 
response t o  d i f ferences i n  water  tem- 
pe ra tu re  regime and t im ing  o f  
maximum available food supp ly .  

Eggs 

Unfer t i l i zed  bay  scallop eggs 
average 60 ini l l imicrons (mp)'  i n  diam- 
e te r  (Broom 1976), and  range f rom 55 
t o  65 mp (Loosanoff and Davis 
1963). Eggs are  o f ten  asymmetrical 
p r i o r  t o  release i n to  water  (Loosanoff 
and Davis 1963), b u t  rap id l y  become 
spherical  o r  near ly  so a f t e r  release 
(Be ld ing  1910). Yolk granules a re  
numerous and small. Fer t i l izat ion 
occurs i n  t h e  water column o r  on t h e  
bottom, and fe r t i l i zed  eggs a re  demer- 
sal (Be ld ing  1910; Broom 1976). Egg 
development accelerates as water  tem- 
pe ra tu re  increases (Broom 1976); 
however, a c r i t i ca l  thermal minimum 
between 15' and 20°C (59' and 
68OF) was repor ted  f o r  successfuI 
ea r l y  cleavages t o  occu r  (Sas t ry  
1966). Gastru lat ion occu r red  i n  9 h r  
a t  24OC (75OF) (Sas t r y  1965); subse- 
quen t  stages o f  embryogenesis a re  
presented i n  Beld ing (1910) and Gut -  
sell (1 930) . 

Larvae 

A t  24OC t o  25OC (75OF t o  77OF), 
t rochophore larvae f i r s t  appeared f rom 
swimming gastru lae (Be ld ing  1910) 
a f te r  24 h r ,  and al l  s u r v i v i n g  eggs 
had developed in to  t rochophore  larvae 
b y  48 h r  (Gutsel l  1930; Sas t ry  1965). 
Gradual t ransformat ion t o  ve l iger  l a r -  
vae ( f i r s t  appearance o f  a shell) 
began sho r t l y  a f te r .  reaching t h e  
t rochophore  stage and was completed 
b y  most larvae i n  48 hours  (Gutsel l  1930; 
Sas t ry  1965). Average size o f  ve l iger  
larvae reared a t  24OC was 101 mp 
(Sast ry  1965). T h e  ve l iger  larvae 
began feeding a c t i v i t y  b y  us ing  t h e i r  
c i l ia ted velum. B y  t h e  t h i r d  day  of  
t h e  vel iger  stage, average shell size 

1 Imp  = 1 nanometer o r  lO- 'm. 



was 122 mu, and the stra ight-h inged 
vel iger shell began t o  develop curved 
umbones characterist ic of the  pedivel i-  
ge r  stage. The vel iger stage lasted 
about 10 days; b y  th i s  time the foot 
was f u l l y  developed (pedivel iger 
stage), and metamorphosis t o  the  
juvenile stage occurred.  Average 
shell length of juveniles a t  settlement 
was 190 mu, gi l ls had developed, and 
the  velum was completely absorbed 
(Sastry 1965). 

Total time between egg fer t i l iza-  
t ion and settlement is about 14 days 
(Loosanoff and Davis 1963; Sastry 
1965), b u t  ranges from 10 t o  19 days 
(Castagna and Duggan 1971 ) , depend- 
ing  not only on water temperature b u t  
also food supply .  Unfed larvae wil l  
not metamorp hose ( Broom 1976). 
Detailed observations on larval devel- 
opment of bay scallops are given i n  
Belding (1910) and Gutsell (1930). 

Juveniles 

Characteristics of the  juveni le 
stage are settlement and appearance of 
the dissonconch shell, a th in ,  fragi le, 
postvel iger s t ruc ture ,  completely 
separated f rom the  th icker,  vel iger 
shell (Sastry 1965). Upon settlement 
t o  a suitable substrate, the  juveni le 
scallop attaches b y  a f ine thread 
called t he  byssus, which is secreted 
b y  a special gland in  the  foot (Beld- 
i ng  1910; Broom 1976). If t he  attach- 
ment surface is suspended o f f  the  
bottom (e.g. ,  a blade of seagrass), 
t he  juveni le wi l l  remain attached un t i l  
it reaches 20 t o  30 mm (0.8 t o  1.2 
inches) in  length, a t  which time it 
drops t o  the  bottom (Castagna 1975). 
Very  young scallops (< 10 mm o r  0.4 
inches) apparently cannot tolerate 
h igh ly  si l ted substrates (Castagna 
1975); thus, attaching t o  epibenthic 
surfaces unt i l  reaching 20 t o  30 mm 
and then dropping t o  the  bottom 
probably improves the i r  surv iva l  rate 
(Castagna 1975) . 

Juveni le bay scallops use a 
var ie ty  of substrates as settlement/at- 
tachment locations, inc luding stones, 
seaweeds ( I ngersol l  1886), oyster  
shells, rope, and filamentous algae 
(Marshall 1960). Beds of eelgrass 
(Zostera marina) and other  seagrasses 
are apparently pre fer red as settlement 
locations ( ~ h a ~ e r  and Stuart  1974), 
though scallops are able t o  settle and 
surv ive  in  areas lacking seagrasses 
(Marshall 1947, 1960). Kirby-Smith 
(1972) found tha t  young bay scallops 
grew faster  in  slow cur rents  compared 
t o  fas t  currents;  and since seagrass 
beds tend t o  slow normal water cu r -  
rents (Castagna 1975), avai labi l i ty of 
these plants may enhance growth 
rates. 

Upon settlement, juveniles climb 
and crawl using the  foot, byssal 
threads, and tentacles un t i l  t he  swim- 
ming powers of the adul t  develop. 
The foot is also used f o r  t u rn i ng  
over, should t he  young scallop acci- 
dent ly land on i ts  le f t  valve (charac- 
ter ist ical ly, all bay scallops rest and 
feed on the i r  r i gh t  valve) (Belding 
1910; Gutsell 1930). 

Juveni le bay scallops tend t o  
va ry  more in  coloration than adults, 
and range from nearly pure  white t o  
da rk  grey o r  brown, wi th  some pre-  
dominantly red individuals present. 
L ight ly  colored young scallops darken 
as they age, whi le darker  juveniles 
change l i t t le  in  color (Belding 1910). 

Adults 

The adul t  stage is characterized 
b y  t he  radial r idges and fur rows often 
observed on scallop shells. Once the  
ridges appear, they do not increase i n  
number as the  scallop grows (Belding 
1910). Another d ist inguishing char- 
acterist ic of adults is a concentric 
r idge on the  shell (vs .  radial r idges).  
It is caused b y  slow growth du r i ng  
the  f i r s t  winter  of life, and is analo- 
gous to  an annulus on a f ish  scale. 
This shell character is often used b y  



law enforcement personnel t o  deter- 
mine whether illegal (subadult) scal- 
lops have been commercially harvested 
(Peters 1978) . 

Even though adul t  scallops retain 
the  ab i l i ty  t o  attach b y  byssal threads 
(Castagna 1975; Peters 1978), they 
are seldom found attached in  nature 
(Castagna 1975). Adul t  scallops p re -  
f e r  quiet  waters, protected from h igh 
winds, storms, and tides (Belding 
1910). Preferred depths range from 
0.3 t o  10 m (1 to  33 i t ) ,  though 
occurrence t o  18 m (59 f t )  has been 
reported (Belding 1910; Broom 1976). 
Scallops are often most abundant on 
t idal f lats wi th  only 0.3 t o  0.6 m (1 t o  
2 f t )  of water at low t ide.  

Adu l t  bay scallops are effect ive 
swimmers a t  all sizes (Castagna 1975). 
The mechanism fo r  swimming is pulsed 
expulsion of water from the  mantle 
cav i ty  (called "clapping" in  much of 
t he  l i te ra ture) .  Alternation o f  
expelled water out  the  anterior and 
posterior gapes of the  shell results in  
a swimming motion that  appears zig- 
zag. Alternate expulsion is apparently 
voluntary,  as bay scallops can also 
move sideways b y  using only one end 
of the shell f o r  water release (Belding 
1910; Gutsell 1930). Voluntary move- 
ment of bay scallops is used t o  escape 
unfavorable envi ronmental conditions 
o r  predators (Belding 1910; Gutsell 
1930; Moore and Marshall 1967). 
Using tagged scallops from the  Niantic 
River Estuary, Connecticut, Moore 
and Marshall (1967) found tha t  summer 
movements o f  bay scallops were 0.8 m 
(2.6 f t )  o r  less from release poirits 
over the  maximum observation period 
o f  6 days. Successive movements b y  
individuals were not directional, b u t  
pooled mcvements of released groups 
were s l ight ly  b u t  signif icantly direc- 
tional. Directionality, however, may 
have resulted from t idal influence on 
otherwise random indiv idual  movements 
(Moore and Marshall 1967). Belding 
(1910) also noted that  much of the 
scallop movement observed was 

directional only under the  influence of 
t idal  cur rents .  Though the possibi l i ty 
of long-range migrations b y  bay scal- 
lops was noted in  Belding (1910), no 
such evidence f o r  extensive migrations 
has been presented (Bai rd  1966; 
Moore and Marshall 1967). 

The average l i fe span of bay 
scallops ranges f rom 12 t o  24 months 
in  waters south of Maryland (Gutsell 
1930; Sastry 1961 ; Castagna 1975), 
and from 20 t o  26 months in  waters 
nor th  of Maryland (Belding 1910; Mar- 
shall 1960; Russel 1971; Robert 1978). 
Maximum reported l i fe  span was 26 
months (Belding 1910) to  30 months 
(Robert 1978) f o r  populations nor th  of 
Connecticut. 

GROWTH CHARACTERISTICS 

Growth rates of bay scallops seem 
t o  depend on water temperature, cu r -  
ren t  velocity, food availabil ity, and 
possibly scallop densi ty.  Growth 
rates i n  shell diameter reported in  
early l i te ra ture  var ied from 3.8 t o  8 
mm (0.1 t o  0.3 inches) per  month, 
w i th  most of th is  growth occurr ing 
du r i ng  the 4 o r  5 warmest months of 
the  year (Risser 1901; Belding 1910; 
Gutsell 1928). Belding (1910) found 
that  growth of Massachusetts bay 
scallops ranged from 3.8 t o  4.5 mm 
(0.1 t o  0.2 inches) per  month over 3 
years of s tudy .  Growth rate was 
highest in  May, August, September, 
and October, and only about half as 
fast  i n  June and July,  when these 
populations spawned. Gutsell (1928) 
reported that  North Carolina scallops 
may begin t o  grow as ear ly as Febru- 
ary,  even though water temperatures 
may be as low as 3OC (37OF). Growth 
ceased af ter  October, even though 
water temperatures were st i l l  above 
20°C (68OF). I n  Nor th  Carolina, 
spawning occurs i n  September and 
October, and th is  cessation o f  growth 
occurred immediately thereaf ter .  



Water c u r r e n t s  were  demonstrated 
t o  a f f ec t  g r o w t h  o f  scal lops. K i r b y -  
Smith (19.72) repo r ted  t h a t  scallops 
he ld  a t  27OC (81°F) o v e r  21 days  
showed no  g r o w t h  a t  a  c u r r e n t  veloc- 
ity of 12.4 cm/s ( 0 . 4  f t / s ) ;  those  ex-  
posed t o  3 t o  4 cm/s (0 .10  t o  0.13 f t / s  j 
g rew  an average of 0 .5  mrn (0.02 i nch ) ;  
exposu re  t o  0.75 and  0.21 cm/s (0 .02  
and 0.007 f t / s )  p roduced  t h e  h ighes t  
g r o w t h  r a t e  o f  4  mm (0.16 inches)  
(5 .7  mm o r  0 .22  inches/month).  Scallop 
g r o w t h  i n  s tand ing  water  was n o t  
inves t iga ted .  K i rby -Smi th  (1972) 
demonstrated t h a t  phy top lank ton  
removal b y  scallops was most e f f i c i en t  
a t  t h e  slower c u r r e n t  speeds, and  t h i s  
may account  f o r  t h e  observed  g r o w t h  
pa t t e rns .  

K i rby -Smi th  and  B a r b e r  (1974) 
f o u n d  t h a t  t h e  opt imum combinat ion o f  
temperatu r e  and  food pa r t i c l e  d e n s i t y  
f o r  g r o w t h  was 1.2 pg / l  o f  ch lo rophy l l  
a_ a t  22OC (72OF). G r o w t h  was lower  
a t  h i g h e r  temperatures ( e . g . ,  28OC o r  
82OF), even w i t h  h i g h e r  food  pa r t i c l e  
d e n s i t y  (2 .4  pg / l  ch lo rophy l l  a ) .  T h e  
re la t ionsh ip  between g r o w t h  and food  
pa r t i c l e  dens i t y  was: 

whe re  V = g r o w t h  rate,  Vm = maximum 
g r o w t h  ra te  (sa tu ra t ion) ,  S = opt imal 
food p a r t i c l e .  concentrat ion,  C = va lue  
o f  S a t  Vm/2, and  a = va lue  o f  S 
when V = 0. Us ing  t h i s  equat ion, 
t h e r e  is  a  d i f f e r e n t  va lue  o f  S f o r  
each tempera tu re  ( K i rby -Smi th  a n d  
B a r b e r  1974). 

Duggan (1973) f o u n d  t h a t  b a y  
scallops f r om V i r g i n i a  waters he ld i n  
cages a t  t h e  surface, 1  m (3 .3  f t )  
below t h e  surface, 2  m (6 .6  f t )  above 
t h e  bottom, and  1 m above t h e  b o t -  
tom, showed no  s ign i f i can t  d i f f e rence  
i n  g r o w t h  r a t e  o v e r  5  months .  
Observed  g r o w t h  ranged f rom 41.5 t o  
45 mm (1 .6  t o  1 . 8  inches) o v e r  t h e  5 
months .  E f fec ts  o f  scallop d e n s i t y  on  
g r o w t h  were  also inves t iga ted .  U p  t o  
a size o f  27 t o  28 mm (1.06 t o  1 .10  

inches) ,  g r o w t h  was n o t  s i gn i f i can t l y  
d i f f e r e n t  a t  scallop densi t ies o f  1075, 
806, 537, and  269/m2 (100, 75, 50, 
and  25 / f t 2 ,  respec t i ve ly )  ; above t h i s  
size, g r o w t h  decreased w i t h  inc reas ing  
dens i t y .  A t  te rmina t ion  o f  t h e  expe r i -  
ment ( 4  months) ,  average size ranged 
f rom 40 mm (1 .6  inches)  a t  t h e  h i g h -  
es t  d e n s i t y  t o  49 mm (1 .9  inches)  a t  
t h e  lowest d e n s i t y  (Duggan  1973). 

G row th  rates o v e r  3 mcnths, 
mean size a t  age, a n d  mean we igh t  a t  
age we re  cons is ten t l y  lower  f o r  N o r t h  
Caro l ina b a y  scallops exper imenta l l y  
in fec ted  w i t h  female pea c rabs  (P in -  - 
notheres maculatus, an in te rna l ,  com- 
mensal paras i te  o f  b a y  scallops), com- 
pa  r e d  t o  un in fec ted  scallops 
( K r u c z y n s k i  1972). Ev idence i nd i -  
cated t h a t  paras i t ism b y  t h e  pea crab,  
t h o u g h  no t  d i r e c t l y  fa ta l  t o  t h e  scal- 
lop, a f fec ted  t h e  a b i l i t y  o f  b a y  scal- 
lops t o  g r o w  (Sas t r y  1961; K r u c z y n s k i  
1972) . 

Cooper and  Marshal l  (1963) 
inves t iga ted  t h e  cond i t ion  of b a y  scal-  
lops i n  re la t ion t o  t h e  env i ronment  i n  
f o u r  separate populat ions o f  t h e  Nian-  
t i c  R iver ,  Connec t i cu t .  Envi ronments 
o f  t h e  f o u r  populat ions we re  genera l l y  
s imi lar except  f o r  t i da l  c u r r e n t ;  t w o  
populat ions were  i n  re l a t i ve l y  c u r r e n t -  
f r e e  areas, and  t w o  were  i n  areas 
w i t h  s t r o n g  t i da l  c u r r e n t s .  T h e  f o r -  
mula f o r  ca lcu la t ing  b a y  scallop cond i -  
t i o n  was: 

where  K = condi t ion,  V = muscle vo l -  
ume, L = shel l  he igh t ,  and  N = t h e  
slope of t h e  regress ion o f  l o g ( V )  t o  
l o g ( L )  . Cond i t ion  increased w i t h  age, 
except  d u r i n g  a n d  a f t e r  spawn ing  i n  
J u n e  a n d  Ju l y ,  when cond i t ion  
decreased i n  a l l  f o u r  populat ions.  
Cond i t ion  was h ighes t  i n  populat ions 
located i n  s l ow-cu r ren t  env i ronments,  
even t h o u g h  t h e  h ighes t  densi t ies o f  
scallops o c c u r r e d  a t  one o f  t h e  t w o  
s t r o n g - c u r r e n t  env i ronments .  T h e  
re la t ions h i p  between cond i t ion  and  age 



f o r  al l  f o u r  populat ions combined, 
appl icable t o  scallops of  age 7 t o  20 
months, was (Cooper and Marshal l  
1963) : 

where t = t ime i n  months. 

ECOLOGICAL ROLE 

Food Habi ts  

Invest igat ions b y  Davis and Mar-  
shal l  (1961) ind icated t h a t  t h e  p r i m a r y  
food of  bay  scallops was benth ic  
diatoms. Character is t ica l ly ,  p lank ton ic  
forms o f  algae were present  i n  v e r y  
low densit ies i n  stomachs compared t o  
benth ic  forms. Also, benth ic -or ien ted  
bacter ia  and miscellaneous o r  uniden-  
t i f iab le  d e t r i t u s  were found  i n  bay  
scallop stomachs, f u r t h e r  ind ica t ing  
t h e  importance of  benth ica l ly  de r i ved  
food sources (Davis and  Marshal l  
1961 ) .  

In  t h e  laboratory,  la rva l  bay  
scallops were successful ly reared on 
suspensions o f  e i ther  g reen algae 
(Chlore l la  spp. ) ,  o r  a combination o f  
naked flagellates ( Isochrys is  galbana 
and Monochrysis l u t h e r i )  (Loosanoff 
and Davis 1963; Sast ry  1965). 
Growth  was be t te r  on  t h e  f lagel late 
d ie t  (Loosanoff and Davis 1963). 
Both  la rva l  and adu l t  b a y  scallops 
were reared and  maintained success- 
f u l l y  on e i ther  f lagellates (M. l u t h e r i  
and Dunaliel la ter t io lecta)  o r  diatoms 
(Phaeodactylum t r icornutum)  (Cas- 
tagna and Duggan 1971). 

Feeding Behavior  

Bay scallops a re  f i l te r - feeders ,  
pumping water  t h r o u g h  t h e  mantle 
cav i t y  and s t ra in ing  food par t ic les on 
t h e  gill ci l ia (Broom 1976). Observa-  
t ions by K i rby -Smi th  (1970) ind icated 
t h a t  pumping was cont inuous; how- 
ever,  t h e  inves t iga tor  suggested t h a t  

ra te  and  dura t ion  o f  feeding may be 
modif ied according t o  food par t i c le  
densi t ies.  F i l t ra t ion  ra te  appeared t o  
be  re lated t o  body  size; assuming t h a t  
t h e  r lat ionship can be descr ibed b y  F 7, = KW , where F = f i l t r a t i on  rate, W = 
body  we igh t  and K and b are  con- 
stants, K i rby-Smi th  (1970) obta ined a 
value of  -0.58 f o r  b .  F i l t ra t ion  rates 
f o r  scallop size classes of  38 t o  44 mm 
(1.49 t o  1.73 inches), 47 t o  48 mm 
(1.85 t o  1.89 inches),  54 t o  56 mm 
(2.13 t o  2.20 inches) ,  and  64 t o  65 
mm (2.52 t o  2.56 inches) were 
repo r ted  a t  0.99, 0.93, 0.79, and 0.71 
I / h r / g  wet weight,  respect ive ly  
(Chipman and  Hopkins 1954). 

Normal feeding posit ion of  adul ts  
is res t i ng  on  t h e  bottom on t h e  r i g h t  
valve, w i t h  a shell gape o f  approx i -  
mately 20° (Be ld ing  1910). Water 
movement t h r o u g h  t h e  body  is f rom 
anter io r  t o  pos ter io r .  When t h e  scal- 
lop occasionally lands on i t s  le f t  
valve, it q u i c k l y  f l i ps  o v e r  us ing  i t s  
foot  and water  expuls ion (Be ld ing  
1910). I n  coarse sand substrates, 
shallow b u r r o w i n g  may be used d u r i n g  
feeding, w i th  t h e  r i g h t  va lve  b u r i e d  
i n  t h e  sand and t h e  l e f t  va lve  exposed 
t o  t h e  water  (Be ld ing  1910). 

Predators 

I n  shallow water  areas, where 
bay  scallops are  of ten abundant ,  t h e  
most impor tan t  p redators  a re  probab ly  
t h e  green c rab  (Carc in ides maenes) 
(Marshal l  1960) and t h e  b lue  c r a b  
(Cal l inectes sapidus) (Castagna 1975). 
I n  water  deeper than 2 m (6.6 f t ) ,  
p r inc ipa l  p redators  are  t h e  astero id 
s ta r f i sh  Aster ias spp.  and Marthaste- 
r ias spp.  ( ~ u t s e l l  1930; Marshal l  - 
1960). S tar f i sh  at tack t h e  scallop by 
a t tach ing  t u b e  feet  t o  bo th  valve; and 
pu l l i ng  i n  opposite d i rect ions u n t i l  t h e  
adductor  muscles of  t h e  scallop fa t igue 
(Be ld ing  1910). Another  p redator  is 
t h e  oys te r  drill (Urosalp inx cinerea) 
(Marshal l  1960). Gutsel l  (1930), how- 
ever,  noted t h a t  t h e  tota l  mor ta l i t y  
f rom oys te r  d r i l l  predat ion was 



insignif icantly low, because of  the  
long time period the  d r i l l  needs t o  
bore and consume i ts  p rey  (a t  least 8 
days total, Belding 1910), and the 
abi l i ty  of bay scallops t o  respond 
qu ick ly  t o  tact i le stimuli and escape 
predators (Belding 1910; Gutsell 
1930). Lastly, t he  her r ing  gu l l  
(Larus argentatus) (Gutsell 1930) and 
probably o ther  gul ls and terns (Family 
Laridae) are important predators of 
bay scallops. Because of the shallow 
water habitats frequented by  bay 
scallops, predation b y  sight-feeding 
b i rds  is effect ive. A commonly 
observed feeding behavior of gul ls is 
t o  grab the  scallop wi th  the i r  bi l l ,  f l y  
up  over the beaches o r  roads, and drop 
t he  scallop t o  break t he  shell (Gutsell 
1930). 

Competitors 

No evidence is available on in ter -  
specific competition involv ing bay 
scallops. There is some evidence of 
intraspecif  ic competition. Density 
studies b y  Duggan (1973) indicated 
t ha t  ve ry  h igh scallop densities (on 
t he  order  of 1075/m2 o r  100/ft2) 
decreased growth and increased mor- 
ta l i t y  compared t o  lower densities 
(269/m2 o r  25 / f t2 ) .  Even the  lowest 
densities tested b y  Duggan (1973), 
however, were considerably h igher 
than densities in  natural populations 
studied b y  Cooper and Marshall (1963) 
and Thayer and Stuart  (1974). 

Parasites 

The pea crab is an internal com- 
mensal parasite of bay scallops (Cheng 
1967), and the  gastropod Odostomia 
seminuda has been reported as an 
ectoparasite (Cheng 1967). Kruczyn-  
ski  -(1972) reported tha t  bay scallops 
infected wi th  pea crabs grew slower 
and were consistently lower in  mean 
d r y  weight than uninfected scallops. 
Incidence of infection wi th  pea crabs 
ranged from 4% in  fal l  t o  10% in  sum- 
mer in Bogue Sound, Nor th  Carolina. 
The percentage of infected bay 

scallops in  Al l igator Harbor, Florida, 
ranged from 13% to  36% seasonally 
(Sastry and Menzel 1962). 

THE FISHERY 

Commercial Fisheries 

Al l  bay scallop landings come 
from areas wi th in 4.8 km (3 mi) of the  
coast, and most from inside the  con- 
tiguous coastline ( inland waters). 
Published information about the  d is t r i -  
bution of landings along mid-Atlantic 
States is not available, b u t  Gusey 
(1976, 1981) indicated that  the  most 
important commercial f ish ing grounds 
f o r  bay scallops are the  south shore 
of Cape Cod, Long Island Sound, 
Sandy Hook Bay (New Jersey), Great 
Egg Harbor (New Jersey), Delaware 
Bay, nearshore Delmarva Peninsula, 
and all of Chesapeake Bay proper  (see 
also Figure 2) .  

Modern bay scallop fisheries use 
small dredges, approximately 1 rn (3 
f t )  wide, towed b y  small powerboats. 
I n  shallow water areas, d ip  nets, 
rakes, and hand-gathering are also 
used (Peters 1978). Most harvesting 
occurs i n  water less than 6 m (20 ft) 
deep (Gutsell 1928, 1930; Marshall 
1960). I n  most mid-Atlantic States, 
the scallop f ish ing seasons are from 
autumn through spring, usually Octo- 
ber  t o  Apr i l  (Marshall 1960; Broom 
1976). 

Although t he  cur ren t  5-year 
average of U. S.  bay scallop landings 
(1977-81 was 585 mt (643.5 tons), 
landings have fallen steadily from 946 
mt (1041 tons) in 1976 t o  437 rnt (481 
tons) and 302 mt (332 tons) in  1980 
and 1981, respectively. The dollar 
values of the  1980 and 1981 landings 
were $3,894,000 and $2,427,000, 
respectively (National Marine Fisheries 
Service 1978-1982). 



Since b a y  s c a l l o ~ s  a r e  
sho r t - l i ved ,  land ings  respond q u i c k l y  
t o  f l uc tua t i ons  i n  year -c lass  s t r e n g t h .  
T h a y e r  a n d  S t u a r t  (1974) p r o v i d e d  
ev idence  t h a t  t h e  d r e d g i n g  method  
used  f o r  h a r v e s t i n g  scallops may 
account  f o r  t h e  dec l ine  o f  land ings  i n  
d r e d g e d  areas. I n  areas w h e r e  beds  
o f  ee lgrass o r  o t h e r  seagrasses a r e  
fundamenta l  t o  t h e  presence a n d  s u r -  
v i v a l  o f  b a y  scal lop popu la t ions  
( i n c l u d i n g  n e a r l y  a l l  exp lo i ted  scal lop 
beds) ,  d r e d g i n g  a l te rs  t h e  ee lgrsss 
a n d  t h e r e f o r e  may cause poo r  ha rves t s  
f o r  severa l  yea rs  a f t e r  an  i n i t i a l  scal-  
l op  d r e d g i n g .  Eelgrass requ i res  sev -  
e ra l  yea rs  t o  recover  t o  a d e n s i t y  
su i tab le  f o r  use  by y o u n g  b a y  scal-  
lops.  T h a y e r  a n d  S t u a r t  (1974) 
r e p o r t e d  t h a t  hand-rak ing, .  ano the r  
method o f  b a y  scal lop harves t ,  did no t  
s i gn i f i can t l y  a l t e r  ee lgrass beds, a n d  
a l t hough  less e f f i c i en t  i n  ca tch  p e r  
u n i t  e f f o r t ,  appeared  t o  b e  a b e t t e r  
method f o r  sus ta i n i ng  a l ong - te rm  
y i e l d  o f  b a y  scallops f r o m  a g i v e n  eel- 
g rass  bed .  

Recreat ional  F isher ies 

T h e  recreat ional  b a y  scal lop ca tch  
f r o m  Massachuset ts  wate rs  increased 
s tead i l y  ( excep t  f o r  1977) f r o m  5,660 
bushe ls  i n  1975 t o  21,647 bushe ls  i n  
1980, t h e n  d r o p p e d  o f f  t o  o n l y  8,762 
bushe ls  i n  1981. T h e  recreat ional  
ca tch  rep resen ts  f r o m  4.5% t o  14.8% OF 
t h e  t o ta l  Massachusetts b a y  scal lop 
land ings  i n  a n y  one  y e a r  ( t h e  remain- 
d e r  t a k e n  commercial ly) .  l nsho re  
wate rs  a r o u n d  t h e  Massachusetts 
t owns  o f  B rews te r ,  Chatham, Fal-  
mouth,  Nantucke t ,  Dennis,  a n d  
B o u r n e  accounted f o r  t h e  ma jo r i t y  o f  
recreat ional  land ings  each y e a r  (Com- 
monwealth o f  Massachusetts She l l f i sh -  
er ies S ta t i s t i cs  19822).  

Populat ion Dynamics 

A g e  a n d  size composit ion. O n l y  
t w o  age classes a r e  usua l l y  r e p r e -  
sen ted  i n  b a y  scal lop popu la t ions  

No pub l i shed  document;  t abu la ted  
ca tch  data rece ived  f r o m  F r a n k  Ge r -  
mano, Ass is tan t  Mar ine  F isher ies B i o l -  
o g i s t  f o r  t h e  Coni~nonwealth of 
Massachusetts.  

because o f  t h e i r  s h o r t  l i f e  span.  
Annua l  catches t h e r e f o r e  vary almost 
d i r e c t l y  w i t h  f l uc tua t i on  i n  yea r - c l ass  
s t r e n g t h .  Age  a t  f i r s t  c a p t u r e  i s  
approx imate ly  1 year ,  a n d  f e w  
2 -yea r -o l d  scal lops appear  in scal lop 
land ings  o r  na tu ra l  populat ions (Broom 
1976). I n  N o r t h  Cat-olina populat ions,  
t w o  size modes o c c u r r e d :  a t  0 t o  15 
mm (0  t o  0 . 6  inches)  a n d  35 t o  49 mm 
(1 .4  t o  1 .9  inches)  i n  March, a t  0 t o  
5 mm ( 0  t o  0.2 inches)  a n d  55 t o  70 
mm (2 .2  t o  2 .8  inches)  i n  Augus t ,  
a n d  a t  0 t o  10 mm ( 0  t o  0 . 4  inches)  
and  65 t o  75 mm (2 .6  t o  2 . 9  inches)  
i n  November  (Gutse l l  1930). La rge  
numbers  o f  scallops i n  t h e  0 -  t o  5-mm 
class appeared i n  Augus t ,  a n d  
increased s tead i l y  t h r o u g h  November,  
r e f l e c t i n g  t h e  Augus t -Oc tobe r  spawn-  
i n g  season i n  N o r t h  Caro l ina (Gutse l l  
1930; Broom 1976) . 

Dens i t y .  Cooper  a n d  Marshal l  
(1963) f o u n d  t h a t  dens i t ies  o f  bay 
scal lops a t  f o u r  locat ions i n  t h e  N i sn -  
t i c  R iver ,  Connect icut ,  r a n g e d  f r o m  3 
t o  5/m2 (0.3 t o  0 . 5 / f t 2 )  i n  a slackwa- 
t e r  env i ronment ,  11 t o  25/m2 (1 .0  t o  
2 . 3 / f t 2 )  i n  in termediate c u r r e n t s ,  t o  
65 t o  75/m2 (6.0 t o  7 .0 / f t "  i n  h i g h  
c u r r e n t s .  Fo r  N o r t h  Caro l ina b a y  
scal lop populat ions,  T h a y e r  ar id S t u a r t  
(1974) r e p o r t e d  dens i t ies  o f  24.8,/m2 
( 2 . 3 / f t 2 )  a n d  19.5/m2 ( 7  . 8 / f t 2 )  i n  two  
separate areas.  Densi t ies  i n  n a t u r a l  
popu la t ions  obse rved  by Cooper  arid 
Marsha l l  (1963) a n d  T h a y b r  a n d  S t u a r t  
(1974) we re  much lower  t h a n  those  
t es ted  by Duggan  (1973) f o r  e f f ec t s  o f  
d e n s i t y  on  scal lop g r o w t h .  There fo re ,  
dens i t ies  i n  most na tu ra l  populat ions 
a r e  p r o b a b l y  no t  h i g h  enough t o  cause 
a decrease i n  g r o w t h  ra te .  

I n  t h e  popu la t ions  s tud ied  by 
T h a y e r  a n d  S t u a r t  (1974), average  
scal lop d e n s i t y  was reduced f rom 
24.8/m2 ( 2 . 3 / f t 2 )  t o  16.7/m2 (1 . 6 / f t 2 )  
i n  one  popu la t ion  by 6 man-hours  o f  
hand  r a k i n g .  I n  a second populat ion,  
average  d e n s i t y  d r o p p e d  f r o m  19.5/m2 
( 1  . 8 / f t 2 )  t o  3 .0 /m2 ( 0 . 3 / f t 2 )  a f t e r  6 
man-hours  o f  r a k i n g  a n d  2 man-hours  
o f  d r e d g i n g .  These  data ind ica ted  
t h a t  scal lop h a r v e s t  by d r e d g i n g ,  



even under  l i gh t  f i sh ing prFssure, 
qu ick ly  depleted exploitable scallops in  
an area (Thayer  and Stuar t  1974). 

Morta l i ty .  Average monthly mor- 
ta l i t y  of 10-mm (0.4- inch) bay scallops 
maintained in  t rays  ( bu t  otherwise 
under  natural  conditions) f rom Novem- 
ber  1969 t o  November 1970 was 7% o r  
lower, except du r i ng  the  August- to-  
September interval ,  when morta l i ty  
was 13% (Castagna and Duggan 1971). 
I n  depth experiments wi th  bay scal- 
lops, Duggan (197'3) found that  total 
morta l i ty  over  4 months was 48 a t  2 m 
(6.6 f t )  o f f  the  bottom, 8% at 1 m 
(3.3 f t )  below the  surface, 16.58 a t  
the  surface, and 29.0% at 1 m above 
the  bottom. The  h igher  morta l i ty  at 1 
m from the  bottom was probably 
caused b y  heavy siltation of holding 
cages at tha t  depth; many times scal- 
lops were completely bur ied in  s i l t .  
I n  densi ty  tests, total morta l i ty  was 
similar f o r  scallops up  t o  27 t o  28 mm 
(1.06 t o  1.10 inches), regardless of 
densi ty ;  above tha t  size, morta l i ty  
increased w i th  increasing densi ty .  
Total morta l i ty  over 4 months ranged 
f rom 3.2% at  the  lowest tes t  densi ty  of 
269/m2 (25/ f t2 )  to  35.0% at the  h igh-  
est tes t  densi ty  of 1075/m2 (100/ft2) 
(Duggan 1973). 

Aquacultural potential .  Studies 
b y  K i rby-Smi th  (1972), Kirby-Smith 
and Barber  (1974), Castagna (1975), 
and Epifanio (1976) provided informa- 
t ion on aquacultural potential and 
requirements f o r  bay scallops. These 
studies ident i f ied the  control of water 
temperature (par t icu lar ly  i n  relation t o  
gonad development and spawning), 
sal ini ty, food supply, water currents,  
scallop density, and predators as most 
important f o r  successful rear ing of 
bay scallops. Castagna (1975) p ro -  
v ided the  most comprehensive review 
in  terms of aquacultural potential .  

l n t roduct ion potential .  Robert 
(1978) discussed t he  potential f o r  
int roduct ion of bay scallops in to  Mari- 
time waters no r th  of the  Gul f  of St. 

Lawrence. Several l imi t ing factors t o  
successful in t roduct ion were noted: 
(1) ve r y  cold (<2OC o r  <36OF), ice- 
covered waters f o r  a minimum of 4 
months; (2)  high number and inten- 
s i t y  of sp r ing  freshets, f requent ly  
reducing sal ini ty below the  minimum 
requirement of 14 ppt ;  (3) limited 
food supply a t  t he  appropr iate time 
f o r  set t l ing juveniles; and (4) eel- 
grass beds occur r ing on s i l t  sub- 
strates, and perhaps less suitable 
than those on sand and mud sub- 
strates f u r t h e r  south. Other factors 
of importance t o  bay scallop surv iva l  
and growth,  such as appropr iate 
depths, water cur rents ,  and protec-  
t ion  from storms, were considered t o  
be a t  least marginal ly acceptable in  
Maritime waters. Robert (1978) 
recommended tha t  if scallops were 
introduced, seed stock should be 
gathered f rom waters nearest i n  envi-  
ronmental conditions t o  Maritime 
waters. 

ENVI RONMENTAL REQUl REMENTS 

Temperatu r e  

Castagna (1975) reported tha t  
surv iva l  and development of eggs were 
best a t  water temperatures above 20°C 
(68OF). Optimum temperatures f o r  
development appeared t o  be 26O t o  
28OC (79' t o  82OF). Belding (1910) 
stated tha t  Massachusetts bay scallops 
need a temperature over 7.2OC (45OF) 
f o r  growth, and growth rate was 
closely t ied to  temperature and food 
supply.  Marshall (1960) found tha t  
adul t  bay scallops tolerated exposure 
t o  a i r  temperatures as low as -6.6OC 
(20°F) f o r  2 h r .  Below th is  tempera- 
ture ,  tolerance time decreased. 

Probably t he  most s igni f icant  
information on the  effects of tempera- 
t u r e  on bay scallops is that  contained 
in  a series of studies b y  Sastry 
(1963, 1966, 1968, 1970a, 197C)b), and 
b y  Sastry and Blake (1971) on 



re lat ionships between temperature, 
food, gonad development, and  spawn- 
i ng .  Overw in te r i ng  scallops i n  a 
" res t i ng  rep roduc t i ve  state" could no t  
s u r v i v e  d i r e c t  exposure  t o  25OC 
(77OF) o r  30°C (86OF). T h e y  s u r -  
v i v e d  a t  25OC if an acclimation per iod  
of 30 days. a t  15OC (5g°F) o r  20°C 
(68OF) a n d  adequate food were  p r o -  
v ided.  Gametogenesis was st imulated 
i n  all ove rw in te r i ng  scallops held a t  
15OC and  20°C, w i t h  o r  w i thou t  food; 
b u t  t h e  most advanced stage o f  game- 
togenesis (d issolut ion o f  germinal ves- 
ic le) was achieved on l y  b y  scallops 
he ld  a t  20°C w i t h  adequate food. 
A f t e r  d issolut ion o f  t h e  germinal vesi-  
cle, temperatures g rea te r  t han  20°C 
were  necessary f o r  gametes t o  at ta in a 
fe r t i l i zab le  stage (Sast ry  1966, 1968). 
Scallops collected i n  s p r i n g  and ea r l y  
summer, i n  a " reproduct ive  develop- 
ment" stage, matured and spawned 
rap id l y  when he ld  i n  t h e  labora tory  a t  
20°C, 25OC, o r  30°C, even w i thout  
food. Spr ing-col lected scallops he ld  
a t  10°C (50°F) and  15OC (5g°F) did 
not  mature  and spawn. Also, to le r -  
ance of  changes i n  water  temperature 
was lowest f o r  r i p e  scallops, and much 
h ighe r  f o r  " reproduct ive  development" 
stage ind iv idua ls  (Sast ry  1966). Sas- 
t r y  (1970b) and Sast ry  and Blake 
(1971) concluded t h a t  b o t h  food and 
tempera ture  were important  factors 
de termin ing  in i t ia t ion  and overal l  r a te  
o f  gonadal development, readiness t o  
spawn, and spawning time, and  the re -  
f o r e  may account f o r  geographic d i f -  
ferences i n  spawning act iv i t ies 
observed ove r  t h e  species range (Sas- 
t r y  1970a). 

Sa l in i ty  

Because o f  t h e  estuar ine habitat,  
bay  scallops are f requen t l y  exposed t o  
changes i n  sal in i ty ,  especial ly when 
sa l in i ty  is reduced f rom f reshwater  
runo f f s  (Duggan 1975). Castagna 
(1975) repo r ted  t h a t  t h e  minimum 
sa l in i ty  requ i red  f o r  eggs t o  develop 
t o  t h e  s t ra igh t -  h inged ve l iger  la rva  l 
stage was 22.5 p p t .  I n  general, t h e  

minimum s d i n i t y  requi rement  de te r -  
min ing  overa l l  d i s t r i bu t i on  pa t te rns  of 
se t t l ing  juveni les and adul ts  is about 
14 p p t  (Be ld ing  1910; Gutsel l  1930; 
Sas t r y  1961; Castagna and Chanley 
1973). Bay  scallops have occasionally 
been found a t  sal ini t ies as low as 10 
p p t  (Gutsel l  1930), b u t  whether  t h i s  
was t h e  p reva i l i ng  sa l in i ty  a t  t h e  col- 
lection s i te  was not  ind icated.  V e r n -  
b e r g  e t  al .  (1963) repor ted  t h a t  expo- 
su re  t o  12-15 p p t  caused g i l l  c i l ia t o  
cease beat ing.  

T r a n s f e r  of  scallops f rom 28 p p t  
t o  21 pp t ,  14 pp t ,  and 7 ppt sa l in i ty  
was conducted b y  Sast ry  (1961). No 
observable change i n  behav ior  was 
noted f o r  scallops moved t o  21 p p t  
and 14 ppt; however, t r a n s f e r  t o  7 
p p t  induced scallops t o  close t h e i r  
valves t i g h t l y  f o r  an extended per iod .  
A f t e r  an apparent  per iod  o f  acclima- 
t ion,  t h e  valves slowly opened, b u t  
tentacles were no t  extended and  water  
was n o t  ac t ive ly  c i rcu lated t h r o u g h  
t h e  scallop body .  Sas t ry  (1961) did 
not  r e p o r t  whether  any  t r a n s f e r r e d  
scallops attempted movement. Tes t  
specimens were able t o  to lerate 2 h r  
of  exposure t o  7 pp t ,  and a f te r  
t r a n s f e r  back t o  28 ppt, resumed no r -  
mal water  f i l t r a t i on .  Sas t r y  (1961) 
also repo r ted  t h a t  d i r e c t  t rans fe rs  
f rom 28 p p t  t o  d is t i l led  water  f o r  u p  
t o  2 h r  d i d  no t  a f fec t  scallop s u r -  
v iva l .  

Duggan (1975) invest igated t h e  
effects of  g radua l  reduct ions i n  salin- 
ity on bay  scallops, since under  na tu-  
ra l  condit ions, reduct ions are  more 
gradua l  than i n  t h e  si tuat ions tested 
b y  Sast ry  (1961). Sal in i ty  i n  tes t  
aquaria was reduced f rom 26 p p t  t o  6 
ppt ove r  4 h r .  Behavior  o f  contro l  
and experimental  specimens was 
observed and classi f ied i n to  one of  
f o u r  ac t i v i t y  modes, rang ing  f rom 
"normal ac t i v i t y "  t o  "no a c t i v i t y . "  A t  
10' t o  15OC (50' t o  5g°F), al l  
experimental  animals showed "reduced 
ac t i v i t y "  as sa l in i ty  reached 22 ppt, 
and "no  ac t i v i t y "  when 16 p p t  was 



reached. A t  20' t o  25OC (68' t o  
77OF), " reduced a c t i v i t y "  occu r red  
between 22 ppt and  18 ppt, and  a l l  
t e s t  animals showed "no  a c t i v i t y "  when 
sa l i n i t y  reached 12 t o  13 ppt. I n i t i a l  
response of  t h e  t e s t  animals t o  i n t r o -  
duc t i on  o f  f r eshwa te r  was a h i g h e r  
t h a n  normal c l app ing  r a t e  ( t h e  swim- 
m i n g  movement o f  scal lops).  One-ha l f  
o f  t h e  scallops o f  one t e s t  g r o u p  was 
t r a n s f e r r e d  a t  t h e  end  o f  t h e  4 - h r  
exper iment  d i r e c t l y  i n t o  26 ppt, wh i le  
t h e  o t h e r  ha l f  was t r a n s f e r r e d  a f t e r  
15.5 t o ta l  h r  a t  6 ppt. Bo th  g r o u p s  
s u r v i v e d  a n d  resumed normal f i l t r a t i o n  
a c t i v i t y  upon t r a n s f e r  t o  26 ppt 
(Duggan 1975). T h i s  ev idence sug -  
ges ted  t h a t  s h o r t  per iods of  exposure  
t o  low sal in i t ies,  such as f r o m  heavy  
r u n o f f ,  p r o b a b l y  does n o t  a f f ec t  s u r -  
v i v a l  o f  b a y  scal lops. 

Temperatu re -Sa l i n i t y  In te rac t ion  

Bay  scal lop embryos r e q u i r e  a 
n a r r o w  range o f  tempera tu re-sa l in i t y  
combinat ions f o r  p r o p e r  development.  
T h e  opt imum combinat ion f o r  normal 
development was repo r ted  a t  20°C 
(68OF) o r  25OC (77OF) ( t es t  tempera- 
t u r e s  a t  5OC increments)  a n d  25 ppt 
sa l i n i t y .  Sal in i t ies above o r  below 25 
ppt s ign i f i can t l y  a f fec ted  normal 
embryon ic  development.  No embryos 
developed normal ly  a t  10 ppt o r  15 
ppt sa l in i t y ,  o r  a t  water  tempera tu res  
o f  10°C (50°F) o r  35OC (95OF) ( T e t -  
te lbach a n d  Rhodes 1981). 

Bay  scal lop la rvae  cou ld  n o t  t o l -  
e ra te  1 0 - p p t  sa l i n i t y  o r  35OC; a t  least 
some l a r vae  s u r v i v e d  a t  a l l  o t h e r  t e s t  
tempera tu res  a n d  sa l in i t ies.  Maximum 
la rva l  s u r v i v a l  o c c u r r e d  a t  20°C a n d  
25 ppt sa l i n i t y .  Minimum requi rements 
f o r  l a r va l  g r o w t h  were  25' t o  30°C 
(77" t o  86OF) a n d  20- t o  3 5 - p p t  sa l in-  
ity. La rva l  g r o w t h  was maximized a t  
25OC a n d  25 ppt sa l i n i t y  (Te t te lbach  
a n d  Rhodes 1981). Te t te lbach  a n d  
Rhodes (1981) also gave  mu l t ip le  
regress ion  equat ions f o r  p r e d i c t i n g  
l a r va l  s u r v i v a l  t h r o u g h  5 days,  l a r va l  
s u r v i v a l  t h r o u g h  8 days  (set t lement) ,  

l a r va l  g r o w t h  t h r o u g h  5 days, a n d  
l a r va l  g r o w t h  t h r o u g h  8 days,  f r o m  
tempera tu re  and  sa l i n i t y  o f  t h e  rea r -  
i n g  env i ronment .  

Water C u r r e n t s  

Water c u r r e n t s  seem t o  in f luence  
food  ava i lab i l i t y ,  waste removal, 
g r o w t h  rate,  l a r va l  movements, and  
d i s t r i b u t i o n  o f  juven i le  sett lements 
(Broom 1976; Rober t  1978). K i r b y -  
Smith (1972) f o u n d  t h a t  scallops g r e w  
bes t  i n  water  c u r r e n t s  less t h a n  1 
cm/s (0.03 f t / s ) ;  maximum g r o w t h  
o c c u r r e d  a t  0.21 cm/s (0.007 f t / s ) .  
Scallop g r o w t h  ceased a t  a wa te r  
ve loc i ty  o f  12 cm/s (0.4 f t / s ) .  
A d d u c t o r  muscle ( t h e  ed ib le  p o r t i o n  o f  
scallops) q u a l i t y  was h i g h e r  a t  slow 
c u r r e n t s  compared t o  f a s t  c u r r e n t s .  
Food ava i lab i l i t y  was i n te r re la ted  w i t h  
c u r r e n t  a n d  g row th ,  a n d  g r o w t h  
decreased if adequate f ood  ( g i v e n  as 
1.2 pg/l ch lo rophy l l  a) was n o t  avai la- 
ble, even a t  t h e  slowest c u r r e n t  
speeds. Cooper and  Marshal l  (1963) 
repo r ted  t h a t  a l t hough  t h e  densest  o f  
f o u r  scal lop beds  s tud ied  was in an  
area w i t h  t h e  h ighes t  c u r r e n t  veloc- 
ity, scallops in slower c u r r e n t s  had  
t h e  h i g h e r  cond i t ion  f ac to rs .  

Water c u r r e n t s  p r o b a b l y  in f luence  
t h e  d i rec t iona l  movements a n d  d i s t r i -  
b u t i o n  p a t t e r n s  o f  p l ank ton i c  l i f e  
stages of  t h e  b a y  scal lop (Moore a n d  
Marshal l  1967; M e r r i l l  a n d  Tub iash  
1970). However,  once b a y  scallops 
reach t h e  a d u l t  stage, wa te r  c u r r e n t s  
p l a y  a lesser ro le  in i n f l uenc ing  move- 
ment, t h o u g h  t h e y  may cause appa ren t  
d i r ec t i ona l i t y  o f  movement i n  o therw ise  
random ind i v i dua l  scal lop movements 
(Moore a n d  Marshal l  1967; Broom 
1976). 

T u r b i d i t y  

Stone a n d  Palmer (1973) demon- 
s t r a t e d  t h a t  b a y  scal lops exposed t o  
1000 ppm t u r b i d i t y  (c lay par t i c les )  f o r  
severa l  weeks showed a 19% reduc t ion  
i n  dry we igh t  compared t o  con t ro l  



animals.  A t  500 ppm, f i l t e r i n g  ra tes  
o f  b a y  scal lops decreased 35% com- 
p a r e d  t o  con t ro l s .  Stone a n d  Palmer 
(1973) sugges ted  t h a t  l o n g - t e r m  expo -  
s u r e  t o  leve ls  o f  t u r b i d i t y  g r e a t e r  
t h a n  500 p p m  may i n t e r f e r e  w i t h  n o r -  
mal g r o w t h  a n d  r e p r o d u c t i v e  processes 
o f  b a y  sca l lops.  

S u b s t r a t e  

T h e  ava i l ab i l i t y  o f  a p p r o p r i a t e  
s u b s t r a t e s  f o r  set t lement ,  a t tachment ,  
a n d  f e e d i n g  a c t i v i t y  i s  essent ia l .  Beds  
o f  ee lgrass a n d  o t h e r  seagrasses 
g r o w i n g  on  sand  subs t ra tes  a r e  p r e -  
f e r r e d  ( B e l d i n g  1910). So f t  m u d  a n d  
s i l t  subs t ra tes  a r e  h a r m f u l  t o  t h e  s u r -  
v i v a l  o f  s e t t l i n g  juveni les ,  b u t  o n l y  if 
j uven i l es  d o  n o t  f i r s t  a t t ach  d i r e c t l y  
t o  seagrass f o r  a s h o r t  p e r i o d  o f  
g r o w t h  b e f o r e  d r o p p i n g  t o  t h e  bo t t om 
(Cas tagna  1975). Ex t r eme l y  t h i c k  
seagrass beds, w i t h  n o  open spaces, 
c u t  o f f  w a t e r  c i r cu l a t i on  e n t i r e l y  a n d  
a r e  de t r imen ta l  t o  s e t t l i n g  j uven i l e  
scal lops ( B e l d i n g  1910). 

O x y g e n  Requ i  rements  

Res t i ng  r equ i r emen ts  o f  o x y g e n  

f o r  a d u l t  b a y  sca l lops averaged  70  
m I / k g / h r  a t  20°C (6B°F), a v a l u e  
comparable  t o  t h a t  o f  o t h e r  tempera te  
b i va l ves  possess ing s t r o n g  swimming 
powers  (Van  Dam 1954). Rate o f  
o x y g e n  u p t a k e  was i ndependen t  o f  
d i sso lved  o x y g e n  concen t ra t i on  d o w n  
t o  a leve l  o f  1 . 5  ppm.  Percen tage  o f  
ava i lab le  d isso lved  o x y g e n  removed  by 
scal lops r anged  f r o m  0.5% t o  13% (Van  
Dam 1954). 

Heavy  Metals 

N i n e t y - s i x  h o u r  L C 5 0 ~ a l ~ e ~  f o r  
j uven i l e  b a y  scal lops exposed t o  s i l -  
v e r ,  m e r c u r y ,  a n d  cadmium w e r e  33 
ppb, 89 ppb, a n d  1480 ppb, respec-  
t i v e l y  (Nelson e t  a l .  1976). Scal lops 
s u r v i v i n g  a f t e r  96  h r  o f  e x p o s u r e  t o  
940 ppb cadmium a n d  22 ppb s i l v e r  
h a d  s i g n i f i c a n t  u p t a k e  ,o f  t hese  metals 
i n  a l l  b o d y  t i s sues .  E x p o s u r e  t o  LC25 
a n d  LC, concen t ra t ions  o f  cadmium 
caused h i g h e r  o x y g e n  consumpt ion  
compared  t o  c o n t r o l  animals.  J u v e n i l e  
scal lops exposed  t o  LC,,concentrations 
o f  s i l v e r  a lso h a d  h i g h e r  o x y g e n  con-  
sumpt ion,  b u t  t hose  exposed  t o  L C  5 

concen t ra t ions  did n o t  e x h i b i t  t h i s  
reac t ion  (Nelson e t  a l .  1976). 
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