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1.8(C) + 32 Fahrenheit degrees *
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0.4536 kilograms
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0.5556(F'  - 32) Celsius degrees

To Obtain

square feet
square miles
acres



CONTENTS

Page

CONVERSION TABLE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii
PREFACE
ACKNOWLEDkMiNiS'  : : : : : : : : : : : : : : : : : : : : : : : : : : : : :

iv
v

NOMENCLATURE/TAXONOMY/RANGE
MORPHOLOGY/IDENTIFICATION AI& : : : : : : : : : : : : : : : : : : : : : :

1
1

REASON FOR INCLUSION IN SERIES . . . . . . . . . . . . . . . . . . . . . . 3
LIFEHISTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Reproductive Physiology/Strategy .................... 3
Spawning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Larvae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Juveniles ............................... 5
Adults . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

GROWTH CHARACTERISTICS .......................... 6
ECOLOGICAL ROLE ............................. 8

FoodHabits .............................. 8
Feeding Behavior ............................ 8
Predators ............................... 8
Competitors .............................. 9
Parasites ............................... 9

THEFISHERY ............................... 9
Commercial Fisheries .......................... 9
Recreational Fisheries ......................... 10
Population Dynamics

ENVIRONMENTAL REQUIREMEiT;  : : : : : : : : : : : : : : : : : : : : : : : :
10
11

Temperature .............................. 11
Salinity ................................ 12
Temperature-Salinity Interaction .................... 13
Water Currents ............................ 13
Turbidity ............................... 13
Substrate ............................... 14
Oxygen Requirements .......................... 14
HeavyMetals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

LITERATURE CITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

. .
I II



PXEFACE

This species profile is one of a series on coastal aquatic organisms,
principally fish, of sport, commercial, or ecological importance. The orofiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprehensive sketch of the biological characteristics and environmental require-
ments of the species and to describe how populations of the species inay be
expected to react to environmental changes caused by coastal development. Each
profile tias sections on taxonomy, life history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring binder is
used for this series so that new profiles can !)e added as they are prepared.
This project is jointly planned and financed by the U.S. Army Corps of Engineers
and the U.S. Fish and Wildlife Service.

Suggestions or questions regarding this report should be directed to:

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
NASA-Slide11 Computer Complex
1010 Gause Boulevard
Slidell, LA 70458

or

U.S. Army Engineer Waterways Experiment Station
Attention: WESER
Post Office Box G31
Vicksburg, MS 39180

This series should be referenced as follows:

U.S. Fish and Wildlife Service. 1983. Species profiles: life histories and
environmental requirements of coastal fishes and invertebrates. U.S. Fish
and Wildlife Service, Division of Biological Services, FWS/OBS-82/11.
U.S. Army Corps of Engineers, TR EL-82-4.

This profile should be cited as follows:

Fay, C.W., R.J. Neves, and G.B. Pardue. 1983. Species profiles: life histories
and environmental requirements of coastal fishes and invertebrates (Mid-
Atlantic) -- bay scallop. U.S. Fish and Wildlife Service, nivision of
Biological Services, FWS/OBS-82/11.12. lJ.S. Army Corps of Engineers,
TR EL-82-4. 17 pp.

iv
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*L Figure 1. Bay scallop: left, external view of shell; right, internal view of shell.

BAY SCALLOP

NOMENCLATURE/TAXONOMY/RANGE

Scientific name.. . Argopecten irradians
Preferred common name.. . . . . Bay scal-

lop (Figure 1)
Class.. . . . . . . . . . . . . . . . . . . . . . . . . Bivalvia
Order.. . . . . . . . . . . . . . . . . . . . . . .Anisomya-

ria
Family.. . . . . . . . . . . . . . . . . . . . .Pectinidae

Geographic  range: North s h o r e  o f
C a p e  C o d  (42ON l a t i t u d e ,  70°W
longitude) south to Laguna
Madre, Texas (26’N, 97OW)
(Wailer  1969) (see Figure 2 for a
map o f  t h e  d i s t r i b u t i o n  o f  t h e
bay seal lop i n  t h e  m i d - A t l a n t i c
region). Three subspecies  of

Argopecten i r rad ians are  gener -
a l ly  recognized, intergrading in
distr ibut ion,  wi th  A.  j. i r r a d i a n s
extending from Cape Cod to New
J e r s e y ,  A .  j. concentricus from
N e w  J e r s e y  t o  t h e  C h a n d e l u e r
I s l a n d s  i n  t h e  G u l f  o f  M e x i c o ,
and A. i. amplicostatus from Gal-
veston, -Texas, to Laguna Madre,
Texas  (Wailer  1969).

MORPHOLOGY/IDENTIFICATlON  AIDS

Dist inguishing among the  queen
scal lop (Chlamys opercular is ) ,  ca l ico
scallop (Argopecten gibbus), and bay
scallop is diff icult  without specimens
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of all three for comparison. The most
d i a g n o s t i c  f e a t u r e  f o r  s e p a r a t i o n  i s
the difference in relative convexity of
le f t  and r ight  va lves  among species .
T h e  q u e e n  s c a l l o p  i s  d i s t i n c t l y  l e f t
convex ; that is,  the left  valve is more
r o u n d e d  t h a n  t h e  r i g h t . The calico
scallop valves are sl ightly left  convex
or equiconvex. In  contrast ,  the  bay
scallop is distinctly r ight convex; that
is, t h e  r i g h t  v a l v e  i s  m o r e  r o u n d e d
than the left  (Broom 1976). A list of
other qualitative characters, useful
when a l l  three  species  are  in hand,
and a dichotomous key for species of
the genus Argopecten are presented
in Broom (1976).

Bay scallop shells are symmetric
or nearly so, with a distinct notch on
t h e  a n t e r i o r e d g e  o f the hinge.
V a l v e s  p o s s e s s  1 3  t o  2 2  r a d i a l  r i b s
( less than 18  on A.  i .  ampl icostatus
a n d  m o r e  t h a n  1 4  %n A.  i .  i r radians
and A. i. concentr icus)  (Broom 1976) .
Normal adult size ranges from 55 to 90
m m  ( 2 . 2  t o  3 . 5 inches)  in  d iameter .
C o l o r  o f  t h e  l e f t  ( t o p )  v a l v e  v a r i e s
considerably, b u t  g e n e r a l l y  i s  d a r k
grey, black, or brown, and sometimes
with red, orange, o r  y e l l o w  h u e s ;
mottling or  concentr ic banding a lso
occurs . R ight  va lves  vary  f rom ye l -
low or white to nearly as dark as left
valves; additional markings usually
a r e  a b s e n t ,  b u t  i f  p r e s e n t ,  t h e y  a r e
similar to those on the left valve
(Wailer  1969).

REASON FOR INCLUSION IN SERIES

Bay scallops have been harvested
since colon ial times, a n d  i n recent
years  ( for  example ,  1976), a c c o u n t e d
for up to 946 metric tons (mt) (1,041
tons) of scallop meats (Peters 1978).
O f  t h e  t h r e e  c o m m e r c i a l l y  e x p l o i t e d
scallops of the Atlantic coast,  the bay
scallop ranks well b e h i n d  t h e  s e a
scallop (Placopecten magellanicus) and
a b o u t  e q u a l  t o  t h e calico scallop in
magnitude of catch ( Peters 1978). I n

t e r m s  o f exvessel price (at the
por ts ) , b a y  s c a l l o p s  a r e  o f  h i g h e r
value to f ishermen than are sea scal-
lops.

In addition t o  t h e i r economic
importance, bay scallops are included
in the series because of their vulner-
abil ity, t h e  d i f f i c u l t y in managing
them, and their importance in the food
web. T h e i r  d i s t r i b u t i o n  i s  e n t i r e l y
estuar ine  or near-coastal ( less  than
4.8  km or  3  mi  of fshore ,  and wi th in
State territorial  waters),  making them
vulnerable  to  recreat ional  and indus-
t r i a l  d e v e l o p m e n t  a l o n g  t h e  s h o r e .
Also, bay scallops are short- l ived
(generally less than 26 months); con-
sequently, exploitable stocks vary con-
s iderably  f rom year  to  year , making
management and yield prediction diff i -
cult  (Peters 1978). F ina l ly ,  the  spe-
cies is an important l ink in the estua-
r i n e  c o m m u n i t y  f o o d  w e b ,  f u n n e l i n g
energy f r o m  p l a n k t o n i c  a n d  b e n t h i c
organisms to  aquat ic  and ter rest r ia l
predators (Belding 1910).

L IFE HISTORY

Reproductive Physiology/Strategy

Bay scallops are  hermaphrodi t ic
and genera l ly  protandrous ( re leas ing
male gametes before female gametes)
( L o o s a n o f f  a n d  D a v i s  1 9 6 3 ; Peters
1978). A single individual may
r e l e a s e  b o t h  t y p e s  o f  g a m e t e s  i n  a
single spawning period (Peters 1978);
but because of protandry, self-fert i l i -
zation in nature is probably rare
( B e l d i n g  1 9 1 0 ;  Gutsell  1 9 3 0 ) . Bay
seal lops mature  and s p a w n  f o r  t h e
f i rs t  t ime at  approximate ly  1  year  o f
age. A l t h o u g h  s i z e  a t  a g e  1  v a r i e s
because of differences in growth rates
among populations, maturity is a
f u n c t i o n  o f  a g e ,  n o t  s i z e  (Gutsell
1930; Marshal l  1960; Broom 1976) .
Since the average longevity is only 12
to 16 months, and maximum longevity
about  26  months (Beld ing 1910), f e w



individuals spawn more than once
(Peters 1978).

Spawning

I n  t h e  m i d - A t l a n t i c  r e g i o n ,  b a y
scallops spawn from mid-April  through
early September (Chanley and
Andrews 1971). Specific spawning
times, however, v a r y considerably
across the species range. In Massa-
c h u s e t t s  ( B e l d i n g  1910), C o n n e c t i c u t
( C o o p e r  a n d  M a r s h a l l  1963), R h o d e
Is land (Risser  1901), and Long Is land
S o u n d  ( H i c k e y  1978),  m o s t  s p a w n i n g
o c c u r s  d u r i n g  J u n e  a n d  J u l y ,  a s
water temperatures increase. In con-
t rast , populations in North  Caro l ina
(Gutsell 1930; Sastry  1966)  and F lo-
r ida  (Sast ry  1963;  Barber  and Blake
1983) spawn between A u g u s t  a n d
D e c e m b e r ,  a s water temperatures
decrease. T h i s  a p p a r e n t  l a t i t u d i n a l
difference in spawning t ime may rep-
resent different physiological adapta-
tions to environmental conditions
among the three recognized subspecies
of bay scallops (Sastry 1970a).

Gametogenesis and spawning time
o f  b a y seal lops are  corre la ted  wi th
w a t e r  t e m p e r a t u r e  a n d  f o o d  s u p p l y
(Turner and Hanks 1960; Sastry 1963,
1 9 6 6 ,  1 9 6 8 ,  1970a, 1970b;  S a s t r y  a n d
Blake  1971;  H ickey  1978) . A  w a t e r
temperature  of a t  l e a s t  15OC  (59OF)
was necessary for initiation of gameto-
genesis in overwintering bay scallops,
w h i l e  a t  l e a s t  20°C (68OF) a n d  a d e -
quate food supply were necessary for
gametogenesis to reach the “germinal
vesicle dissolution” stage (Sastry
1968). Temperatures  above 20°C and
a d e q u a t e  f o o d  w e r e n e c e s s a r y  f o r
gametes from winter-collected scallops
t o  r e a c h a  f e r t i l i z a b l e  s t a g e . For
spring-collected scallops, maturation
and spawning occurred  wi th  or  wi th -
o u t  f o o d  f o r  s c a l l o p s  h e l d  a t  20°C,
25OC (77’F),  a n d  30°C (86OF),  w h i l e
t h o s e  h e l d  a t  IOOC (5OOF) a n d  15OC
d i d  n o t  m a t u r e a n d  s p a w n  ( S a s t r y
1966), S a s t r y  (1970a). stated that
variation in reproductive physiology in

geographica l ly  separated bay sca l lop
populat ions (Woods Hole ,  Massachu-
setts, c o m p a r e d  t o  B e a u f o r t , North
Carolina) i s  p r o b a b l y  a n adaptive
response to differences in water tem-
peratu re regime and timing o f  4
maximum available food supply.

Eggs

Unferti l ized bay scallop e99s
average 60 mill imicrons (mp)’ in diam-
eter  (Broom 1976), and range from 55
to 65 mu (Loosanoff and Davis
1963). Eggs are  of ten  asymmetr ica l
prior to release into water (Loosanoff
a n d  D a v i s  1963), but rapidly become
s p h e r i c a l  o r  n e a r l y  s o  a f t e r  r e l e a s e
(Beld ing 1910) . Y o l k  g r a n u l e s  a r e
numerous and small. Fertilization
occurs in the water column or on the
bottom, and ferti l ized eggs are demer-
sa l  (Beld ing 1910;  Broom 1976) .  Egg
development accelerates as water tem-
peratu re increases ( Broom 1976);
h o w e v e r ,  a crit ical thermal minimum
b e t w e e n  15’ and 20°C (59” and
68OF) w a s  r e p o r t e d  f o r  s u c c e s s f u l
early c l e a v a g e s  t o o c c u r  ( S a s t r y
1966). Gastrulation occurred in 9 hr
a t  24OC (75OF) ( S a s t r y  1 9 6 5 ) ;  s u b s e -  4
quent stages of embryogenesis are
presented in Belding (1910) and Gut-
sell (1930).

Larvae

A t  24OC t o  25OC (75OF t o  77OF),
trochophore larvae first appeared from
swimming g a s t r u l a e  ( B e l d i n g  - 1 9 1 0 )
a f t e r  2 4  h r , a n d  a l l  s u r v i v i n g  e g g s
had developed into trochophore larvae
by 48 hr (Gutsell 1930;  Sast ry  1965) .
Gradual transformation to veliger lar-
v a e  ( f i r s t  a p p e a r a n c e  o f  a  s h e l l )
began shortly after. reaching the
trochophore stage and was completed
by most larvae in 48 hours (Gutsell 1930;
Sastry 1965). Average size of veliger
larvae reared at 24OC was 101 mu
( S a s t r y  1 9 6 5 ) . T h e  v e l i g e r  l a r v a e
began feeding act iv i ty  by  us ing the i r
cil iated velum. B y  t h e  t h i r d  d a y  o f
the  ve l iger  s tage,  average shel l  s ize

l Imp = 1  n a n o m e t e r  o r  10e9m.



was 122  mv, and the  s t ra ight -h inged
veliger shell  began to develop curved
umbones characteristic of the pediveli-
ger  s tage. The ve l iger  s tage  lasted
about  10 days;

. .

& w a s  f u l l y  dezlloi”,f  t’?~edt~~el~~~~
stage), and metamorphosis to the
juvenile stage occurred. Average
shell  length of juveniles at sett lement
was 190 mu, gills
t h e  v e l u m  w a s
(Sastry 1965).

had developed,  and
completely absorbed

Tota l  t ime between egg fer t i l i za -
t ion  and set t lement  is  about  14  days
( L o o s a n o f f  a n d  D a v i s  1 9 6 3 ; Sastry
1965), but ranges from 10 to 19 days
(Castagna and Duggan 1971), depend-
ing not only on water temperature but
a lso food supply . Unfed larvae  wi l l
not metamorphose ( 6 room 1976).
Detailed observations on larval devel-
opment  of  bay  sca l lops are  g iven in
Belding (1910) and Gutsell  (1930).

Juveniles

C h a r a c t e r i s t i c s  o f  t h e  j u v e n i l e
stage are settlement and appearance of
the dissonconch shell ,  a thin, fragile,
postveliger st ructure , completely
s e p a r a t e d  f r o m  t h e  t h i c k e r ,  v e l i g e r
shel l  (Sastry  1965) . Upon settlement
t o  a  s u i t a b l e  s u b s t r a t e ,  t h e  j u v e n i l e
scallop a t t a c h e s  b y  a  f i n e  t h r e a d
cal led  the  byssus,  which is  secreted
by a  specia l  g land in  the  foot  (Beld-
ing 1910; Broom 1976). I f  the attach-
ment  sur face i s  s u s p e n d e d  o f f  t h e
b o t t o m  ( e . g . , a  b lade  of  seagrass) ,
the juvenile wil l  remain attached unti l
it reaches 20 to 30 mm (0.8 to 1.2
i n c h e s )  i n  l e n g t h ,  a t  w h i c h  t i m e  i t
drops to the bottom (Castagna 1975).
V e r y  y o u n g  s c a l l o p s  (< 10 mm or 0.4
inches) apparently cannot tolerate
highly silted substrates (Castagna
1 9 7 5 ) ;  t h u s ,  a t t a c h i n g  t o  e p i b e n t h i c
sur faces unt i l  reaching 20  to  30  mm
a n d  t h e n  d r o p p i n g  t o  t h e  b o t t o m
probably  improves the i r  surv iva l  ra te
(Castagna 1975).

Juvenile bay scallops use a
variety of substrates as sett lement/at-
tachment locations, including stones,
seaweeds ( Ingersoll 1886), oyster
shells, rope, and fi lamentous algae
(Marshal l  1960) . B e d s  o f  eelgrass
(Zostera marina) and other seagrasses
are apparently preferred as sett lement
l o c a t i o n s  ( T h a y e r  a n d  S t u a r t  19741,
though scallops are able to sett le and
s u r v i v e  i n areas lacking seagrasses
( M a r s h a l l  1 9 4 7 ,  1 9 6 0 ) . Kirby-Smith
(1972) found that young bay scallops
grew faster in slow currents compared
to  fas t  currents ; a n d  s i n c e  seagrass
beds tend to  s low normal  water  cur -
r e n t s  ( C a s t a g n a  1975),  ava i lab i l i ty  of
these plants may enhance growth
rates.

Upon set t lement ,  juveni les  c l imb
and crawl using t h e  f o o t , byssal
threads, and tentacles until the swim-
ming powers o f  t h e  a d u l t  d e v e l o p .
The foot is also used for turning
over , should  the  young scal lop acci-
dently land on its left  valve (charac-
teristically, al l  bay scallops rest and
f e e d  o n  t h e i r  r i g h t  v a l v e )  ( B e l d i n g
1910; Gutsell  1930).

J u v e n i l e  b a y  s c a l l o p s  t e n d  t o
vary  more  in  colorat ion than adul ts ,
and range f rom near ly  pure  whi te  to
dark  grey  or  brown,  wi th  some pre-
d o m i n a n t l y  r e d  i n d i v i d u a l s  p r e s e n t .
Lightly colored young scallops darken
a s  t h e y  a g e , whi le  darker  juveni les
change little in color (Belding 1910).

Adults

The adul t stage is characterized
by the radial ridges and furrows often
observed on scallop shells. Once the
ridges appear, they do not increase in
number as the scallop grows (Belding
1910). Another  d ist inguishing char-
acteristic of adults is a concentric
ridge on the shell  (vs. radial r idges).
I t  i s  c a u s e d  b y  s l o w  g r o w t h  d u r i n g
the  f i rs t  winter  o f  l i fe ,  and is  analo-
g o u s  t o  a n  annulus  on a  f ish  sca le .
This shell  character is often used by
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law enforcement  personnel  to  deter -
mine whether  i l lega l  (subadul t )  sca l -
lops have been commercially harvested
( Peters 1978).

Even though adult scallops retain
the ability to attach by byssal threads
( C a s t a g n a  1 9 7 5 ;  P e t e r s  1978), t h e y
are  se ldom found at tached in  nature
(Castagna 1975) . Adult scallops pre-
fer  qu ie t  waters , protected from high
winds, storms, a n d  t i d e s (Belding
1910). Preferred depths  range f rom
0.3 to 10 m (1 to 33 it), though
occurrence  to  18  m (59  f t )  has  been
reported (Belding 1910; Broom 1976).
Scal lops are  of ten  most  abundant  on
tidal flats with only 0.3 to 0.6 m (1 to
2 ft) of water at low tide.

Adul t  bay scal lops are  e f fect ive
swimmers at all sizes (Castagna 1975).
The mechanism for swimming is pulsed
e x p u l s i o n  o f  w a t e r  f r o m  t h e  m a n t l e
cavi ty  (ca l led  “c lapping”  in  much of
the l i tera ture) . A l t e r n a t i o n  o f
expel led  water o u t  t h e  a n t e r i o r  a n d
posterior gapes of the shell  results in
a  swimming mot ion that  appears  z ig-
zag. Alternate expulsion is apparently
voluntary , a s  b a y scallops can also
move sideways by using only one end
of the shell  for water release (Belding
1 9 1 0 ;  Gutsell  1 9 3 0 ) .  V o l u n t a r y  m o v e -
ment of bay scallops is used to escape
unfavorable environmental conditions
o r  p r e d a t o r s  ( B e l d i n g  1 9 1 0 ;  Gutsell
1930; Moore and Marshall 1967).
Using tagged scallops from the Niantic
River Estuary , Connecticut, Moore
and Marshall (1967) found that summer
movements of bay scallops were 0.8 m
( 2 . 6  f t )  o r  l e s s  f r o m  r e l e a s e  p o i n t s
over the maximum observation period
of  6  days . Successive movements by
indiv iduals  were  not  d i rect ional , but
pooled movements of released groups
were  s l ight ly  but  s igni f icant ly  d i rec-
tional. D i r e c t i o n a l i t y ,  h o w e v e r ,  m a y
have resulted from tidal influence on
otherwise random individual movements
(Moore and Marshal l  1967) . Belding
(1910) a l s o  n o t e d  t h a t  m u c h  o f  t h e
scallop movement observed was

directional only under the influence of
tidal currents. Though the possibil i ty
of long-range migrations by bay scal-
lops was noted in  Beld ing (1910), no
such evidence for extensive migrations
has been p r e s e n t e d  ( B a i r d  1 9 6 6 ;
Moore and Marshall 1967).

T h e  a v e r a g e  l i f e  s p a n  o f  b a y
scallops ranges from 12 to 24 months
in  waters  south  of  Mary land (Gutsell
1930; S a s t r y  1 9 6 1 ;  C a s t a g n a  1975),
and f rom 20  to  26  months  in  waters
north of Maryland (Belding 1910; Mar-
shall 1960; Russel 1971; Robert 1978).
M a x i m u m  r e p o r t e d  l i f e  s p a n  w a s  2 6
months (Beld ing 1910)  to  30  months
(Robert 1978) for populations north of
Connecticut.

GROWTH CHARACTER ISTICS

Growth rates of t>ay scallops seem
to depend on water temperature, cur-
rent  ve loc i ty , f o o d  a v a i l a b i l i t y ,  a n d
possibly sea  I lop density. Growth
rates in shell  diameter reported in
e a r l y  l i t e r a t u r e  v a r i e d  f r o m  3 . 8  t o  8  -
m m  ( 0 . 1  t o  0 . 3  i n c h e s )  p e r  m o n t h ,
w i t h  m o s t  o f  t h i s  g r o w t h  o c c u r r i n g
during the 4 or 5 warmest months of
the  year  (R isser  1901;  Be ld ing 1910;
Gutsell  1 9 2 8 ) . Beld ing (1910)  found
t h a t  g r o w t h o f  M a s s a c h u s e t t s  b a y
s c a l l o p s  r a n g e d  f r o m  3 . 8  t o  4 . 5  m m
(0.1  to  0 .2  inches)  per  month  over  3
years o f  s t u d y . G r o w t h  r a t e  w a s
h i g h e s t  i n  M a y ,  A u g u s t ,  S e p t e m b e r ,
and October, and only  about  ha l f  as
f a s t  i n  J u n e  a n d  J u l y ,  w h e n  t h e s e
populations spawned. Gutsell  ( 1 9 2 8 )
reported that North Carolina scallops
may begin to grow as early as Febru-
a r y , even though water temperatures
may be as low as 3OC (37OF).  G r o w t h
c e a s e d  a f t e r  O c t o b e r , e v e n  t h o u g h
water  temperatures were st i l l  above
20°C (68OF).  In North Carolina,
spawning occurs i n  S e p t e m b e r  a n d
October, and this cessation of growth
occurred immediately thereafter.



Water currents were demonstrated
to affect growth of scallops. Kirby-
Smith  (19 .72)  repor ted that  sca l lops
held at 27OC (81OF) over 21 days
showed no growth at a current veioc-
ity of 12.4 cm/s (0.4 ft/s); t h o s e  e x -
posed to 3 to 4 cm/s (0.10 to 0.13 ft/s)
grew an average of 0.5mm (0.02 inch);
exposure to 0.75 and 0.21 cm/s (0.02
and 0.007 ft/s> produced the  h ighest
g r o w t h  r a t e  o f  4  m m  ( 0 . 1 6  i n c h e s )
(5.7 mm or 0.22 inches/month). Scallop
g r o w t h  i n  s t a n d i n g water was not
investigated. Kirby-Smith (1972)
demonstrated that phytoplan kton
removal by scallops was most efficient
at the slower current speeds, and this
may account for the observed growth
patterns.

K i r b y - S m i t h  a n d  B a r b e r  ( 1 9 7 4 )
found that the optimum combination of
temperature and food particle density
for growth was 1.2 ug/l of chlorophyll
a_ a t  22OC (72OF). Growth was lower
at  h igher  temperatures  (e .g . ,  28OC or
82OF), even with higher food particle
d e n s i t y  ( 2 . 4  pg/l c h l o r o p h y l l  a). T h e
relationship between growth and food
particle density was:

V = Vm (S - a)/(C - a) + (S - a)

where V = growth rate, Vm = m a x i m u m
g r o w t h  r a t e  ( s a t u r a t i o n ) ,  S = o p t i m a l
food particle concentration, C = va lue
of S at Vm/2, and a = value of S
when V = 0. U s i n g  t h i s  e q u a t i o n ,
there is a different value of S for
e a c h  t e m p e r a t u r e  ( K i r b y - S m i t h  a n d
Barber 1974).

D u g g a n  ( 1 9 7 3 )  f o u n d  t h a t  b a y
scal lops f rom Virg in ia  waters  he ld  in
cages a t  t h e  s u r f a c e , 1 m (3.3 ft)
below the surface, 2 m (6.6 ft)  above
the bottom, and 1 m above the bot-
tom, showed no signif icant difference
in growth rate over 5  m o n t h s .
Observed growth ranged from 41.5 to
45 mm (1.6 to 1.8 inches) over the 5
months. Effects of scallop density on
growth were also investigated. up to
a size of 27 to 28 mm (1.06 to 1 .lO

inches), growth was not signif icantly
different at scallop densit ies of 1075,
8 0 6 ,  5 3 7 ,  a n d  269/m’ ( 1 0 0 ,  7 5 ,  5 0 ,
a n d  25/ft2, respect ive ly )  ; above this
size, growth decreased with increasing
density. At termination of the experi-
ment (4 months),  average size ranged
from 40 mm (1 .6 inches) at the high-
est  densi ty  to  49  mm (1 .9  inches)  a t
the lowest density (Duggan 1973).

Growth rates o v e r  3  mcnths,
mean size at age, and mean weight at
age were consistently lower for North
Carol ina  bay scal lops exper imenta l ly
in fected  wi th  female  pea  crabs (Pin-
n o t h e r e s  maculatus,  an internal ,  com-
mensal  parasite of bay scallops),  com-
pa red to uninfected scallops
(Kruczynski 1972). E v i d e n c e  i n d i -
cated that parasitism by the pea crab,
though not  d i rect ly  fa ta l  to  the  sca l -
lop, af fected  the  ab i l i ty  o f  bay  sca l -
lops to grow (Sastry 1961; Kruczynski
1972).

Cooper and Marshall (1963)
investigated the condition of bay scal-
lops in relation to the environment in
four separate populations of the Nian-
t ic  River , Connecticut. Environments
of the four populations were generally
s imi lar  except  for  t ida l  current ;  two
populations were in relatively current-
f r e e  a r e a s , a n d  t w o  w e r e in areas
wi th  s t rong t ida l  currents . The  for -
mula for calculating bay scallop condi-
tion was:

K = V/LN

where  K  = condition, V = muscle  vol -
ume, L = shell height, and N = the
slope of the regression o f  l o g ( V )  t o
log(L) . Condition increased with age,
except  dur ing and af ter  spawning in
June and July, when condition
decreased in a l l  f o u r populations.
Condi t ion was h ighest  in  populat ions
located in slow-current environments,
even though the  h ighest  densi t ies  of
sca l lops  occurred  a t  one  of  the  two
strong-current environments. The
relationship between condition and age
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f o r  a l l  f o u r  p o p u l a t i o n s  c o m b i n e d ,
applicable to scallops of age 7 to 20
months, was ( C o o p e r  a n d  M a r s h a l l
1963) :

log(K) = 0.06197(t)  - 0 . 0 6 2 0 3

where t = time in months.

ECOLOGICAL ROLE

Food Habits

Investigations by Davis and Mar-
shall  (1961) indicated that the primary
f o o d  o f  b a y  s c a l l o p s  w a s  b e n t h i c
diatoms. Characteristically, planktonic
forms of  a lgae  were  present  i n  v e r y
low densities in stomachs compared to
benthic forms. Also, benthic-oriented
bacteria and miscellaneous or uniden-
t i f i a b l e  d e t r i t u s  w e r e  f o u n d  i n  b a y
scallop stomachs, f u r t h e r indicating
the importance of  benth ica l ly  der ived
food sources ( D a v i s  a n d  M a r s h a l l
1961).

I l-l the l a b o r a t o r y , l a r v a l  b a y
scal lops were  successfu l ly  reared on
suspensions of either green algae
(Chlorella  spp. ), or a combinat ion of
naked f lagel la tes  ( Isochrys is  ga lbana
a n d  M o n o c h r y s i s  lutheri) (Loosanoff
and Davis 1963; Sastry 1965).
G r o w t h  w a s  b e t t e r  o n  t h e  f l a g e l l a t e
d i e t  ( L o o s a n o f f and Davis 1963).
B o t h  l a r v a l  a n d  a d u l t  b a y  s c a l l o p s
were  reared and mainta ined success-
f u l l y  o n  e i t h e r  f l a g e l l a t e s  (M. lutheri
and Dunal ie l la  ter t io lecta)  or  d ia toms
(Phaeodactylum t r icornutum) (Cas-
tagna and Duggan 1971).

Feeding Behavior

B a y  s c a l l o p s  a r e  f i l t e r - f e e d e r s ,
pumping w a t e r  t h r o u g h t h e  m a n t l e
cavity and straining food particles on
the gil l  ci l ia (Broom 1976). Observa-
t ions by  Ki rby-Smith  (1970)  ind icated
t h a t  p u m p i n g  w a s  c o n t i n u o u s ;  h o w -
ever , the invest igator  suggested  that

ra te  and durat ion of  feeding may be
modified according t o  f o o d  p a r t i c l e
densities. Filtration rate appeared to
be related to body size; assuming that
the r lationship can be described by F
= &KW , w h e r e  F  = f i l t r a t i o n  r a t e ,  W  = _
b o d y  w e i g h t  a n d  K  a n d  b  a r e  c o n -
stants, Kirby-Smith (1970) obtained a
va lue  of  -0 .58  for  b . Filtration rates
for scallop size classes of 38 to 44 mm
( 1 . 4 9  t o  1 . 7 3  i n c h e s ) ,  4 7  t o  4 8  m m
( 1 . 8 5  t o  1 . 8 9  i n c h e s ) ,  5 4  t o  5 6  m m
( 2 . 1 3  t o  2 . 2 0  i n c h e s ) ,  a n d  6 4  t o  6 5
mm (2.52 to 2.56 inches) were
reported at 0.99, 0.93, 0.79, and 0.71
I/h r/g wet weight, respectively
(Chipman  and Hopkins 1954).

Normal feeding position of adults
is resting on the bottom on the right
va lve , wi th  a  shel l  gape of  approxi -
m a t e l y  20’ ( B e l d i n g  1 9 1 0 ) . Water
movement through t h e  b o d y  i s  f r o m
anterior to posterior. When the scal-
lop occasionally l a n d s  o n its left
valve, i t  quick ly  f l ips  over  us ing i ts
f o o t  a n d  w a t e r  e x p u l s i o n (Belding
1910). I n  c o a r s e  s a n d  s u b s t r a t e s ,
shallow burrowing may be used during
feeding, w i t h  t h e  r i g h t  v a l v e  b u r i e d
in the sand and the left valve exposed
to the water (Belding ?910).

Predators

I n  s h a l l o w  w a t e r  a r e a s ,  w h e r e
bay sca l lops are  of ten  abundant ,  the
most important predators are probably
t h e  g r e e n crab (Carc in ides maenes)
( M a r s h a l l  1 9 6 0 )  a n d  t h e  b l u e crab
(Call inectes sapidus) (Castagna 1975).
I n  w a t e r  d e e p e r  t h a n  2  m  ( 6 . 6  f t ) ,
p r i n c i p a l  p r e d a t o r s  a r e  t h e  a s t e r o i d
star f ish Aster ias  spp.  and Marthaste-
_ SPP.rias (Gutsell 1 9 3 0 ;  M a r s h a l l
1960). Starf ish attack the scallop by
attaching tube feet to both valves and
pull ing in opposite directions unti l  the
adductor muscles of the scallop fatigue
(Belding 1910). Another  predator  is
the  oyster  dr i l l  (Urosalp inx  c inerea)
( M a r s h a l l  1 9 6 0 ) .  Gutsell  (1930), h o w -
ever , n o t e d  t h a t  t h e  t o t a l  m o r t a l i t y
from oyster dril l predation was



insignificantly low, b e c a u s e  o f  t h e
long t ime per iod t h e  d r i l l  n e e d s  t o
bore and consume its prey (at least 8
d a y s  t o t a l ,  B e l d i n g  1910), a n d  t h e
a b i l i t y  o f b a y  s c a l l o p s  t o  r e s p o n d
quick ly  to  tact i le  s t imul i  and escape
predators (Belding 1910; Gutsell
1930). Lastlv, the herr ing SUII
( L a r u s  arqentat.us)  (Gutsell 1930) and
probably other gulls and terns (Family
L a r i d a e )  a r e important  predators  of
bay scallops. Because of the shallow
water h a b i t a t s  f r e q u e n t e d  b y  b a y
scallops, p r e d a t i o n  b y  s i g h t - f e e d i n g
birds is effective. A  c o m m o n l y
observed feeding behavior of gulls is
to grab the scallop with their bil l ,  f ly
up over the beaches or roads, and drop
the scallop to break the shell  (Gutsell
1930).

Competitors

No evidence is available on inter-
specific competition involving bay
scallops. There  is  some ev idence of
intraspecif ic competition. Density
s t u d i e s  b y  D u g g a n  ( 1 9 7 3 )  i n d i c a t e d
t h a t  v e r y  h i g h  s c a l l o p  d e n s i t i e s  ( o n
t h e  o r d e r  o f  1075/m’ o r  lOO/ft’)

ti
decreased growth and increased mor-
ta l i ty c o m p a r e d  t o  l o w e r  d e n s i t i e s
(269/m’ or 25/ft2).  E v e n  t h e  l o w e s t
d e n s i t i e s  t e s t e d  b y  D u g g a n  (1973),
however, were considerably higher
than densi t ies  in  natura l  populat ions
studied by 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
s e m i n u d a  h a s  b e e n  r e p o r t e d  a s  a n
ectoparasite (Cheng 1967). Kruczyn-
ski  (1972)  repor ted  that  bay  sca l lops
infected  wi th  pea  crabs  grew s lower
and were  consis tent ly  lower  in  mean
dry  weight  than uninfected sca l lops.
Incidence of infection with pea crabs
ranged from 48 in fall to 10% in sum-
mer  in  Bogue Sound,  North  Carol ina .
T h e p e r c e n t a g e  o f infected bay

scal lops in  Al l igator  Harbor ,  F lor ida,
r a n g e d  f r o m  1 3 %  t o  3 6 %  s e a s o n a l l y
(Sastry and Menzel 1962).

THE FISHERY

Commercial Fisheries

A l l  b a y  s c a l l o p  l a n d i n g s  c o m e
from areas within 4.8 km (3 mi) of the
coast, and most from inside the con-
tiguous c o a s t l i n e  ( i n l a n d  w a t e r s ) .
Published information about the distri-
but ion of  landings a long mid-At lant ic
States  is not  avai lab le , b u t  G u s e y
(1976, 1981) indicated that  the  most
important commercial f ishing grounds
for  bay  sca l lops are  the  south  shore
o f  C a p e  C o d , L o n g  I s l a n d  S o u n d ,
Sandy Hook Bay  (New Jersey) ,  Great
Egg Harbor (New Jersey) ,  De laware
Bay, nearshore  Delmarva Peninsula ,
and all of Chesapeake Bay proper (see
also Figure 2).

Modern bay scallop fisheries use
small dredges, approximate ly  1  m (3
ft)  wide, towed by small  powerboats.
I n  s h a l l o w  w a t e r  a r e a s , dip nets,
rakes, and hand-gather ing are  a lso
used (Peters 1978). Most harvesting
occurs in water less than 6 m (20 ft)
d e e p  (Gutsell 1 9 2 8 ,  1 9 3 0 ;  M a r s h a l l
1960). In  most  mid-At lant ic  States,
the  sca l lop f ish ing seasons are  f rom
autumn through spring, usually Octo-
b e r  t o  A p r i l  ( M a r s h a l l  1 9 6 0 ;  B r o o m
1976).

Although the current 5 -year
average of U. S. bay scallop landings
( 1 9 7 7 - 8 1 )  w a s  5 8 5  m t  ( 6 4 3 . 5  t o n s ) ,
landings have fal len steadily from 946
mt (1041 tons) in 1976 to 437 mt (481
tons)  and 302  mt  (332  tons)  in  1980
and 1981, respectively. T h e  d o l l a r
values of the 1980 and 1981 landings
were $3,894,000 and $2,427,000,
respectively (National Marine Fisheries
Service 1978-1982).
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Since bay scalloDs are
short- l ived, landings respond quickly
to f luctuations in year-class strength.
Thayer a n d  S t u a r t  ( 1 9 7 4 )  p r o v i d e d
e v i d e n c e  t h a t  t h e  d r e d g i n g  m e t h o d
u s e d  f o r harvesting scallops may
account for the decline of landings in
dredged areas. In areas where beds
o f  eelgrass or  o ther  seagrasses are
fundamental to the presence and sur-
v i v a l  o f bay seal lop populations
(including nearly all  exploited scallop
beds) , dredging a l t e r s  t h e  eelgrass
and therefore may cause poor harvests
for several years after an init ial  scal-
lop dredging. Eelgrass requi res  sev-
e r a l  y e a r s  t o  r e c o v e r  t o  a  d e n s i t y
sui tab le  for  use  by  young bay sca l -
lops. T h a y e r and S t u a r t  ( 1 9 7 4 )
reported that  hand-rak ing, . another
method of bay scallop harvest, did not
s igni f icant ly  a l ter  eelgrass  b e d s ,  a n d
a l t h o u g h  l e s s  e f f i c i e n t  i n  c a t c h  p e r
uni t  e f for t , appeared to  be  a  bet ter
m e t h o d  f o r  s u s t a i n i n g a  l o n g - t e r m
yield of bay scallops from a given eel-
grass bed.

Recreational Fisheries

The recreational bay scallop catch
f rom Massachuset ts  waters  increased
steadi ly  (except  for  1977)  f rom 5 ,660
bushels  in  1975 to  21 ,647  bushels  in
1980,  then dropped of f  to  only  8 ,762
bushels i n  1 9 8 1 . The recreat iona l
catch represents from 4.5% to 14.88 of
t h e  t o t a l  M a s s a c h u s e t t s  b a y  s c a l l o p
landings in any one year (the remain-
d e r taken commercially). Inshore
waters around the Massachusetts
towns o f  B r e w s t e r , Chatham, Fal-
mouth, Nantucket, Dennis, and
Bourne accounted for the majority of
recreational landings each year (Com-
monwealth of Massachusetts Shellfish-
eries Statistics 1982’) .

Population Dynamics

Age and size composition. Only
t w o  a g e  c l a s s e s  a r e  u s u a l l y  r e p r e -
sented in bay scallop populations

2 No published document; tabulated
catch data  rece ived f rom Frank Ger-
mano, Assistant Marine Fisheries Biol-
0g.ai*t for the Commonweal th  of
Massachusetts.

because o f  iheir s h o r t  l i f e  s p a n .
Annua! catches therefore  vary  a lmost
directly with f luctuation in year-class
strength . A g e  a t  f i r s t  c a p t u r e  i s
a p p r o x i m a t e l y  1 year , and few
2 - y e a r - o l d  s c a l l o p s  a p p e a r  i n  s c a l l o p  _
landings or natural populations (Broom
1976). In North Carolina populations,
two s ize  modes occurred:  a t  0  to  15
mm (0 to 0.6 inches) and 35 to 49 mm
(1.4  to  1 .9  inches)  in  March,  a t  0  to
5 mm (0 to 0.2 inches) and 55 to 70
mm (2.2 to 2.8 inches) in August ,
and at 0 to 10 mm (0 to 0.4 inches)
and 65  to  75  mm (2 .6  to  2 .9  inches)
i n  N o v e m b e r  (Gutsell 1 9 3 0 ) .  L a r g e
numbers of scallops in the 0- to 5-mm
class appeared in August , and
increased steadily through November,
re f lect ing the  August -October  spawn-
ing season in North  Caro l ina  (Gutsell
1930; Broom 1976).

Density. Cooper a n d  M a r s h a l l
( 1 9 6 3 )  f o u n d  t h a t  d e n s i t i e s  o f  b a y
scallops at four locations In the Nian-
t ic  River , Connecticut,  ranged from 3
t o  5/m2 ( 0 . 3  t o  0.5/ft2) in  a  slackwa-
t e r  e n v i r o n m e n t ,  11 to 25/m2 (1 .O to
2.3/ft2) i n  i n t e r m e d i a t e  c u r r e n t s ,  t o
6 5  t o  75/m’ ( 6 . 0  t o  7,0/ft”)  i n  h i g h  4
currents . F o r  N o r t h  C a r o l i n a  b a y
scallop populations, Thayer and Stuart
(1974) reported densit ies o f  24.8,/m”
(2.3/ft2) a n d  19.5/m2 (1.8/ft’)  i n  t w o
separate areas . Densi t ies  in  natura l
populat ions observed by  cooper  and
Marshall  (1963) and Thayer and Stuart
( 1 9 7 4 )  w e r e  m u c h  l o w e r  t h a n  t h o s e
tested by Duggan (1973) for effects of
density on scallop growth. Therefore,
densi t ies  in  most  natura l  populat ions
are probably not high enough to cause
a decrease in growth rate.

I n  t h e  p o p u l a t i o n s  s t u d i e d  b y
T h a y e r a n d  S t u a r t  (1974), a v e r a g e
s c a l l o p  d e n s i t y  w a s r e d u c e d  f r o m
24.8/m2 (2.3/ft2) t o  16.7/m2 ( 1  .6/ft2)
in one population by 6  man-hours  of
hand raking. In a second population,
average density dropped from 19.5/m2
( 1  .8/ft2)  t o  3.0/m2 (0.3/ft2) a f t e r  6
man-hours of raking and 2 man-hours
o f  d r e d g i n g . T h e s e  d a t a  i n d i c a t e d
t h a t  s c a l l o p  h a r v e s t  b y  d r e d g i n g ,



even u n d e r  l i g h t  f i s h i n g  prczssure,
quickly depleted exploitable scallops in
an area (Thayer and Stuart 1974).

Mortality. Average monthly mor-
tality of lo-mm (0.4-inch)  bay sca l lops
maintained in t r a y s  ( b u t  o t h e r w i s e
under natural conditions) from Novem-
ber 1969 to November 1970 was 7% or
l o w e r ,  e x c e p t  d u r i n g  t h e  August-to-
September interval, when mortality
was 13% (Castagna and Duggan 1971).
In  depth  exper iments  wi th  bay  sca l -
lops I Duggan (1973)  found that  to ta l
mortality over 4 months was 4% at 2 m
(6.6 ft) off the bottom, 8% at 1 m
( 3 . 3  f t )  b e l o w  t h e  s u r f a c e , 16.5% at
the  sur face , and 29.0% at 1 m above
the bottom. The higher mortality at 1
m  f r o m t h e  b o t t o m was probably
caused by heavy s i l ta t ion of  hold ing
cages at that depth; many t imes scal-
lops were  complete ly  bur ied in  s i l t .
I n  d e n s i t y  t e s t s , total  mortal i ty was
similar for scallops up to 27 to 28 mm
( 1 . 0 6  t o  1 . 1 0  i n c h e s ) , regardless of
density; above t h a t  s i z e ,  m o r t a l i t y
increased with increasing density.
Total mortality over 4 months ranged
from 3.2% at the lowest test density of
269/m2 (25/ft2)  t o  3 5 . 0 %  a t  t h e  h i g h -
e s t  t e s t  d e n s i t y  o f  1075/m’ (100/ft2)
(Duggan 1973).

Aquacultural potential. Studies
b y  K i r b y - S m i t h  (1972),  K i r b y - S m i t h
a n d  B a r b e r  (1974),  C a s t a g n a  -(1975),
and Epifanio (1976) provided informa-
t i o n  o n aquacultural potential and
requi rements  for  bay  sca l lops.  These
studies identif ied the control of water
temperature (particularly in relation to
g o n a d  d e v e l o p m e n t  a n d  s p a w n i n g ) ,
sa l in i ty ,  food supply ,  water  currents ,
scallop density, and predators as most
i m p o r t a n t  f o r  s u c c e s s f u l  r e a r i n g  o f
bay scallops. Castagna (1975)  pro-
vided the most comprehensive review
in terms of aquacultural potential.

Introduction potential. Robert
(1978)  d iscussed t h e  p o t e n t i a l for
introduction of bay scallops into Mari-
t ime waters  nor th  of  the  Gul f  o f  St .

Lawrence. Several l imiting factors to
successful introduction were noted :
( 1 )  v e r y  c o l d  (<2OC o r  <36OF), ice-
c o v e r e d  w a t e r s  f o r  a  m i n i m u m  o f  4
m o n t h s ;  ( 2 )  h i g h number  and inten-
s i t y  o f  s p r i n g freshets, f requent ly
reducing sal in i ty  be low the minimum
r e q u i r e m e n t  o f  1 4  p p t ; ( 3 )  Iim.ited
f o o d  s u p p l y  a t  t h e  a p p r o p r i a t e  t i m e
f o r  s e t t l i n g  j u v e n i l e s ;  a n d  ( 4 )  eel-
grass b e d s  o c c u r r i n g  o n  s i l t  s u b -
strates, and p e r h a p s  l e s s  s u i t a b l e
t h a n  t h o s e  o n s a n d  a n d  m u d  s u b -
st ra tes  fur ther  south . Other factors
of importance to bay scallop survival
and growth, s u c h  a s appropriate
depths, water  currents , and protec-
tion from storms, were considered to
be at  least  margina l ly  acceptable  in
Maritime waters. Robert (1978)
r e c o m m e n d e d  t h a t  i f scallops were
introduced, seed stock s h o u l d  b e
gathered from waters nearest in envi-
ronmental c o n d i t i o n s  t o Maritime
waters.

ENVIRONMENTAL REQUIREMENTS

Temperature

C a s t a g n a  ( 1 9 7 5 )  r e p o r t e d  t h a t
survival and development of eggs were
best at water temperatures above 20°C
(68OF). O p t i m u m  t e m p e r a t u r e s  f o r
d e v e l o p m e n t  a p p e a r e d  t o  b e  26’ to
28OC  (79’ t o  82OF). Belding (1910)
stated that Massachusetts bay scallops
need a  temperature  over  7.2OC (45OF)
f o r  g r o w t h ,  a n d  g r o w t h  r a t e  w a s
closely  t ied  to  temperature  and food
SUPPlY. M a r s h a l l  ( 1 9 6 0 )  f o u n d  t h a t
adult  bay scallops tolerated exposure
to  a i r  temperatures  as  low as  -6.6OC
(2OOF) f o r  2  h r . Below this tempera-
ture, tolerance time decreased.

Probably the most significant
information on the effects of tempera-
ture on bay scallops is that contained
in a s e r i e s  o f s t u d i e s  b y  S a s t r y
( 1 9 6 3 ,  1 9 6 6 ,  1 9 6 8 ,  1970a, 1970b), a n d
b y Sastry and B l a k e  ( 1 9 7 1 )  o n
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relationships between temperature,
food, gonad development,  and spawn-
ing. Overwintering scallops in a
“resting reproductive state” could not
surv ive d i rect e x p o s u r e  t o 25OC
(77OF) o r  30°C (86OF). T h e y  s u r -
vived at 25OC if  an acclimation period
of 30 days at 15OC  (59OF) o r  20°C
(68OF) and adequate  food were  pro-
v ided. Gametogenesis was stimulated
in  a l l  overwinter ing scal lops he ld  a t
15OC and 20°C, wi th  or  wi thout  food;
but the most advanced stage of game-
togenesis (dissolution of germinal ves-
i c l e )  w a s  a c h i e v e d  o n l y  b y  s c a l l o p s
h e l d  a t  20°C w i t h  a d e q u a t e  f o o d .
After dissolution of the germinal vesi-
cle, t e m p e r a t u r e s  g r e a t e r  t h a n  20°C
were necessary for gametes to attain a
fert i l izable stage (Sastry 1966, 1968).
Scallops collected in spring and early
summer, in a “reproductive develop-
ment” stage, m a t u r e d  a n d  s p a w n e d
rapidly when held in the laboratory at
20°C, 25OC, o r  30°C, e v e n  w i t h o u t
food. Spring-collected scallops held
a t  10°C (5OOF) a n d  15OC  (59OF) d i d
not  mature  and spawn. Also,  to ler -
ance of changes in water temperature
was lowest for ripe scallops, and much
higher  for “reproductive development”
stage individuals (Sastry 1966). Sas-
t r y  ( 1 9 7 0 b )  a n d  S a s t r y  a n d  B l a k e
(1971)  concluded that  both  food and
temperature were important  factors
determining init iation and overall  rate
of gonadal d e v e l o p m e n t ,  r e a d i n e s s  t o
spawn, and spawning t ime, and there-
fore  may account  for  geographic  d i f -
ferences in spawning activities
observed over the species range (Sas-
try 1970a).

Salinity

Because of the estuarine habitat,
bay scallops are frequently exposed to
changes in  sa l in i ty , especial ly when
salinity is r e d u c e d  f r o m  f r e s h w a t e r
r u n o f f s  ( D u g g a n  1 9 7 5 ) . Castagna
(1975) reported t h a t  t h e minimum
sal in i ty  requi red for  eggs to  develop
t o  t h e  s t r a i g h t - h i n g e d  v e l i g e r  l a r v a l
stage was 22.5 ppt. In  genera l ,  the

minimum s d i n i t v requi rement  deter -
mining overall  distribution patterns of
settl ing juveniles and adults is about
1 4  p p t  ( B e l d i n g  1 9 1 0 ;  Gutsell  1 9 3 0 ;
S a s t r y  1 9 6 1 ;  C a s t a g n a  a n d  C h a n l e y
1973). Bay scallops have occasionally
been found at salinit ies as low as 10
p p t  (Gutsell 1930), b u t  w h e t h e r  t h i s
was the prevail ing salinity at the col-
lect ion s i te  was not  ind icated.  Vern-
berg et al .  (1963) reported that expo-
sure to 12-15 ppt caused gil l  ci l ia to
cease beating.

Transfer of scallops from 28 ppt
to  21  ppt ,  14  ppt ,  and 7  ppt  sa l in i ty
was conducted  by  Sast ry  (1961) .  No
observable  change i n  b e h a v i o r  w a s
n o t e d  f o r  s c a l l o p s  m o v e d  t o  2 1  p p t
a n d  1 4  p p t ;  h o w e v e r ,  t r a n s f e r  t o  7
p p t  i n d u c e d  s c a l l o p s  t o  c l o s e  t h e i r
valves t ightly for an extended period.
Af ter  an apparent  per iod of  acc l ima-
tion, t h e  v a l v e s  s l o w l y  o p e n e d ,  b u t
tentacles were not extended and water
was not act ive ly  c i rcu la ted through
the scallop body. Sastry  (1961)  d id
n o t  r e p o r t  w h e t h e r  a n y  t r a n s f e r r e d
scallops attempted movement. Test
specimens were able to tolerate 2 hr
of exposure to 7 PPt, and after
transfer back to 28 ppt,  resumed nor-
m a l  w a t e r  f i l t r a t i o n . S a s t r y  ( 1 9 6 1 )
also r e p o r t e d  t h a t  d i r e c t  t r a n s f e r s
f rom 28  ppt  to  d is t i l led  water  for  up
t o  2  h r  d i d  n o t  a f f e c t  s c a l l o p  s u r -
vival.

D u g g a n  ( 1 9 7 5 )  i n v e s t i g a t e d  t h e
effects of gradual reductions in salin-
ity on bay scallops, since under natu-
ral conditions, reductions are more
gradual  than in the situations tested
b y  S a s t r y  ( 1 9 6 1 ) . Salinity i n  t e s t
aquaria was reduced from 26 ppt to 6
p p t  o v e r  4  h r . Behavior of control
and experimental specimens was
o b s e r v e d  a n d  c l a s s i f i e d  i n t o  o n e  o f
four activity modes, r a n g i n g  f r o m
“normal  act iv i ty”  to  “no act iv i ty .”  At
loo to 15OC  (50° to 59OF), all
experimental animals showed “reduced
activity” as  sa l in i ty  reached 22  ppt ,
and “no act iv i ty”  when 1 6  p p t  w a s
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reached. A t  20’ to 25OC  (68O to
77OF), ” red u ted activity” occu r red
b e t w e e n  2 2  p p t  a n d  1 8  p p t ,  a n d  a l l
test animals showed “no activity” when

L
salinity reached 12 to 13 ppt. Initial
response of the test animals to intro-
d u c t i o n  o f  f r e s h w a t e r  w a s  a  h i g h e r
than normal  c lapping ra te  ( the  swim-
ming movement of scallops). One-ha l f
of the scallops of one test group was
t r a n s f e r r e d  a t  t h e  e n d  o f  t h e  4 - h r
experiment directly into 26 ppt,  while
t h e  o t h e r  h a l f  w a s  t r a n s f e r r e d  a f t e r
15 .5  to ta l  hr  a t  6  ppt . Both groups
survived and resumed normal filtration
activity upon transfer to 26 ppt
(Duggan 1 9 7 5 ) . Th is  ev idence sug-
gested that short periods of exposure
to low salinit ies, such as from heavy
runof f ,  probably  does not  a f fect  sur -
vival of bay scallops.

Temperature-Salinity Interaction

B a y  s c a l l o p  e m b r y o s  r e q u i r e  a
narrow range of  temperature-sa l in i ty
combinations for proper development.
The opt imum combination for normal
d e v e l o p m e n t  w a s  r e p o r t e d  a t  20°C
(68OF)  or 25’C (77OF) ( t e s t  t e m p e r a -
tures  a t  5OC i n c r e m e n t s )  a n d  2 5  p p t
salinity. Salinities above or below 25
PPt significantly affected normal
embryonic development. No embryos
d e v e l o p e d  n o r m a l l y  a t  1 0  p p t  o r  1 5
ppt salinity, or at  water temperatures
o f  10°C (5OOF) o r  35OC  (95OF) (Tet-
telbach and Rhodes 1981).

Bay scallop larvae could not tol-
e r a t e  lo-ppt salinity or 35OC; a t  least
some larvae survived at al l  other test
temperatures and salinit ies. Maximum
l a r v a 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 salinity. Minimum requirements
f o r  l a r v a l  g r o w t h  w e r e  25O t o  3o”c
(77O to 86OF) and 20- to 35-ppt salin-
i ty . Larval growth was maximized at
25OC  a n d  2 5  p p t salinity (Tettelbach
a n d  R h o d e s  1 9 8 1 ) . Tet te lbach and
Rhodes ( 1 9 8 1 )  a l s o  g a v e  m u l t i p l e
regression e q u a t i o n s  f o r  p r e d i c t i n g
larval survival through 5 days, larval
surv iva l  through 8  days (set t lement ) ,
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l a r v a l  g r o w t h  t h r o u g h  5  d a y s ,  a n d
l a r v a l  g r o w t h  t h r o u g h  8  d a y s ,  f r o m
temperature  and sa l in i ty  o f  the  rear -
ing environment.

Water Currents

Water currents seem to influence
food availabil ity, waste removal,
g r o w t h  r a t e , larva l  movements ,  and
d i s t r i b u t i o n  o f  j u v e n i l e  s e t t l e m e n t s
(Broom 1976; Rober t  1978) . Kirby-
Smith (1972) found that scallops grew
b e s t  i n  w a t e r  c u r r e n t s  l e s s  t h a n  1
c m / s  ( 0 . 0 3  ft/s);  m a x i m u m  g r o w t h
o c c u r r e d  a t  0 . 2 1  c m / s  ( 0 . 0 0 7  ft/s).
S c a l l o p  g r o w t h  c e a s e d  a t  a  w a t e r
v e l o c i t y  o f 12 cm/s (0.4 ft/s).
Adductor  muscle (the edible portion of
sca l lops)  qual i ty  was h igher  a t  s low
currents  compared to  fast  currents .
Food availabil i ty was interrelated with
current and growth , and growth
decreased if  adequate food (given as
1.2 ug/l chlorophyll  a) was not availa-
ble, even a t  t h e  s l o w e s t  c u r r e n t
speeds. Cooper  and Marshal l  (1963)
reported that although the densest of
four  sca l lop  beds s tudied was in  an
area  wi th  the  h ighest  current  ve loc-
i t y , sca l lops in  s lower  currents  had
the higher condition factors.

Water currents probably influence
the directional movements and distri-
bution p a t t e r n s  o f p l a n k t o n i c  l i f e
stages of the bay scallop (Moore and
Marshall  1967; M e r r i l l  a n d  T u b i a s h
1970). However, o n c e  b a y  s c a l l o p s
reach the adult  stage, water currents
play a lesser role in influencing move-
ment, though they may cause apparent
directionality of movement in otherwise
random individual scallop movements
(Moore and Marshall 1967; B room
1976).

T u r b i d i t y

Stone and Palmer  (1973)  demon-
st ra ted  that  bay  sca l lops  exposed to
1000 ppm turbidity (clay particles) for
several weeks showed a 19% reduction
i n  d r y  w e i g h t  c o m p a r e d  t o  c o n t r o l



animals. At  500 ppm,  f i l ter ing rates
of  bay  sca l lops decreased 35% com-
pared to controls. Stone and Palmer
(1973) suggested that long-term expo-
s u r e  t o  l e v e l s  o f  t u r b i d i t y  g r e a t e r
than 500 ppm may interfere with nor-
mal growth and reproductive processes
of bay scallops.

Substrate

T h e  a v a i l a b i l i t y  o f  a p p r o p r i a t e
substrates for sett lement,  attachment,
and feeding activity is essential .  Beds
of eelgrass and other seagrasses
growing on sand substra tes  are  pre-
fer red  (Beld ing 1910) . Soft mud and
silt  substrates are harmful to the sur-
vival of settl ing juveniles, but only if
juveniles do not  f i rs t  a t tach d i rect ly
to seagrass for a short period of
growth before dropping to the bottom
( C a s t a g n a  1 9 7 5 ) . Extremely th ick
seagrass b e d s , with no open spaces,
cut  o f f  water  c i rcu la t ion  ent i re ly  and
are  detr imenta l t o  s e t t l i n g  j u v e n i l e
scallops (Belding 1910).

Oxygen Requirements

Resting requi rements  of  oxygen

f o r  a d u l t  b a y  s c a l l o p s  a v e r a g e d  7 0
ml/kg/hr  a t  20°C (68OF),  a  v a l u e
comparable to that of other temperate
bivalves possessing strong swimming
p o w e r s  ( V a n  D a m  1 9 5 4 ) . R a t e  o f
oxygen uptake was independent  of
dissolved oxygen concentration down
to a level of 1.5 ppm. Percentage of
available dissolved oxygen removed by
scallops ranged from 0.5% to 13% (Van
Dam 1954).

Heavy Metals

N i n e t y - s i x  h o u r  LC5,, v a l u e s  f o r
juveni le  bay scal lops exposed to  s i l -
v e r , mercury , and cadmium were  33
p p b ,  8 9  p p b ,  a n d  1 4 8 0  p p b ,  r e s p e c -
t ive ly  (Nelson et  a l .  1976) . Scallops
surv iv ing a f ter  96  hr  o f  exposure  to
9 4 0  p p b  c a d m i u m  a n d  2 2  p p b  s i l v e r
had significant uptake ,of these metals
in all  body tissues. Exposure to LC25
a n d  L C , concentrations of  cadmium
caused higher oxygen consumption
compared to control animals. Juvenile
scallops exposed to LC,,concentrations
of si lver also had higher oxygen con-
sumption, b u t  t h o s e  e x p o s e d  t o  LCS
c o n c e n t r a t i o n s  d i d  n o t  e x h i b i t  t h i s
reaction (Nelson et al. 1976).
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