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PREFACE

This species profile is one of a series on coastal aquatic organisms,
principally fish, of sport, commercial, or ecological importance., The profiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprenensive sketch of the biological characteristics and environmental require-
ments of the species and to describe how populations of the species may be
expected to react to environmental changes caused by coastal development. Each
profile has sections on taxonomy, 1ife history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring binder is
used for this series so that new profiles can be 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-S1idell Computer Complex
1010 Gause Boulevard

S1idel1, LA 70458

ar

U.S. Army Engineer Waterways Experiment Station
Attention: WESER

Post Office Box 631

Vicksburg, MS 39180

This series should be referenced as follows:

U.S. Fish and Wildlife Service. 1983. Species profiles: 1life histories and
environmental requirements of coastal fishes and invertebrates. U.S. Fish
and Wildlife Service, Division of Biological Services, FWS/0BS-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: 1life histories
and environmental requirements of coastal fishes and invertebrates (Mid-
Atlantic) -- surf clam. U.S. Fish and Wildlife Service, NDivision of
Biological Services, FWS/0BS-82/11.13. U.S. Army Corps of Engineers,
TR EL-82-4. 23 pp.
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Figure 1. Surf clam.

SURF CLAM

NOMENCLATURE/TAXONOMY/RANGE

Scientific name...... Spisula solidissima

Preferred common name......... Surf
clam (Figure 1)

Other common names....Bar clam

(Canada), hen clam (Maine), sea
clam (Massachusetts), beach clam,
skimmer clam (Ropes 1980)

Class. ... . .. Bivalvia
Order. ... .. Veneroida
Family....................... Mactridae

Geographic range: Gulf of Maine south
to Cape Hatteras, North Carolina
(wWigley and Emery 1968) (see
Figure 2 for the distribution of
the surf clam in the mid-Atlantic

region). A much broader
latitudinal range, from the south-
ern Gulf of St. Lawrence to the
northern Gulf of Mexico, was
given in Merrill and Ropes
(1969), Ropes et al. (1969), and
Ropes (1980). Evidence that the
populations south of Cape Hat-
teras are actually a distinct sub-
species of S. solidissima, S. s.
ravaenelli, is presented in Merrill
and Webster (1964) and Jacobsen
and OIld (1966). Surf clams are
predominantly oceanic, most com-
mon in turbulent waters just
beyond the breaker zone (Ropes
1980). Encroachment into estua-
rine zones is probably limited by
salinity requirements.
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MORPHOLOGY/IDENTIFICATION AIDS

Shells oval to trigonal, concentri-
cally striated or ridged, otherwise
with no external sculpture; gape
slight when shell closed; ligament spi-
suloid; complete complement of lateral
teeth; pallial sinus shallow and not
larger than adductor muscle scar
(Chamberlin 1954). Detailed family
and generic morphological characteris-
tics and anatomical drawings are given
in Ropes (1980).

REASON FOR INCLUSION IN SERIES

The surf clam commercial fishery
has grown from a small bait fishery
during the years prior to World War [l|
(Ropes et al. 1969) to one contribut-
ing 71.8% of all clam meats used in the
United States between 1970 and 1974
(Ropes 1982). Per capita consumption
of surf clam meat doubled between
1947 and 1974 (Ropes 1982). Within
the mid-Atlantic region, the surf clam
is a particularly important commercial
clam species because of its wide dis-
tribution and abundance in the
region, and because most vessels in
the fishery are located in New York,
New Jersey, Delaware, Maryland, and
Virginia (Ropes 1982).

LIFE HISTORY

Reproductive Physiology/Strategy

Surf clams are heterosexual
(Ropes 1980), though hermaphroditism
has been reported (Ropes 1968a).
Male and female surf clams are identi-
cal in external appearance, and histo-
logical sectioning and examination of
gonads is the only sure way to deter-
mine surf clam gender (Ropes et al.
1969) . Male and female surf clams
reach full sexual maturity during their
second year, even though ripe gonads

and some spawning activity may occur
in 1-year-old clams (Ropes 1979).
Smallest reported shell length at
maturity was 45 mm (1.8 inches)
(Ropes 1980). No observations on
fecundity of surf clams are available.

Spawning

Surf clam populations from New
Jersey coastal waters exhibited two
annual spawnings in 1962, 1963, and
1964 (Ropes 1968b). These occurred
from mid-July to early August and
from mid-October to early November.
In 1965, a single spawning period
from mid-September to mid-October
was observed. The spawning season
is probably earlier south of New Jer--
sey, since juvenile clams have been
found in North Carolina waters in
April, May, and June (Williams and
Porter 1971). Little is known con-
cerning the spawning season of surf
clam populations north of New York.

Within a bed of clams, spawning
is probably a synchronous, annual
event (Ropes 1968b). Water tempera-
ture is an important factor influencing
initiation and time of spawning (Ropes
1980), and may also influence rate of
gonadal ripening and number of major
spawning periods per year (Ropes
1968b) . After eggs and sperm are
broadcast, fertilization occurs in the
water column above the spawning bed
of clams (Murawski and Serchuk 1981;
Ropes 1980).

Eggs

Surf clam eggs are spherical and
average 1.42 mm (0.06 inch) in diame-
ter across the vitelline membrane; the
inner germinal vesicle averages 0.79
mm (0.03 inch) in diameter (Allen
1953). Several layers lie between the
invisible, outer, jellylike layer and
the germinal vesicle (Ropes 1980).
Longo (1973) reviewed the literature
on embryogenesis of fertilized sgurf
clam eggs.



Little is known concerning the
effects of water temperatures on
development rate of surf clam eggs.
Fertilized eggs held at an average
water temperature of 21.7°C (71°F)
(range 18.3° to 24.9°C or 65° to
77°F) in the laboratory completed first
cleavage by 70 min after fertilization
(Costello et al. 1957). Trochophore
larvae began appearing 9 hr after
fertilization (Costello et al. 1957;
Ropes 1980). Fertilized eggs reached
the veliger larvae stage in 72 hr at
14°C (57°F), and in 28 hr at 22°C
(72°F) (Loosanoff and Davis 1963).

Larvae

Pyramid-shaped, planktonic trocho-
phore larvae began developing from
swimming gastrulae 9 hr after fertili-
zation at a water temperature of
21.7°C (71°F) (Costello et al. 1957;
Ropes 1980). Veliger larvae (first
appearance of bivalved shell) formed
by 19 to 20 hr after fertilization, and
a ciliated velum also appeared at this
time (Ropes 1980). The velum is used
for propulsion of the larvae until the
juvenile or ‘"settlement" phase s
reached. One day after fertilization,
veliger larvae averaged 89 microns (u)
long and 71 u high (Ropes 1980).
Other reported values for the size of
veliger larvae at 1 day were (length
by height) 95 u by 80 u (Sullivan
1948) and 80 u by 65 u (Loosanoff et
al. 1966).

Pediveliger larvae, a transitional,
"swimming-crawling” larval stage with
development of a foot for burrowing
(Carriker 1951), were first observed
18 days after fertilization at 21.7°C
(71°F); by 21 days, nearly all veliger
larvae had developed through the
brief pediveliger stage and metamor-
phosed into juvenile clams (complete
absorption of velum, settlement to the
substrate, and beginning of sedentary
life stage) (Ropes 1980). At 14°C
(57°F) and 22°C (72°F), metamorpho-
sis to juveniles was first observed
after 35 and 19 days, respectively.

Larvae reared at the lower tempera-
ture were significantly smaller than
larvae reared at 22°C (72°F) (Loosa-
noff and Davis 1963).

Detailed descriptions of the ana-
tomical develcpment of surf clam lar-
vae from the trochophore larval stage
through  the juvenile stage are pro-
vided by Ropes (1980). A key for
identifying larvae of 23 clam species
inhabiting the Middle Atlantic Bight
and suggestions for general taxonomic
separation are given in Chanley and
Andrews (1971). Additional informa-
tion on species separation is available
in  Loosanoff and Davis (1963) and
Loosanoff et al. (1966).

Water currents in areas where
planktonic surf clam larvae live are
important in determining eventual pat-
terns of distribution and settlement
for developing juveniles (Ropes et al.
1969; Ropes 1980). Dispersal and
redistribution of surf clams to other
areas, through swimming and crawling
activities and water currents, occur
primarily during the larval stages.
Specific information, however, on the
interaction of water currents and lar-
val settlement patterns is unavailable
(Ropes 1980).

Juveniles

Juvenile surf clams, with a well-
developed foot for burrowing and fully
absorbed velum, were present 18 days
after fertilization at 21.7°C (71°F).
By 21 days, all clam larvae had meta-
morphosed into juveniles; average size
was 303 u long by 267 u high (Ropes
1980). Other reported values were
(length by height) 270 u by 245 u
(Sullivan 1948) and 263 u by 245 u
(Loosanoff et al. 1966). The juvenile
stage lasts from first settlement in the
substrate until sexual maturity, which
may occur during the second (age 1+)
or third (age 2+*) summer of life.

The extent of juvenile surf clam
movement by a locomotion called



"leaping” (a push with the foot
against the substrate) was investi-
gated by Ropes and Merrill (1973). A
young surf clam, disturbed from its
burrow by the investigators or a
predator, usually reburrowed in the
same spot. Leaping was infrequent,
and was usually caused by repeated
disturbance of the clam in its burrow.
Stimuli reported for leaping in a
closely related mactrid, Mactra coral-
lina, were (1) proximity to a preda-
tor, (2) inability to burrow in the
substrate of settlement, and (3) expo-
sure to air (Ansell 1969). Ropes and
Merrill (1973) concluded that surf clam
leaping was exceptional and infre-
quent, and probably insignificant in
determining their overall settiement
and distribution patterns. Voluntary
leaping (i.e., with no disturbance)
was never observed.

Adults

Adult surf clams spend most of
their lives burrowed in medium to
coarse sand and gravel substrates.
Since siphons are about as long as the
adult clam, burial depth may be well
below the substrate surface (Ropes
1980). Papillae fringing the siphonal
openings (Morse 1919) may aid in pre-
venting sand grains from being drawn
into the siphon during respiration and
feeding (Ropes and Merrill 1973).
Abundance of adults in suitable sub-
strates ranges from loose, fairly
evenly distributed aggregations (Olsen
1970) to localized or patchy, dense
beds, occasionally with individuals
close enough in the substrate for
shells to touch (Wilbur 1964; Flowers
1973; Ropes 1980).

Surf clams were a dominant spe-
cies collected in surveys of inshore
benthic fauna from southwestern Long
Island, New York (Steimle and Stone
1973), and Little Egg Harbor, New
Jersey (Garlo and Hondo 1973). Most
surf clam beds of the Middle Atlantic

Bight are located from the beach zone
to a depth of 43.9 m (144 ft) off Long
Island, out to 59.7 m (196 ft) off New
Jersey, from 10.1 m to 65.5 m (33 ft
to 215 ft) off the Delmarva Peninsula,
and from 8.2 m to 58.8 m (27 ft to
193 ft) off Virginia and North Carolina
(Ropes 1979). Inshore distribution of
surf clams, particularly in estuarine
zones, is probably Ilimited by salinity
requirements (Ropes 1980) (see
ENVIRONMENTAL REQUIREMENTS - -

Salinity section).

Adult surf clams rarely voluntar-
ily wvacate their burrows, and under
natural stimuli alone, may live their
entire lives in a single burrow.
Studies by Armstrong (1965), Ropes
and Merrill (1970), and Ropes and
Merrill (1973) reported little or no
voluntary movement of marked clams
under natural conditions. Oceanic
storms and water currents generated
over the ocean floor may displace surf
clams a considerable distance (Yancey
and Welch 1968), but survivors of the
displacement not washed onto the
beach probably burrow at or near the
site where they settle after a storm
(Rermes and Merrill 1973).

Determinations of surf clam lon-
gevity have been made from individual;
specimens. Three records of the old-
est surf clams are 17-year-old speci-
mens averaging 163 mm (6.41 inches)
long (Westman and Bidwell 1946), .
20-year-old specimens averaging 147
mm (5.79 inches) (Loesch and Ropes .
1977), and 25-year-old specimens
averaging 164 mm (6.46 inches) (Jones
et al. 1978). The greatest shell
length ever reported for surf clams
was a 226-mm (8.9-inch) specimen col-
lected offshore of Point Pleasant, New
Jersey, at a depth of 21.3 m (70 ft).
This individual was in a commercial
sample of 10, averaging 193 mm (7.6
inches) and ranging from 178 to 226
mm (7.0 to 8.9 inches) in length
(Ropes and ward 1977).



GROWTH CHARACTERISTICS

Growth Rates

In laboratory experiments con-
ducted at 21.7°C (71°F), length-by-
height measurements of veliger larvae
shells at daily ages were 1 day, 89 u
by 71 u; 2 days, 89 w by 76 u; 7
days, 94 u by 79 yu; 17 days, 213 u
by 194 u; and 18 days (beginning of
pediveliger stage), 245 u by 230 u
(Ropes 1980).

A unique situation for studying
surf clam growth occurred in a dis-
crete, newly settled clam bed discov-
ered in Chincoteague Inlet, Virginia,
on 1 October 1964 (Ropes et al.
1969). Age 0+ clams from this bed
averaged 21.1 mm (0.8 inch) in shell
length on 28 October 1964. Subse-
quent samples indicated average shell
lengths of 42.4 mm (1.7 inches) on 7
July 1965 (age 1+), 68.6 mm (2.7
inches) on 18 July 1966 (age 2+), and
90.5 mm (3.6 inches) on 7 August
1967 (age 3*). During the winter of
1967-68, heavy losses to predation and
storm-related mortality reduced this
population below levels necessary for
sampling. Projection of the data col-
lected, however, indicated an average
shell length of 110 mm (4.3 inches) at
age 4+.

Prior to 1975, most determinations
of age and growth of adult surf clams
were made by counting and measuring
radii of concentric "rings" or "ridges"
commonly observed on the external
surface of shells (e.g., Belding 1910;
Kerswill 1944; Westman and Bidwell
1946). Growth data from these and
other studies using the external aging
method were summarized by Ropes
(1980). Age and growth techniques
were refined by National Marine Fish-
eries Service investigators beginning
in 1975. Shells cut along a line from
the umbo to the ventral edge and pol-
ished revealed distinctive  marks
related to the external ridges (Ropes
1980). Greater accuracy in measuring
age and growth was achieved because

the marks were better defined than
the external ridges. Since develop-
ment of this technique, studies by
Chang et al. (1976) and Jones et al.
(1978) reported age-size relationships
using cut and polished shells (Table
1). These data indicate that surf
clams sampled from the Ocean City
area grew faster and lived longer than
those collected from Barnegat Bay and
Point Pleasant areas. But Ropes
(1980) noted that these differences
may be a function of depth of the
clam bed and its location with respect
to shore (i.e., inshore vs. offshore).
Both Chang et al. (1976) and Jones et
al. (1978) found that surf clams sam-
pled from relatively deepwater, off-
shore areas (18.3 to 28.0 m or 60 ft
to 92 ft deep) grew faster and lived
longer than those sampled from rela-
tively shallow - water, inshore sites
(11.6 m to 15.0 m or 38 ft to 49 ft).
The influence, however, of exploita-
tion differences among these popula-
tions was not considered.

The most recently developed
technique for aging surf clams s
thin-sectioning of the chondrophore
(located in the hinge of the clam)
(Ropes and O'Brien 1979). Marks on
the sectioned chondrophore correspond
to those on the cut and polished
shell. This method was apparently
simpler to use and data on growth
easier to collect compared to the
valve-cutting technique (Ropes and
O'Brien 1979).

Length-Weight Relationships

Shell length (L in mm) to
drained-meat weight (W in g) relation-
ships for surf clam populations of the
Middle Atlantic Bight were determined
by Murawski and Serchuk (1981), and
are presented below for the following
areas: (1) southern New England,
(2) New Jersey, (3) Delmarva Penin-
sula, (4) North Carolina, and (5) all
areas combined.

(1) in(wW) = -7.973 + 2.578 In(L)
(2) In(W) = -9.206 + 2.825 In(L)
(3) In(W) = -9.106 *+ 2.767 In(L)



Table 1. Surf clam shell Tength (mm) at age (yr) for three mid-Atlantic Tocations,
determined by the cut-and-polished-shell technique.

Shell Tength (mm)

Age Point Pleasant, Barnegat Bay, Ocean Cit%,
(yr)  New Jersey? New JerseyD Maryland
1 38 34 39
2 62 56 57
3 79 73 94
4 88 88 113
-5 94 102 126
6 97 109 136
7 102 --- 143
8 106 --- 148
9 108 -—- 152
10 109 -—- 156
11 110 --- 159
12 -—- -—-- 161
13 - -—- 163

dJones et al. 1978.
bChang et al. 1976.

(4) In(W)
(5) In(W)

-7.058 + 2.303 In(L)
-9.194 + 2.805 In(L)

Similar relationships for shell length
to shell height, shell width, shell
weight, total clam weight, and chon-
drophore length were given in Chang
et al. (1976).

Age-Length/Age-Weight Relationships

Von-Bertalanffy growth equations
for (1) age (t in yr) to shell length
(L in mm), (2) age to total live
weight (W in g), and (3) age to
drained - meat weight (W in g) were
determined for Middle Atlantic Bight
surf clams (Chang et al. 1976) as fol-
lows:

(1) L =174.8(1-e(exp -0.19(t*0.81)))
(2) W =1762.7(1-e(exp -0.11(t-3.13)))
(3) W =263.2(1-e(exp -0.14(t-2.05)))

where values in parentheses with
"exp'" represent the exponent of e,
the base of natural logarithms.

THE FISHERY

Commercial Fisheries

Compared to information available
on life history and environmental
requirements of surf clams, informa-
tion on fishery operations, stock
assessment, and trend prediction is
extensive and detailed. Summaries of
fishery operations for 1972 (Ropes et
al. 1975a), 1973 (Ropes et al. 1975b),
and the period 1965 to 1974 (Ropes
1982) are available. Summaries of the
geographical distribution of landings,
relative abundance of exploitable and






























































