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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
comprehensive 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, 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 he 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.

A Habitat Suitability Index (HSI) model is being prepared by the U.S. Fish
and Wildlife Service for the hard clam. HSI models are designed to provide
a numerical index of the relative value of a given site as fish or wildlife
habitat.

Suggestions or questions regarding this report should be directed to:

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
NASA-STidell Computer Complex
1010 Gause Boulevard

Slidell, LA 70458

or

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

Post Office Box 631

Vicksburg, MS 39180
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Figure 1. Hard clam.

HARD CLAM
NOMENCLATURE /TAXONOMY /RANGE Gulf of St. Lawrence to Texas.
The hard clam is most abundant
Scientific name . « « Mercenaria from Massachusetts to Virginia.

mercenaria L. Widely known as Venus
mercenaria before Wells (1957) reas-
signed the species to the genus Lin-
neaus originally applied

Preferred common names . Quahog in
the Northern United States, hard
clam in the Southern United States
(Figure 1)

Other common names . . . Quahaug,
hard-shelled clam, round clam, cher-
rystone clam, little-necked clam

Class . . . . Bivalvia (Pelecypoda)

Order . . . .. . . Eulamellibranchia
Suborder « « « « . « . . « Heterodonta
Family « « « + « « + « « . Veneridae

Geographical range: The hard clam oc-
curs in 1intertidal and subtidal
areas to depths of 15 m along the
Atlantic and gqulf coasts from the

It has been introduced to Europe
and California. A similar spe-
cies, M. campechiensis, occurs
from North Carolina southward to
Mexico and is also called the
hard clam.

MORPHOLOGY /IDENTIFICATION AIDS

The hard clam has a thick shell
with a violet border and short
siphons (Verrill 1873; Stanley 1970;
Morris 1973). The mean length of the
thick solid shell is 60 to 70 mm, but
some are 120 to 130 mm. The ratios. of
length (L), height (H) and width (W)
are: L/H 1.25; H/W 1.52; L/W 1.90. The
thickness index (ratio of shell volume
to internal volume) is 0.60.



The external surface has numerous
concentric lines, conspicuous and
closely spaced near the ends, more
widely spaced around the umbo, espe-
cially in younger shells. The center
of each valve 1is smoother than the
distal portion. The umbo is anterior
and projects nearly to the front of
the shell. The elliptical, somewhat
pointed shell has a grayish-white
exterior and a white interior with a
dark violet border near the margins.
The colored part of the shell was
fashioned into wampum by the American
Indians for use as money, hence the
scientific name. The interior ven-
tral margins are denticulate.

The internal anatomy also has
distinctive characteristics. Short
siphons are united from their bases to
near the ends; the incurrent siphon
has a short fringe of tentacles. The
siphon tubes are yellowish- or brownish-
orange toward the end and may be
streaked with dark brown or opaque
white. The foot is large, muscular,
and plow shaped. The mantle lobes are
separate along the front and ventral
edges of the shell with thin edges
folded into delicate frills, some of
which are elongated near the siphons.
Foot and mantle edges are white.

REASON FOR INCLUSION IN SERIES

Hard clams are the most exten-
sively distributed commercial clam in
the United States and have the great-
est total market value (Ritchie 1977).
Their occurrence in clean substrates
accessible to the public makes the
hard clam a popular recreational spe-
cies. Their shore habitat is vulner-
able to coastal construction projects
and pollution from urban and indus-
trial development. The absence of
hard clam populations is an ecological
indicator of disturbances. Because
adults do not move, repopulation of
annihilated hard clam beds depends on
transport of larvae and several years
growth. Hence, a temporary disturb-
ance causes a long-term impact.

LIFE HISTORY

Sgawning

The spawning season extends from
May through August, dependent on lati-
tude and temperature. In temperate
latitudes the Tlargest and densest
spawns occur during July (Carriker
1961). In the York River, Virginia,
the peak is in May, and is progres-
sively Tlater 1in Raritan Bay, New
Jersey, and Narragansett Bay, Rhode
Island (Jeffries 1Y64). Female hard
clams require 2 to 2.5 months to spawn
out completely, but the greatest re-
lease of ,eqggs is during the initial
spawning of the season (Ansell 1967a).
Spawning is more intense during neap
tides than spring tides, presumably
because of higher temperatures during
neap tides (Carriker 1Y961).

Temperature is the decisive fac-
tor for final gamete maturation. In a
2-year study in the Lower Little Egg
RHarbor, New Jersey, the median daily
spawning temperature was 25.7°C with a
range of 22° to 3U°C {Carriker 1961).
Seventy-three percent of the spawnings
occurred during 2 to 3 days of rising
temperatures. Kennish and Olsson
(1975) cited 21° to 25°C as the re-
quired or preferred temperature range.
Spawning 1in England takes places at
18° to 20°C (Mitchell 1974). When
threshold temperatures are reached,
males release semen that contains
pheromones. The pheromones are carried
by water currents to the females,
which are then stimulated to release
eggs (Nelson and Haskin 1949).

Sexual maturity usually is
reached at 2 years of age (3 years in
many areas in the North Atlantic re-
gion). The shell length at this age is
between 32 and 38 mm. Size, not age,
determines sexual maturity, so that
slower growing individuals mature la-
ter than 2 years of age. The peak of
reproductive potential is reached at
60 mm; larger, older hard clams grad-
ually Jose the reproductive capacity
(Belding 1931).



Fecundity and Eggs

The average number of eggs re-
leased by a 60-mm female in the wild
js about 2 million (Belding 1931). In
laboratory tests, the average-sized
female released 8 million eggs per
season (Davis and Chanley 1956; Ansell
1967a). The fecundity of one large fe-
male was 16.8 million eggs, whereas
small clams (33 mm) had far fewer
eggs (Bricelj and Malouf 1980). About
2,000 spermatozoa are shed for each
ovum.

The spherical eggs are 78 um in
diameter with closely packed yolk
granules (Belding 1931). A large
gelatinous capsule distinguishes the
hard clam egg from the eggs of other
mollusks. Eggs are released through
the excurrent siphon, and the capsule
swells after contact with water until
it is 3.2 times the diameter of the
egg. The gelatinous capsule imparts
buoyancy, so that the eggs are pelagic
and carried by tidal and coastal cur-
rents. Spermatozoa swimming in water
come 1into contact with and penetrate
the capsule, fertilizing the egq.

At about 10 hr the embryo devel-
oping within the capsule becomes cov-
ered with cilia. The Tlashing of the
c¢ilia tears the membrane and gelati-
nous capsule; the ciliated gastrula
escapes into the water. The egg may
be carried 2 to 25 km from the spawn-
ing site.

Larvae

The larva develops into a trocho-
phore larva 12 to 14 hr after hatching
(Belding 1931). The shape, like a
top, and the cilia on the blunt ante-
rior end result in spiral swimming
with rotation around the Tong axis in
either direction. A functional mouth
develops and the larva commences feed-
ing on suspended particulates, espe-
cially dinoflagellates. The Tlarvae
concentrate near the surface during
daylight at about 1 m below the sur-
face (Carriker 1952). At night the

larvae are more evenly mixed in the
water column.

A shell gland forms opposite the
mouth by 24 hr after hatching, and a
thin transparent shell 1is secreted;
the larva is now called a veliger
(Belding 1931). The veliger drifts in
ocean and estuarine currents with
limited ability to swim horizontally.
The veliger is able to move 7 to 8
cm/min vertically by extending the
ciliated velum (Mileikovsky 1973).
Vertical swimming may enable the
veliger to control horizontal dis-
placement and thus travel to better
areas (Mileikovsky 1973). Vertical
migration is stimulated by turbulence,
which could bring veligers into water
currents for transport (Carriker 1961).
Greatest numbers of veligers occur in
the water column 3 hr after low tide
(Moulton and Coffin 1954), which sug-
gests differential tidal transport.
By entering the water column on the
incoming tide, the veligers would be
transported up the estuary and thus be
retained within the estuary. Veli-
gers, however, also migrate upwards
during daylight regardless of tide
(Carriker 1961). Veligers are impor-
tant zooplankters in estuaries during
the summer (Carriker 1952; Moulton and
Coffin 1954; Jeffries 1964). Densi-
ties may exceed 500/1.

The veliger stage lasts 6 to 12
days, depending on temperature. Meta-
morphosis of the veliger occurs at 16
to 30 days at 18°C, 11 to 22 days at
24°C, and 7 to 16 days at 30°C (Loosa-
noff et al. 1951).

Juvenile Seed Clam

When the veliger becomes 2 to 3
mm Tong, the shell thickens, a foot
replaces the velum, and a byssal gland
develops, marking metamorphosis to the
seed clam. Metamorphosis is inhibited
at salinities below 17.5 to 20 parts
per thousand (ppt) (Castagna and Chan-
ley 1973), perhaps ensuring that seed
clams avoid setting in an environment
with salinities unsuitable for adults.



Good sets occur in years with low
freshwater inflow 1into the estuary
(Hibbert 1976).

The byssal gland secretes a tough
thread, the byssus, which anchors the
animal to the substrate. Seed clams
set more densely in sand than mud
(MacKenzie 1979); bits of shell or de-
tritus may also serve as anchors. Dis-
tribution of adults suggests that the
average size of substrate particles
exceeds 2 mm diameter (Saila et al.
1967) although in the laboratory size
of sand grains was not associated with
setting (Keck et al. 1974). The seed
clams prefer setting on a firm surface
with a thin layer of detritus (Carri-
ker 1952) or on shells coated with mud
(Carriker 1961).

The set may exceed 125 c]ams/m2 in
good habitat (Carriker 1961) with ex-
traordinary sets of 270,000/m* (Dow
and Wallace 1955), but set is not
necessarily related to adult concen-
trations because of movements and
mortality. Seed clams Seek a pre-
ferred habitat: a bottom with a few
small rocks and shells. They discern
between silt and sand in the labora-
tory (Keck et al. 1974), explaining
the selection for sand in nature.

The seed clams begin a final mi-
gration to their ultimate habitat 1in
their second summer (Burbanck et al.
1956). To move, the clam casts off
the byssus and uses the foot for lo-
comotion (Belding 1931). On finding
desirable conditions, the young clam
spins a new byssus and reattaches it-
self to a small object. Byssal fibers
are used for anchorage for about a
year, until the young clam 1is 10 mm
long; the juveniles then metamorphose
and assume the burrowing habits of the
adults. A population in Maine was
displaced an average of 30 m by a
storm (Dow and Wallace 1955).

The habitat distribution of seed
clams is altered by predation. Clams
that set among oyster shells or stones
are protected (Maurer and Watling

1973); without cover, seed clams
largely disappear. Normally they do
not occur in areas exposed to wave
action or strong currents (Anderson et
al. 1978), but 1in » saltwater vond
they survived better on an unstable
bottom because crab predation was ab-
sent (Carriker 1959).

Adult

The adult hard clam lives in the
substrate and burrows with a muscular
foot. It remains in essentially the
same location for the remainder of its
life. In 38 days adults moved later-
ally an average of 5 cm and a maximum
of 15 ¢m from the place where seed
clams first bedded (Chestnut 1951).
Clams 20 to 30 mm long traveled up to
30 cm in 2 months (Kerswill 1941).
Thus, the adult habitat is determined
by where the juvenile beds.

Adults bury deeper in sand {mean
depth 2 c¢cm) than in mud (mean depth 1
cm), and small adults burrow deeper
than larger ones (Stanley 1970). If
dug up, the hard clam reburrows, and
if covered, can escape upward (Belding
1931). A 6.8-cm long clam moved ver-
tically at 44 cm/hr (Kranz 1974). A
clam can escape 10 to 50 c¢m of over-
burden if the sediment dumped is the
same as surroundings. Foreign sedi-
ment reduces escapability.

The adult is found in the inter-
tidal and subtidal areas of bays and
estuaries. Hard clams are most abun-
dant in the lower estuary and are sel-
dom found in the upper estuary (Turner
1953). In some locations they are ab-
sent above the mean tide line (Hibbert
1976). Greenwich Cove, Maine, had
about three times more clams at the
seaward end of the cove than in the
upper cove (Tiller 1950). In Rand's
Harbor, Massachusetts, about 50% of
the population was on the gravel
slope, 25% 1in the muddy channel, and
25% in the subtidal zone (Burbanck et
al. 1956). In South Carolina, the
hard clam is usually absent from open
estuaries, but is present in small



channels and protected areas (Anderson
et al. 1978). In Georgia hard clams
are largely in intertidal areas pro-
tected from wave action (Godwin 1968).
Loosanoff (1946) also mentioned intol-
erance to rough waves. There are, how-
ever, oceanic populations, e.g., in
the shoals of Nantucket Sound (Turner
1953). Several reviews (Belding 1931;
Loosanoff 1946) state that hard clams
occur to depths of 15 m; Burbanck et
al. (1956) reported the maximum depth
to be 8 m.

COMMERCIAL /SPORT FISHERIES
Fisheries

The hard clam is harvested for
commerce and recreation. It is more
widely distributed than any other clam
species in U.S. waters and is the most
valuable commercial species (Ritchie
1977). The fishery is located chiefly
along the mid-Atlantic Bight. North of
Cape Cod (Figure 2) and in the Gulf of
Mexico it is important only in isolat-
ed areas {(McHugh 1979). In Maine, for
example, the only hard clam fishery
was in Casco Bay with good year class-
es in 1937, 1947, and 1952 (Dow 1955};
the catchis now insignificant(Table 1).

Hard clams are harvested commer-
cially by bullrakes, hand tongs, and
power dredges. The power dredge dis-
turbs the substrate no more than bull-
raking, and all evidence of harvesting
disappears within 500 days (Glude and
Landers 1953). A power dredge with an
escalator caused only temporary dis-
turbance of the substrate and in-
creased the catch of the more valuable
small clams relative to larger clams
(Godcharles 1971). Dredging, however,
destroys seagrasses and benthic algae
that recolonize dredged areas slowly;
thus dredging has a long-term impact.

The annual Tlandings of hard clam
along the Atlantic seaboard average
about 14 million pounds (McHugh 1979).
A11 harvest reported is meat weight.
The harvest in Massachusetts in 1970

Table 1.
and Massachusetts

Hard clam landings in Maine
(Current Fishery

Statistics, National Oceanic and Atmo-

spheric Administration; Hutchinson and
Knutson 1978; and R. L. Dow, Maine De-
partment of Marine Resources, Augusta).

Meat Weight (100 kg)

Year Maine Massachusetts
1931 898 NA
1932 611 NA
1933 53 NA
1935 8 NA
1937 60 NA
1938 250 NA
1939 2 NA
1940 17 NA
1941 540 NA
1942 555 NA
1943 358 NA
1944 140 NA
1945 1,367 NA
1946 763 NA
1947 437 NA
1948 1,310 NA
1949 2,675 NA
1950 2,283 NA
1951 2,580 NA
1952 1,924 NA
1953 1,520 NA
1954 1,323 NA
1955 1,133 NA
1956 1,306 NA
1957 1,635 NA
1958 1,146 NA
1959 727 NA
1960 290 6,355
1961 57 7,550
1962 5 5,983
1963 10 6,686
1964 10 6,532
1965 12 4,808
1966 >1 5,997
1967 NA 6,305
1968 >1 5,221
1969 40 5,257
1970 37 5,700
1971 29 5,330
1972 31 4,840
1973 14 5,611
1974 >1 4,922
1975 36 5,035
1976 14 4,296
1

NA = Data not available.
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was 532,000 1b, worth $1,461,132 (Na-
tional Marine Fisheries Service 1979).
In the same year, Maine landed only
605 1b. Hard clam harvest peaked in
New England in 1953, with 7.2 million
pounds (Dow 1977). The U.S. Tlandings
declined between 1965 and 1975, con-
comitant with a 300% increase in value
(Zakaria 1979). About 40% of the U.S.
harvest is from Great South Bay on
Long IsTand (MacKenzie 1977).

The price of the hard clam varies
with their size and the season. The
littlenecks (46 mm) command a higher
price ($60/bu) than cherrystones (77
mm, $22/bu), or chowder clams (97 mm,
$13/bu)(Ritchie 1977). Hard clams are
also processed and marketed as clam
juice. The market for fresh hard
clams is made possible because the
clams remain alive for 1 to 3 weeks
out of water if kept cool. In con-
trast, Mercenaria campechiensis does
not remain alive nearly as long out of
water even though it too has a thick
shell.

In heavily fished areas clams are
harvested as soon as they reach a mar-
ketable size (Ritchie 1977), i.e., at
2 to 3 years old. Such harvest is the
best use of the resource because the
smaller clams are more valuable, and
the larger clams grow more slowly.
Older clams are found only in areas
that are not actively fished (Greene
1979); here the maximum life span of
20 to 25 years may be reached (Belding
1931).

Population Dynamics

Larval hard clams may be one of
the most abundant plankters in estu-
aries. Population densities of 25/1
(Carriker 1952) and 572/1 (Carriker
1961) have been measured. On the basis
of these estimates and the bottom
area, we calculated that there would
be 50,000 to 1.1 million larvae/m2 in
an estuary 2 m deep. About 6 million
larvae are produced from spawning of
the three pairs of adults found on a
typical 1 m? of bottom.

The number of seed clams that set
in Little Egg Harbor, New Jersey was
estimated to be 125/m2 (Carriker
1961). Populations of seed clams in
restricted Tlocations 1in Casco Bay,
Maine, may reach 270,000/m? (Dow and
Wallace 1955).

Adult population density varies
widely depending on numerous environ-
mental factors discussed below. In
Maine, populations in Boothbay Harbor
ranged from 4/m? to 13/m> (Tiller
1950). In Rhode Island, populations
in Greenwich Bay ranged from 2/m% to
12/m%? (Stickney and Stringer 1957).
Along the Georgia coast abundance
ranged from 0.1/m? to 21/m® (Godwin
1968). Introduced populations in Great
Britain reached densities of 6 to
8/m? (Ansell 1963). Biomass (meat
weight) ranged from 1.6 g/m? in poor
habitat to 36 g/m? in good habitat
(0'Conner 1972). In Maine, populations
of 2,000 bushels/acre (bus/A), 1,500
bu/A, and 1,250 bu/A were estimated
in three areas (Dow_1952). Densities
of 110/m? and 540/m° were mentioned.

Natural mortality is enormous in
the Tlarval and seed clam stages, but
nil once the shell becomes thick
enough to resist predators. Based on
densities of different 1life stages,
monthly mortality coefficients (Z)
of 1.7 for eggs and 1.5 for larvae
were calculated. The annual mortal-
ity coefficient from seed clam to
adult was 3.0. Figures are avail-
able for calculating mortality coeffi-
cients of natural populations. Based
on nine estimates of adult mortality
in England, an average annual mortal-
ity coefficient was calculated to be
0.80 (Hibbert 1976). The mortality
coefficient of adult clams held in
trays and protected from predators
in South Carolina was 0.13 (Eldridge
and Eversole 1982). These mortalities
represent natural mortality, which
equals the instantaneous total mortal-
ity Z in the absence of harvest. Over-
winter mortality of hard clams in two
sites 1in Maine was 30% and 40% (Dow
1965).



Because of the method of fishing
described above, it was not possible
to arrive at a meaningful estimate of
fishing mortality F. Hard clams tend
to be completely harvested in any par-
ticular bed, resulting in instantan-
eous mortality of a different sort.
Mortality of sublegal hard clams was
estimated to be 30% each time a flat
was disturbed by digging (Dow 1953).

Survivorship follows an exponen-
tial decay (Figure 3). Very few of
the larvae successfully set, and few
of the seed clams reach adulthood. The
mortality rate appears to decrease
slightly in the adults. Obviously sur-
vivorship depends on the microhabitat
that individuals happen to occupy.
Survival of hard clams planted in Cas-
co Bay, Maine, was 91% over one summer
(Gustafson 1954). There is little re-
lationship between stock size and re-
cruitment of young; a few adults pro-
duce sufficient offspring to sustain
the populations.

eggs

N |06?°Iorvae
El(ﬁ'
~ 1
| .
2 2 seed clam
gloF ©
3
=

IOF

adult®
5 10 15
Months

Figure 3. Survivorship of hard clams

from eggs to adult, based on a com-
posite of the data cited in the text.

GROWTH CHARACTERISTICS

The hard clam grows rapidly in
favorable environments. The veliger
larvae grow from 10 wm to 200 um in 7
days (Carriker 1952). At 18°C the lar-
vae increased from 105 um to 183 um in
20 days, whereas at 30°C they grew to
this size in 12 days (Loosanoff et al.
1951). The daily percent growth rate
of veligers as a function of tempera-
ture and salinity is:

Growth = -288 + 12.40T + 14.09S
- 0.337% - 0.375% + 0.24TS

where T is the temperature in °C and S
is the salinity in ppt (Lough 1975},
At 20°C and 30 ppt, for example, the
daily growth would be 68%.

Seed clams at the end of their
first summer are 2 to 4 mm in Canadian
waters, 5 to 7 mm in New York, and 16
mm in Florida (Ansell 1967b). The
size reached depends largely on the
length of the growing season.

The dependence of adult growth on
the Tength of the growing season re-
sults in a pronounced latitudinal ef-
fect (Figure 4). The annual increment

Length (cm)

- N W DOy D

| 2 34 56 78 910
Estimated Age

Figure 4. The increase in shell length
with age of hard clams from Florida,
North Carolina, New Jersey, Maine, and
Prince Edward Island (Ansell 1967b).















































