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PREFACE

This species profile is one of a series on coastal aguatic 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. FEach
profile has sections on taxonomy, life history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring binder 1is
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-S1idel1 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. Dorsal view of amale

stone crab, Menippe

mercenaria (Say), from Williams (1965).

STONE CRAB

NOMENCLATURE /TAXONOMY /RANGE

Scientific name. . . . . Menippe mercenaria
(Say)

Common name. . . . . . Stone crab (Figure 1)

Class. . . Malacostraca (from Barnes 1980)

Order. « v o v v v v v v v 0 0. e Decapoda

Family. . . . v v v v v v v v o Xanthidae

Geographic range: From Cape Lookout,
North  Carolina, southward and
throughout the Gulf of Mexico to
Yucatan, Mexico; Bahamas; Cuba; and
Jamaica (Williams 1965; Bert et al.
1978). Presently it is suspected
from morphological studies that
Menippe mercenaria inhabiting the
northern Gulf of Mexico should be

split into two species with the
demarcation between their ranges at
Apalachicola Bay, Florida (D.
Felder, University of Southwestern
Louisiana, Lafayette, Louisiana, and
A, B. Williams, Smithsonian
Institution, Washington, D.C.; pers.
coom.). On the other hand, pre-
liminary electrophoretic studies and
field observations of hybridization
in the zone of sympatry suggest
incipient species {T. Bert, Yale
University, New Haven, Connecticut;
pers. comm.). In this paper, dis-
cussions will focus on M, mercenaria
from peninsular Florida (Figure 2),
with some references to studies from
the Atlantic coast of other Southern
States.
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Figure 2. Coastal distribution of stone crab in south Florida.




MORPHOLOGY /IDENTIFICATION AIDS

Carapace transversely oval, approxi-
mately two-thirds as long as wide, convex,

nearly smooth to unaided eye, minutely
granulate and punctate. Anterolateral
border divided into four laobes: first two

wide, third wide but dentiform, fourth much
narrower and dentiform, Front with a
median notch and a broad trilobulate lobe
on each side, Orbital border thick,
fissures indistinct.

Chelipeds large and heavy, unequal
in size, nearly smooth; inside surface of
hands with a patch of fine oblique parallel
striae serving as a stridulating organ and
adapted for playing against thick edge of
second and third anterolateral teeth and
outer suborbital tooth; dactyl of major
chela with a large basal tooth, and
immovable finger with a large subbasal
tooth; fingers of minor chela with numerous
small teeth. Walking 1legs stout and
distally hairy (Williams 1965).

Color in Tife: Northern and western
gulf form - small juveniles greenish or
bluish gray to gray or dark tan, with small
dark spots on dorsal carapace and chelae;
adults are deep chocolate brown dorsally,
with cream-colored to purplish underneath
carapace and chelae. Legs are dark brown
and not banded or occasionally faintly
banded with yellow or cream color. Florida
peninsular gulf coast form - adults are
light gray or tan dorsally on carapace and
chelae, with dark brown or grayish spots,
and cream color to white undersides. Legs
are dark brown with distinct yellow to
white bands at the junctions of the
segments. Juveniles are deep maroon to
nearly black, with white tips on the chelae
and one to four small white spots on dorsal
carapace (T. Bert, pers. comm.).

Larval stages are described by
Porter (1960) and Hyman (1925). Manning
(1961), Wass (1955), and Hay and Shore
(1918) described coloration and mor-
phological changes in juvenile stages of
M. mercenaria.

Menippe nodifrons is similar to M.
mercenaria but is smaller, more purplish,
and posseses tubercles or small bumps on
the 3nterior margin of its carapace (Kaplan
1982).

REASON FOR INCLUSION IN THE SERIES

The stone crab (Menippe mercenaria)
is the largest of the xanthid crabs within
its range and is the only one to support a
fishery. Stone crabs are formidable
predators with massive claws well-suited
for breaking open the shells of many
mollusks. The claws are harvested for
their appeal as a delicacy with high market
value. In Florida the annual stone crab
landings are valued at well over $4 mil-

lion, placing this species among the
State's top 10 commercially important
marine species.
LIFE HISTORY
Copulation and Spawning

Copulation takes place within

burrows or crevices, making it difficult
to observe individual copulations or the
timing of the stone crab mating season
(Bert et al. 1978). Binford (1913)
witnessed matings and males guarding
burrows containing females during August
in North Carolina. Bender (1971) reported
mating to occur from November to March at
Cedar Key, Florida.

Copulation.between stone crabs was
described by Binford (1913), Savage
(1971), and Yang (1972). A male first
courts a female for up to 12 hr and then,
using his walking legs, flips the female
ventral side up beneath him (Yang 1972).
During mating, males cradle upside-down
females within their walking legs. The
female telson curves over the rear portion
of the male carapace. Chelae of male crabs
are held in a defensive posture during
mating, yet loss of a chela does not seem
to interfere with other aspects of
the mating ritual. Copulating females seen
by Yang (1972) were freshly molted, with



soft shells. Binford (1913) described the
male's handling of the soft-shell female
as being done "with care" to avoid injury
to the female. Matings lasted from 6 to 8
hr (Yang 1972).

During copulation masses of sperm
are transferred from male to female within
spermatophores, which are stored by the
female crab within a chitin-lined seminal
receptacle. Sperm are retained in the re-
ceptacle until spawning occurs, when only
a portion of the sperm is used for fer-
tilization of a single batch of eggs.
Binford (1913) reported that fertilization
occured within the lumen of the ovary,
although many more sperm cells attach to
the eggs within the oviducts.

A single female may produce from four
(Porter 1960) to six (Binford 1913) egg
masses or "sponges" during a single mating
season. Cheung (1969) reported an average
of 4.5 spawnings per molt. Each egg sponge
may contain between 500,000 and 1,000,000
eggs according to Binford, or from 160,000
to 350,000 according to Noe (1967). The
number of eggs spawned 1is positively
correlated with size of the female (McRae
1950). After hatching one batch, a female
may deposit a new egg mass within a week.
Spawnings may occur up to six successive
times without an intervening mating
(Binford 1913). Porter (1960) reported
that a female spawned four times without
mating or molting during a single summer,
and Cheung (1968) reported transmolt
retention of sperm by females.

Binford (1913) described the upright
spawning position of the female stone crab.
A basket is formed of the female's extended
abdomen and the exopods of her abdominal
appendages. Fertilized eggs are released
into this basket and become attached by a
sticky secretion to hairs on the exopods.
After hatching occurs and larvae are
released, the female scrapes the egg shells
and their stalks off these exopod hairs
(Binford 1913). Hatching is reported to
occur within 9 days to 2 weeks after
spawning (Binford 1913; Porter 1960).

Williams (1965) reported spawning to
occur from May to July and perhaps August

in  North Carolina. Further  south
spawning can occur  year-round in
Biscayne Bay and Florida Bay (Noe

1967; Cheung 1969; Bender 1971; Bert et al.
1978). In south Florida spawning frequency
is very Tlow from November through March
(Cheung 1969). Temperature and photo-
period are primary regulators of spawning
frequency (Noe 1967; Cheung 1969; Bender
1971). Cheung (1969) reported accelerated
ovarian development at 29°C, or during the

warmest month in Biscayne Bay, with
spawning peaking during August and
September. In autumn, as temperatures fall

and day length decreases, egg development
reportedly slows and spawning frequency
decreases. In females, molting increases
in frequency in autumn and winter when
spawning frequency decreases.

Larval Development

Development of the planktonic larvae
to first crab stage usually requires 27 to
30 days in the Tlaboratory (Porter 1960;
Mootz and Epifanio 1974), but may be
altered considerably by diet (Mootz and
Epifanio 1974), temperature, and salinity
(Porter 1960; Ong and Costlow 1970; Scotto
1979). Larvae normally pass through five
zoeal stages. They may also enter either
a prezoeal stage just after hatching or a
sixth zoeal stage (Porter 1960). Porter
(1960) stated that neither the observed
prezoea nor the sixth zoeal stage ever
molted to more advanced stages. The
prezoeal stage was believed to be caused
by the stress of an artificial environment
on the developing embryos.

For M. nodifrons, Scotto (1979)
found that the sixth stage did molt into
megalopae, and that it may occur in nature
under certain conditions. For M.

mercenaria, Ong and Costlow (1970) found

that only 2 of 11 sixth-stage zoea observed
in their study reached the megalops stage
but neither became first crabs. The
sixth-stage zoea 1in their study occurred
under several different combinations of
temperature and salinity, and thus could
not be attributed to the effects of these
two factors.



During larval Tife, M. mercenaria
presumably feeds on zooplankton. In
culture they fare best on a diet of Artemia
nauplii (Porter 1960). At the peak of
energy demand during larval development
individual Tarvae consume up to 91 brine
shrimp nauplii per day (Mootz and Epifanio
1974), which 1is equivalent to 0.502
calories per day. During their entire
larval existence individual stone crabs
consume a total of 7.329 calories.

Optimal growth rates and Dbest
survival levels in Mootz and Epifanio's
culture system were seen at a temperature
of 30°C and salinities in the range of 30
to 35 ppt, as was also found by Ong and
Costlow (1970). Under these conditions
larvae reached the megalopae stage in 14
days and the first crab in 21 days.
Survival rates peaked at 60% to 72% under
this combination of conditions.

Postlarvae

The ecology of the megalopae of M.
mercenaria is unknown owing primarily to
difficulties 1in differentiating larval
stages of stone crabs from those of other
xanthid crabs (Bert et. al. 1978). In mass
culture tanks, under highly artificial
conditions, Yang and Krantz (1976) found
that megalopae settled upon window-screen
panels. They also noted that megalopae
were extremely sensitive to poor water
quality. Megalopae first appeared in Yang
and Krantz's mass cultures on day 9 after
hatching and first crabs appeared on day
13.

Juvenile Crabs

Savage and McMahon (1968), Manning
(1961) and Bender (1971) defined juveniles
to be crabs of less than 3.0 cm in carapace
width (CW) (but see Growth Characteristics
below). During the Jjuvenile phase M.
mercenaria's coloration patterns change
from dark purple with three white dots in
a triangular pattern on the dorsal surface
(juveniles less than 1.0 cm CW) to,
depending on habitat, a mottled gray to
green background (juveniles greater than

1.0 cm) (Bender 1971). According to Bender.

(1971), juvenile stone crabs in tanks can

change their coloration patterns, after a
few days, to blend with their surroundings.

In North Carolina Williams (1965)
found the smallest juvenile stone crabs in
deep channels where they lived beneath
shell fragments. At a size of about 13 mm
CW, small crabs move into shallower water
and are found wherever crevices are
abundant: about rocks, jetties, pilings,
and in oyster shell rubble. At Cedar Key,
Florida, Jjuveniles less than 1.3 cm are
found in deep channels and in seagrass beds
(Bender 1971). At a larger size, 3.0 to
5.0 cm, small crabs are found on oyster
bars during the summer in the Cedar Key
area (McRae 1950; Bender 1971). McRae
(1950) reported oyster bars to be a least
preferred habitat of stone crabs, although
he did find juvenile and adult crabs there.
Bender (1971), working in the same area,
reported finding many stone crabs on oyster
bars. In the Florida Keys and at Cedar
Key, sponges, gorgonians, submerged rock,
and Sargassum mats are commonly used as
refuges by juvenile stone crabs (Bender
1971; Bert et al. 1978). Offshore from
Alligator Harbor, Florida, juveniles were
commonly found in colonies of the bryozoan

Schizoporella pungens (W.J. Lindberg,
University of Florida, Gainesville,
Florida; unpubl. data). Juvenile stone

crabs are believed to be attracted to
seagrass beds both by their abundant
refugia and by Thalassia-blade epiflora
and epifauna (Bert et al. 1978).

Adults

McRae (1950) found egg-bearing fe-
males always on grass flats or in channels,
never on oyster bars. He also reported
that few adult stone crabs were found
on shallow flats during the spring and
early summer months, a peak period of
spawning. Another spawning peak occurs in
late summer and early fall (T. Bert,
pers. comm.). McRae (1950) and Bender
(1971) reported that adults move onto
shallow grassflats in autumn. McRae (1950)
witnessed finding heterosexual pairs of
crabs occupying burrows in shallow flats
during fall. Pairings last from the time
of courting and mating to the time when the
exoskeleton of the newly molted female



hardens (Bender 1971). At this point the
female can defend herself, and both sexes
vacate the burrow.

Migrations involving one sex and/or
a single size class have been reported to
occur seasonally (Bert et al. 1978)!,
Females appear to be year-round residents
of grassflats, but do move from shallow to
deep flats as temperatures increase in the
spring (Bender 1971). Male crabs normally
live further offshore than do females, but
move into shallower grassflat areas to mate
with recently molted females at the end of
the spawning season (McRae 1950; Bender
1971; Sullivan 1979). Movement patterns
and habits of stone crabs found well
offshore are not described in the current
literature.

Sullivan (1979) described movements
of nearshore M. mercenaria along the south-
west coast of Florida. Average movement
of tagged individuals showed that male
movement was directed shoreward (easterly)
or longshore (northerly) during fall and
winter. This pattern reversed in spring
and males moved offshore (westerly).
Females moved inshore during fall and
winter, and offshore during March. After
1 month of offshore movements females again
headed shoreward. The 1-month offshore
movement of females would perhaps bring
them to deeper grassflats, as described for
the Cedar Key population by Bender (1971).

GROWTH CHARACTERISTICS

Growth for M. mercenaria, like other
crustaceans, can be characterized by the
frequency of molting or intermolt in-
terval, and by the incremental increase in
size per molt. Published descriptive data
suggest patterns for these parameters
which, for the most part, await statistical
analyses. Cheliped growth and regenera-
tion, as the basis for management of this

1A trap bias may call into question trap
data indicating migration (T. Bert, pers.
comm. ).

fishery, was the primary focus for much of
the work related to growth.

Larval growth involves metamorphosis
through five, sometimes six, zoeal stages
and a megalopa, as discussed above. Figure
3 (from Ong and Costlow 1970) illustrates
the slightly faster development at higher
salinity and the markedly faster develop-
ment at higher temperatures within the
tolerance ranges for stone crabs. Under
culture conditions of 25°C and 30 ppt,
Mootz and Epifanio (1974) defined the
progression of larval stages as follows:
first zoea from day 0 to 4; second zoea
from day 5 to 8; third zoea from day 9 to
11; fourth zoea from day 12 to 15; fifth
zoea from day 16 to 20; and megalopa from
day 21 to 28.5. The relationship of larval
dry weight over time was exponential and
described by the equation:

log 1000Y = 1.0114 + 0.07687X
where: Y = is mg dry weight
X = is age in days.

The average dry weight of the first crab
stage reported by Mootz and Epifanio was
0.69 mg, but carapace dimensions were not
given. The average size of the first crab
stage from natural populations has not been
estimated in the literature. The smallest
crab from a collection of 80 early juvenile
crabs measured 1.40 mm CW (Savage and
McMahan 1968).

Various morphometric relationships
and apparently growth per se are equivalent
among males and females as juveniles, but
then the sexes diverge with sexual maturity
(Savage and Sullivan 1978). Savage and
McMahan (1968) found an approximate inter-
mol1t interval of 40 days for juveniles, but
also noted a trend for the intermolt period
to increase with the increasing size (i.e.,
CW) of juvenile crabs. They also found an
incremental dincrease in CW per molt of
about 15% of the pre-exuvial dimension,
with generally smaller increments ex-
hibited by crabs with widths above 10 mm.
Salinity and temperature were not con-
trolled in this study, and ranged from
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Figure 3. Average rates of development for the larvae of M. mercenaria at 20

and 30 ppt and three different temperatures; Z.1 through Z.5 are zoeal stages,

Meg. is the megalopa,
1970).

23.32 to 35.68 ppt and from 15.5° to 30°C,
respectively, so it is not known if system-
atic changes in conditions contributed to
these perceived trends toward slower
growth.

The transition from juvenile to
adult form apparently occurs at a CW of
about 35 mm. As juveniles approach this
size, their carapace shape transforms to
the adult shape (Manning 1961), and
carapace-width versus claw-size relation-
ships begin to diverge between the sexes
(Savage and Sullivan 1978). By assuming a
first crab stage of 1.40 nm CW, an intermolt
interval of 40 days, and an incremental
increase of 15% per molt, the juvenile
existence 1is calculated to cover seven
molts and 320 days until the transition to
an adult form. Add to this the duration
of larval existence (see Figure 3), and
sexual maturity should not occur until at
least 1 year of age. Sullivan (1979)
indicated "that Targe-scale participation
in egg production does not occur until
approximately 60 mm CW," with the smallest
ovi?eroqs females reported from Florida
collections being 36.9 mm CW (Savage and
Sullivan 1978), 46.0 mm CW (McRae 1950),
and 54 mm CW (Sullivan 1979). Therefore,
the size and age at sexual maturity are not

and C.1 is the first crab stage

(from Ong and Costlow

clearly known, and are no doubt subject to
variation.?

The reported patterns of growth
among intact adults show differences
between the sexes and a trend toward slower
growth in larger individuals. In general,
males are heavier and gain weight faster
than females of the same CW (Sullivan
1979). This dimorphism results in part
from males' having greater chelae growth
increments than females and, consequently,
increasingly larger claws for any given CW
(Savage and Sullivan 1978; Sullivan 1979).
Chelipeds account for approximately 51%
of the Tive weight in adult stone crabs
(Davis et al. 1978). Furthermore, Cheung
(1969) suggested that summer spawning
inhibits molting by females (females molt
primarily in winter). This, too, would
contribute to an overall size difference
between males and females, as found by
Bender (1971), assuming the intermolt
period of males is not similarly affected.

“More detailed data on size at sexual
maturity, patterns of growth and pop-
ulation, age structure are forthcoming by
Bert et al. (T. Bert, pers. comm.).












































