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Abstract.— Fecundity of the yel-
low rock erab Cancer anthonyi was
examined seasonally over two years.
Ovigerous crabs varied in size from
89 to 153 mm carapace width. Crabs
held in the laboratory brooded more
than three clutches per year without
molting or mating. Crab fecundity
varied seasonally, with peaks in late
spring-early summer and late fall-
early winter. Ovigerous crabs carried
an estimated 0.73-3.30 million eggs,
depending on crab size, stage of egg
development, and season. The log
body size-log fecundity relationship
changed significantly with crab em-
bryogenesis. Estimates of reproduc-
tive potential, defined in terms of
the total number of eggs produced
throughout the entire adult life span,
were based on the mean number of
eggs produced at the mean adult
size, the minimum and maximum
number of mature instars, the min-
imum and maximum number of
broods per instar, and the number of
broods oviposited per year. For a
female C. anthomyi, it was 14.7-29.4
million eggs, which was relatively
higher than other members of the
genus,

Manuscript accepted 22 October 1990.
Bulletin, 1.5, 89:299-305 (1991).

Fecundity and the Reproductive
Potential of the Yellow Rock
Crab Cancer anthonyi

Jeffrey D. Shields

Department of Biological Sciences and the Marine Science Institute

University of California, Santa Barbara, California 93106

Present address: Department of Biological Sciences, Lilly Hall of Life Sciences
Purdue University, West Lafayette, Indiana 47907

Robert K. Okazakl

Department of Biological Sciences and the Marine Science Institute
University of California, 5anta Barbara, California 93106
Present address: Department of Biological Sciences,

Southeastern Louisiana University, Hammond, Louisiana 70402

Armand M. Kuris

Department of Biological Sciences and the Marine Science Institute
University of California, 3anta Barbara, California 93106

The yellow rock crab Cancer antho-
nyi Rathbun, 1897, supports a grow-
ing fishery in southern California.
The rock crab fishery exceeds 600
tons annually ($2 million ex-vessel
value), with the Santa Barbara dis-
trict representing 40-60% of the
total catch (Resource Agency of Cali-
fornia 1981-87, Carroll and Winn
1988). Three species of rock crabs
comprise the fishery (C. antennarius,
C. anthonyi, and C. productus), with
Cancer anthonyi being most preva-
lent in catches in southern California
(Winn 1985, Carroll and Winn 1988).
At present, rock crabs are exploited
with no restrictions on sex or repro-
ductive condition; ovigerous and non-
ovigerous females are both removed
by the fishery.

Little is known about the reproduc-
tive biology of most Cancer species
(for review, see Shields 1991). We in-
vestigated fecundity and aspects of
the reproductive biology of Cancer
anthonyt as part of a larger study
that examined brood mortality re-
sulting from nemertean predation
(Shields et al. 1990). We report obser-
vations on multiple broods per erab
and interbrood periods, and present

an analysis of crab fecundity in re-
lation to size, embryogenesis, and
seasonality. Lastly, we define repro-
ductive potential in terms of the
maximum lifetime fecundity of an in-
dividual crab, and compare reproduc-
tive potential within the genus.

Methods

Ovigerous female crabs were trapped
by a commercial fisherman at depths
of 10-100m from the Santa Barbara
Channel, between Summerland and
Gaviota, California (approximately
34°23'-34°25'N, 119°34'-120°12'W).
Twenty to twenty-five female crabs
were obtained at monthly or bimonth-
ly intervals for two years (November
1981-November 1983). We sampled
345 ovigerous Cancer anthonyi of
which 311 were completely processed
(see Shields et al. 1990). Carapace
width (CW) was measured, and the
entire second left pleopod was ex-
cised and stored in 5% formalin in
seawater for further analyses. Crabs
were then released or maintained in
flowing seawater aquaria for addi-
tional observations.

299




300

Fishery Bulletin 89(2). 1991

Embryogenesis was examined by observing embryos
throughout the developmental process. The time to
eclosion, interbrood period, and the effect of tempera-
ture on embryogenesis were examined in crabs main-
tained in aquaria with running seawater at normal
oceanic temperatures, Crabs maintained in aquaria
were fed market squid or mackerel weekly or biweek-
ly. For statistical analyses, broods were grouped on the
basis of the embryogenic development of attached
eggs; i.e., embryos were in early (I-1I), middle (11I-
IV), or late (V-VII) stages of development, or near
hatching (VIII). Roman numerals refer to the develop-
mental stages of embryogenesis (EDS) of Shields and
Kuris (1988a) and Shields et al. (1990).

The term fecundity is here defined as the total
number of live eggs carried by each female at any given
time during incubation. Fecundity per pleopod was
estimated as in Shields et al. (1990); it represents the
number of live eggs on the 2d left pleopod. In addition,
the actual fecundity per crab was determined for 12
crabs (96 pleopods). The fecundities of other crabs were
then estimated using the regression of fecundity/
pleopod with the fecundity of the 12 crabs.

Statistical analyses (ANOVA, ANCOVA, linear
regression, Sidak's inequality) were conducted with the
aid of SAS (1982). The log-transformation was used to
reduce differences in variance between groups. A value
of P<0.05 was accepted as significant. Data from all
of the 2d left pleopods were statistically independent.
Two statistics were used to minimize the influence of
outliers on the analysis of covariance of log fecundity
and log size between seasons, and between EDS
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Figure 1
Size-frequency histogram of ovigerous Cancer anthonyl
by 10-mm increments.

groups. An outlier was removed from the ANCOVA
and the subsequent regression analyses only if the
value of its studentized residual was + 1.50, the value
of its Cooke's D influence statistic was greater than
0.006 (SAS 1982), and only if these statistics were con-
sistent between transformed and untransformed data
(5 outliers in early and middle embryogenesis). We sug-
gest that the 5 outliers were bearing a second or third
brood between molting and mating events, hence their
fecundity was low (see below).

Table 1
Brood and interbrood period (days) for three groups of Caneer anthonyt females. Crabs were trapped while ovigerous, and the initial
interbrood period was recorded after eclosion. All values are expressed as means ( £ SD)); N = number of crabs. Numbers of crabs
decreazed within each group as a result of mortality.
Group Brood Days Temp. (*C) N Interbrood Days Temp. (°C) N
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Il 337441 16.6 4 1.5 1 ot ot
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1l 343131 16.2 1.6 3 e e
Total 40.0 £ 6.6 14.1+£2.1 419+ 11.5 135216
Range (29-58) Range (16-123)







