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Synopsis. The existing literature concerning reproduction of snow crab 

(Chionoecetes opilio) is critically reviewed and discussed in the context 
cf recent conceptual paradigms and ongoing research. The functional 

anatomy of the male and female reproductive systems is presented and 

interpreted in terms of the various mating pathways available to this 

species. Hypotheses to account for immediate and delayed fertilization 
are presented. The possible adaptive values of spermatophore storage and 
a novel mechanism for ensuring last male precedence are explored. In 
addition to critical gaps in our understanding of reproduction in snow 
crab and other brachyurans, ambiguities in current concepts and termi- 

nology are highlighted. Directions for future research which addresses 
central problems of snow crab reproductive biology are suggested. 

Introduction 

Snow crab, Chionoecetes opilio (Brachy? 
ura, Majidae), are common on deep mud 
bottoms in the Northwest Atlantic, the 

Bering Sea and Sea of Japan. The size and 
abundance ofthe species has made it a target 
for intensive commercial exploitation and, 
consequently, scientific scrutiny (Bailey and 

Elner, 1989). Over the past 10 years, appre- 
ciation of snow crab biology has changed 
markedly. In particular, there have been 
fundamental re-appraisals of reproduction 
and growth (see Conan et al, 1990 for 

review). However, rather than clarifying 
snow crab life history and facilitating fish- 
eries management, the implications of the 

1 From the Symposium on The Compleat Crab pre? 
sented at the Annual Meeting ofthe American Society 
of Zoologists, 27-30 December 1990, at San Antonio, 
Texas. 

2 Current address: Canadian Wildlife Service, P.O. 
Box 340, Delta, British Columbia V4K 3Y3, Canada. 

new insights remain both controversial and 

enigmatic (Elner and Beninger, 1989). 
There is no single crab species whose 

reproduction is sufficiently well-understood 
to serve as a comprehensive model for crabs 
in general. Moreover, the fact that re-exam- 
ination of the tenets of snow crab biology 
has revealed many discrepancies suggests 
that scrutiny of other species would also 
uncover problems. We suggest that snow 

crab, by virtue of ongoing research and its 

multiplicity of reproductive pathways com? 
mon to the biology of a wide variety of crabs, 
could become a "model" for the Brachyura. 
Here we take a multidisciplinary approach 
to describing the reproductive system and 
fertilization in snow crab in an attempt to 
both provide the bigger picture, and add 

depth to the various individual studies. In 

doing so, we identify gaps in knowledge of 
snow crab reproduction. We hope that this 
review will serve to stimulate experimental 
studies to further understanding of repro? 
duction in C. opilio. 
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The Systems 

Male reproductive system 

As is the rule for higher brachyurans, the 

internal reproductive system of male snow 

crab comprises paired testes, located above 
the stomach, with each testis joining into a 

vas deferens (Fig. 1 A). Each vas deferens is 

divided into three functionally distinct 

regions (anterior, mid- and posterior) and 
leads into a small fleshy penis located exter- 

nally at the base ofthe fifth pereiopod. The 

penes and their respective gonopods (mod? 
ified first and second pleopods) are two 

complete insemination units. The first gon? 
opod is tubulated and forms a canal for the 
transmission of seminal fluids from the penis 
into the spermatheca of the female. The 

shorter second gonopod is normally inserted 
within the first gonopod. Abdominal flexing 
at copulation causes piston-like movements 
ofthe second gonopod which drive seminal 
fluids down the canal (Hartnoll, 1969). The 
internal reproductive organs are well 
described for both C opilio (Sapelkin and 

Fedoseev, 1981; Beninger et al, 1988) and 
other crab species (e.g., Callinecetes sapidus 
by Johnson, 1980). The structure and ultra- 
structure of mature spermatozoa and sper- 
matophores of C. opilio have also been 

reported (Beninger et al, 1988). In addition, 
a mechanism for spermatophore dehiscence 
and facilitation of spermatozoa devagina- 
tion has been proposed, based on the hydra- 
tion ofthe spermatophore upon contact with 
a medium diluted with seawater (Beninger 
et al, 1988). A brief description ofthe first 

gonopod of a majid crab, Inachus phala- 
gium, was presented by Diesel (1989). 
Recently, a detailed investigation of the 
external and internal anatomy of the first 
and second gonopods of C. opilio was made 

by Beninger et al (1991). Both ofthe latter 
studies reported on rosette glands in the first 

gonopod and reasoned that the secretions 
contribute to the seminal fluids during cop? 
ulation. 

Criteria to distinguish reproductive capa? 
bility and indices of size at maturity for male 
C opilio are not well established (Somerton, 
1981; Elner and Beninger, 1989). Watson 

(1970) made observations on gonad devel? 

opment, presence of spermatophores and 

chela allometry for male C. opilio from the 
Gulf of St. Lawrence. The smallest mature 
male (on the basis of gonad state and subtle 

morphometric differentiation ofthe chelae) 
out of a sample of 194 was 51 mm CW; all 
males above 72 mm CW appeared mature 
and 50% maturity was estimated at approx? 
imately 57 mm CW. Regional variability in 
size at maturity has been shown for male 
C. opilio from the Bering Sea, with overall 
50% maturity (chela morphometrics) being 
estimated at 65 mm CW. Maturity esti? 
mates by both of these latter authors are 
influenced by their belief that males con- 
tinue to molt after achieving maturity. 
However, recent evidence strongly indicates 
that for C. opilio ofthe Northwest Atlantic, 
at least, the pubertal molt (at which the che? 
lae undergo a change in allometry) is a ter- 
minal molt (O'Halloran, 1985; Conan and 

Comeau, 1986; Conan et al, 1990). Hence, 
the implications [as for other majid crabs, 
Hartnoll (1965)] are that males can cease 

growing over a wide size range, between 

approximately 50-150 mm CW, and that 
males without differentiated chelae are not 

fully "mature." Nonetheless, morphometri- 
cally immature males can have fully formed 

spermatophores in their vas deferens (Ben- 
inger et al, 1988). Ramifications of the 
recent findings (Jamieson and McKone, 
1988) and the terminology used to define 

maturity (Conan et al, 1990; Elner and Ben- 

inger, 1989) are being debated. 

Female reproductive system 

The female reproductive system in C. 

opilio resembles that of other crabs, com- 

prising a pair of ovaries and oviducts which 
lead to paired spermathecae or seminal 

receptacles. These in turn are linked to the 
external medium via a short vagina termi- 

nating in a gonopore (Fig. 1B). Although the 

histological picture is relatively complete for 
Callinectes sapidus (Johnson, 1980) and C 

opilio (Beninger et al, 1988; Beninger et al, 
1992), fundamental questions have yet to 
be answered on the functioning ofthe female 

reproductive system in general, and the 

spermatheca (Fig. 1C) in particular. Histo? 

logical studies show that the inner lining of 
the spermatheca is a secretory epithelium 
(Johnson, 1980; Diesel, 1989; Beninger et 
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Fig. 1. Reproductive system in Chionoecetes opilio. A, B. Internal morphology of mature male and female. A. 
Dorsal view of male. Right side shown with heart and stomach removed. Anterior vas deferens (AVD), gills 
(G), heart (H), mid-vas deferens (MVD), stomach (S), testis (T), posterior vas deferens (PVD). B. Dorsal view 
of female. Right side shown with heart removed and spermatheca evident. Ovary (O), spermatheca (SP). C. 
External anatomy of spermatheca. Cuticular septum (CS), oblique muscles (M), attached to inner wall of vagina, 
sectioned oviduct (OD), concave (inner) wall of cuticular vagina (V). (Adapted from Beninger et al, 1988.) 

al, 1992); however, the chemical nature of 
the secretions is still being investigated. The 

secretory, and indeed squamous, nature of 
this epithelium is at variance with the pres- 

ence of either cilia (virtually unknown in 
the Arthropoda) or microvilli (which signify 
absorption) as suggested by Johnson (1980). 
A secretory epithelium appears also to be 

This content downloaded from 134.153.184.170 on Tue, 16 Sep 2014 20:10:41 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Reproductive Biology of Snow Crab 527 

incompatible with the mechanism of dehy- 
dration ofthe spermathecal matrix for sper- 
matophore storage as proposed by Beninger 
et al. (1988). Ongoing histochemical and 
ultrastructural studies have demonstrated 
the presence of a dense, morphologically 
homogeneous population of bacteria, dom? 
inated by rods, inside the spermatheca of 

many females (Beninger et al, 1992). We 

hypothesize that these bacteria are culti- 
vated by secretions from the spermatheca 
lining, the end products of their metabolism 

serving to lower the pH in the spermathecal 
lumen. The system, somewhat analogous to 
the vagina in mammals, may act to inhibit 
attack by opportunistic bacteria on sper- 
matophores retained in the spermatheca. An 

alternative, although not mutually exclusive 

hypothesis, is that the end products could 
be metabolized by the stored spermatozoa. 

Female C. opilio are acknowledged to 
attain terminal molt status at maturity 
(Watson, 1970; but see Ito and Kobayashi 
[1967] and Hooper [1986] for exceptions). 
At terminal ecdysis the abdomen undergoes 
a large allometric shift in growth, relative 
to carapace size, which facilitates egg brood? 

ing (Hartnoll, 1969). The carapace sizes of 

pre- and post-puberal females overlap but 
the size range attained at terminal molt 

(approximately 47-95 mm CW) is less than 
that for males. In females, in contrast to 

males, reproductive capability can be readily 
ascertained from the presence of eggs under 
the abdomen. 

The fecundity of C. opilio has been stud? 
ied over most of its geographical range (see 
Elner and Robichaud, 1983 for review). 
Estimates of the number of eggs carried by 
females from the Northwest Atlantic range 
from approximately 12,000 to 128,000 
(Elner and Robichaud, 1983) and are gen? 
erally higher, for a given CW, than for con- 

specifics from the Bering Sea (Haynes et al, 
1976; Davidson et al, 1985). Most workers 
have found significant relationships between 

fecundity and CW. However, total egg num? 
ber is reported to decrease by approximately 
50% between the time of extrusion and 

hatching (Brunel, 1962; Kon, 1974). Fur? 

ther, Kon (1974) demonstrated a progres- 
sive decline in both the intercept and slope 
of the fecundity: CW relationship through 

the brooding period for females from the 

Japan Sea, suggesting that egg losses are pro- 
portionately greater for larger, more fecund, 
females. A similar differential loss rate is 
indicated for females from the Northwest 
Atlantic (Elner and Gass, 1984). Presum- 

ably eggs are lost due to factors such as pre? 
dation, parasitism, abrasion and decay of 
unfertilized eggs. Free-living nematodes, 
Oncholaimus sp., and turbellarian, Ecto- 

cotyla sp., egg capsules are common in C 

opilio broods from Cape Breton Island (Elner 
and Gass, 1984; Brattey et al, 1985). 

Variability in fecundity patterns may be 

partly attributable to a longer egg devel? 

opment period and relatively lower fecun? 

dity for primiparous, as compared to mul- 

tiparous, females. Sampling of females off 

Cape Breton Island in November, 1983 
revealed a mixture of newly oviposited and 
older eggs (Elner and Gass, 1984), suggest? 
ing that Atlantic C. opilio may be similar to 

conspecifics from the Japan Sea in having 
two spawning cycles. Ito (1967), Kon (1974, 
1980) and Sinoda and Kobayashi (1982) 
determined that primiparous females from 
the Japan Sea require 18 mo to brood their 

eggs whereas multiparous females take only 
12 mo. Furthermore, Atlantic snow crab 
females with hatching and freshly extruded 

eggs are most common from late April to 
June (Watson, 1969) during the multipa? 
rous mating period (Taylor et al, 1985), 
whereas primiparous mating and egg extru- 
sion occur from February to early March 

(Watson, 1970, 1972). Somerton and Mey? 
ers (1983) demonstrated that primiparous 
Tanner crab, Chionoecetes bairdi, from the 

Bering Sea are only approximately 70% as 
fecund as equivalent-sized multiparous 
females. Similar relationships between 

fecundity and primi- vs. multiparous 
spawners are suggested for C. opilio (Elner 
andRobichaud, 1983; Elner and Gass, 1984) 
but remain to be tested. Since primiparous 
females have recently molted and multip? 
arous females do not molt, the lesser fecun? 

dity of primiparous individuals could be 
related to either the energetic cost of molting 
or their relatively smaller internal volume 
for ovarian tissue at the premolt size. These 
factors underscore the importance of distin- 
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guishing between primi- and multiparous 
females when reporting fecundity data. 

Mating pathways 

Copulations involving both soft-shelled 

primiparous females (Watson, 1970, 1972) 
and hard-shelled multiparous females (Tay? 
lor et al, 1985) have been observed, but 
male crabs can only copulate in the hard- 
shelled state (Hartnoll, 1969). Although 
male C. opilio attain a molt to morpho- 
metric maturity which involves acquisition 
of the secondary sexual characteristics of 

enlarged and modified chelae (probably 
facilitating prolonged grasping ofthe female 

during multiparous mating), males with 

morphometrically immature chelae may 
copulate with soft-shelled females (Conan 
et al, 1990) and some hard-shelled, mul? 

tiparous females (Ennis et al, 1989). Pri? 

miparous copulation has only been observed 
in February and March (Watson, 1970, 
1972) and is probably spatially and tem- 

porally separated from multiparous copu? 
lation in April and May (Taylor etal, 1985; 
Hooper, 1986). 

The behavioral sequences of primiparous 
mating, in the laboratory, are described by 
Watson (1970,1972). During the week-long 
precopulatory embrace, the hard-shelled, 
morphometrically mature male holds the 
female and drives away intruding males. 
Before a 45 min copulation period, the male 
assists the female in ecdysis. The male con- 
tinues to embrace the female for approxi? 
mately 8 hr after copulation. Egg extrusion 

usually occurs within 24 hr of mating. Wat? 
son (1972) also demonstrated that males can 
be polygamous and copulate at a relatively 
small size. A 98 mm CW male mated with 
six females in a 1-month period and suc? 
cessful mating occurred between a 61 mm 
CW male and a female which increased, after 

molting, from 64 mm to 74 mm CW. In 

examining the possibility that in areas of 

heavy fishing, males could be reduced to 
such low density that some females might 
not be fertilized immediately after molting 
to maturity, Watson (1972) noted that three 
females copulated successfully 27, 53 and 
95 hr after ecdysis. 

Although Watson (1972) reported that 
hard-shelled mature females were incapable 

of copulation, others speculated that such 
behaviour could occur. Hartnoll (1969) 
noted that females of the Majidae, specifi- 
cally Hyas coarctatus, sometimes mate in 
the hard-shelled condition. Paul (1982) 
reported that 98% of multiparous female C. 
bairdi from off Kodiak, Alaska, had grasp- 
ing marks from males as result of hard- 
shelled mating. Supporting evidence for 

re-mating in C bairdi was provided by lab? 

oratory and field observations (Somerton, 
1981; Adams, 1982). In a study of onto? 

genetic migration patterns, Somerton (1981, 
1982) suggested that bipartite breeding 
occurs in C. opilio elongatus, C tanneri and 
C. bairdi. Essentially, he proposed that mat? 

ing occurs amongst two distinct life history 
groups: a) primiparous females and recently- 
mature males, and b) multiparous females 
and large mature males. Finally, definitive 
evidence for multiparous mating in Atlantic 
C. opilio came from observations of an 
annual spring breeding migration to shallow 
water in Bonne Bay, Newfoundland (Taylor 
et al, 1985; Conan and Comeau, 1986; 
Hooper, 1986). The multiparous mating 
process may last up to approximately 2 mo 

(Taylor et al, 1985; Hooper, 1986). During 
the precopulatory period the male clasps the 

ovigerous female near the base ofthe walk? 

ing legs and carries her for several weeks. 
Male competition for females is intense and 

many females lose limbs in the process 
(Hooper, 1986; R. W. Elner, personal obser? 

vations). Copulation occurs shortly after the 
female releases her clutch of larvae, and the 

pair separates soon afterwards. Egg extru- 
sion presumably occurs shortly after copu? 
lation although the interval has not been 

reported in the literature. Ennis et al. (1988) 
suggest that the incidence of unfertilized 
clutches is low. Accounts in Hooper (1986) 
on multiparous females releasing larvae and 
then molting are perplexing given the con- 
sensus on female terminal molt to maturity. 
Although there are no published reports of 

multiparous mating outside of Bonne Bay, 
the patterns of grasping marks on most mul? 

tiparous females captured in the Northwest 
Atlantic (R. W. Elner, unpublished data) 
indicate that the phenomenon is common. 
Males in multiparous pairs sampled by Tay? 
lor et al. (1985) and Hooper (1986) were 
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invariably larger than their partners and 
above the commercial minimum size of 95 
mm CW. Conan and Comeau (1986) argued 
from their own observations that only mor- 

phometrically mature males larger than 95 
mm CW could effectively mate with mul? 

tiparous females; however, surveys in sub? 

sequent years at the same site indicate that 
smaller males increase participation in mat? 

ing activity when competition from larger 
males is reduced (Ennis et al, 1988, 1989; 
but see also Elner and Beninger, 1989). 
Moriyasu and Conan (1988) reported, on 
the basis of aquarium observations, that 

mating success increases with male CW, with 
50% success at 80-84 mm CW, without 

competition, and 90-94 mm CW under 

competitive conditions. 
Female C opilio, without access to males, 

are able to fertilize their ova using sper- 
matophores stored from the primiparous 
copulation at least one year earlier (Watson, 
1970, 1972). However, information is lack- 

ing on the length of time stored sperm 
remains viable, the number of egg extru- 
sions that can occur from a single mating 
and the relative occurrence of this repro? 
ductive pathway. Females of the majid /. 

phalangium can store sperm from succes- 
sive copulations and one female kept iso? 
lated from males produced six successive 
broods (Diesel, 1986). Ninety-six of ninety- 
eight ovigerous female C opilio collected 
from Cape Breton in November 1983 by 
Elner and Gass (1984) had stored spermat- 
ophores, suggesting that they would have 
been capable of extruding at least one fur? 
ther brood without remating. In contrast, 
only one out of 16 females (old-shell, see 
Ennis et al, 1989) sampled from the same 
area in August 1984 had spermatophores 
(Beninger et al, 1988). Similarly, Watson 

(1970) collected C opilio females from the 
Gulf of St. Lawrence from May to Septem- 
ber 1969 and found that all 25 mature 
females with new shells had stored sper? 
matophores whereas only 37 of 46 mature 
females with old shells had them. None of 
nine immature females examined had sper? 
matophores. Thus, there may be an inverse 

relationship between time since primipa? 
rous copulation and the incidence of sper? 
matophore storage, perhaps indicating that 

spermatophore storage is relatively less fre- 

quent at multiparous copulation. 
Adams and Paul (1983) studied relation? 

ships between male parent size, the number 
of eggs produced and the number of sperm 
remaining after egg extrusion for C. bairdi. 

They found that all sizes of mature males 
examined produced an excess of sperm at 

copulation and that following egg extrusion 
93% of females had enough stored sperm to 
fertilize additional egg clutches. Adams 

(1982), in documenting the reproductive 
behaviour of C. bairdi, observed that: 1) 
very small males grasped newly molted 
females and mated precociously without 

subsequent production of viable zygotes; and 

2) primiparous females, which had been iso? 
lated from males, could extrude unfertilized 

eggs ofthe normal orange colour. However, 
the eggs produced by some unmated pri? 
miparous females were resorbed rather than 
extruded. 

Fertilization 

The precise events leading to fertilization 
in C opilio are presently uncertain, largely 
because they take place within the "black 
box" of the spermatheca. However, given 
the available observations on reproductive 
behaviour, morphology and physiology, 
likely scenarios can be hypothesized. Intu- 

itively, spermatophores introduced at the 

primiparous mating are partitioned; one 
fraction bursts and fertilizes the initial egg 
batch and the second fraction remains intact 
and in storage within the spermatheca. The 
mechanism for such a partitioning remains 
unknown. Indeed, Watson (1970, 1972) did 
not observe whether or not the male's gon- 
opods were actually inserted into the fem? 
ale's gonopores during primiparous copu? 
lation. 

Observations by Watson (1970, 1972) on 

spermatophores issuing from the male gon- 
opods indicate that the spermatophore 
transfer process is "leaky." Following from 

this, Beninger et al. (1988) argued that sper? 
matophores are likely to come into contact 
with seawater during copulation and sug- 
gested that the greatly folded pellicle ofthe 

spermatophore inhibits premature ruptur- 
ing by allowing rapid swelling due to osmo- 
sis or hydration. Further, Beninger et al. 
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(1988) determined that while some sper- 
matophores, from the posterior vas defer? 
ens of morphometrically mature males, 
ruptured in less than one minute when 

exposed to seawater, others were still intact 
after 2 hr. Such differential resistance to 

bursting could be part ofthe mechanism by 
which spermatophores are partitioned into 
the two fractions. Recent testing (Beninger 
and Elner, in preparation) has shown that, 
while spermatophores from the PVD can be 

highly resistant to bursting, stored sper? 
matophores from the spermatheca burst 

rapidly, with little swelling, when agitated 
in seawater. Thus, the susceptibility of sper? 
matophores to rupture changes markedly 
upon storage. The latter observation appears 
adaptive in that stored spermatophores are 
not subject to the threat of premature burst? 

ing during copulation but, rather, must burst 

rapidly when the spermatheca is (presum- 
ably) flooded with seawater during egg 
extrusion without multiparous copulation. 
The mechanical trigger required for burst? 

ing is probably supplied by muscular con- 
tractions of the ventral region of the sper? 
mathecal wall (Beninger et al, 1988), which 
also serve to mix the ova and sperm together 
for fertilization prior to egg extrusion. 

The extent to which fertilization from 
stored sperm contributes to reproductive 
output is unknown. Multiparous females 
observed in the Bonne Bay breeding migra? 
tion are invariably paired with males (R. 
W. Elner, personal observations). Conceiv- 

ably, multiparous females that do not par- 
ticipate in a breeding migration may fail to 
locate a mate and can rely on stored sper? 
matophores. Alternatively, stored sperm 
may be used to fertilize a new clutch when 
the original clutch is lost. Kuris et al. (1991) 
found that egg predation by symbiotic 
nemerteans results in substantial reduction, 
even complete loss, of clutches in red king 
crab, Paralithodes camtschatica (for review 
of egg predators on brachyurans, see Kuris 
and Wickham, 1987). Egg loss appears to 
occur commonly in C. opilio and could be 
induced by factors such as parasitism (Brat- 
tey et al, 1985), predation, disease or insuf- 
ficient vitelline reserves (Elner and Gass, 
1984). Elner (unpublished) removed all the 

eggs from an ovigerous female C opilio, held 
in the laboratory in the absence of males, 
and noted that a new brood was extruded 
within 6 wk. Further experimentation on 

egg re-extrusion in the absence of males is 

underway. 
Stored spermatophores appear unlikely 

to be utilized at multiparous mating. The 
recurved tip and arrangement of setae at the 
end of the first gonopod suggest that males 

may be capable of evacuating at least the 
ventral most (i.e., most recent) stored prod? 
ucts from previous matings before depos- 
iting their own ejaculate (Beninger et al, 

1991). If so, mixing and competition 
between sperm from rival males would be 
limited and only the last male to copulate 
before egg extrusion would achieve repro? 
ductive success. The pre-copulatory removal 
of spermathecal contents would constitute 
a previously unsuspected mechanism of 

reducing sperm competition which would 
not depend on last male precedence of "lay- 
ered" ejaculate (Diesel, 1991). The multip? 
arous mating system in C opilio appears 
analogous to that described by Snedden 

(1990) for the crayfish Orconectes rusticus 
and arguments similar to Snedden's can be 

developed to account for intermale conflict 
after copulation (see also, Christy, 1987). 

Conclusion 

Our review presents recent progress as well 
as major gaps in understanding ofthe var? 
ious mechanisms involved in snow crab 

reproduction. Currently, there is need for 
more precise data and experimentation on 

copulatory behaviour, spermatophore 
transfer, spermatophore storage, fertiliza? 
tion and subsequent egg extrusion. In all 
observations and testing we should accu? 

rately characterize the reproductive status 
of the crabs under investigation. Hitherto, 
key factors such as the morphometric matu? 

rity status of males and the primi-or-mul- 
tiparous status of females has either been 

ignored entirely or possibly misinterpreted 
(Elner and Beninger, 1989). Similarly, to 

definitively assess reproductive success, egg 
extrusion must be observed and the fertility 
and size of the brood ascertained. As the 

complexity of reproductive events in C. opi- 
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lio has become evident so has the need for 

accurate sub-definitions ofthe term "matu? 

rity." Clearly, there are ambiguities with 
current terminology; for example, a male 

may possess fully-formed spermatophores, 
copulate successfully with some types of 
females under specific conditions and yet be 
termed either morphometrically immature 
or juvenile (Conan et al, 1990; Paul and 

Paul, 1990). For males, at least, maturity 
has physiological, morphological, behav? 
ioral and ecoiogical components; while 
individuals with only some of these com? 

ponents may have less potential to express 
their genes than "fully" mature males, they 
should nevertheless be considered "poten? 
tially" mature. A continuing question is the 
relative reproductive success of morpho? 
metrically mature versus morphometrically 
immature males and the reproductive status 
of the females they fertilize. To properly 
address this, it is important to identify the 

partners and success of males and females 

through the various life history stages. The 
success of morphometrically mature males 
relative to their size is also of interest given 
the high incidence of "pygmy" males in ter- 
minal molt status (Bailey and Elner, 1989; 
Safran^a/., 1990). 

Much of the research and many of the 

problems on snow crab have been generated 
by the fisheries. A low incidence of barren 
mature females and a high incidence of 
females with stored spermatophores sug? 
gests that the population fecundity of C. opi? 
lio is being maintained at a high level (Elner 
and Robichaud, 1983; Elner and Gass, 1984; 
Ennis et al, 1988). However, high egg pro? 
duction has not either translated into high 
recruitment levels into the fishery (Elner and 

Beninger, 1989) or ensured stock stability 
(Bailey and Elner, 1989). We recommend 
that comprehensive, sustained sampling 
schemes in tandem with multidisciplinary 
experimentation are now required to elu- 
cidate snow crab reproductive biology. 

Acknowledgments 

The authors thank M. D. Eagles for 
invaluable technical assistance. We appre- 
ciate the funding from the Crustacean Soci- 

ety that enabled both authors to present this 

paper at The Compleat Crab Symposium, 
San Antonio, Texas, in December 1990. 

References 

Adams, A. E. 1982. The mating behaviour of Chiono? 
ecetes bairdi. In B. Melteff (ed.), The proceedings 
of the international symposium on the genus 
Chionoecetes, pp. 235-271. Lowell Wakefield 
Fisheries Symposia Series. University of Alaska, 
Alaska Sea Grant Rep. 82-10. 

Adams, A. E. and A. J. Paul. 1983. Male parent size, 
sperm storage and egg production in the crab, 
Chionoecetes bairdi (Decapoda: Majidae). Int. J. 
Invertebr. Reprod. 6:181-187. 

Bailey, R. F. J. and R. W. Elner. 1989. Northwest 
Atlantic snow crab fisheries: Lessons in research 
and management. In J. F. Caddy (ed.), Marine 
invertebrate fisheries: Their assessment and man? 
agement, pp. 261-280. John Wiley and Sons, New 
York. 

Beninger, P. G., R. W. Elner, T. P. Foyle, and P. H. 
Odense. 1988. Functional anatomy of the male 
reproductive system and the female spermatheca 
in the snow crab Chionoecetes opilio O. Fabricius 
(Decapoda: Majidae) and a hypothesis for fertil? 
ization. J. Crust. Biol. 8:322-332. 

Beninger, P. G., R. W. Elner, and Y. Poussart. 1991. 
The gonopods ofthe majid crab Chionoecetes opi? 
lio (O. Fabricius). J. Crust. Biol. 11:217-228. 

Beninger, P. G., C. Lanteigne, and R. W. Elner. 1992. 
Reproductive processes revealed by spermato? 
phore dehiscence experiments and by histology, 
ultrastructure and histochemistry of the female 
reproductive system in snow crab, Chionoecetes 
opilio (O. Fabricius). J. Crust. Biol. (In press) 

Brattey, J., R. W. Elner, L. S. Uhazy, and A. E. Bagnall. 
1985. Metazoan parasites and commensals of five 
crab (Brachyura) species from eastern Canada. Can. 
J. Zool. 63:2224-2229. 

Brunel, P. 1962. Troisieme serie d'observations sur 
la biologie et la biometrie du crabe-araignee 
Chionoecetes opilio (Fabr.). Rapp. Annu. 1962, 
Office Rech, Pecheries Can. Sta. Mar. Grande- 
Riviere, P.Q. pp. 91-100. 

Christy, J. H. 1987. Competition, mating, mate choice 
and mating associations of brachyuran crabs. Bull. 
Mar. Sci. 41:177-191. 

Conan, G. Y. and M. Comeau. 1986. Functional 
maturity and terminal molt of male snow crab, 
Chionoecetes opilio. Can. J. Fish. Aquat. Sci. 43: 
1710-1719. 

Conan, G. Y., R. W. Elner, and M. Moriyasu. 1990. 
Review of literature on life histories in the genus 
Chionoecetes in light of the recent findings on 
growth and maturity of C. opilio in eastern Can? 
ada. In B. Melteff (ed.), The proceedings of the 
international symposium on king and Tanner crabs, 
pp. 163-179. Lowell Wakefield Fisheries Sym? 
posia Series. University of Alaska, Alaska Sea 
Grant Report 90-04. 

This content downloaded from 134.153.184.170 on Tue, 16 Sep 2014 20:10:41 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


532 R. W. Elner and P. G. Beninger 

Davidson,K.,J.C. Roff, and R.W. Elner. 1985. Mor? 
phological, electrophoretic, and fecundity char? 
acteristics of Atlantic snow crab, Chionoecetes opi? 
lio, and implications for fisheries management. 
Can. J. Fish. Aquat. Sci. 42:474-482. 

Diesel, R. 1986. Optimal mate searching strategy in 
the symbiotic spider crab Inachus phalangium 
(Decapoda). Ethology 72:311-328. 

Diesel, R. 1989. Structure and function ofthe repro? 
ductive system of the symbiotic spider crab Ina? 
chus phalangium (Decapoda: Majidae): Observa? 
tions on sperm transfer, sperm storage and 
spawning. J. Crust. Biol. 9:266-277. 

Diesel, R. 1991. Sperm competition and the evolu? 
tion of mating behaviour in Brachyura, with spe? 
cial reference to spider crabs (Decapoda, Majidae). 
In R. T. Baer and J. W. Martin (eds.), Crustacean 
sexual biology, pp. 145-163. Columbia University 
Press, New York. 

Elner, R. W. and P. G. Beninger. 1989. Commenton 
functional maturity in small male snow crab 
(Chionoecetes opilio): Sizing up the evidence. Can. 
J. Fish. Aquat. Sci. 46:2037-2039. 

Elner, R. W. and C. Gass. 1984. Observations on the 
reproductive condition of female snow crabs from 
N.W. Cape Breton Island, November 1983. Can. 
Atl. Fish. Sci. Adv. Comm. Res. Doc. 84/14. 

Elner, R. W. and D. A. Robichaud. 1983. Observa? 
tions on the efficacy ofthe minimum legal size for 
Atlantic snow crab Chionoecetes opilio. Can. Atl. 
Fish. Sci. Adv. Comm. Res. Doc. 83/63. 

Ennis, G. P., R. G. Hooper, and D. M. Taylor. 1988. 
Functional maturity in small male snow crabs 
(Chionoecetes opilio). Can. J. Fish. Aquat. Sci. 45: 
2106-2109. 

Ennis, G. P., R. G. Hooper, and D. M. Taylor. 1989. 
Reply to comment by R. W. Elner and P. G. Ben? 
inger. Can. J. Fish. Aquat. Sci. 46:2039-2044. 

Hartnoll, R. G. 1965. The biology of spider crabs: A 
comparison of British and Jamaican species. Crus- 
taceana 9:1-16. 

Hartnoll, R. G. 1969. Mating in the Brachyura. Crus- 
taceana 16:160-181. 

Haynes, E., J. F. Karinen, J. Watson, and D. J. Hopson. 
1976. Relation of number of eggs and egg length 
to carapace width in the brachyuran crabs Chiono? 
ecetes bairdi and C. opilio from the southeastern 
Bering Sea and C. opilio from the Gulf of St. Law? 
rence. J. Fish. Res. Board Can. 33:2592-2595. 

Hooper, R. G. 1986. A spring breeding migration of 
the snow crab, Chionoecetes opilio (O. Fabr.) into 
shallow water in Newfoundland. Crustaceana 50: 
257-264. 

Ito, K. 1967. Ecological studies on edible crab, 
Chionoecetes opilio (O. Fabr.) in the Japan Sea. I. 
When do female crabs first spawn and how do they 
advance into the following reproductive stage? Bull. 
Jap. Sea Res. Fish. Rep. Lab. 22:81-116. 

Ito, K. and T. Kobayashi. 1967. A female specimen 
of the edible crab, Chionoecetes opilio O. Fabri? 
cius, with the unusual symptom of additional 
ecdysis. Bull. Jap. Sea Reg. Fish. Res. Lab. 18: 
127-128. 

Jamieson, G. S. and W. D. McKone. (ed.) 1988. Pro- 
ceedings of the international workshop on snow 

crab biology, December 8-10, 1987, Montreal, 
Quebec. Can. MS Rep. Fish. Aquat. Sci. 2005. 

Johnson, P. T. 1980. Histology ofthe blue crab, Cal? 
linectes sapidus: A model for the Decapoda. Prae- 
ger Publishers, New York. 

Kon, T. 1974. Marine biological studies on the Jap? 
anese Tanner crab?VI. The number of ovarian 
eggs and the number of eggs carried on the pleo- 
pods. Bull. Jap. Soc. Sci. Fish. 40:465^169. 

Kon, T. 1980. Studies on the life history ofthe zuwai 
crab, Chionoecetes opilio (O. Fabricius). Special 
Publication, Sado Marine Biological Station, Nii- 
gata University, Series 2. 

Kuris, A. M. and D. E. Wickham. 1987. Effect of 
nemertean egg predators on crustaceans. Bull. Mar. 
Sci. 41:151-164. 

Kuris, A. M., S. F. Blau, A. J. Paul, J. D. Shields, and 
D. E. Wickham. 1991. Infestation by brood sym- 
bionts and their impact on egg mortality of the 
red king crab, Paralithodes camtschatica, in Alaska: 
Geographic and temporal variation. Can. J. Fish. 
Aquat. Sci. 48:559-568. 

Moriyasu, M. and G. Y. Conan. 1988. Aquarium 
observations on mating behaviour of snow crab, 
Chionoecetes opilio. Int. Coun. Explor. Sea, CM 
1988/K:9. 

O'Halloran, M.-J. 1985. Moult cycle changes and the 
control of moult in male snow crab, Chionoecetes 
opilio. M.Sc. Thesis, Dalhousie University, Hali- 
fax, Nova Scotia. 

Paul, A. J. 1982. Mating frequency and sperm storage 
as factors affecting egg production in multiparous 
Chionoecetes bairdi. In B. Melteff (ed.), The pro- 
ceedings of the international symposium on the 
genus Chionoecetes, pp. 273-281. Lowell Wake- 
field Fisheries Symposia Series. University of 
Alaska, Alaska Sea Grant Rep. 82-10. 

Paul,A.J. and J.M. Paul. 1990. The size at the onset 
of maturity in male Chionoecetes bairdi (Decap? 
oda, Majidae). In B. Melteff (ed.), The proceedings 
ofthe international symposium on king and Tan? 
ner crabs, pp. 95-103. Lowell Wakefield Fisheries 
Symposium Series. University of Alaska, Alaska 
Sea Grant Rep. 90-04. 

Safran, E. B., T. P. Foyle, and R. W. Elner. 1990. 
Prospects for distinguishing morphometrically 
mature and immature crabs: An alternate man- 
agement strategy for the snow crab fishery. Can. 
Atl. Fish. Sci. Adv. Comm. Res. Doc. 90/30. 

Sapelkin, A. A. and V. Y. Fedoseev. 1981. Structure 
ofthe male reproductive system of Tanner crabs. 
Biologia Morya 7:37-43. 

Sinoda, M. and T. Kobayashi. 1982. Some effects of 
long-term exploitation of C opilio stocks in the 
southwest Japan Sea. In B. Melteff (ed.), The pro? 
ceedings of the international symposium on the 
genus Chionoecetes, pp. 421^441. Lowell Wake? 
field Fisheries Symposia Series. University of 
Alaska, Alaska Sea Grant Rep. 82-10. 

Somerton, D. A. 1981. Regional variation in the size 
of maturity of two species of Tanner crab {Chion? 
oecetes bairdi and C opilio) in the eastern Bering 
Sea, and its use in defining management subareas. 
Can. J. Fish. Aquat. Sci. 38:163-174. 

Somerton, D. A. 1982. Bipartite breeding: A hypoth- 

This content downloaded from 134.153.184.170 on Tue, 16 Sep 2014 20:10:41 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Reproductive Biology of Snow Crab 533 

esis of the reproduction pattern in Tanner crabs. 
In B. Melteff (ed.), The proceedings of the inter? 
national symposium on the genus Chionoecetes, 
pp. 283-289. Lowell Wakefield Fisheries Sym? 
posia Series. University of Alaska, Alaska Sea 
Grant Rep. 82-10. 

Somerton, D. A. and W. S. Meyers. 1983. Fecundity 
differences between primiparous and multiparous 
female Alaskan Tanner crab (Chionoecetes bairdi). 
J. Crust. Biol. 3:183-186. 

Snedden, W. A. 1990. Determinants of male mating 
success in the temperate crayfish Orconectes rus- 
ticus: Chela size and sperm competition. Behav? 
iour 115:100-113. 

Taylor, D. M., R. G. Hooper, and G. P. Ennis. 1985. 
Biological aspects ofthe spring breeding migration 
of snow crabs, Chionoecetes opilio, in Bonne Bay, 
Newfoundland (Canada). Fish. Bull. U.S. 83:707- 
711. 

Watson, J. 1969. Biological investigations on the spi? 
der crab, Chionoecetes opilio. Can. Fish. Rep. 13: 
24-^17. 

Watson, J. 1970. Maturity, mating and egg laying in 
the spider crab, Chionoecetes opilio. J. Fish. Res. 
Board Can. 27:1607-1616. 

Watson, J. 1972. Mating behaviour in the spider crab, 
Chionoecetes opilio. J. Fish. Res. Board Can. 29: 
447_449. 

This content downloaded from 134.153.184.170 on Tue, 16 Sep 2014 20:10:41 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 524
	p. 525
	p. 526
	p. 527
	p. 528
	p. 529
	p. 530
	p. 531
	p. 532
	p. 533

	Issue Table of Contents
	American Zoologist, Vol. 32, No. 3 (1992), pp. 359-542
	Front Matter [pp. 359-360]
	The Compleat Crab
	Introduction to the Symposium: The Compleat Crab [p. 361]
	Introduction to Session I: Activity and the Search for Resources [p. 362]
	Chemosensation in the Daily Life of Crabs [pp. 363-369]
	Herbivory in Crabs: Adaptations and Ecological Considerations [pp. 370-381]
	Integrating the Physiology, Mechanics and Behavior of Rapid Running Ghost Crabs: Slow and Steady Doesn't Always Win the Race [pp. 382-395]
	Context-Sensitivity in Crab Foraging Studies [pp. 396-404]
	Discussion of Session I [p. 405]
	Introduction to Session II: Oxygen, Salts, and Water Balance [p. 406]
	Interaction of Respiration, Ion Regulation, and Acid-Base Balance in the Everyday Life of Aquatic Crustaceans [pp. 407-416]
	Respiration and Circulation in Land Crabs: Novel Variations on the Marine Design [pp. 417-427]
	Water and Solute Balance in the Transition to Land [pp. 428-437]
	Integrated Function of the Respiratory Pigment Hemocyanin in Crabs [pp. 438-446]
	Discussion of Session II [p. 447]
	Introduction to Session III: Molting [pp. 448-449]
	Hormonal Control of the Molt Cycle in the Fiddler Crab Uca pugilator [pp. 450-458]
	Physiological Aspects of Molting in the Blue Crab Callinectes sapidus [pp. 459-469]
	Proteins of the Crustacean Exoskeleton [pp. 470-484]
	Getting out of a Tight Squeeze: Enzymatic Regulation of Claw Muscle Atrophy in Molting [pp. 485-494]
	Effects of Pollutants on Molting and Regeneration in Crustacea [pp. 495-500]
	Introduction to Session IV: Mating, Reproduction and Development [pp. 501-502]
	Constraint on Reproductive Output in Brachyuran Crabs: Pinnotherids Test the Rule [pp. 503-511]
	Decapod Larvae: Dispersal, Mortality, and Ecology. A Working Hypothesis [pp. 512-523]
	The Reproductive Biology of Snow Crab, Chionoecetes opilio: A Synthesis of Recent Contributions [pp. 524-533]
	A Review of Size at Maturity in Male Tanner (Chionoecetes bairdi) and King (Paralithodes camtschaticus) Crabs and the Methods Used to Determine Maturity [pp. 534-540]

	Book Reviews
	Review: untitled [p. 541]
	Review: untitled [pp. 541-542]
	Review: untitled [p. 542]

	Back Matter





