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Introduction

Since its inception in the mid to late 1960's, the snow crab,

Chionoecetes opilio, fishery has increased steadily in importance to its

present position as the most valuable crab species fished in Canadian waters

and the sixth most valuable fishery in Atlantic Canada (Elner 1982a).

In recent years the decreasing size of crabs caught and the collapse of

the fishery in some areas (Elner 1982b) indicate that the virgin biomass of

snow crabs has been essentially extinguished and the fishery is now largely

recruitment-based. In response to this trend, the present study was initi-

ated to elucidate stock structure and probable recruitment mechanisms for

Atlantic snow crabs. Such knowledge was deemed essential for the develop-

ment of an optimum snow crab management strategy.

Methods and Materials

Mature male and female snow crabs were collected for morphometric and

meristic analyses from commercial fishing grounds off St. John's,

Newfoundland; Pleasant Bay and Cheticamp, Nova Scotia; Gabarus, Nova Scotia,

and Riviere-au-Tonnerre, Quebec (Fig. 1). Snow crabs were preserved in 10%

fonmalin-seawater and transported to St. Andrews, New Brunswick, for

processing. The sex, 42 morphometric measurements and 8 meristic counts

were recorded for each crab. Morphometric and meristic data were subjected

to an SPSS discriminant function analysis to obtain an index of the unique-

ness of each stock examined.

Snow crabs for electrophoretic analyses were obtained from commercial

fishing grounds off Gabarus, Nova Scotia; Pleasant Bay, Nova Scotia;

Forestville, Quebec, and Port de Grave, Newfoundland (Fig. 1). The right

chelipeds of live, hard-shelled males (>95 mm carapace width) were removed

and preserved in dry ice. The samples were stored in dry ice or in freezers

at < -35°C until being transported to the University of Windsor, Windsor,

Ontario, where a disc polyacrylamide electrophoresis survey of 10 enzyme

systems was made for merus and propodus muscles from each sample cheliped
(Table 1).

Results

Using all 50 morphometric and meristic variables, the proportion of

both males and females properly classified by discriminant function analysis

'(i.e., their predicted group membership coinciding with the group from which

they originate) exceeds 83% for all areas (Table 2). A higher percentage of

females than males was properly classified for areas other than Pleasant Bay-
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terminal molt to maturity and, thus, do not exhibit morphological changes in

response to their adult environment. Therefore, we hypothesized that mor-

phological differentiation in response to environmental factors in snow

crabs occurs during the juvenile stages when the crabs live in a more

heterogeneous environment. As the crabs grow larger and move to their more

homogeneous adult environment they tend to converge in their morphological

attributes. This convergence is cut short in females due to their terminal

molt but extends on through the life of adult males. A preliminary analysis

of the morphometric and meristic data from this study supports our hypothesis:

Crabs were arranged by sex into arbitrarily delineated small (malestE.80 mm

carapace width, femaless60 mm carapace width), medium (males 80.1-100 mm

carapace width; females 60.1-70 mm carapace width), and large (males "100 mm

carapace width; females >70 mm carapace width) size groups and then each

size group was subjected to a discriminant function analysis of their mor-

phometric and meristic attributes. The percentage properly classified ac-

cording to area in small, medium and large size groups was 87.9%, 79.4% and

75.2%, respectively, for males and 93.3%, 69.1% and 68.1%, respectively, for

females. These results indicate that small crabs from different areas are

more morphologically distinct than large crabs from those same areas, as the

above hypothesis proposes.

Several authors (Harroll 1981; Booke 1981; Kutkuhn 1981) imply that for

the formation and maintenance of stocks "a moderately high degree of repro-

ductive isolation is necessary" (Harroll 1981). The results of electropho-

retic studies are much used for inferring genetic similarities or differen-

ces between both inter- and intraspecific populations. The electrophoretic

results in our study support those of the morphometrics and meristics by

inferring that the snow crabs from Newfoundland and the western Gulf of St.

Lawrence (Forestville and Anticosti) differ significantly from each other

and from those of. Pleasant Bay-Cheticamp and Gabarus. However, the electro-

phoretic results conflict with the morphometric and meristic results by

indicating that Gabarus and Pleasant Bay-Cheticamp snow crabs do not signif-

icantly differ from each other and represent one genetic stock.

If genetic characteristics of samples (as opposed to phenotypic charac-

teristics) are accepted as the basis for delineating stocks, then a reason

for the genetic characteristics should be postulated. All of the snow crab

areas sampled are geographically separated, therefore, the lack of inter-

breeding between adults from different sample areas provides an explanation
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assumed to equal pre-fishery levels and, hence, decreases in egg production

are unlikely to be a factor in the collapse.

Evidence from stock assessments over 4 years indicates that area 5 and

the remaining east coast snow crab grounds are unproductive in terms of

growth and recruitment. Possibly, the eastern areas, being at the southern

edge of known commercial snow crab concentrations in the Atlantic, represent

marginal grounds in terms of habitat. Thus, although comparisons of biomass,

growth and recruitment levels, as well as catch rates and size frequencies

for area 5 reveal apparent recruitment failures, it may be that the situation

represents the normal pattern of growth. Thus, the eastern Cape Breton

Island snow crab grounds were probably built up over time through trickles

of movement, growth, and recruitment. Such a scenario would account for the

initially high catch rates and landings on the grounds, the lack of resilience

of the stocks to exploitation, and the subsequent devastation of biomass and

catch rates after only a few fishing seasons.

In contrast to the east coast, the management by °stable-stock' policy

appears to have succeeded in area 1 on the west coast. The magnitude of

overall annual biomass additions in area 1, although variable in periodicity,

have appeared relatively large and consistent since 1978. This consistency,

despite high exploitation rates of 47-64%, has conferred resilience to the

area 1 stock and has facilitated management. Given that stability has been

achieved in area 1 at the expense of curbing effort and landings, the long-

term sustainable yield for the fishery appears to be approximately 1,000 MT

per annum.

Between 1978 and 1980 biological advice for a cautious approach to

exploitation of snow crab stocks was ignored, due mainly to the initially

high catch rates. Now the biological problems are compounded by excessive

potential effort threatening future prospects for recovery in the fishery.

In 1982, management acknowledged that the general strategy for snow crab

exploitation in Atlantic Canada was not applicable to eastern areas of Cape

Breton Island. As the reproductive potential of the resource is protected

by minimm size regulations, management has dropped catch controls for the

east coast areas and from 1982 onwards, plans to allow fishermen to exploit

snow crabs on a largely opportunistic basis.

The Cape Breton Island experience shows that the stock per se, as

defined by genetic and/or phenotypic characteristics, is not necessarily a
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meaningful management unit. Stocks may be more usefully sub-divided into

management units which reflect intra-stock factors such as growth and

recruitment patterns.

In sunmary, unique phe otypic and/or genotypic characteristics of

intraspecific groups of individuals may be useful in the delineation of

stocks, but should not be accepted as a basis for management strategies

until the biotic and abiotic factors governing these characteristics are

elucidated.
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Phenotypes 

MF

S3 MF:
S2 S3 MF

S i S 2 S 3 MF

S S,	 MF

MF

MF
S,	 ME.'

Sample Population 	

Newfoundland	 Forestville	 Gabarus	 Pleasant Bay 

30 (48.4%)	 11 (20.0%)	 0 ( 	 )	 0 ( 	 )

5 ( 8.1%)	 33 (60.0%)	 60 (96.8%)	 54 (93.1%)

4 ( 6.4%)	 5 ( 9.2%)	 1 ( 1.6%)	 3 ( 502%)

11 (17.7%)	 3 ( 5.4%)	 0 ( 	 )	 0 ( 	 )

6 ( 9.8% )	 1 ( 1.8%)	 0 ( 	 )	 0 ( 	 )

1 ( 1.6%)	 0(.	 )	 0( 	 )	 0( 	 )

4 ( 6.4%)	 2 ( 307%)	 0 ( 	 )	 0 ( 	 )

1 ( 1.6%)	 0 (-----)	 1 ( 1.6%)	 1 ( 1.7%)

••• 23.5	 12.6

•

Newfoundland	 40.8	 14.1	 92.8	 14.1

Anticosti

Pleasant Bay.

	

100.3	 14.1

	

28.2	 12.6

	

1.2	 5.99

_ 8 _

Table 1. Enzymes surveyed during electrophoretic exam-
ination of cheliped muscles from snow crab.

Enzyire

a-Esterases
Glucose-6-phosphate dehydrogenase
Glutamic oxalacetic transaminase
Phosphoglucoisamerase
Lactic dehydrogenase
Malate dehydrogenase
Leucine amino peptidase
Phosphoglucomutase
Fumerase
Xanthine dehydrogenase

Abbreviation

G-6 -PDH
GOT
PGI
LDH
MDH
LAP
PGM

Table 2. Discriminant function classification results for Snow Crabs from four Maritime
populations.

Predicted Group Membership 
Pleasant Bay

No. of Cases	 Newfoundland	 Cheticamp	 Gabarus	 Anticosti 
Actual Group males females	 males females	 males females	 males females	 males females

Newfoundland	 50	 51	 90.0%	 94.1%	 0.0%	 2.0%	 2.0%	 0.0%	 8.0%	 3.9%
Pleasant Bay-	 121	 119	 3.3%	 4.2%	 87.6%	 86.6%	 7.4%	 4.2%	 1.7%	 5.0%
Cheticamp
Gabarus	 101	 98	 0.0%	 2.0%	 5.9%	 4.1%	 83.2%	 90.8%	 10.9%	 3.1%
Anticosti	 174	 99	 4.0%	 3.0%	 0.6%	 3.0%	 11.5%	 3.0%	 83.9%	 90.9%

Females from all areas correctly classified - 89.9%
Males from all	 areas correctly classified - 85.4%

Table 3. Frequency of esterase phenotypes for four sample population
of snow crabs.

Table 4. Chi-squared comparison of esterase phenotype frequencies.

Forestville Pleasant Bay Gabarus
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