NOT TO BE CITED WITHOUT PRIGR
REFERENCE T0 THE AUTHOR(S)

Northwest Atlantic Fisheries Organization

Serial No. N1229 NAFO 5CR Doc. 86/102

SCIENTIFIC COUNCIL MEETING - SEPTEMBER 1986

A Genetic Stock Structure Study of Dogfish in the Northwest Atiantic

by
C. Annand and D. Beanlands

Marine Fish Division, Department of Fisheries and Oceans
Fisheries Research Branch, Scotia-Fundy Region, Bedford [nstitute of Oceanography
P. 0. Box 1006, Dartmouth, Nova Scotia, Canada BZY 4A2

Abstract

Studies of tne stock structure of doygfish {Squalus acanthias) usiny

tayging wethods sugyest that dogfish in the Northwest Atlantic are composed
of one stock with an extensive seasonal migration. In this study the '
amount of genetic differentiation between dogfish from the Gulf of #aine
and on the Scotian Shelf was estimated from electrophoretically detectable
protein loci expressed in skeletal muscle and liver, Both samples were in
Hardy Weinbery eyuilibrium and showed no genetic difterentiation in allelic
frequencies. These results support the previous conclusions that there is

one stock of dogfish which underygoes large seasondl miyrations.

Introduction

The ampunt of genetic mixing in the population of dogfisn in the
Northwest Atlantic is currently unresolved, although several studies have
been undertaken. For example, Sindermann and Mairs (1961) tried blood
typinyg techniques as an approach to the identification of doyfish sub-
populations, but althouyh the study resolved three different alleles in a
Gulf of Maine group no further work was dene to compare this yroup with

doyfish from other yeographicai locations.

Several tgying studies have been carried out over most of the species
range in order to determine the migration routes and pupulation dynamics of
dogfish populations. These studies in general have had low rates of
recapture compared to those of commercially important fish species,
possibly due to the lack of a significant commercial fishery. Tagying
studies from the Pacific show dogfish to be represented by localized (in
Puget Sound) as well as far ranging stocks {migrating from Baja California
to Japan} {Holland, 1957). More recent work on the Pacific coast, Ketchen
(1986) supports Holland's (1957} view about the existence of inshore
populations being independent from those off the open coast. Holden
distinguished at least three separate stocks in the Northeast Atlantic and
both Holden {1967} and Templeman (1954, 1Ys8, 1Y76) recorded transAtlantic
miyrations. :

Dogfish have been tagyed in the Northwest Atlantic by Templeman (1944,
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1954, 1976, 1984}, Jensen {1961, 1966, 1969), and Shafer {1970}. Keturns
from these tagging studies did not indicate the presence of definitive
stocks. Rather they suygested one stock with chanyes resulting from north-
south migrations along the coast of North America related to grbwth and
maturity.

Because of the'considerable aimount of yene tlow suygested by the
tayging data, there appears to be a need for genetic data which could
delineate genetic relationships and estimate the amount of differentiation
of dogfish within the Northwest Atlantic. Such infermation is most easily

obtained through the study of a iarge number of electrophoretically
detectable protein loci, Our objective was to analyse the patterns of

genetic variability of several electrophoretic loci in a sample of dogfish
from two locations within the species range, in order to provide data on
the possible existence of separate stocks within this range.

Materials and Methods

Since the pattern of tag recoveries in NAFU subareas. suggests that
there are resident groups of doyfish and migratory groups (Jensen, 196Y),
sampling locations were chosen to reflect any potential separation.
Samples were coliected during a research cruise in December 1984 from the
resident group in the inner Gulf of Maine (comprised of a mixture of mature
and immature animals}) and an overwintering immature portion of a migratory
group from the central Scotian Shelf group: pertinent data for the two
samples are given in Table 1. Tissue samples were stored at -40° C before
electrophoretic analysis. Extracts of white muscle and¢ liver from each
population were analysed by starch gei electrophoresie. Electrophoretic
techniques followed tnose of McGlade et al. (1982} using three buffer

systems.

Buffer 1: TRIS EDTA Borate Ph 8.7 {(Udense and Leung, 1975). - Gel and
Electrode 121 gm TRIS, 12 gm EUTA and 9.2 gm boric acid in 2L; diluted 1:3
with distilled HZU'

Buffer 2: Amine citrate Ph 6,9 (Clayton and Tretiak, 1972). - Gel U.UUZM
citric acid, and electrode U.U4M citric acid (M=mol/L) both adjusted. to Ph
6.9 with N-3aminopropyl diethanolamine.

Buffer 3: UDiscontinous TRIS citric acid (Ridgway et al., 1970). - Gel (Ph
8.5) 0.U3M TRIS, U.U05M citric acid €,0006M boric acid. Electrode (Ph 8.5)
0.U6M 1ithium hydroxide, 0.U3 M bortic acid.

Gels were visualized according to modifications in the recipes of Shaw
and Prasad (1Y70): allelic¢ nomenclature followed that of Allendorf and
Utter (1979), May et al. (1979), and May (1980) in which loci are numbered
sequentially from cathode to anode. The most comnon allele is designated
100 and all others labeled by their migratory ratio to the comnon allete.
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Data were collected for the following enzymes, {Abbreviations and
Enzyme Commission numbers in parenthesis); lactate dehydrogenase (LUH
1.1.1.27), malate dehydrogenase (MUH 1.1.1.37), isocitrate dehydroyenase
{IDH 1.1.1.42), creatine kinase (2.7.3.2), phosphogfuconic dehydrogenase'
{PGDH 1.1.1.43), alcohol dehydrogenase (AUM 1.1.1.1), ylyceraldehyde
dehydrogenase (GAP 1.2.1.12), glycercl 3 phosphate dehydrogenase (G3P'
1.1.1.8), aspartate amino transferase (AAT 2.6.1.1), esterase (EST
3.1.1.1), phosphoglucose isomerase (PGl 5.3.1.9), phosphoglucomutase {PGM
2.7.5.1), leucine aminopeptidase (LAP 3.4.1.1), and total protein, T.P..

Since the prime purpose of the present study was to look at population
structure we chose to target on enzyme loci shown to have variants in other
fish species (Kirpichnikov, 1981). Genotypic frequencies for all
consistently resolved systems were tested for deviations from Hardy
Weinbery proportions using the chi-square {xz) method for goodness of fit
with 1 degree of freedom: the deviation was considered significant at P <
0.05. Becuase we had only one variable .locus genetic distances were not
calculated.

Results and Discussion

A total of 15 loci were detected from the 13 enzyme systems examined.
Although activity occured in all the enzyme systems surveyed with the
exception of [UH, LAP, and EST only 7 loci yielded reliable data for
scoring. These are presented in Table 2. The only genetic variability was
found at the AAT-2 locus; the AAT-1 locus was invariant and assumed to be a
supernatant form (Avise and Beardmore, 1977). An alternate allele waé
observed for the AAT-2 locus, the heterozygote was three banded indicating
that AAT in dogfish acts as a dimer, as in other species (Ward and
Beardmore, 1977; May, LY80). The observed genotypic proportions with
corresponding allele frequencies for the AAT-2 locus have been compiled in

Table 3. The observed genetypic proportions did not deviate Significanty

from Hardy Weinberg equilibrium values; the t-test between samples showed

no significant differences (ts2 = 1U0; P = 0.001). This tack of

genetic differentiation between groups of dogfish sampied may be the result
‘of substantial gene flow between groups. However only a smali portion of
the species range was sampled and so we can only infer that dogfish in the
Northwesp Atlantic are one large migratory stock.
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Table 1. Sampling data for dogfish used in electrophoretic study.
Ho. of . Median Sex
Location Lat. and Long. Bate Fish Length Gear Ratio
i) Guif of 414434 693421 26
Maine 415598 643510 3
413471 891414 bec/84 2 90 cm Trawl 16 F
413726 642677 8 76 ¢cm 23 M
413709 693508 16 '
424285 685656 27
424534 684708 17
2) Scotian 431648 620835 48 66 Cm 74 F
- Shelf 433472 613747 Dec/84 b6 62 cm Trawl 25 M
Table 2. Enzyme systems of dogfish scored consistently.
No. of Loci
Enzyme Tissue Scored N Variant alleles Buffer
LUH Liver, Muscle 2 1ye invariant [,I1
MUH Muscle 1 1496 invariant [,11
G3IP Muscle o1 196 invariant I
AAT Muscle 2 196 one variant allele [
TP Muscle 1 146 invariant 11
Table 3. Genotypic composition with corresponding allele frequency at AAT-2
Tocus in dogfish muscie. Test of goodness of fit between observed and
expected (in parenthesis) values revealed no significant deviations.
] Genotypic Allele Goodnes& of
Species Location Locus Frequency N Frequency fit y
100/100 100/88 88/88
Dogfish Scotian  AAT-2 100 .45 .55 1.25
Shelf 25(20}) 40(50) 35(30) {D.F.=1}
Dogfish Gulf of  AAT-2  26(21) 34(48) 32(27) Y5 .47 .53 1.18

Maine

(D.F.=1)
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