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Abstract

The genetic variability of the northern shrimp, Pandalus borealis, collected in the Saguenay
Fjord, in six areas of the Estuary and the Gulf of St. Lawrence, and in two areas off the Labrador
coast was assessed using eight enzymatic loci. Males, primiparous and multiparous females
were sampled at all but one site in order to determine if gene frequencies within these regions of
the Northwest Atlantic are temporally stable. For this protandrous species, variation of the
genetic characteristics on a geographic scale and among maturity stages was largely determined
by the variation occurring at the EST*, HK-1* and to a lesser extent at the HK-2* loci. The other
loci did not vary significantly either on geographic or temporal scales. Deviations from Hardy-
Weinberg expectations, all of them due to deficits in heterozygotes, were observed mainly at the
same three loci and the number of deviations increased when males, primiparous and multiparous
females were pooled. A cluster analysis of genetic distance did not reveal geographic patterns in
the clustering of the samples. Although some rare private alleles were detected in the Gulf of St.
Lawrence samples, the data suggest that gene flow is extensive across the study area.
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Introduction

The northern shrimp, (Pandalus borealis) is a
circumboreal protandric hermaphrodite crustacean
found and exploited in the high latitudes of the Atlantic
and the Pacific Oceans (Ivanov, 1972; Shumway et al.,
1985). In the Northwest Atlantic, it is distributed from
the Gulf of Maine to the Davis Strait (Ivanov, 1972) and
in the St. Lawrence system the species can be found
from West Newfoundland to the Saguenay Fjord.
Exploited aggregations are found in the Estuary and
the Gulf of St. Lawrence, in the Gulf of Maine and on
the Scotian Shelf, along the east coast of Newfoundland
and Labrador and in the Davis Strait (Parsons and
Frechette, 1989; Lambert et al.,, MS 1998; Parsons et
al., MS 1999).

Despite the economic importance of the northern
shrimp, only a few studies have attempted to describe
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its population genetic structure. These studies show
that shrimp occurring in seas that are geographically
far apart such as the Barents and the Bering seas, the
Sea of Japan and the Gulf of St. Lawrence are clearly
genetically differentiated from each other (Kartavtsev
et al., 1991; Kartavtsev et al., 1993; Kartavtsev, 1994;
Jonsdottir et al., 1998). It is worth mentioning however,
that the taxonomic status of the northern shrimp is
under debate. Indeed, Squires (1992) recognized the
Pacific form as a species (Pandalus eous) rather than a
subspecies of P. borealis, while Sokolov (1997) argued
that most of the morphological features considered by
Squires reflected within species variability and that
the subspecies ranking should be retained. The
possibility that some of the differences observed in
previous studies might have been between species
rather than within species cannot be excluded until the
taxonomic status of the northern shrimp is clarified.
Since the present study does not provide additional
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relevant information, this issue will not be considered
further.

The possibility of observing genetically differen-
tiated populations over shorter distances is not well
established. Indeed, while some studies have shown that
populations of shrimp were homogeneous within seas
and that this homogeneity appears to be stable through
time (Kartavtsev et al., 1991; Kartavtsev et al., 1993;
Kartavtsev, 1994), another has detected differences in
allelic frequencies at allozyme loci between shrimp
collected inshore and offshore off Iceland and in the
Denmark Strait (Jonsdottir et al., 1998). Our studies
to date of the genetic structure of the northern shrimp
have been largely restricted to the Gulf of St. Lawrence.
These preliminary studies suggest the existence of
heterogeneity in allelic frequencies among samples in
this area (Savard, MS 1989; Savard et al., MS 1993;
Sévigny, 1994).

An understanding of the geographical stock
structuring is critical to the development and
implementation of management and conservation
measures of exploited species. Indeed, management
of the fishery of a marine species is based on the
definition of management units, which should
correspond to stocks (or populations) with particular
patterns of recruitment, growth and mortality. The
assessment of the population genetic structure of
exploited species can thus provide valuable
information on the interaction between populations
and their resilience to exploitation and therefore, can
influence the choice of resource conservation
strategies (Carvalho and Hauser, 1995; Shaklee and
Bentzen, 1998; Ward, 2000 for reviews). However,
the life cycle of the northern shrimp is characterised
by the presence of a larval stage that may last for 2—4
months. Since the circulation patterns prevailing in
the Northwest Atlantic favour widespread dispersion
(Drinkwater and Mountain, 1997; Fig. 1), we can
hypothesise that genetic differentiation will be weak
for this species in the Northwest Atlantic.

The goal of the present study was to describe genetic
variability of the northern shrimp in the St. Lawrence
system and along the Labrador coast, to determine if
the genetic variation patterns observed suggest the
existence of genetically differentiated populations in
Eastern Canada. The description of genetic variation
presented in this study is based on allozyme loci and
includes samples collected over a large geographic area.
Males, primiparous and multiparous females were
sampled at several sites in order to assess the importance
of the temporal variability, since these maturity stages

were assumed to represent different age groups
(Shumway et al., 1985). Indeed, genetic difference on a
geographic scale will indicate that populations are
relatively isolated and self-recruiting if the difference
observed is stable through time. By contrast, if temporal
variation is important, the genetic difference observed
among sites might be modified between generations if
genetically different cohorts are recruited (David et al.,
1997; Li and Hedgecock, 1998). More specifically, the
objectives of the present study were to determine if:

1) genetically isolated populations are present within
the Gulf of St. Lawrence,

2) genetically isolated populations are present along
the Labrador coast,

3) the populations from the Gulf of St. Lawrence are
genetically isolated from those of the Labrador
coast, and

4) the genetic characteristics described are temporally
stable.

Material and Methods

Sampling and sample preservation

Samples were collected within commercially
exploited shrimp aggregations in the Estuary and the
Gulf of St. Lawrence as well as in Hawke and Hopedale
Channels on the Labrador coast during the routine annual
surveys conducted by the Department of Fisheries and
Oceans, Canada. Samples were also collected in the
Saguenay Fjord, which sustains a peripheral unexploited
population. Samples were collected using a bottom
trawl from August to September 1990 (Fig. 1). They
were collected in one tow at the Rimouski site, two
tows at Pointe-des-Monts, Sept-iles, North and South
Anticosti sites and, over much larger areas (12 tows)
in the Esquiman Channel, Hawke Channel and Hopedale
Channel. Samples from the Saguenay Fjord were
collected with baited traps during the summer 1990 in
the Baie des Ha! Ha!, at Sainte-Rose-du-Nord and at
Baie Trinité (Sévigny, 1994). For the present study,
these three sampling stations are considered part of
the same site.

Sampled shrimp were classified into three maturity
stages assumed to represent three different age groups:
males, primiparous and multiparous females (Table 1).
Individuals were sexed from the characteristics of the
first pleopod endopodite (Rasmussen, 1953). The
separation between primiparous and multiparous females
was based on the presence or absence of sternal spines
located on the midventral face of the first four abdominal
segments (McCrary, 1971). Specimens were dissected
on board and samples of abdominal muscle and
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hepatopancreas tissue were frozen either in liquid
nitrogen or in dry ice and transported to the Maurice
Lamontagne Institute, Quebec, where they were
transferred to an ultracold freezer (-80°C) pending
genetic analyses. Whole specimens from the Esquiman
Channel and of the Saguenay Fjord where frozen on
board in liquid nitrogen and dry ice, respectively. They
were dissected in the laboratory prior to electrophoresis
analyses.

Allozyme analysis

Tissue homogenates were prepared according to
the procedure described in Roby ef al. (1991). All
allozymes were assayed on cellulose acetate gels using
the technique of Hebert and Beaton (1989), except for
esterases which were studied on discontinuous

polyacrylamide slab gels (method adapted from Ornstein,
1964). Enzyme activities were visualised according to
the standard staining procedure described by Murphy
et al. (1990). All staining solutions other than esterases
were incorporated in a 1% agar overlay. The bands of
activity which were consistently detected in the
hepatopancreas extracts without specific substrate and
with MTT (3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenylte-
trazolium bromide) and PMS (Phenazine methosulfate)
were tentatively attributed to the activity of tetrazolium
reductase (TR). Specimens of known genotype were
used as standards on every gel to assess both the quality
of the electrophoretic separation and to ensure the
accuracy of allele identification. Uncommon alleles at
each locus were re-run simultaneously to ascertain their
classification.
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TABLE 1. Number of northern shrimp (Pandalus borealis) collected for allozyme analyses.
Maturity stage
Male Female

Sampling Site Primiparous Multiparous Total
Saguenay Fjord 30 34 225 289
Rimouski 70 3 7 80
Pointe-des-Monts 50 50 50 150
Sept-lles 50 50 50 150
South Anticosti 50 50 50 150
North Anticosti 50 50 50 150
Esquiman Channel 13 58 50 121
Hawke Channel 50 49 21 120
Hopedale Channel 47 48 48 143

Statistical analysis

Allele frequencies and other population genetic
statistics such as the F statistics (/i and F,) observed
and expected heterozygosities were calculated for each
locus using the Biosys-1 computer program of Swofford
and Selander (1989). This program was also used to test
for deviations from Hardy-Weinberg expectations at all
sites using the chi-square (X?) test of goodness-of-fit.
When more than two alleles were observed at a locus,
genotypes were pooled into three classes representing
the homozygotes for the most common allele, the
heterozygotes for the most common allele and all other
genotypes. Tests of conformance to Hardy-Weinberg
equilibrium were carried out for each maturity group
within sites and for all the maturity stages pooled at
each site. These tests could not be performed for the
GPI* and PGM* loci for any of the maturity stages and
for the maturity stages pooled due to the low variability
detected at these two loci. Furthermore, these could not
be performed at the Rimouski site for the primiparous
and the multiparous females since only 3 and 7
individuals respectively were collected at this site
(Table 1).

Differences in allelic frequencies between males,
primiparous and multiparous females within sites and
heterogeneity in allelic frequencies among sampling sites
within the Gulf of St. Lawrence, within the Labrador Sea
and across the study area were tested for significance
using the Monte Carlo randomization procedure (Roff
and Bentzen, 1989) as implemented in the REAP software
(McElroy et al., 1992). The advantage of this procedure
is that it allows testing without grouping rare alleles.
Despite this procedure, comparison of allelic frequencies
among maturity stages could not be carried out at the
GPI* and PGM* loci because the variability detected at
these loci was too low. Furthermore, the comparison

among maturity groups could not be carried out at the
Rimouski site for any loci because of the low number of
primiparous and multiparous females collected at this
site. Sequential Bonferroni tests were used to maintain
the overall significance level oo = 0.05 as recommended
by Rice (1989).

The F statistic analysis was used to partition the
genetic variance into that occurring within populations
(F,) and that occurring between populations (F;). A
chi-square test (Workman and Niswander, 1970) was
used to evaluate the null hypothesis of F'g,, = 0. In this
test, the X* values were calculated according to the
equation: 2nF ;. (K-1) with degrees of freedom equal to
(K-1)(S-1). Similarly, the significance of F,;was tested
using the equation: n(F,()*(K-1) with degrees of freedom
equal to (K(K-1))/2. In these equations # is the total
number of individuals sampled, K is the number of
alleles at the locus and S represents the number of
populations sampled.

Gene flow was estimated from Wright's fixation index
(Wright, 1978) according to the formula:

Fyp=1/(1+4N m)

where m is the migration rate and N, is the effective
number of individuals.

Absolute differentiation between populations was
estimated using Nei (1978) unbiased and Cavalli-Sforza
and Edwards (1967) chord genetic distances.

Results

Genetic variability was detected at eight enzymatic
systems, five of which were better resolved in the
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hepatopancreas (Table 2). The number of alleles
observed at these loci varied from 2 to 6 (Table 2). Genetic
variability was the lowest at the GP/* locus that was
variable in only two sites (Table 3). For this locus, only
one heterozygous individual was detected at the
Rimouski site and two at Esquiman Channel. This locus
was analysed despite its low variability for comparison
with previous studies (Kartavtsev et al., 1991;
Kartavtsev et al., 1993; Kartavtsev, 1994; Jonsdottir et
al., 1998). Genetic variability was also low at the PGM*
locus with observed heterozygosities varying between
0.007 for the pooled maturity stages in Saguenay Fjord
and 0.063 for the primiparous females in the Hopedale
Channel (Table 3). When the maturity stages were
considered separately, the lowest value of mean observed
heterozygosity was 0.164 for the primiparous females
collected at the South Anticosti site while the highest
value of 0.258 was estimated for the males from Hawke
Channel (Table 3). Mean observed heterozygosity
evaluated for all the maturity stages pooled varied from
0.204 for the South Anticosti site to 0.242 for the
Esquiman Channel site. There was no apparent trend in
heterozygosity change among maturity stages within
sites or on the geographical scale (Table 3).

Conformance to Hardy-Weinberg expectations

A general pattern emerged when deviation from
Hardy-Weinberg expectations was considered for each
maturity stage. Indeed, for all three stages, significant
deviations were observed mainly at the EST*, HK-1*
and HK-2* loci and all deviations (eight for males, six
and nine for primiparous and multiparous females
respectively) were caused by deficits in the number of
heterozygotes (Table 4).
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Deviations from Hardy-Weinberg were more
frequently observed (17 site-loci) when all the maturity
stages were pooled. As was the case for maturity stage
considered individually, the significant deviations were
largely restricted to the EST* (all sites) and HK-1* (five
sites) loci. In addition, deviations were observed at the
HK-2* (two sites) and MDH* (one site) loci (Table 4).

The F-statistics (Wright, 1978) were also used to
test for genetic differentiation. The values of F,
indicating the within-sample genetic structuring, differed
significantly from zero at the EST*, HK-1* and HK-
2* loci for maturity stages pooled. All values were
positive indicating a deficit in heterozygotes (Table 5).

Genetic variability among maturity stages within sites

A total of 48 randomisation tests were carried out.
Of these, significant difference was detected at the TR*
locus in Saguenay Fjord (X>=8.91; P=0.011) and North
Anticosti samples (X* = 6.22; P = 0.038), at the HK-2*
locus at Pointe-des-Monts (X*=11.05; P =0.002), at the
EST* locus (X* =24.99; P = 0.0000) and HK-1* (X* =
15.27; P =0.004) in Hawke Channel and at the MDH*
locus (X?>=8.54; P=0.011) in Hopedale Channel. When
the Bonferroni procedure (Rice, 1989) was applied for
each site, differences remained significant for the EST*,
HK-1* and HK-2* loci.

Geographic variation

Significant heterogeneity in allelic frequencies was
observed among sites at the scale of the Northwest
Atlantic as well as within each of the two large scale
areas investigated, the Gulf of St. Lawrence and the
Labrador Sea (Table 6). It is worth noting that all

TABLE 2. Enzymatic systems used in the genetic characterisation of the northern shrimp, Pandalus borealis. The
number of observed alleles corresponds to those detected in the samples. H = hepatopancreas, M =
muscle.

No. of
Observed Observed

Enzyme E.C.No.? Loci Tissue Alleles

Esterase (EST) 3.1.1 1 H 6

Glucose-6-phosphate isomerase (GPI) 53.19 1 M 2

Hexokinase (HK) 2.7.1.1 HK-1 H 4

HK-2 H 2

Malate dehydrogenase (MDH) 1.1.1.37 1 M 2

Phosphogluconate dehydrogenase (PGDH) 1.1.1.44 1 H 3

Phosphoglucomutase (PGM) 5422 1 M 3

Tetrazolium reductase (TR) 1 H 2

2 E.C. No. =classification based on Enzyme Committee, International Union of Biochemistry.



J. Northw. Atl. Fish. Sci., Vol. 27, 2000

06¥" 16V €0S" LLY" Tov TSV SOS SO 8LV ¥8%" 98%" 1€y vov v0S Cov' 88%" V9V SO¥" 1Ly SOV 16¥" COS” Cov' L8V ¥o¥ 9LV ¥9¥" Sov 06V €LY vLy 1LV 90S 6vY ‘H
Pry' TEST 9TE" 9LV 99%" LSE LE 90 6TV 69%° L6E LIV €0V 00v 09€ 6¥y  L8F 0TS 0VE 009" 98€" Lve  6Cv €8€ 6¥E 09¢ 88E 00€ 1¥S 8EI™ S6€ 60% CTIV 69T °H
Ty SIV L9%" 18€" LTy 1TE 68%" v0  16€ 86€° SOV TO6T 9¢v” 08Y" OCH 80F €9¢€" 09¢€" 0LE 09€ 8TV 65V 8Iv" ¥O¥ 9ty 08€" LSE OLS™  61F €C9° ¥8E LLE 1LYV LTE x
8LS" S8ST €EST 6197 ELS 6L9° 11S° 90 609" T09™ 65 80L" ¥9S° 0TS 08S" T6S™ L€Y" 0¥9" 0€9" 0F¥9" TLS™ 1¥S TS 965" +9S° 0T9" €¥9" 0¢y”  18S" LLE 919" €C9° 6TS €LY Vs
S€1 Ly 9 Th €01l ¥I 9% €v eIl o6y 85 Tl  6vl 0S 0§ oy 0SI 0S 0S O0S Svl 6y o6F Ly o¥l 0S 6v 0S vL  §9  €9T €0T vE 9C N
YH
19T 91T 9T¢" LTT 16T 8TT TTl” ¥'0 90T T8T 691" €80° €ve €LE ¥8E CTLT L8O ICI™ COL” OVO" 681" LLI™ 91T SLI' ¥E€I' LEI” C8L° 180 I¥¥ L9¥ 1€1” 8EL" ¥60° ICTI H
90T CEL" ¥¥T 0ST vL1° 0ST LLO® TO 161" €€C T8I €80° L61" L91" ¥81° OVT  €90° €0 901" 0¥0" STI™ 161" OTI” #90° 911" 01" 091" €80° CTLE 90¥ €60° 680" L60" STI °H
€20" 920" 20" 810" €00 O O O  8I0 €C0" 810" O 0 0 0 0 0 0 0 0 LOO 110" 010" O 0 0 0 O 0 0 800" LOO" O ITO [
0o 0 0 O o 0 0 o0 0 0 0 0 €00 0100 0 0 0 0 0 0 o 0 0 o0 0 0 0 0 €0 v 0 0 0 0 Ox
9C1" T60" ILT™ LOT™ 891" STI" ¥90° €0 S60° OVI" €L0° TVO" ¥IT 6CC SST 091" S¥0° #90° €50 00" L60° $80° OIT" 960" TLO™ €L0° 00I" Tv0"™ 10€ €€E  T90° L90" 8¥0" VO x
0S8 788" S08" SL8" 9T8 SL8 9€6” L0 988" LE8" 606" 8S6™ T8L 09L" SYL™ OV8 SS6° 9€6° L¥6™ 086" 968" ¥06° 088" ¥06° 8T6' LT6™ 006 8S6™ 989" TSS9 0£6™ 9T6™ TS6™ 8€6 Vs
LOT 8¢ I¥ 8C w6 Tl 6¢ Iy OIT € SS TI Lvl 8 oF 05 ¥PI LV LV OS vv1 Ly 05 Ly O9F1 87 05 8F 8L 69 8T €0T 1€ VT N
[-YH
0 0 0 0 00 0 0 910 020 LI0" O 0o 0 0 o0 0 0 0 O 0o 0 0 O 0 0 0 0 €0 v 0 0 0 0 ‘H
o 0 0 0 0 0 0 0 LIOOCTO LIO" O o 0 0 o0 0 0 0 o0 o 0 0 o0 0 0 0 o0 €0° v100 0 0 0 0 °H
0o 0 0 0 0 0 0 0 800 010" 600" 0O o 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 900" L0OC 0O O O O x
1 I I 1 I 1 1 I 766 066 166" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ¥66° €66~ 1 1 1 1 Vs
eyl 8y 8y Lv  0CI 1T 6 0S ITI 0§ 85 €I 0OSI 0S 0S 0S O0SI 0§ 0§ 0SS OSI 0S 0S 0S 0SI 0s 0S 0S 08 0L 88T ¥CC vE O0F N
IdD
TCS TIS €IS 0SS SIv LO9” €0E vO POy 16V  88% €9¢° 9¢v” 9¢v” ¥Iv' 6SY €€V 6SF €9% 8LE  66%" LOS™ 80S™ 08%" 9¥y" 86F" CTI9E 1LY 68% Lo¥ S¥S LSS ¥8Y TES H
CET SST 0ST 981" TBT 00S" vLI' €0 ThE 08T 1S€° 8ES TBT 09T S9T 0TE  SSI' OFI° T ¥OT ¥CT 0ST vET 881 LOE 08E” OVCT 00€ €¥T 6€C 0T 1vv vve LSE °H
60" €50° TPO" 0L0" €TO° STI" 110" 0 8€0° 0¥0" 9T0" LLO" LTO" 0£0° 0CO° O  0CO0° 0CO I€0" 010 ¥#I0° OI0" C€O° 0  €€0° 090" 0TO 0TO" LOO™ LOO™ 6C0° LTO® O ILO Ax
0o 0 0 o0 o 0 0 0 ¥0000I00 O O o 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 900 L0 O O s
L00" TIOC 0 TIOC O O 0 O o 0 0 o0 0o 0 0 0 o 0 O 0 €0 0 0 010 O[O0 0[O0 0CO" 0O 020" ¢¢0° 010" CTI0° 0 0 s
$00° TI0° 0 0  0S0" T€0" €€0° T°0 0 0 0 0 LIOCOEO O OO O O O 0 TI€0 ITO" 110" €90° OTO" OIO° O 00" 0CO0° CCO° 0v0" 0SO° 0 8I0 Ox
9CE L8T ¥SE LEET 981 18T OE1 TO  STE 00€" TYE 9vE" TOT 0TT SST OIE 08T 0I€ 96T SET 8IE S9¢° OVE 0ST  €¥T 09T 081 06C° ¥0E 90€  8CE ¥TE 168" 98T x
609" 8€9" ¥09" 185" IvL" €95 978 L0  €€9° 09" TE9" LLS SOL" OTL ¥TL 0L9" 669 0L9" €L9 SSL™ €€9" ¥09" L19" LL9" €0L 099" 08L  0L9" 6¥9 T 88S 6LS" 609" STY Vs
8¢ Ly 8 ¢t OIl 91 9 8 0TI 0S LS €I 6v1 0S oF 0S 81 0S ov oy ¢€vl 8 Ly 8 0SI 0S 0S 0S vL L9 79T T TE 8C N
PAYCS
L AN dd N L AN dd W L AN dd N L AN dd N L AN dd W L AN dd N L AN dd N L N L dN dd W
[ouuey)) ajepadoy [ouuey)) OMBH [ouuey)) uewinbsg 13S001IUY YMON 11S0OTIUY YINOS sa-1dog SJUOIA[-SOp-0JuI0 ] {snownry piol, AeuonSeg Niklvg|
ms
0119 prepuels = ‘'S ozis ojdwes = N :pojood so3eis Ajunew [ = | o[ewdy snorednnuw = JN 9ewdy snoredrwnd = JJ oW = N
‘[e301 OU} UI PapN]OUl dIOM BIBP 3SAY) ‘MO] sem sofewd) snoredninw pue snoredrwiid Jo ozis ojdwes 20uIs 93IS IYSNOWNY Ay} JOJ UMOYS e AJUO SO[BW JY) J0J BIEp O1OULL) "SI/pa.Loq
snpppupg “dwiiys uiayiou ay) 10y 190] orydiowsjod 18 san1so3Azoraray (‘77 uBS) PaAIdsqo uedw pue saNIso3Azo1ay("fy) paroadxs pue (“z7) parrasqo ‘sarousnbaiy o1py € AIGVL



167

SEVIGNY et al.: Genetic Characterization of the Shrimp

€L0° TLO" TLO" 9L0° 890" €80° 690" ILO™ 0LO™ 690" TLO™ T8O T1LO" TLO" OLO™ TLO® TLO™ OLO" SLO™ TLO" ¥LO™ ¥LO" 9LO" TLO™ €L0° SLO" 890" ¥LO™ 8LO" 6L0" LLO" LLO™ 8LO™ 6L0 qas
6LT 8T 8LT VYLT TLT TLT 1¥T TO6T 9LT 88T TLT 19T TLT 88T 89T 19T 6£CT 6VT 1€T LET 6ST S9T 8ST 98T 9VT LvT €E€T €ST  6LT 18T 9ST 9T LET TWT "H UBdN
LSO" 690" TSO" LSO LSO" 0L0" 0SO° 890" 090" 090" 190" 690" €90 S90° 850" 890" 890" SLO" 190" 080" T90" 8S0O" 690" 190" 90" €L0° 990" 9S0° 890" SSO° L90" 690" #90° 090 qs
61T 1¥T LOT 01T €TT OvT T8I 8ST  THT SVT SYT 61T LTT 1TC ¥IT SYT +0T 80T 91" 1vT 60T TTT SIT 61 SIT 9T LOT 11T OvT €617 €TT €€T v81° L61° °H UWedN
91T 18T TLI" T61" 9TT S8CT LIT TO CTIT 8TT ¥1T 8¥1° 181" TLT 6¥1" vII° LOT 8TT CTEI" 8ST  OLI" oF1" S91" 861" €SI 61" ¥I1° 861" LOT" €80° 8LI" 60T 670" L60 ‘H
1€T T6T 881" €IC TWT 8E€T SYT TO 061" 081" LOT #ST° 091" 00T 091" OCTI™ €€T 09T OvI" 00€ €LT" 091 081" O8I €SI" 0TI OTI" 0CC TIT" 980" LLI" OIT 620" 001 °H
TCL L917 $60° 901" 6CI° L91" CCI™ 10 0TI OEI’™ ITI™ LLO® 001" 091" 080" 090" LII™ OEI” 0LO" OSI" €60° 080" 060" OIT" €80° 080" 090" OII" 9S0° €¥0" 660" 811" SI10" 05O s+
8.8 €€8 906 68 IL8 €£€8 8L8 60 088 0L8 6L8 €£€T6 006" 0¥8 0T6" 06 €88 0L8 0€6° 0S8 LO6™ 0T6 016" 068 LI6 0T6 06" 068 #¥6° LS6' 106" T8Y S$86™ 0S6° Vs
€yl 8¢ 8¢ Ly 0TI IT 6V O0F 12T 0§ 8§ €I oSl 0§ 0§ 0¢ 0ST 0§ 0§ 0§ OSI 0 0OS O0S O0SI 0§ 0S 0§ 08 0L 88C vCT vE 0¢€ N
AL
¥€0" 1¥0° 190" 0 L10C 0 020" O 20" 00" LIO" O 020" 0 O0¥0" 020" 920" 6S0° 0 0TO" €€0° 6S0° 0 00" 0CO° 0 0T0 0v0" LEO" TVO™ ¥I0° 600 850" O H
S€0° THO" €900 O  LIOT O 0CO0C 0  STO OvO" LIOT O 0CO° O O¥0° 0TO" LTO 090" O 0TO" €£€0° 090° O O¥0" 0CO° O 0TO 00" 8E€O" €vO° LOO 600" O O °H
o o o o0 o0 o0 o o o o o o o o o o o0 o o o o0 O O 0 €O 0 00O O O 0 0 0 0 O O
LT10" 120" 1€0° O 800" 0 0I0° O 10 020" 600" 0 010" 0 020 010" €I0° 0€0" O OI0° LIO 0€0° O 0TO° LOOT O 0 020" 610" 120" LOO" ¥00" 620" O s
£€86° 6L6° 696" 1 6" 1 0660 1 886 086" 166" 1 066 1 086 066~ L86 0L6° 1 066 €86 0L6° 1 086 066 1 066 086" 186" 6L6° €66 966 IL6° 1 Vi
¢v1 8 8y Ly 0TI 1T 6V 0S ICl 0S 85 €I 0SI 0S 0S 0S 0ST 0S 0S 0S 0SI 0S 0S 0S 0SI 0S 0S 0S 08 0L 88C ¥TCT vE 0¢€ N
WD
01T 00T 681" SYT 8ET €60° 79T €0 9LT 8ST' 18T ¥¥E 11T LIT ¥81° LET 961" 91" TBI" €vT Sol1° 1CC C81° S81° 1€T 8TT 1TC L¥T  #SI° IL1T 81T 01T 19T TET ’H
S917 8LI" STI' 961" STT S60° ¥TC' €0 SLT 09T €6C 0ST  ¥TCT +v0T 00T 1LT 081 001" 00T OvT +0T 0ST 00T €91° 8E€T 09T L91° 98T L9I' 881" LIT 8IT T8I 19T °H
0 0 0 0 0 0 0 0 800" 0 LIO® O €00° 0 010 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O
611" 111" vO1" I¥1° 8€I" 870" €S1° TO  ¥SI° OST" L¥PI" 80T 911" TTI 060" SEI° OIL" 060" 001" O¥I° 601" STI® 001" COT" €€1° 0€I™ STI™ e¥I°  €80° ¥#60° ¥TI™ 611" TSI €1 s
188" 688" 968 658" €98 TS6™ L¥8 80 LEY 0S8 9€8 TO6L 188 8L8 006" $98° 068 016 006" 098 168 SL8 006" 868 L98 0L8 SLY LS8 LI6" 906 9L8 188 8¥8 LY Vs
6¢l S¥ 8 9 0TI 1T o6y 0§ 0Cl 0§ 8§ Tl Lyl 6y 0S5 8 0SI 0§ 0§ 0§ Lyl 8 0S o6v L¥I 0S 8y o6F [T ) 86T T0T €€ €T N
HUHbd
L6y L6Y 9% L6Y  ¥6¥ 11§ C0S™ S0 00S +v0S™ 10S° LIS ¥6¥ SOS I8 S6v° 00S S6v" 86¢ T6Y 66¢ v0S ¥0S™ 18%" €6¥ 68%" C0S™ S6v°  C0S™ TOS  88%" 68%" ¥9¥" 90§ H
Iy 008 8Sv" TOE™  SLE 9LV L¥PE +v'0 1LV 08" 00" 80€ LTS OFS 00S OFS L8V OVS 00% 0TS LTS 0TS 09§ 00§ €€ 08S 095 09%  8E¥' 6TV 9LV L8Y TI¥ L9V °H
6vS™ €96 9¥9" 9¢v”  €9S° vIS IvS 90  €€S 0TS €vS 8ES €987 OIS 019" 0LS  0€S OLS Oy 08 LES 0TS 08F 019" L9S 06§ OFVS OLS 61§ 6CS  T8S™ 8LS LY9 €€S s
IS 8€v” $SE ¥9S°  8EY 9LV 6SY ¥'0  L9¥ 08 LSV T9¥ LEV 06F" 06 0€Y” OLY 0€Y” 095 OTY  €9% 08%" 0TS 06€ €€¥ 0IY" 09% O¢y” I8% 1LV 8I¥ TTY €SE€ L9Y Vs
¢yl 8 8y Ly OCI 1T o6V 0S 1Tl 0S 85 €I 0SI 0S 0S 0S 0SI 0S 0S 0S 0SI 0S 0S 0S 0SI 0S 0S 0S 08 0L 88C ¥CT vE 0¢ N
HAN
L AN dd W L AN dd W L AN dd W L AN dd I L AN dd N L AN dd IN L AN dd IN L W L AN Add W
[ouuey)) arepadop [ouuey)) jMBH [ouuey) uewinbsy 11S001IUY YUON 115001UY YINOg saj-1dag SJUOIA[-SIP-2IUI0] DSnowry piof Aeuon3eg Niblvg|
NS

‘JO1I9 plepuels = "g'S :9z1s ojdwes = N

‘pojood soSels Ajunjew e = | ‘ojewdy snotedijnw = JIN ‘orewdf snotediwnid = Jd o[ew = A ‘[810} U} UI Papn[oul dJom BIBp ISAY} MO[ Sem sd[ewd) snotedinw

pue snotedrwid jJo 9zis ojdwes oouls 91IS ISNOWIY Y} JOJ UMOYS dJe A[UO SO[eW dY) IOJ BIBP 010U “Siypa.oq snjppupng ‘dwiiys uidyliou oy} 1oJ 100 orydiowAjod
18 san1so3Azo1aroy (P ueay) paroadxa pue (°y uedy) PIAIIsqo ueaw pue sanisodAzornoy (Cgy) pa1oadxs pue (‘y) paarasqo ‘sarousnbayy ord[y (ponunuo)) ¢ A1VL



J. Northw. Atl. Fish. Sci., Vol. 27, 2000

168

€L0 090 ceT 10°¢ €9'¢ L00 0 G¢'0 ¢00 1

800 790 e 19°¢ 0T €e0 T1°¢ Tu 0 =17
°1740) 180 L00 €e0 ¥Z0 evo LT0 ru 0 dd
650 G8'0 700 LT°0 2 70 690 [AN0] 900 N dl
47" 8€0 T0°0 190 80'T GE0 ST°0 12510 0] 1
090 €00 100 6T°0 xCL'8 68°0 20T Tu 620 4N
T0'9 90T €¢0 GG'0 GG°0 GG'0 4> ru ve'e dd
€0'¢ S0°0 60T 80'T T0°0 SL'0 qc'T 290 [A7A0) N Hdod
G8'T xG0°L Al 890 170 L¥'0 0T GE'T LT0 1
0 0T0 [AN0] G20 [A740) S0°0 8L'T ru T0°0 =17
T0°0 LL'Y 0 800 16T ¢90 690 Tu w0 dd
VAR 6E'¢ T€¢C [A740) 9710 800 9¢'0 ST 6T°0 N HAW
9T'T 620 6C'T 80'G Ge0 199 »xx/8°CT 6.0 *9¢'L 1
r€0 89°0 S0°0 81¢ 0L0 LLY ¥0'€ Tu vS'€ 4N
€8'G 6E'¢ T0°¢C 89°¢ 96°¢ €80 Ge'T ru 12T dd
0 9L¢ 00 [A0] 8¢y 6T'¢ *€6'L »xxIT'EE 8E'v N ¢H
0c'y *»¥x86'1T LEO »xx6T'6¢ *»x/6'TT »xxCV9T T19°¢ €ee *»»x9E'T¢ 1
70'9 970 ET'T »»x/T'8T »xxEV'EC 9’0 eTe ru *xxCC'9¢ =17
Ge¢ 9 6v'0 »xx08'€T [AN0] »xGE°0T 6.0 ru €590 4d
870 *CV'L 0 1.0 T0°0 »xxVT'TC 100 9T¢ L0°0 N T-)H
»»x68'9€ %608 *x98'6 »xx0T'6T *»xxC9'69 »»x8C TV »xxLT°CT »xxV0'TC »xEE0T 1
*x68'6 T0°0 *x99'6 *69'8 »xx8T'17¢ »GV'TT LT¢ Tu 28'g 4N
*»>GV'TT x€8°L L€ ¢6'S »xx07'9¢ *»x18VT e6'v Tu LT 4d
»xxL0'LT vL'¢ S0°0 €9'G »x97°0T »xxG€°9T €9 »xx35°0C 1T°e N 153
JauueyD JauueyD J]auueyd 11s0onuy 11S09NUY SIUON piol4 abels
alepadoH MMeH uewinbs3 YLION yinos so][-1das -sap-a1ulod pisnowiy Aeuanbes Aunen snoo
8IS

PASA IOU = 1U T000>d =ssx 10°0>d =xx SO 0>d =% :UONIALIOD TUOLIJUOY JOYE PAUTWLIDIIP SBM IURIGIUSIS
“TOO] 0M] 9SAY] JB PIAIISQO ANIGBLIBA MO] 9] JO 9SNEIAQ PIPN[IUL JOU 1M 190] D J PUB [4D U} JB SAN[eA S, "€ 9[qR], Ul S aJe s93e)s AJLInjew 10} SUONRIAIGQY SIS
pardues [[e ye pajood so3e)s AjLmjeu [ Joj pue sa3e)s AJLnyeut JUSIQJIP Ay} J0f SU0IIRIddxXd I9qUISA -APIBH WOIJ UOTIBIAJP 10 J1f JO SSOUPOOT JO SIS} , X Y} Jo sanfeA v A IdV.L



SEVIGNY: Genetic Characterization of the Shrimp 169

TABLE 5. F statistics calculated for each locus and estimated values
of the number of Pandalus borealis migrants per
generation (N,m) for all maturity stages pooled. * =

P<0.05
Locus Fig Fg N, m
EST 0.417* 0.010% 25
GPI -0.007 0.005 50
HK-1 0.259% 0.052% 5
HK-2 0.103* 0.002 125
MDH 0.040 0.002 125
PGDH 0.013 0.004 62
PGM 0.017 0.001 250
TR -0.017 0.005 50
Mean over loci 0.155 0.010 25
Mean over loci 0.050 0.003 83
excluding EST
and HK-1

differences in allelic frequencies on the geographic scale
were observed at the EST* and HK-1* loci for some
maturity stages and in some areas investigated. Indeed,
in the Gulf of St. Lawrence, significant difference could
be detected only at the HK-1* locus for the males and at
the EST* and HK-1* loci for the pooled samples. In the
Labrador Sea, differences were observed only at the
EST* locus for the males, primiparous females and
maturity stages pooled. At the scale of the Northwest
Atlantic, differences were detected at the EST* locus
for the males and the maturity stages pooled and at the
HK-1* for the males, primiparous females and for the
pooled maturity stages. No difference could be detected
for the multiparous females at any locus in any of the
studied area (Table 6). Values of F g, an index measuring
the degree of differentiation among sub-populations,
ranged from 0.001 to 0.052 for the maturity stages pooled
and were significantly different from zero at the EST*
and HK-1* loci only (Table 5).

Nine alleles in low frequency (< 0.01 at some sites
after pooling the maturity stages) were detected (Table
3). Of these alleles, four (EST*C, EST*D, HK-1*D,
PGM*B) were present in one or more sites of both the
St. Lawrence system and the Labrador Sea. The other
five (EST*E, GPI*B, HK-1*C, PGDH*C, PGM*C)
were private to the St. Lawrence system. They were often
detected at sites separated by large geographic distances
and were absent at intermediary sites.

Absolute differentiation among the sampling sites
was weak. Unbiased Nei's genetic distances for pooled
maturity stages ranged from 0.000 to 0.011 while that
of Cavalli-Sforza and Edwards genetic distances varied
from 0.034 to 0.105 (Table 7). UPGMA cluster analysis of
Cavalli-Sforza and Edwards genetic distances calculated
for each maturity stage and for all maturity stages pooled
showed that genetic differences that exist among shrimp
samples did not reveal geographic patterns in the
clustering of the samples (Fig. 2). For example, the two
samples from the Labrador Sea appeared to be more
similar to some samples from the Gulf of St. Lawrence
than they were to each other. It thus seemed that samples
separated by large geographic distances were less
different from each other than they were from
geographically contiguous samples. The
correspondence between genetic and geographic
distances did not improve when the analyses were carried
out without the EST* and HK-1* loci (results not
shown).

Gene flow estimation

Values of N m calculated at each locus were high
except for HK-1* (Table 5). An overall value of 25 was
estimated from F'g, mean value calculated over all loci.
The lowest values of N,m were observed at the EST*
and HK-1* loci. However, disequilibrium of genotypic
proportion as well as significant differences in allelic
frequencies among maturity stages were observed at
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TABLE 7. Matrices of genetic distances between samples for al Pandalus borealis maturity stages pooled over al loci. Nei
(1978) genetic distances are shown above diagona and Cavalli-Sforza and Edwards (1967) chord distances are

shown below the diagonal.
Populations 1 2 3 4 5 6 7 8 9
1 Saguenay Fjord .010 .001 .000 .001 .005 .000 .005 .001
2 Rimouski .094 .009 .006 011 .001 .007 .005 .005
3 Pointe-des-Monts .047 .088 .000 .001 .002 .001 .001 .001
4 Sept-lles .034 .076 .043 .001 .002 .000 .002 .000
5 South Anticosti .063 105 .046 .056 .005 .000 .003 .002
6 North Anticosti .072 .056 .060 .052 .072 -—- .002 .000 .001
7 Esquiman Channel .064 .099 .064 .061 .056 .070 .003 .000
8 Hawke Channel .063 .080 .059 .049 077 .042 .076 - .002
9 Hopedale Channel .052 .084 .054 .044 .062 .062 .046 .063
Male Primiparous female
20 18 16 14 12 10 .08 .06 .04 .00 20 .18 .16 14 12 .10 .08 .06 .04 .02 .00
——— Saguenay Fjord Saguenay Fjord
'—— Esquiman C. Pointe-des-Monts
Hopedale C. Sept-lles
I—i Pointe-des-Monts I—E South Anticosti
‘ —— South Anticosti Esquiman C.
Rimouski North Anticosti
4“‘_‘: Sept-lles Hopedale C.
North Anticosti Hawke C.
- HawkeC. Rimouski *
20 .18 16 14 12 10 .08 .06 .04 .00 20 .18 .16 .14 12 10 .08 .06 .04 .02 .00
Multiparous female All maturity stages
20 .18 16 .14 12 10 .08 .06 .04 .00 10 09 08 07 06 .05 .04 .03 .02 .01 .00
Saguenay Fjord Saguenay Fjord
Hopedale C. ,—‘_: Sept-lles
Sept-lles Pointe-des-Monts
Pointe-des-Monts South Anticosti
South Anticosti | Esquiman C.
Elsqu'in'&arllc i . Hopedale C.
— R N et
Rimouski * Rimouski
20 .18 16 .14 12 10 .08 .06 .04 .00 10 .09 .08 .07 .06 .05 .04 .03 .02 .01 .00

Fig. 2. Dendrogram, constructed from Cavalli-Sforza and Edwards (1967), showing genetic distance summarising the genetic
relationship among the nine northern shrimp samples from the Gulf of St. Lawrence and the Labrador Sea. (* very small

sample sizes).

these loci in many samples. The possibility that these
changes could result from environmental effects cannot
be ruled out. Therefore, the mean N m was recalculated
without taking into account these two loci. When these
two loci are omitted, the mean N, m increased to 83

(Table 5).

Discussion

The present study differs from previous ones
(Kartavtsev et al., 1991; Kartavtsev et al., 1993;
Kartavtsev, 1994; Jonsdottir er al., 1998) as eight loci
from either the abdominal muscle tissue or the
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hepatopancreas were used to assess genetic variability
of the northern shrimp, P. borealis in the Northwest
Atlantic. Using the hepatopancreas allowed the
resolution of five additional polymorphic loci (Table
2). The GPI*, PGM* and MDH* loci were the only
ones that had been used in previous studies on
northern shrimp. In this study the GPI* locus also
showed the lowest variability of all as only three
heterozygous individuals were detected in the
analyzed samples. Variability at the PGM* locus was
also low in all samples.

There are some differences in the number of alleles
detected at the three loci common to studies carried
out in the North Atlantic. In the Barents Sea, Kartavtsev
et al. (1991) detected two alleles at the GPI*, the
PGM* and at the MDH* loci. In the present study, two
alleles were detected at the GPI* and the MDH* loci
but three were detected at the PGM* locus (Table 2
and 3). Such differences are not surprising given the
distance separating the study areas and the fact that
shrimp from different seas are genetically differentiated
(Kartavtsev et al., 1991; Kartavtsev et al., 1993;
Kartavtsev, 1994). Jonsdottir ez al. (1998) detected four
alleles at the GPI* locus and six at the PGM* and
MDH* loci in samples collected in the Denmark Strait
and from inshore and offshore Iceland. Various factors
may explain the discrepancies between our results and
previous results. Indeed, Jonsdéttir et al. (1998)
assessed genetic variability using starch gel
electrophoresis and isoelectric focusing, an
electrophoretic separation technique based on protein
isoelectric point differences (see Whitmore, 1990 for a
review), while cellulose acetate was used in the
present study. However, these differences may also
indicate that genetic differentiation has taken place
between Northwest (Gulf of St. Lawrence and the
Labrador Sea) and Northeast Atlantic populations of
northern shrimp. Additional studies will be necessary
to assess the importance of the interaction between
populations from both sides of the North Atlantic.

A general picture emerges from the present study.
The changes in the genetic statistics such as deviation
from Hardy-Weinberg expectations, differences among
maturity stages and macrogeographic heterogeneity of
allelic frequencies are almost exclusively the results
of variation occurring at the EST* and HK-1* loci. This
observation applies even though the variability at most
of the other loci is high enough to allow the detection
of changes in the genetic characteristics of the
species within maturity stages or with space. The fact
that the pattern of variation detected at the EST* and

HK-1%* loci differs from that detected at the other loci
suggests that these two loci may not be neutral.
Furthermore, it is also at these two loci that
significant differences were observed between
maturity stages at some sites, an indication that
selection may be influencing the variability at these
loci. However in the present study, the relevant factors
generating the genetic variation observed at these two
loci could not be identified. This study is not the first
one that has observed such variation. For example,
deviation from Hardy-Weinberg caused by deficit in
heterozygotes was observed at an ES7* locus in the
estuarine population of the mud crab (Macro-
phthalmus hirtipes) and was attributed to selection
against the heterozygotes (Sin and Jones, 1983).
Heterozygote deficiency was also observed at the
EST*, HK-1*, GPI* and PT-2* loci in the crab Trapezia
digitalis (Huber, 1987) and in the spiny lobster
(Panulirus marginatus) at the EST-3* and MPI* loci
(Seeb et al., 1990). In this species, heterogeneity on
the geographical scale as well as difference between
years was detected at the ES7-3* locus. Multilocus
studies involving other types of molecular markers will
be necessary to understand the dynamics of the EST*
and HK-1*loci in the northern shrimp.

When the EST* and HK-1* loci are not taken into
consideration for the above reasons, there are
indications that gene flow may be important across the
study area. Firstly, none of the other most variable loci
(HK-2*, MDH*, PGDH* and TR*) has allowed the
discrimination of differentiated populations at any of
the geographical scales considered in this study; within
the St. Lawrence system and the Labrador Sea and
between these two systems. The variability detected
at the HK-2*, MDH*, PGDH* and TR* loci should be
sufficiently high to confer discrimination power to
these loci. Secondly, gene flow (N ,m) estimated from
the mean F', values is high (25) across the study area
even when EST* and HK-1* loci are included in the
calculation. It is worth noting that the smallest N m
value (5) was observed at the HK-1* locus. The value
further increases to 83 when EST* and HK-1* loci are
not taken into account. Thirdly, among the nine low
frequency alleles detected at different loci, four (EST*C,
EST*D, HK-1*D, PGM*B) were present in one or more
sites of both the St. Lawrence system and the Labrador
Sea. The other five alleles (EST*E, GPI*B, HK-1*C,
PGDH*C, PGM*C) were private to the St. Lawrence
system. Although these may indicate restricted gene
flow (Slatkin, 1985), they were often detected at sites
separated by large geographic distances and were
absent at intermediary or adjacent sites. Therefore, they
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may not have been detected at other sites or in the
Labrador Sea because of inadequate sample size. Indeed,
it has been estimated that a sample size of at least 754
individuals would be necessary to detect, with a
probability of 95%, all the alleles with frequencies of
0.01 present at a locus (Gregorius, 1980). The sample
size is adequate for the St. Lawrence system if all sites
are considered but is too small for the Labrador Sea
sites. A mean of 1064.9 individuals (S.D. = 26.6) were
analyzed in the St. Lawrence system when all loci and
sites were considered while the mean for the Labrador Sea
sites are only 237.0 (S.D. =36.9). In any case, except for
the distribution of these private alleles, our results are
in general agreement with those obtained in previous
studies that have shown homogeneity within seas
(Kartavtsev et al., 1991; Kartavtsev, 1994). However,
the possibility that differentiation can occur on a
smaller scale in other oceans cannot be excluded since
Jonsdottir et al. (1998) have shown that some
differentiation has taken place in the Northeast Atlantic.

The lack of genetic differentiation over large
geographic distance is not unusual for marine species
(Shaklee and Bentzen, 1998; Bohonak, 1999; Ward,
2000) and most likely reflects the relative absence of
barriers to gene flow in the marine environment. Several
factors may account for the homogeneity observed for
the northern shrimp in the present study. The geographic
distribution of this species in the Northwest Atlantic,
although characterised by aggregations of commercial
importance, is continuous in the deep waters at
approximately 300—500 m from the northern tip of the
Labrador Shelf to the portion of the Grand Bank north
of'the 46°N (Lilly ef al., 1998). Similarly, within the Gulf
of St. Lawrence, the species is continuously distributed
from the Newfoundland coast to the Saguenay Fjord
(Lambert et al., MS 1998). Such a distribution pattern
favours gene flow. Furthermore, gene flow in P. borealis
is most likely determined by the interaction between the
duration of the pelagic larval stage and the circulation
patterns observed in the Northwest Atlantic (Drinkwater
and Mountain, 1997; Fig. 1). The 2—4 month duration
of the larval phase provides a mechanism by which
stocks can recruit from distant populations. The surface
circulation patterns would favour such dispersion and
subsequent homogenisation over large distances. In the
Gulf of St. Lawrence, Ouellet et al., (1990) have shown
that although the emergence of larvae takes place in areas
corresponding to the main aggregations of adult shrimps,
they are afterward dispersed by currents and exchanges
may take place between aggregations. Pandalus borealis
larvae are also broadly distributed along the Labrador
coast and dispersion may also be caused by the
circulation patterns in the area (Chaput, 1984). Gene flow

does not need to be constant over time to prevent
differentiation through random drift. Episodic events of
expansion and shift in the geographic distribution of
the aggregations of northern shrimp such as the ones
that were observed recently in the Gulf of St. Lawrence
(Lambert et al., MS 1998) and in the Labrador Sea
(Parsons et al., MS 1999) may constitute a very
efficient mechanism to increase gene flow among
aggregations and prevent differentiation.

The results of the present study suggest that P.
borealis does not form genetically distinct populations
even over the large distance of the study area. Since
there was generally no variation among maturity stages
for most loci, it can also be assumed that the observed
genetic patterns are temporally stable. However, there
are a number of limitations to the present study. Our
conclusions are based on a single survey and the
analyses were carried out using a single analytical tool,
electrophoresis of enzymes, that is an indirect indicator
of genetic variation and detects only a small fraction of
the variation at protein loci. Some areas of the species
distribution such as the Scotian Shelf, the Gulf of Maine
and Davis Strait were not sampled. Additional studies
will be necessary to further test the general hypothesis
of genetic homogeneity in the northern shrimp and to
describe further the possible interaction between some
areas such as the Gulf of St. Lawrence and the Labrador
Sea populations. These studies should also test the
possibility of differentiation on broader scales.
Estimating the importance of exchanges between the
Northeast Atlantic and the Labrador Sea populations
may also have important implications for the
management of this species. As suggested by Ward
(2000), various molecular tools should be used whenever
possible.
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