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ABSTRACT: Levels of genetic diversity and population differentiation were examined in temporally
{1990 to 1997) and geographically separated samples of the argentine short-finned squid Illex argenti-
nus using 7 microsatellite loci. Number of alleles (mean number of alleles per locus over all samples =
24.1) and heterozygosity (mean observed heterozygosity per sample = 0.84) were high for all samples,
indicating that these loci have a greater potential utility for investigating population genetic structure
than allozyme markers used in previous studies. Genetic diversity did not differ significantly between
samples taken 5 yr after commencement of the fishery (1990) and those collected during a period of
progressively intense fishing pressure {1994 and 1997). Several small but significant differences in
between-sample genetic variation (Fst) were observed, but these could not confirm the previous sug-
gestion of cryptic species or several well-defined stocks within the fished population.
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INTRODUCTION

Rapid fluctuations in population size and incom-
pletely understood stock structure in a migratory spe-
cies subjected to intensive fishing pressure are likely to
complicate effective stock assessment (Hilborn & Wal-
ters 1992, Carvalho & Nigmatullin 1998). In particular,
the impacts of fisheries upon genetic composition of
squid populations cannot be adequately predicted
from models based on fin-fisheries (Forsythe & Hanlon
1989). Recent suggestions that even large populations
of marine species may lose appreciable allelic diversity
during modest population declines (Ryman et al. 1995)
underlines the need to monitor harvesting impacts and
develop measures for genetic conservation.

The fishery for lllex argentinus (Castellanos 1960) is
one of the largest and economically most important for
any cephalopod in the world, with recorded annual
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catches of up to 330000 t (Haimovici et al. 1998). Adult
squid, largely from the winter-spawning, South Patag-
onic stock, are caught mainly between February and
June on their main feeding grounds on the southern
Patagonian Shelf to the north and west of the Falkland
Islands (Fig. 1). Prior to 1980, fishing effort was very
low but increased rapidly in the mid-1980s, and in
response to this increase the Falkland Islands Govern-
ment established the Falkland Islands Interim Conser-
vation and Management Zone (FICZ). Since 1992,
Argentina has licensed fishing in waters adjacent to
the FICZ, which targets the same feeding aggrega-
tions, resulting in large increases in annual catch.
Although the total catch is currently below the esti-
mated annual harvestable biomass of 600000 to 3 mil-
lion t (Haimovici et al. 1998), the biomass of adults sur-
viving to spawn is estimated to have been between
26 000 and 66 000 t during the period 1987 and 1991,
representing annual escapements of 8.7 to 32.1 % (Bas-
son et al. 1996).
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Fig. 1. Map of the Southwest Atlantic showing the extent of
the main summer and winter spawning sites {diamonds) of
Iilex argentinus, the route of their main autumn feeding
migration (arrow), and the boundary of the Falkland Islands
Interim Conservation and Management Zone (FICZ). Sample
collection sites used in this study (+) include the sample name
and day/month of collection. The 1990 sample (not shown)
was collected from different sites all within or near the FICZ

The life span of Illex argentinus is 1 yr (Hatanaka
1986, Rodhouse & Hatfield 1990). The winter-spawn-
ing, South Patagonic stock spawns in the vicinity of the
confluence of the Brazil and Falkland (Malvinas) Cur-
rents. Although the precise location of spawning has
not been identified, the greatest concentrations of
newly hatched rhynchoteuthion larvae have been
found near the shelf break off southern Brazil and
Uruguay (Carvalho & Nigmatullin 1998, Haimovici et
al. 1998). Juvenile squid spread southwards over
the Patagonian Shelf in spring (Hatanaka 1988) and
a return migration northwards is made in autumn
(Arkhipkin 1993). Detailed information on population
structuring, dynamics and even the accurate definition
of taxa has, however, been hampered by the logistical
difficulties inherent in studying oceanic species and ap-
plying morphological criteria to cephalopods (Pierce et
al. 1994, Carvalho & Nigmatullin 1998). Genetic mark-
ers have offered a solution to some of these problems.

Previous studies using allozymes to assess stock
structure in Illex argentinus demonstrated low levels of
genetic variability (mean heterozygosity per locus =
0.011, Carvalho et al. 1992), and the possible existence
of discrete stocks or cryptic species (Thorpe et al. 1986,
Carvalho & Nigmatullin 1998). DNA sequencing stud-
ies suggest that mitochondrial DNA (mtDNA) variation
is also low (P. W. Shaw unpubl. data). It remains
unclear whether the very low levels of polymorphism
reported for I. argentinus are representative indicators
of genomic diversity, or whether such patterns reflect
limitations of the tool employed. For example, micro-
satellite DNA markers exhibit high levels of genetic
variation in the squid Loligo forbesi, in contrast to
allozyme and mtDNA studies which uncovered very
little variability (Shaw et al. 1999)

Microsatellites are rapidly mutating nuclear DNA
regions consisting of 1 to 6 base-pair DNA sequences
that are tandemly-repeated, generally 6 or more times
(Queller et al. 1993). In population and evolutionary
genetics studies, microsatellite loci have been shown
to be valuable markers for characterization of distinct
taxa, population structure and levels of diversity within
species (O'Connell & Wright 1997, Estoup & Angers
1998). In squid, microsatellites are easy to isolate and
highly polymorphic (Shaw 1997, Adcock et al. 1999},
and in the one published population study to date
(Shaw et al. 1999) microsatellite loci not only con-
firmed previously observed genetic differentiation, but
also identified further population structuring.

In this paper we describe the first application of
microsatellites to examine the population genetics of
Illex argentinus. We provide an assessment of the
characteristics and utility of microsatellites for ex-
amining genetic diversity in temporally (1990, 1994,
1997) and spatially (1997) distinct samples. We ad-
dress the question of whether genetic variability has
changed in the exploited population during a period
when the catch of migrating individuals has increased
substantially.

MATERIALS AND METHODS

Samples. Localities and dates of sample collection
are shown in Fig. 1. The 1990 sample consisted of
boxed whole squid that were frozen (-20°C) on board
a commercial vessel within or near the FICZ (48° to
52°S, 60° to 64° W). Twelve individuals (frozen) from a
northern locality collected in 1990 (1990n) were sam-
ples remaining from a previous analysis of allozyme
loci (Carvalho et al. 1992), which identified individuals
as representing a separate stock or cryptic species. The
1994 sample consisted of whole frozen squid collected
as part of the Russian sponsored ‘Atlantida’ cruise of
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that year. The 1997 samples were collected by fisheries
observers who cut arm tips and placed them immedi-
ately into 95% ethanol on board squid fishing boats.
Each of the 1997 samples consisted of individuals from
a single haul caught at the same depth and time (97.33
on 13 May 1997, 97.42 on 24 March 1997, 97.46 on 1
March 1997, 97.57 on 14 May 1997).

DNA extraction. DNA was extracted from frozen
and ethanol-preserved tissue using the salting-out
method of Bruford et al. (1992) with minor refinements.
Tissue of less than 50 pl in volume was cut from arm
tips or mantle and placed into 1.5 ml microfuge tubes
containing 300 pl of extraction buffer. Precipitated
DNA was dissolved in 50 to 100 pl of TE. The observed
pink coloration which originated from epidermal chro-
mophores co-purified with the DNA, but did not have
any apparent effects on subsequent reactions.

Microsatellite amplification and detection. Micro-
satellite loci specific for Illex argentinus were chosen
from those previously isolated and characterized by
Adcock et al. (1999):1a112 (TG and GA repeats), [a121a
(AAT), lal21b (AAT), 1a201 (CTTT), [a203 (AAG), 1a207
(AAG) and 1a422 (CT). lal21a and la121b were isolated
in a single clone, were separated by 150 base pairs and
are presumed to be physically linked. Each of these
loci, including the linkage of lal21a and lal21b, were
present and polymorphic in other Illlex species, I ille-
cebrosus and I coindetti, and therefore each locus
predates speciation of I. argentinus, and consequently
would be expected to amplify equally in cryptic species
of I. argentinus. Primer sequences, amplification condi-
tions and measurement of PCR product length were
performed as described in Adcock et al. (1999). Briefly,
all PCR reactions were performed in 10 pl volumes us-
ing 0.1 units Tag polymerase (Bioline), 1x NH, buffer
(Bioline), 2.5 mM MgCl,, 200 nM dNTPs, 2 pmol each
primer (1 primer labeled with Cy5) and 1 to 20 ng
genomic DNA, and run for 35 cycles of 94°C for 10 s,
55°C for 25 s and 73°C for 50 s. Products were run on
an AlLFexpress™ automated sequencer (Pharmacia-
Amersham) together with internal size markers (van
Oppen et al. 1997), and sizes scored using the software
‘Fragment Manager' (Pharmacia).

Population diversity estimation. Expected hetero-
zygosity (H,) was calculated assuming Hardy-Wein-
berg equilibrium (H-W). Sample heterozygosities were
tested for significant differences using Bartlett's mea-
sure of heteroscedasticity, and variance heterogen-
eity between populations was calculated using WIN-
AMOVA v1.5 (Excoffier 1993).

Numbers of alleles were compared among samples
by standardizing sample size for each locus. From each
population, a random sample of alleles (2 N) was taken
where N equals the size of the smallest sample for a
particular locus. A total of 500 replicates was used to

calculate the average, range and 95 % confidence lim-
its for allele numbers for each locus and population. To
determine if a population had numbers of alleles that
differed significantly from expectations, each locus
was resampled (x500) from the whole data set using N
equal to the sample size being compared. Observed
values above or below the 95 % confidence limit of the
resampled populations were scored as being signifi-
cantly different from expected.

An analysis and detailed discussion of the measure-
ment of the diversity of the linked loci, 121a and 121b,
are to be published elsewhere. The numbers of linked
haplotypes were calculated using the maximum likeli-
hood (ML) approach in the computer program ARLE-
QUIN v1.1 (Schneider et al. 1997) for data with an
unknown gametic phase. This approach estimates the
number and composition of haplotypes (i.e. linked alle-
les at each locus) that best describes all observed
diploid genotypes. Maximum parsimony (MP) trees
were constructed from the ML data set to estimate
numbers of observed alleles derived from more than 1
separate mutation.

Population structure and differentiation. Genotypic
data of samples were examined for conformity with
Hardy-Weinberg expectations, observed and expected
heterozygosity, allele distribution within samples, and
linkage disequilibrium among loci within samples
using algorithms contained in GENEPOP v3.1 (Ray-
mond & Rousset 1995).

Estimates of overall genetic divergence among sam-
ples were determined using 3 methods, each tested for
significance using the Markov chain procedure con-
tained within the respective software. Allele frequency
differentiation between pairs of samples was tested
using the ‘genic differentiation’ (Fisher's exact test)
option of GENEPOP v3.1 (Raymond & Rousset 1995).
Divergence apportioned among samples, Fst, was esti-
mated from theta (Weir & Cockerham 1984) using
FSTAT 1.2 (Goudet 1996). Rst, a measure of population
divergence that assumes a stepwise mutation model of
microsatellite evolution, was calculated using RST-
CALC (Goodman 1997), which adjusts for sample and
allele size variance among loci.

RESULTS
Genetic diversity of Illex argentinus

Levels of genetic variability within 7 samples of Illex
argentinus were estimated by number of alleles (A) at 7
microsatellite loci (Table 1) and by observed (H,) and
expected (H.) heterozygosity (Table 2). Full details of
genotype and allele frequencies are available from the
authors on request.
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Table 1. Illex argentinus. Microsatellite allelic diversity. Shown are numbers of alleles {A) for each sample (N) and resampled
number of alleles (A,, where x is sample size), number of linked haplotypes (Jal21ab) resolved using maximum likelihood meth-
ods (see 'Materials and methods') and the predicted number of alleles for [al21a and [a121b {Ay,p) estimated using maximum par-
simony. Calculation of probabilities of significant deviations for numbers of alleles is described in the text, where ‘7" indicates the
number of alleles greater than 95 % confidence limits (p < 0.05) and '}" indicates those less than 95% confidence limits (p < 0.05).
Significance of all mean values was calculated using combined probabilities (Manly 1985) of each locus or sample as appropriate

Locus 1990n 1990 1994 97.33 97.42 97.46 97.57 1997 All
lal12 A N) 9 (12) 16 (52) 18 (35) 18 (36) 14 (40) 19 (39) 15(35) 24 (150) 26 (249)
A 9 10.9 11.7 11.7 10.8 11.7 9.8 11.2 11.1
lal2la A (N) 15 (12) 33 (66) 25 (38) 26 (38) 27 (40) 30 (38) 29 (37)  38(153) 38 (269)
Anp (N) 15 (12) 25 (27) 31 (36) 31 (37) 32 (40) 32 (38) 31 (36) - -
Ap 15 17.1 16.5 15.1 15.9 16.4 16.4 16.3 16.4
lal21b A (N) 17 (12) 30 (27) 31 (38) 29 (39) 27 (40) 26 (39) 23 (39) 44 (157) 44 (234)
Anp (N) 17 (12) 31 (27) 32 (36) 30 (37) 33 (40) 37 (38) 26 (36) - -
Ay 17 18.0T 16.7 16.4 14.4 14.9 13.81 14.9 154
la121ab 22 48 60 59 63 67 55 194 260
la201 A (N) 4(12) 6 (66) 6 (38) 7 (36) 6 (40) 6 (39) 6 (35) 7 (150) 7 (266)
A 4 3.6 4.6 4.8 3.8 4.5 4.0 4.3 4.1
la203 A (N) 11(12) 14 (51) 12 (39) 14 (38) 13 (40) 12 (36) 14 (39) 17 (153) 18 (254)
A 11 10.4 9.9 10.2 9.3 10.1 9.7 10.0 10.2
1a207 A (N) 8 (11) 15 (60) 14 (38) 16 (40) 14 (39) 16 (39) 14 (38) 20 (156) 23 (265)
Ap 8 10.0 9.5 9.9 9.6 9.7 9.7 9.8 9.8
la422 A (N) 6 (12) 7 (58) 9 (40) 8 (31) 8 (37) 6 (38} 6(39)  11(145) 13 (255)
Ay 6 45 6.4 5.5 46 3.9 3.9 4.8 5.1
Allloci Mean A 10.0 17.2 16.4 16.8 15.6 16.4 15.3 23.0 24.1
Mean A; 10.0 10.6 10.8 10.5 9.8 10.3 9.6 10.2 10.3

All loci were highly polymorphic within all samples,
with total number of alleles (A) per locus for all samples
pooled ranging from 7 to 44 (mean = 24.1). Variation in
allelic diversity was observed between samples, but
when number of alleles was adjusted for sample size
(A,, Table 1) almost no significant variation was pre-
sent. Only 2 samples were above or below the 95%
confidence limits of numbers of alleles expected from
resampling from all samples pooled: number of alleles
for the 1990 sample at locus Ial21b (p = 0.02) was
above, and 97.57 at lal21b (p = 0.02) below (Table 1).
Comparisons between samples from different years
(1990, 1994 and 1997 pooled) indicated no significant
differences in number of alleles, either within or across
all loci.

Mean observed heterozygosity (Table 2) was high
for all samples (H, = 0.76 to 0.85) and loci (H, = 0.59 to
0.93). Gene diversity (H,) did not differ significantly
between samples, within individual loci or across all
loci combined, when tested with Bartlett’s het-
eroscedasticity (Excoffier 1993). As with allelic diver-
sity, comparisons between samples from different
years (1990, 1994 and 1997 pooled) indicated no signif-
icant differences in gene diversity (heterozygosity),
either within or across loci.

Reconstruction of the 2-locus haplotypes indicates
that the true allelic diversity at Ial2la and lal21b is
probably much higher than the observed number of
electrophoretic variants (G. J. Adcock unpubl. data).
The number of alleles calculated using MP from ML
data sets (Aup, Table 1) is greater than the observed
number of alleles (A) for each sample, with the number
identical by descent being possibly greater than 150
per locus. The number of bi-locus haplotypes esti-
mated for each sample (lal2iab, Table 1) is also very
high {approximately 60 for a sample of 40 individuals,
and 260 for the entire data set). This higher than
observed number of alleles at lal21a and [a121b is not
important for temporal comparisons among samples
because a significant reduction in effective population
size will affect observed numbers of alleles at these loci
in the same way as at other loci.

Population structure and differentiation

No significant evidence of linkage disequilibrium
was observed between any of the 7 loci examined.
Only 4 out of 142 pair-wise tests were significant at p <
0.05 {97.42 with loci I121a and 1121b, 97.33 with [a207
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Table 2. lllex argentinus. Observed (H,) and expected (H,) heterozygosity at 7 microsatellite loci in 7 samples. Hardy-Weinberg

significance was determined using a Markov chain method (Guo & Thompson 1992), *p < 0.05, **p < 0.01, **p < 0.001. Signifi-

cance of all mean values was calculated using combined probabilities (Manly 1985) of each locus or sample as appropriate. Val-
ues remaining significant after sequential Bonferroni correction are in bold

Locus 1990n 1990 1994
lal12 H, 0.83 0.94" 0.86
H, 0.91 0.90 0.91

lal2la H, 0.83" 0.94 0.97
H, 0.95 0.97 0.97

[a121b H, 0.92 0.93 1.00
H, 0.95 0.97 0.96

[a201 H, 0.58 0.55 0.66
H, 0.47 0.59 0.65

1a203 H, 0.92 0.90 0.92
H, 0.92 0.91 0.90

la207 H, 0.91 0.83 0.92
H, 0.83 0.89 0.83

la422 H, 0.67 0.72 0.63
H, 0.63 0.64 0.71

All loci Mean H, 0.79 0.83 0.85
Mean H, 0.81 0.84 0.85

97.33 97.42 97.46 97.5% 1997 All
0.94 0.88 0.90 0.74°" 0.87 0.88°
0.92 0.92 0.91 0.87 0.91 0.91
0.92 0.95 0.82° 1.00 0.92 0.93*
0.95 0.96 0.96 0.96 0.96 0.96
0.95 0.93 0.87 0.87 0.90 0.92
0.96 0.94 0.94 0.94 0.95 0.95
0.64° 0.63 0.67 0.43 0.59 0.59*
0.68 0.60 0.67 0.60 0.64 0.62
0.87 0.98 0.81 0.72° 0.84 0.87"
0.88 0.89 0.91 0.89 0.90 0.90
0.95 0.92 0.79 0.92 0.90 0.89
0.88 0.89 0.86 0.89 0.88 0.88
0.55 0.57 0.53 0.64 0.57 0.62
0.65 0.63 0.66 0.60 0.64 0.66
0.83 0.84 0.77°* 0.76"* 0.80° 0.81°"
0.85 0.83 0.84 0.82 0.84 0.84

and la422, 1990n with Jal12 and lal21a, and 1990 with
la112 and [a422), a result consistent with chance Type I
error (all become non-significant if adjusted by
sequential Bonferroni procedure, Rice 1989). This
result includes comparisons between loci Ial2la and
la121b, which is consistent with the predictions from
the ML analysis of a very high number of unique alle-
les. Comparisons between lal2la and Ial21b, other
than the significant value for 97.42, had high probabil-
ities {>0.8), and were not significant when combined
across all comparisons. The allelic variation at all loci
will therefore be treated as independent for describing
sample differences.

Genotypic distributions at most loci within most
samples did not depart significantly from H-W expec-
tations for random outcrossing (Table 2). The few sig-
nificant results show no apparent locus- or sample-
specific pattern, and only lall2 within 97.57 and
Ial21a within 97.46 remain significant when adjusted
for table-wide significance using the sequential Bon-
ferroni procedure (Rice 1989). These results indicate
that null (non-amplifying) alleles and heterozygote
scoring (large allele 'drop-out’) are not a concern with
the loci employed here. Multi-locus tests, using com-
bined probabilities (Manly 1985), indicate that only 2
samples (again 97.46 and 97.57, Table 2) show overall
departures from expected genotypic frequencies, both
largely due to deficits of heterozygotes at the individ-
ual loci noted above.

Exact tests of allele frequencies and estimates of
between sample genetic variance (Fst and Rsy) all indi-
cate significant heterogeneity across all samples com-
bined (Exact p < 0.001; Fst = 0.004, p < 0.001; Rst =
0.012, p < 0.001). A number of significant departures
from homogeneity in allele frequencies (Table 3) and
estimates of Fst and Rg significantly greater than zero
(Table 4) were also found in pair-wise tests between
samples. Levels of significance are, however, marginal
with few values remaining significant when adjusted
for table-wide effects (Rice 1989)—see values in bold
in Tables 3 & 4. Pair-wise values of Fgr (0 to 0.029) and
Rst (0 to 0.046) are low and do not appear to indicate
any consistent pattern of distinct differences between
particular samples, either geographically or tempo-
rally. Values of Fgr between 1990n and the rest are
higher than average (but non-significant due to the
small sample size involved), although Rst values do not
confirm this pattern.

DISCUSSION
Genetic diversity

Illex argentinus exhibits very high levels of genetic
diversity at the 7 microsatellite loci examined. In the
combined sample, mean values of heterozygosity (H, =
0.84) and number of alleles (A = 24.1) are comparable
with the high levels seen in microsatellite studies of
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Table 3. lllex argentinus. Exact tests of microsatellite allelic frequency differences between samples. Shown above the diagonal

are multi-locus probabilities of homogeneity (values remaining significant after sequential Bonferroni correction in bold) and

below the diagonal are the individual loci exhibiting significant differences (1, la112; 2, la121a; 3, la121b; 4, 1a201; 5, 1a203;
6, 1a207; 7, [a422; "p < 0.05, **p < 0.01, **"p < 0.001)

Sample 1990n 1990 1994
90n 0.29 0.63
1990 4* 0.16
1994 71

97.33 27 7o
97.42 2°

97.46 47 771
97.57 1° 5*
97 all 7" 7"

97.33 97.42 97.46 97.57 1997
0.01 0.24 0.06 0.04 0.11
0.34 0.27 0.44 0.17 0.49
0.02 0.57 0.05 0.02 0.03
0.006 0.53 0.002 _
2 0.02 0.007 _
0.01 _
3050 7" 1°* 5° -

Table 4. Illex argentinus. Pair-wise estimates of multi-locus Fs7 (above diagonal) and Rst (below diagonal) between samples, with
results of permutation tests showing significant departures from zero (*p < 0.05, **p < 0.01, ***p < 0.001; values remaining sig-
nificant after sequential Bonferroni correction in bold)

Sample 1990n 1990 1994
90n 0.017* 0.008
1990 0.004 0.005*
1994 0.014 0.024"

97.33 0.0123 -0.006 0.022*
97.42 -0.0072 0.013" 0.015
97.46 0.002 0.016" 0.021*
97.57 0.006 0.022° 0.046°"

97.33 97.42 97.46 97.57
0.029** 0.008 0.018* 0.017
0.001 -0.001 -0.002 0.002
0.011°* -0.000 0.000 0.004

0.006° -0.000 0.010°
0.014 0.003 0.002
0.022° -0.003 0.002
0.033"* 0.000 0.003

pelagic fish (O'Connell & Wright 1997, Hauser & Ward
1998), and the squid Loligo forbesi (mean H, = 0.79,
mean A = 18.2, Shaw et al. 1999). As shown by the link-
age analysis of lal2l1a and Ia121b, the number of alle-
les observed as discrete PCR product sizes may be an
underestimate of true allelic diversity. Homoplasy
might be very high therefore, indicating that even
larger numbers of alleles are being maintained in the
population, although this observation might alterna-
tively indicate that lal2la and Ia121b are particularly
mutable or recombinative. Since the implications of
these possibilities are quite different, it will be worth-
while to distinguish between them by sequence analy-
sis of a range of alleles at these locl.

The high levels of microsatellite diversity described
here contrast with the low levels of allozymic variation
{for the 12 polymorphic loci found among 25 tested,
mean H,=0.011 and mean A = 3.5) observed previously
in Illex argentinus {(Carvalho et al. 1992). The micro-
satellite data suggest that low allozyme diversity in this
species is not explained by a severe population size
bottleneck in the recent past, but the data do not rule
out selective forces, such as those peculiar to cold water
species (Nevo et al. 1984) acting on allozyme diversity.
If a more ancient bottleneck occurred, then the differ-
ence in allelic diversity between allozyme and micro-

satellite loci may be a reflection of widely differing
mutation rates. While a recent population crash has
probably not occurred, there is at least a potential that
the introduction of a fishery might reduce overall levels
of diversity. Ryman et al. (1995) suggested that many
relatively rare alleles could be lost, even in the large
populations typical of many marine species, when pop-
ulation reductions are proportionally small. Micro-
satellite data presented here indicate that heterozygo-
sity and numbers of alleles are similarly high between
1990 and 1997 despite intensive fishing pressure. As
number of alleles is known to be generally more sensi-
tive to population reductions (Ryman et al. 1995), this
parameter was examined further using resampling
methods. From this, no significant differences in di-
versity were indicated between 1990 and 1997

The routine monitoring of changes in levels of diver-
sity would require the regular analysis of a large num-
ber of samples and large sample sizes. The 7 loci pre-
sented here are appropriate for such a study by virtue
of their high diversity, and can be supplemented to
increase sensitivity by addition of 1 other locus (1a408,
Adcock et al. 1999). The linked loci when combined to
form a single highly variable locus, might prove to be
more sensitive for detection of reductions in numbers
of alleles.
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Stock structure

No consistent pattern of geographic or temporally
based stock structure is apparent using microsatellite
markers among the samples examined here. Some
degree of genetic heterogeneity is present across the
whole sample set, as indicated by allele frequencies
and the between-sample component of genetic varia-
tion (Fst), but pair-wise sample differences are small
and not consistent across tests.

Two samples exhibited significant overall departures
of genotypic frequencies from outbreeding expecta-
tions (97.46 and 97.57). Carvalho et al. (1992) de-
scribed allozyme frequency differences between sam-
ples collected several hours apart, suggesting that
individual shoals of squid might be genetically differ-
entiated. Mixing of differentiated shoals within a catch
would be expected to produce apparent deficits of het-
erozygotes, an interesting possible explanation for the
pattern seen for 97.46 and 97.57. The high observed
allelic diversity within these samples, however, implies
that shoals do not consist of individuals recruited from
localized areas containing the progeny of a relatively
small number of parents. The fact that all the 1997
samples show high diversity, are not significantly dif-
ferentiated from one another, and represent squid
caught almost simultaneously, suggests that fishing
practices are either not selectively harvesting from
within particular shoals, or that shoals do not relate to
localized founding aggregations.

The general lack of significant genetic heterogeneity
among the samples of lllex argentinus considered here
contrasts 1n part with previous allozyme data on this
species, which identified low levels of differentiation,
apart from the most northern sample which was suffi-
ciently different to merit the suggestion of a cryptic
species (Carvalho et al. 1992). Sample 1990n (Fig. 1),
which comprises a subset of individuals from the puta-
tive cryptic sample of Carvalho et al. (1992), did not
appear markedly different from other samples using
microsatellites. Owing to their high mutation rate and
mutational constraints, microsatellite loci can be lim-
ited in their effectiveness in phylogenetic analyses at
higher taxonomic levels (Estoup & Angers 1998). This
might explain the lack of differentiation between sam-
ple 1990n and the other samples examined here,
although the small sample size (n = 12) precludes a rig-
orous test using frequency data. In comparisons among
species and higher taxonomic levels, microsatellites
often show shifts in allele sizes and size ranges (Prim-
mer & Ellegren 1998), as seen with the loci used in the
present study when applied to other members of the
genus, e.qg. I. illecebrosus and 1. coindetti (Adcock et al.
1999). Sample 1990n does not show such divergent
allele types, which would be detectable even with such

a small sample. Ideally though, further taxonomic
assessment would be enhanced by a larger sample of
any proposed cryptic species and the employment of
microsatellite loci which have low mutation rates
(less homoplasy) or other informative markers such as
mtDNA. The overall geographic genetic homogeneity
of I argentinus within the FICZ indicated by the pre-
sent study, however, is consistent with the majority of
samples examined by the earlier allozyme studies. It
appears therefore that I argentinus sampled in the
main fishing area within the FICZ to the north and
west of the Falkland Islands comprise a single stock,
possibly corresponding to the main migratory mass of
the Patagonic stock (Fig. 1), and do not therefore
include postulated separate in-shore stocks (Carvalho
& Nigmatullin 1998). A more complete study involving
sampling from the full geographic range of this spe-
cies, especially the spawning grounds, will be needed
before an accurate picture of relationships between
inshore/offshore and postulated separate spawning
stocks can be made: the microsatellite loci utilized here
would undoubtedly provide reliable genetic markers
for such a study, preferably in combination with cor-
roborative data from markers such as allozymes and
mtDNA.

In conclusion, the exploited population of Illlex ar-
gentinus within the FICZ was shown to maintain high
levels of microsatellite diversity, and that levels of
genetic variability have not changed during almost a
decade of intensive fishing pressure. Our data indicate
that the stock within the sampled region is probably
genetically homogeneous. We suggest that by virtue of
their variability, microsatellites represent a potentially
powerful tool for investigating other aspects of the
population biology of I argentinus such as egg mass
composition and relatedness of school members.
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