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Abstract Scampi (Metanephrops challengeri
Balss, 1914) support a significant fishery in New
Zealand waters. Allozyme analysis of samples from
four fishery areas found a low level of genetic vari-
ation but significant heterogeneity in allele frequen-
cies. There were significant differences between
samples from the Auckland Island Shelf and those
from mainland New Zealand at three loci, but only
one locus showed heterogeneity among mainland
samples.
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INTRODUCTION

Scampi (Metanephrops challengeri Balss, 1914) are
widely distributed around New Zealand in depths
between 200 and 500 m. The scampi fishery has
developed rapidly with catches increasing from 55 t
in 1988/89 to almost 500 t by 1990/91 when catch
limits were introduced. The fishery is focused on the
Auckland Island Shelf and three areas around the
mainland: the Bay of Plenty, the Wairarapa coast,
and the Chatham Rise (Fig. 1). The species is man-
aged via a set of separate quota management areas
(QMAs), but some of these are straddled by current
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scampi fisheries and may be modified (Annala &
Sullivan 1997).

There is limited information on the biology of M.
challengeri (Annala & Sullivan 1997). The species
has a short larval stage, probably less than 3-4 days
(Wear 1976), reducing the opportunity for genetic
exchange between regionally isolated stocks. Little
is known about the movements of juvenile or adult
M. challengeri, although like other scampi species,
M. challengeri lives in burrows and is confined to
areas of mud substrate. Tagging data for the North-
ern Hemisphere scampi Nephrops norvegicus indi-
cated limited dispersal of adults with most recaptures
of tagged individuals within 10 km of the release
site, although the number of recaptures has been low
(Chapman 1980). Likewise tagging of M. challen-
geri in the Bay of Plenty has produced low returns
over small spatial scales (Cryer & Stotter 1998). A
short larval period, with limited adult movement,
suggests that there may be restricted gene flow be-
tween geographically separated areas.

Allozyme markers have been used to study the
population genetics of several species of marine
Crustacea. Those species with high potential for gene
flow, either through long-lived pelagic larval stages
or extensive adult movements, show little or no ge-
netic subdivision (e.g., Smith et al. 1980; Hateley &
Sleeter 1993; Kartavtsev 1994), whereas species
with short larval stages and/or restricted adult move-
ments show higher levels of genetic subdivision
(e.g., Benzie et al. 1992; Kordos & Burton 1993).
This project was undertaken to test for genetic dif-
ferentiation among scampi fisheries around New
Zealand.

METHODS

Samples of adult M. challengeri were collected in
1991 from four fishery areas: Bay of Plenty (24
animals), Wairarapa (48), Chatham Rise (48), and
Auckland Island Shelf (27 + 16) through the Minis-
try of Fisheries observer programme and from re-
search vessels (Fig. 1). Additional samples were
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Fig. 1 Sampling sites for Metanephrops challengeri around New Zealand, showing the subtropical convergence and
major water currents.

collected from three regions in 1994: Bay of Plenty
(100 animals), Wairarapa (50), and Chatham Rise
(50). Whole animals, minus tail, were frozen at sea
and tissues extracted in the laboratory, apart from

one sample of frozen tails from Wairarapa in 1991.
The hepatopancreas, white muscle, and eye were
included in the initial electrophoretic screening on
the 1991 samples. Only the hepatopancreas and
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white muscle were used for the population analyses
of polymorphic loci. Electrophoretic procedures
followed those described in Benson & Smith (1989)
for cellulose acetate and starch gels. Twenty-three
enzymes and one general protein were tested in 24
animals, eight from each of three regions, Bay of
Plenty, Chatham Rise and Auckland Island Shelf,
and for three tissues: aspartate aminotransaminase
(Enzyme Commission Number 2.6.1.1.), acid phos-
phatase (3.1.3.2), aconitase hydratase (4.2.1.3), ad-
enosine deaminase (3.5.4.4), adenylate kinase
(2.7.4.30), alcohol dehydrogenase (1.1.1.1), alkaline
phosphatase (3.1.3.1), creatine kinase (2.7.3.2), es-
terase (3.1.1.-), fumarate hydratase (4.2.1.2), glucose
-6-phosphate dehydrogenase (1.1.1.49), glycerol-3-
phosphate dehydrogenase (1.1.1.8), glucoses-phos-
phate isomerase (5.3.1.9), hexokinase (2.7.1.1),
lactate dehydrogenase (1.1.1.27), leucine amino
peptidase (3.4.11.-), malate dehydrogenase
(1.1.1.37), malic dehydrogenase (1.1.1.40),
mannose-6-phosphate isomerase (5.3.1.8),
phosphogluconate dehydrogenase (1.1.1.44), phos-
phoglucomutase (5.4.2.2.), protein (-), superoxide
dismutase (1.15.1.1), and xanthine dehydrogenase
(1.1.20.4). The five polymorphic loci (Table 1) were
tested in cellulose acetate gels in all samples.

Statistical analyses were performed using the
B1OSYS-1 program (Swofford & Selander 1981).
For each site/sampling year, genotype frequencies
at ALP* , PGM-1*, and PGM-2* were tested for
conformance to Hardy-Weinberg expectations;
IDH* and MDH* were only weakly polymorphic
and excluded from Hardy-Weinberg tests, y} tests
were carried out on pooled genotypes to reduce the
number of classes with expected values <5; rare
genotypes were pooled with their nearest genotype.

Heterogeneity in allele frequencies in the total
data set was tested locus by locus with heterogene-
ity y} tests; rare alleles were lumped with their near-
est electrophoretic allele. Significance levels were

adjusted by the Bonferroni technique for multiple
tests in which the significance level is divided by the
number of tests (Rice 1989). The data were broken
down into four geographical areas—Bay of Plenty,
Wairarapa, Chatham Rise, and Auckland Island
Shelf. Pairs of samples collected within areas in dif-
ferent years, or different times within years for the
Auckland Island Shelf samples, were compared with
X2 tests; where there were no temporal differences
within areas, the heterogeneity between neighbour-
ing areas was compared with %2 tests. Genetic dis-
tances were calculated from allele frequencies after
Nei (1978) and a dendrogram generated with
unweighted pair-group method using arithmetric
averages.

The proportion of allozyme variation due to dif-
ferentiation among samples was estimated with
Nei's gene-diversity statistic, Gsr(Nei 1973), which
is a multi-allele estimator of Wright's FST statistic
(Wright 1951). GST is equal to (HT~HS)/HT, where
Hj is the total genetic diversity, calculated as the
average Hardy-Weinberg expected heterozygosity in
the total data set, and H$ is the mean genetic diver-
sity per sample, calculated as the average Hardy-
Weinberg expected heterozygosity in samples.
Sampling error will produce differences in allele
frequencies, even when samples are drawn from the
same subpopulation, therefore a randomisation test
was used to test for differences as a result of sam-
pling error (Elliott & Ward 1992). One thousand
randomisations were used and the probability was
estimated from the number of randomisations that
were greater than or equal to the observed G$T-

RESULTS

A preliminary survey of 35 allozyme loci found a
low level of genetic variation in Metanephrops
challengeri with only five loci showing

Table 1 Enzymes, loci, tissues and buffers for five polymorphic loci in scampi
(Metanephrops challengeri) from New Zealand. (C1T = phosphate citrate pH 7.0; TEB
= tris EDTA boric acid, pH 8.6; TG = tris glycine pH 8.8.)

Enzyme Locus Tissue Buffer

Alkaline phosphatase
Isocitrate dehydrogenase
Malate dehydrogenase
Phosphoglucomutase

ALP*
IDH*
MDH-1*
PGM-1*
PGM-2*

hepatopancreas
muscle
muscle
muscle
muscle

CIT
TEB
TEB
TG
TG


