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Abstract Many of New Zealand's Galaxias spe-
cies have declined in abundance this century. Some
stream-resident species are now restricted to sections
of tributaries above waterfalls >3 m in height that act
as barriers to the predatory brown trout (Salnto
trutta). It has been suggested that these spatially iso-
lated populations are also genetically isolated and as
a result experience restricted gene flow. We used
isozyme electrophoresis to test this hypothesis. Com-
parisons were made between and within tributaries
at sites separated by waterfalls. Results from six
polymorphic loci showed evidence of genetic het-
erogeneity among populations of G. anomalus and
G. depressiceps from tributaries of the Taieri River
system, South Island, New Zealand. In one instance,
heterogeneity was found within a single tributary.
This demonstrates that gene flow among populations
is restricted and that waterfalls are likely to be a sig-
nificant influence in controlling galaxiid population
structure.
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INTRODUCTION

Whitebait runs, in which juveniles of a number of
migratory Galaxias species return to streams after
feeding at sea, are familiar events in New Zealand
(McDowall 1970, 1990). Less well known are the
non-migratory, stream-resident members of this ge-
nus. There are five described species in this group,
the most widespread of which is Galaxias vulgaris
Stokell, the common river galaxias. Found through-
out South Island east of the Southern Alps, G. vul-
garis has been noted to display morphological
variability throughout its range (McDowall 1990;
Glova et al. 1990). One population from Central
Otago was described as a distinct species, G.
anomalus (Stokell 1959), but this was later
synonymised with G. vulgaris (McDowall 1970). A
recent study focusing on populations within the
Taieri River system in Otago found that there were
at least four genetically distinct types within this
river system alone (Allibone et al. 1996), including
G. anomalus and the recently described G.
depressiceps (McDowall & Wallis 1996). This find-
ing suggests that what was perceived to be a wide-
spread and abundant species would, in Otago at least,
be better regarded as smaller populations of more
locally restricted species.

In addition to the problems associated with frag-
mentation into discrete genetic units (Moritz 1994),
these species, like many other natives, are suffering
from the influence of introduced predators. Exotic
fish species—in particular brown trout (Salmo trutta
L.)—have been implicated in the decline of native
species. Studies of G. vulgaris in the Taieri River
(Townsend & Crowl 1991) and on a related conge-
ner in Australia, G. olidus (Tilzey 1976; Cadwallader
1979; Fletcher 1979), found that the native species
was largely restricted to sites inaccessible to brown
trout, in particular to tributary headwaters above
waterfalls higher than c. 3 m. This disjunction effec-
tively separates the fish in each tributary into a
subpopulation. There is indirect evidence linking
brown trout to the decline in G. vulgaris via preda-
tion (Crowl et al. 1992), competition for food
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(Fletcher 1979), and by influencing galaxiid feed-
ing behaviours (Mclntosh et al. 1992; Edge &
Townsend 1993). Townsend & Crowl (1991) specu-
lated not only that populations of galaxiids in the
Taieri River were spatially isolated, but also that
there may be some degree of genetic isolation
whereby individuals from one population are pre-
vented from mixing with others.

Brown trout may influence levels of migration
among galaxiid populations, but they are not the only
potential contributing factor. Waterfalls could also
be acting as barriers, particularly in a resident spe-
cies that (unlike some migratory forms) may not be
so well equipped to climb waterfalls. Alternatively,
the galaxiids may be naturally sedentary and/or may
avoid entering the main channel or travelling far
upstream. Any one of these factors or a combination
could be influencing galaxiid migration, but it is dif-
ficult to partition their effects individually.

When one thinks of migration, it is usually in
terms of movements of large numbers of a species
from one location to another (Begon et al. 1987).
However, it need not be so extreme to have a sig-
nificant effect on populations from an evolutionary
point of view. Migration is deemed to have occurred
if individuals or gametes from one population reach
another and become integrated into the recipient
population's gene pool (Ehrlich & Raven 1969).
Gene flow is difficult to measure directly in natural
populations since it is logistically impossible to
monitor all the space between two populations for
any biologically meaningful length of time. This is
especially true of lotic systems, as it is virtually im-
possible to follow the movements of individual ani-
mals in water (Grosberg 1991).

It is possible, however, to derive indirect esti-
mates of gene flow from data on genetic subdivision.
Population genetics theory predicts that migration
(rate m) will be a significant force in overcoming
genetic drift in a population of effective size Ne when
2Nem > 1 (Crow & Kimura 1970). Consequently, if
the number of migrants per generation is much more
than unity, little differentiation accrues. On the other
hand, if there is little or no exchange between
populations, differentiation can result through ran-
dom genetic drift.

This study aims to determine whether populations
of stream-resident galaxiids are genetically isolated,
by examining genetic heterogeneity within and
among tributary populations of G. anomalus and G.
depressiceps. This can be assessed in a number of

ways (Slatkin 1985). We used a simple and widely
used technique—isozyme electrophoresis
(Richardson et al. 1986)—to assess gene flow in
Galaxias species by sampling from populations in
adjacent tributaries of the Taieri River. We also at-
tempted to determine whether waterfalls are a bar-
rier to migration by sampling upstream and
downstream of a waterfall.

MATERIALS AND METHODS

The study was carried out on Kye Burn, a subcatch-
ment of the Taieri River (Fig. 1). The main channel
of the river contains brown trout. Galaxiids are
present in very low numbers in a few isolated regions
of the main channel. There are a number of perma-
nent tributaries that maintain galaxiid populations
but from which trout are excluded by waterfalls
(Healy Creek, tributaries B and C). Tributary C has
a series of waterfalls along its length with galaxiids
between them. In German Creek there are no water-
falls to exclude brown trout and they are found co-
existing with galaxiids in low numbers. Subsequent
to collection, it was found that two species were
present in this river: tributaries C and B contained
G. depressiceps, whereas German Creek contained
G. anomalus (Allibone et al. 1996). Both species
were sympatric in Healy Creek (Table 1). Fish were
collected from five sites on Kye Burn (Fig. 1) by
hand netting and electro-fishing. All collections were
made at sites above waterfalls 3 m or more in height,
with the exception of German Creek where a collec-
tion was made just upstream from where the tribu-
tary meets the main channel. Fish were held in
buckets of stream water then individually frozen on
dry ice in the field or transported alive back to the
laboratory where they were stored at -80°C.

Muscle from the tail region and a combination of
liver and heart were dissected from each fish and
combined with 150 (J.1 of homogenising buffer
(70 mM tris HC1 pH 8.0, 1 mM EDTA, 0.05 mM
NADP). Cellulose acetate plates were run using a
continuous tris glycine buffer (Richardson et al.
1986) and stained by standard procedures
(Richardson et al. 1986; Hebert & Beaton 1989).

G-tests of independence (Sokal & Rohlf 1981)
were used to examine heterogeneity among the sites.
To facilitate calculations, zero values were replaced
with a small value (0.0001). Fits to Hardy-Weinberg
equilibrium were examined using Chi-square tests.


