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Hierarchical genetic structure and effective
population sizes in Phalacrus substriatus
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In this paper we present an analysis of the hierarchical population structure of the mycopha-
gous beetle Phalacrus substriatus. The analysis showed that P substriatus is substructured at
both hierarchical levels studied, among islands and among local populations within islands. The
level of differentiation among local populations was about three times as high as among
different islands (FPL= 0.043 and FLT = 0.013, respectively). This stands in marked contrast to
the patterns expected, based on the dispersal of 1? substriatus, as the average dispersal distance
of individual beetles is less than a metre per generation. Several explanations are discussed
which can explain the observed patterns. We also estimated the effective population size for
both hierarchical levels. The results show that the NIN ratios are well below unity, both for
local populations and for islands. The average Ne/N ratio for local populations was only 0.210
(geometric mean, 0.172), whereas for islands the observed Ne/N ratios ranged from 0.75 to
0.98. Population subdivision is expected to increase the global (island) effective population size
under equilibrium situations. However, random extinctions and recolonizations can lead to
significant reductions in the global effective population size. Because population turnover is a
commonly occurring phenomenon in P substriatus, we argue that this is, at least partly,
responsible for the low Ne/N ratios observed in this species. The low effective population sizes,
both for local populations and for islands, will result in rapid erosion of a large proportion of
the genetic variation present. The present study thus highlights the need to take random
processes, such as extinction—recolonization dynamics, into account when studying effects of
spatial subdivision.

Keywords: effective population size, extinction,
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Introduction

Over the last few decades it has been recognized
that many species are naturally subdivided into
discrete patches, for instance because of discontin-
uous habitat distributions or limited dispersal capa-
bilities (Roderick, 1996). The geographical structure
of local populations is an integral part of the ecology
of a species and combines both demographic and
genetic processes, such as gene flow, genetic drift
and selection (Slatkin, 1987). Detailed knowledge
about how genetic variation is structured within and
among different populations is crucial for a full
understanding of the evolutionary dynamics of a
species. Moreover, populations can be subdivided at
several hierarchical levels and, depending on the
scale of study, different processes may be of import-
ance in determining the observed patterns of popu-
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lation differentiation (Slatkin, 1987). For instance, as
distance between populations increases, gene flow is
expected to become less effective in causing genetic
cohesion among populations, because drift and
adaptation to local conditions, both factors which
increase differentiation among populations, are
inversely related to gene flow (Slatkin, 1985, 1987).
The actual levels of gene flow among the units at a
certain hierarchical level of population structure
determine whether they will be bound together into
one evolutionary unit or if they will assume more
independent evolutionary trajectories (Slatkin,
1987).

Another important evolutionary property is the
variance effective population size, Ne. This is the
size of an ideal population undergoing the same
rate of change in the genetic variance per generation
as the studied population (Crow & Kimura, 1970).
Even though the effective population size is an
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important property, N is seldom estimated in
natural populations because it is notoriously difficult
to compute accurately (see Nunney, 1995, for a
recent discussion about estimating N using demo-
graphic and genetic methods). Moreover, the effect-
ive size is influenced by population subdivision
(Chesser et aL, 1993; Whitlock & Barton, 1997) and
consequently the effective population size will also
be affected by the scale at which it is measured.
Detailed knowledge of the effective population size
is of importance in determining whether observed
levels of genetic differentiation can be attributed
solely to genetic drift or whether other scenarios,
such as selection, must be invoked.

In this paper we present a hierarchical analysis of
the population structure of the mycophagous beetle
Phalacrus substriatus. An earlier study focused on
the population structure of P substriatus over a small
spatial scale (<1000 m2), corresponding roughly to a
single population of the host plant Carex nigra
(Ingvarsson et al., 1997). In that study we found
evidence for a strong degree of differentiation
among local I? substriatus populations, separated by
only a few metres. We also found that recurrent
extinctions and recolonizations led to a significant
increase in the levels of differentiation. In this paper
we extend the analysis of the population structure of
P substriatus to include two more island populations
of the host plant C. nigra. We use F-statistics
(Wright, 1951) to partition the genetic differentia-
tion among the different levels in the hierarchy
(within populations, among populations and among
islands). We further provide estimates of the effec-
tive population sizes, both at the population and
island level. The results are discussed in the context
of the balance between gene flow and random
processes in shaping the population structure of I?
substriatus.

Study organism

Phalacrus substriatus Gyll. (Phalacridae, Coleoptera)
is mycophagous, like most of the beetles in the
family Phalacridae (Steiner, 1984). The adults are
small (1.0—2.0 mm), shiny black and can be found on
plants of various Carex species at the onset of
flowering in early June. The adults feed on over-
wintering teliospores and germinating basidiospores
of smut fungi of the genus Anthracoidea (Ustilagi-
nales) and on Carex pollen. Adult beetles are active
for approximately 3 weeks. The female lays eggs
either on the surface of or in a hole bitten in the
perigynium. Larvae hatch after approximately 1
week and feed in the developing smut son (Kontka-

nen, 1936). The larval period lasts 3—4 weeks, after
which pupation occurs in the sorus. Adult beetles
emerge after 3 weeks and appear to overwinter as
adults at the base of the tussock (Kontkanen, 1936;
P.K. Ingvarsson, personal observation). Phalacrus
substriatus is univoltine in the study area and there is
no overlap between parent and offspring generations
because all adult beetles die before larval pupation
occurs (P.K. Ingvarsson, personal observation). In
the study area P substriatus feeds exclusively on
Anthracoidea heterospora Kukk. infecting florets of
the sedge Carex nigra (var. recta). Carex nigra var.
recta forms dense tussocks, which occur as discrete,
easily identified patches on the shores on the studied
islands.

Materials and methods

Sampling of beet/es

The study was carried out on three islands in the
Skeppsvik archipelago (63°44—48'N, 20°31—33'E)
outside Umeà, northern Sweden (for a general
description of this area see Ericson, 1981). In 1994
five different tussocks of the host plant C. nigra were
sweep-netted on the different islands in the archi-
pelago. Only five tussocks were included because the
sampling was part of a pilot study to determine the
population structure of P substriatus. All P substria-
tus beetles found when sweep-netting the tussocks
were collected, stored in Eppendorf tubes and
brought back to the lab. where they were sexed and
subsequently frozen alive at —70°C. The sweep-
netting was repeated four times over a period of 2
weeks to sample as high a proportion of beetles in
each tussock as possible. In 1995 the sweep-netting
procedure was increased to include between 40 and
48 tussocks on the same islands as sampled in 1994.
The sweep-netting procedure followed the same
outline as in 1994 and all tussocks sampled in 1994
were also sampled in 1995. The average distance
between sampled tussocks was 1 m and the
average distance between the three different islands
was c. 300 m. In this paper all beetles found within a
tussock will be referred to as a local P substriatus
population, and all local populations found on a
single island will be referred to as an island popula-
tion of P substriatus.

Electrophoretic techniques

Sampled beetles were stored in Eppendorf tubes at
—70°C until they could be processed for electro-
phoresis. Five different enzyme systems were
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analysed: acotinate hydratase (Acn), isocitrate
dehydrogenase (Idh), malate dehydrogenase (Mdh),
phosphoglucoisomerase (Pgi), and triose-phosphate
isomerase (Tpi). Each whole beetle was ground in
l5pL distilled water and the enzymes were resolved
on a 12 per cent starch gel made from a 14:1 dilu-
tion of a Tris-citrate buffer (pH 7.0). After staining,
alleles were scored and the population genetic struc-
ture was estimated by use of F-statistics (Wright,
1951). For a more detailed description of the
electrophoretic techniques see Ingvarsson Ct a!.
(1997).

Analysis of population structure

Estimation of hierarchical F-statistics

The F-statistics were calculated using the Weir &
Cockerham (1984) estimators, following the three-
level hierarchical method outlined in Weir (1990,
pp. 156—159). The hierarchical analysis of gene
frequencies was performed using the statistical
package SAS (1990). Following the methods in Weir
(1990), variance components for within individuals,
a, among individuals within populations, a, among
local populations within islands, a, and among
islands, cr, were calculated from the corresponding
mean squares and correction terms. Hierarchical
F-statistics were then estimated from these variance
components as follows: genetic differentiation
among individuals within the total sample,
F!T = (++)I(ci,++ci+cr), nonrandom
mating within populations, (F1 = ciI(a + o), differ-
entiation among populations within islands,
FPL = /(+a+a), and differentiation among
islands, FLT = /(a++ci+o). These statistics
are related by the equation:

(1 —FIT) (1 —F1)(1 —FpL)(1 —FLT). (1)

Information from multiple alleles and multiple loci
was combined according to the suggestions of Weir
& Cockerham (1984), and the variances of the esti-
mates were obtained using jackknifed procedures
over alleles and loci (Weir & Cockerham, 1984;
Weir, 1990; Goudet, 1993). Because the estimators
are corrected for sample size differences, slightly
negative values of FPL and FLT can occur. These
negative values should be interpreted as indicating
no genetic differentiation. To test whether a particu-
lar F-statistic was significantly different from zero we
calculated one-tailed 95 per cent confidence inter-
vals (CI) for the different statistics (two-tailed CIs
for FIT and F1) and determined whether they
showed any overlap with zero. Each CI was esti-
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mated by bootstrapping over loci 1500 times. The
bootstrap analyses were performed using the
program FSTAT v.1.2 (Goudet, 1995).

Effective size of local populations, Ne(p)

We estimated the effective population size of local P
substriatus populations using the method devised by
Waples (1989). Waples developed a general model
for determining the effective population size of a
population from temporal changes in allele frequen-
cies. The method assumes that the variation is
neutral (or nearly so) and that migration among
subpopulations is negligible. The error in estimating
effective population size in the presence of migra-
tion is proportional both to the migration rate but
also to the time separating the two sample events
(Nei & Tajima, 1981). How gene flow among popu-
lations influences the estimation of effective popula-
tion size depends both on average gene frequency in
migrants and in individuals within the population
receiving the migrants. The migration rate among
local P substriatus populations is far from negligible
(m = 0.366; Ingvarsson et al., 1997), so the estimate
of the effective population size is clearly going to be
affected by migration from surrounding populations.
Omitting the effects of migration when estimating
the effective population size ignores an important
source of gene frequency change. However, migra-
tion acts as a constraining force on gene frequency
change by genetic drift and ignoring migration will
consequently lead to N, estimates that are too high.
There are currently no methods that explicitly take
migration into account when estimating effective
population sizes from the temporal change in allele
frequencies.

There are two different formulae for calculating
Ne(p), depending on whether individuals are sampled
before or after reproduction (Waples, 1989; eqns 11
and 12). In the present study, beetles were sampled
at the end of the reproductive period, so Method I
of Waples (1989) is more appropriate. With this
sampling method the effective population size, Ne(p)
is estimated as:

t
Ne(p) (2F —1/So— 1/Se+ 2IN)

where t is the time between the two sampling events,
S0 and S, are the respective sampling sizes at the two
sampling events and N is the population size at time
0 (the first sampling period). F is the weighted,
standardized variance in allele frequencies (Waples,
1989; Goudet, 1993),

(2)
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k

two or more subdivided populations at different

(3) locations (Goudet, 1993).

Results

Hierarchical population structure and gene flow

Values for the hierarchical F-statistics for each locus
and for all loci combined are presented in Table 1.
There are no indications of a general inbreeding
effect at the lowest level in the hierarchy (within a
tussock) because the combined estimate of F1 is
significantly smaller than zero (Table 1). This is
anticipated in a dioecious, outbreeding organism,
where the expected F15 value is —1/(2d—1), where d
is the number of individuals sampled in a population
(Kirby, 1975). The average number of individuals
sampled per population was 81, yielding a predicted
F15 value of —0.066. This value is of the same order
as, but slightly larger in magnitude than, the
combined estimate of F1 of —0.038. The expected
value of —0.066 also falls within the 95 per cent
confidence interval calculated for the F1 estimate
(Table 1). It therefore seems clear that a single
tussock constitutes the smallest randomly mating
population of R substriatus.

There is considerable variation among loci in the
estimates of each F-statistic, but the combined esti-
mate (over loci) showed significant differentiation at
both the within- and between-island level. There is
thus evidence for a hierarchical structuring of the
genetic variation in I? substriatus. The degree of

_______________________ differentiation within islands is about three times
that among islands (FPL = 0.043, FLT 0.013). When
studying the different islands separately, it can be
seen that there is a high degree of structuring
among local I? substriatus populations within all
islands, but the magnitude of the FPL value differs
among islands (Table 2). Islands 1 and 2 show about

Table 1 Hierarchical F-statistics for the five enzyme systems analysed in Phalacrus substriatus. Combined estimates and
standard deviations were calculated by jackknifing over alleles and loci. 95% confidence intervals were obtained by
bootstrapping. See text for further information

Locus F1 FPL FLT FIT

Acn —0.042 0.050 0.024 0.033
Idh —0.045 0.010 0.010 —0.024
Mdh —0.083 0.054 0.002 —0.022
Pgi —0.013 0.010 0.003 0.000
Tpi 0.037 —0.061 0.004 —0.018

Combined 0.043* 0.013* 0.020
Jackknifed SD 0.013 0.022 0.011 0.024
95% CI —0.069 to —0.010 0.023 to 0.062 0.003 to 0.023 —0.022 to 0.035
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where xi and yi are the frequencies of allele i at the
two sampling events and k is the number of alleles
at a locus. Data from multiple loci were combined
by calculating the mean F, weighted by the number
of alleles at each locus. We also calculated 95 per
cent confidence intervals for each estimate of effect-
ive population size as suggested by Waples (1989).
The estimates of effective population size are most
easily interpreted when expressed as the ratio of
effective population size to the census size, Ne/Nc.

Effective size of island populations, Ne(,)

Species which are subdivided into local populations
will have an effective population size different from
a homogeneous population of similar size. For an
island model of population structure the effective
population size is actually increased by a factor
11(1 —FST) (Wright, 1943). There are several
formulae developed for dealing with effective popu-
lation sizes, but few can readily be extended to take
population subdivision into account (Chesser et a!.,
1993; Whitlock & Barton, 1997). Assuming that
there is no territoriality in the studied species, one
formula for the global effective population size of a
subdivided population is given by:

flNe()- p
, (4)

N()FpL+(1 +F1)(1 —FPL)

where n is the number of local populations and N()
is the average effective size of the local populations
(eqn 2) (Goudet, 1993). This formula is suitable
when comparing the effective population sizes of
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the same degree of among-population differentia-
tion (FPL = 0.029 and 0.026, respectively), while
island 3 shows much higher levels of differentiation
(FPL = 0.077).

Effective local population size

Data on effective population size from 12 of the 15
tussocks sampled both in 1994 and 1995 are
presented in Table 3, together with Ne(p)IN ratios. In
the other three tussocks, the sample size was not
large enough in both years to warrant an estimation
of the effective population size. The Ne(p)/N ratio for
all populations was substantially less than 1, with a
mean of 0.210 (geometric mean = 0.172, range
0.042—0.491). This is well within the range of esti-
mates for Ne/N ratios from other insect species
(reviewed in Frankham, 1995). Because the sample

Table 2 Values of F1 and F?L for Phalacrus substriatus on
a per island basis. Jackknifed standard deviations are
shown in parentheses

Island F1 FPL

1 —0.010 (0.026) 0.029 (0.011)
2 — 0.046 (0.029) 0.026 (0.007)
3 —0.058 (0.040) 0.077 (0.037)

sizes were generally small, the corresponding 95 per
cent confidence intervals were large. However, in
only one case did the 95 per cent confidence interval
of the Ne(p)/N ratio exceed one (Table 3). The
complete data set for the gene frequencies in the
populations is available upon request from the
authors.

EffectIve is/and population size

We calculated the average effective population size
of the local populations on each island by taking the
harmonic mean of the estimates of Ne(p) obtained
above, for each island separately (Table 4). Using
these values, together with the estimates of F1 and
FPL, we calculated the Ne(i) for each of the three
islands included in the study using eqn (4) (Table 4).
In each case, the calculated Ne(j) value was slightly
less that what would be expected of a similar,
unstructured population (nN) and even smaller than
expected for an island model with constant popula-
tion size and migration rate (nN/[1 —FSTI) (Wright,
1943).

Discussion

The area covered by the present study is fairly small
(c. 0.25 km2), but the overall levels of differentiation
are still quite high and comparable to studies of

Table 3 Estimates of the effective local population size, Ne(p), of Phalacrus
substriatus. S0 and S1 are the sample sizes for the different sampling periods in
1994 and 1995 and N. is the population size at the first sampling period (1994).
S0 and N differ as some individuals sampled could not be genotyped using the
electrophoretic techniques. 95% confidence intervals are also shown for each
estimate. The numbers in column 1 refer to island and population, respectively,
for instance 2:3 refers to population 3 on island 2

Population S0 S1 N Ne(p)

Confidence intervals

Lower Upper N()/N,

1:1 12 9 12 5.89 1.32 62.60 0.491

1:3 25 16 26 6.97 1.22 9.78 0.268

1:4 17 6 18 0.76 0.23 1.86 0.042

2:1 15 28 15 2.72 0.98 5.32 0.181

2:2 23 17 23 3.53 1.02 9.82 0.153

2:3 21 17 21 4.80 2.01 7.91 0.229

2:4 19 22 21 2.06 0.51 3.97 0.098

3:1 17 17 21 4.85 1.32 15.23 0.231

3:2 7 6 7 1.68 0.46 5.30 0.240

3:3 14 19 15 2.01 0.77 7.23 0.134

3:4 31 26 32 9.79 3.01 14.89 0.306

3:5 24 30 25 3.58 1.44 8.45 0.143

Mean 0.210
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Table 4 The effective island population size, Ne(j), for Phalacrus substriatus
estimated from eqn (4). The value is expressed as a ratio to the census size

(flNe(p))

Island

Number of
local populations

sampled, n

Average local
population size

Ne(p)

Island effe
population

Ne(i)

ctive
size

Ne(i)/flNe(p)

1 41 1.84 68.5 0.92
2 48 2.97 121.2 0.85
3 40 2.98 89.7 0.75

other, more mobile, insect species covering much
larger areas (McCauley & Eanes, 1987). The results
from the hierarchical analysis further show that
populations of I? substriatus are substructured at
several different levels. The results are not surpris-
ing, given the short dispersal distances of individual
P substriatus beetles (average dispersal distance c.
0.9 m; Ingvarsson et a!., 1997). However, the differ-
entiation among islands is only about one-third of
that among local populations (FLT= 0.013 and
FPL = 0.043, respectively) and this stands in sharp
contrast to the short dispersal distances of P
substriatus, which should imply extremely low levels
of gene flow, and consequently high levels of differ-
entiation, between islands.

Several explanations can be put forward to resolve
this apparent contradiction. First, migration in
natural populations of most organisms is highly
stochastic, with large variation between years
(Slatkin, 1985). When quantifying dispersal patterns
of individual I? substriatus beetles using direct
methods, we may have failed to observe the few
events of long-distance dispersal that do indeed
occur. Direct methods would consequently under-
estimate natural migration rates. Furthermore, long-
distance dispersal events will have a dispropor-
tionately large influence on the among-island differ-
entiation, even though they occur infrequently
(Slatkin, 1985; Nichols & Hewitt, 1994). Individual P
substriatus beetles are probably too small for active
flight between islands and these beetles do not show
any flight tendencies in either field or laboratory,
even though they have fully developed wings (P. K.
Ingvarsson, personal observation). There is,
however, the possibility that some beetles are
passively dispersed between islands. Phalacrus
substriatus beetles have been found in drift material
that is transported between different islands during
periods when water levels are high (Palmén, 1944).
This could result in long dispersal distances and
would act to reduce differentiation among islands.

Secondly, assume that migration follows an island
model of population structure and that an equili-
brium between genetic drift and migration has been
reached. The theoretically expected levels of differ-
entiation among local populations and among
islands are FPL 1/(4Ne(p)mp + 1) and FLT 1/
(4Ne(i)flhi + 1), respectively (Slatkin & Voelm, 1991).
The denominators in these expressions are both a
product of two independent parameters: the effect-
ive population size, Ne, and migration rate, m (with
subscript p and i referring to population and island,
respectively). Slatkin & Voelm (1991) showed that if
the migration rate among local populations is much
larger than the migration rate among islands, an
island can effectively be regarded as a single unit
containing flNe(p) individuals (where n is the number
of local populations). Therefore, even if the migra-
tion rate among islands is perhaps one or two orders
of magnitude lower than among populations, the
larger effective island population size (Ne(j)) could
compensate for the lower migration rate, yielding an
apparently higher number of migrants moving
among islands than among populations. This would,
in turn, translate into lower levels of genetic differ-
entiation among islands than among populations.

Lastly, population turnover can have a profound
effect on the genetic differentiation of local popula-
tions (Slatkin, 1977; Wade & McCauley, 1988). In
the presence of frequent extinctions and recoloniza-
tions the result could be only a very weak correla-
tion between the observed levels of differentiation
and gene flow (Whitlock, 1992). If beetles colonizing
a new island come from several source islands or if
there are multiple, independent colonization events,
a large proportion of the genetic variation present in
the archipelago could be introduced to a new island
(Slatkin, 1977, 1987). However, if local populations
are small, genetic drift will tend to fix different
alleles in different populations and will ultimately
lead to an increase in the genetic differentiation
among local populations on an island. The increase
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in genetic differentiation could be further enhanced
if recurrent extinctions and recolonizations of local
populations are frequent and especially if founders
of new populations come from a limited number of
sources (founders have a high probability of
common origin, sensu Whitlock & McCauley, 1990).
In an earlier study (Ingvarsson et a!., 1997) we have
shown that local population turnover is common in
P substriatus and that founders of new populations
indeed have a high probability of common origin
because they come from only one or two source
populations. We also showed that local extinctions
and recolonizations result in an 40 per cent
increase in the degree of differentiation among
populations on island 3. These non-equilibrium
dynamics can thus, to some extent, explain the high
within-island levels of differentiation. However,
there are reasons to believe that the rates of popula-
tion turnover on islands 1 and 2 are much Lower
than on island 3, simply because populations on
those two islands are located further from the shore-
line and therefore have a lower chance of being
submerged during periods of high water (P. K.
Ingvarsson, personal observation). Long periods with
high water levels are the primary cause of extinc-
tions of local populations of I? substriatus (Ingvars-
son et at., 1997). This is thus consistent with the
lower levels of genetic differentiation among popula-
tions observed on islands 1 and 2 (Table 2).

Greater genetic differentiation at local levels is
uncommon, because differentiation is expected to
increase with increasing distance among populations
(Slatkin, 1985, 1987), although a few studies showing
this pattern of differentiation can be found in the
literature. Unruh (1990), studying patterns of
genetic differentiation among 18 populations of the
pear psylla, Cacopsylla pyticola, found that genetic
variation was greatest among local populations
within, as opposed to between, river drainages,
something he attributed to nonequilibrium popula-
tion processes resulting from pest management and
to effects of the recent colonization of the American
west coast by the pear psylla (Unruh, 1990). Costa &
Ross (1993, 1994) have performed one of the most
comprehensive studies of the hierarchical population
genetic structure of a single species in their study of
the Eastern tent caterpillar, Malacosoma amen-
canum, ranging from individual larval colonies on
single trees to regional subpopulations covering a
large proportion of the species range. For M. amer-
icanum there were no clear trends in the levels of
differentiation with increasing distance among popu-
lations and the most pronounced genetic structuring
actually occurred at the level of a single colony,
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because of kin associations among individual larvae
in a colony (Costa & Ross, 1993). Also, Johannesen
& Loeschcke (1996) studied four species of antho-
myiid flies. In three of the species they found negli-
gible degrees of differentiation among regions,
whereas differentiation within regions was often
quite high, something they attributed to both habitat
history and specific gene flow patterns in the
different fly species (Johannesen & Loeschcke,
1996).

Recurrent extinctions and recolonizations will
often reduce the global (island) effective population
size (Whitlock & Barton, 1997). Ingvarsson et a!.
(1997), using demographic data, found that popula-
tion subdivision and turnover led to a reduction in
the effective island population size by about 55 per
cent on island 3. In this study, using eqn (4), we
estimated Ne(i)/flNe(p) to be 75 per cent on the same
island (Table 4). Ideally the two methods should
yield the same result, but there are at least two
reasons that can explain the higher estimate
obtained in this study. First, the island-wide estimate
of Ne(p) (local effective population size) in this study
is based on only five of the larger populations. This,
in turn, influences the estimate of Ne(j) and will
consequently lead to a rather imprecise estimate of
Ne(i). Secondly, eqn (4) does not explicitly take popu-
lation turnover into account, which the method used
by Ingvarsson et aL (1997) does. As frequent extinc-
tions and recolonizations can greatly reduce the
global effective population size and because turn-
over of local populations is a frequently occurring
phenomenon in P substriatus (at least on island 3;
Ingvarsson et at., 1997), this will compromise the use
of eqn (4) in determining Ne(). However, as we lack
detailed demographic data from islands 1 and 2, the
use of eqn (4) provides the only means by which we
can obtain at least a crude estimate of the global
effective population size for these two islands. The
global effective population sizes on islands 1 and 2
are somewhat higher than on island 3, which is to be
expected if population turnover occurs at a lower
rate on those two islands.

The results in this and a previous study (Ingvars-
son et a!., 1997) indicate that the population struc-
ture of P substriatus is, to a very large extent,
determined by the interplay of a number of random
processes such as genetic drift, population turnover
and gene flow, at least over the spatial scale of this
study. The low effective population sizes, both at the
population and island level, emphasize genetic drift
as a major force in determining the local population
structure of P substriatus. It also implies that selec-
tion would have to be strong to overcome the
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combined effects of drift and migration to produce
local adaptation in P substriatlis. Furthermore, it has
been suggested in the literature that a subdivided
population could maintain larger genetic variation
than an unstructured population of similar size
(Lacy, 1987). The rate of loss of genetic variation of
such a population would also be lower than an
unstructured population, because subdivision
increases the global effective population size by a
factor of (1 —FST) (Wright, 1943). However, recur-
rent extinctions and recolonizations will, in most
cases, lead to dramatic reductions in the effective
population size and will consequently increase the
rate at which variation is lost from the system
(McCauley, 1991; Whitlock & Barton, 1997). Thus,
from a conservation point of view, failing to take
processes such as extinctions and recolonizations
into account can lead to highly erroneous results.
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