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Abstract

Because low genetic diversity may threaten the viability of isolated populations, conservation biologists have devoted much e�ort
to quantify genetic variation. Two techniques routinely used involve levels of mini- and microsatellite polymorphism, with the

assumption that levels of variation at these parts of the genome will be re¯ected in levels of variation at other loci. Our data chal-
lenge this assumption. We studied six populations of sand lizards (Lacerta agilis) and ®ve populations of adders (Vipera berus),
di�ering considerably in size and degree of isolation. They, therefore, o�er an opportunity to examine how population parameters
a�ect genetic variation at di�erent parts of the genome. Relative population size (based on degree of isolation and number of ani-

mals) was not correlated with either minisatellite variability or microsatellite heterozygosity. However, our measures of genetic
diversity at the Mhc class I loci of both sand lizards and adders revealed a signi®cant correlation between relative population size
and Mhc polymorphism: non-isolated/larger populations exhibited higher genetic diversity than did isolated/small populations.

Consequently, only the Mhc-based estimates of genetic diversity yielded results in agreement with population genetic theory.
# 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Advances in molecular biology during the last decade
have stimulated many conservation biologists to quan-
tify genetic variation both within and among popula-
tions. Two techniques routinely used to document
genetic diversity in a multitude of vertebrate taxa involve
levels of variability at mini- and microsatellite loci (e.g.
Roelke et al., 1993; Haig and Ballou, 1995; Paetkau et
al., 1995, 1998; TegelstroÈ m and SjoÈ berg, 1995; Houlden
et al., 1996; Madsen et al., 1996; Sanjayan et al., 1996;

Kretzman et al., 1997; Mundy et al., 1997; Prior et al.,
1997; Scribner et al., 1997; Bouzat et al., 1998; Bushar et
al., 1998; Gullberg et al., 1998a,b, 1999; Hitchings and
Beebee, 1998; Komdeur et al., 1998; O'Ryan et al.,
1998; Nader et al., 1999; Negro and Torres, 1999).
Many of these studies have focused on endangered
populations, and their results have often provided the
basis for management recommendations.
Two central questions in conservation genetics are the

degree to which ``bottlenecks'' and low e�ective popula-
tion size will reduce genetic variability within a popula-
tion, and the impact of this reduction on long-term
viability of the population. In particular, will genetic
variability be reduced to a similar degree throughout the
genome, or will some loci exhibit more or less reduction?
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The strength of the relationship between genetic varia-
tion and population size is likely to vary for di�erent
categories of loci as they are subject to di�erent inten-
sities of selection (Frankham, 1996). If some loci are
disproportionately important for the maintenance of
viability, selection may retain a higher variance at these
loci despite considerable reduction in variation in other
parts of the genome. To test this prediction, we need to
compare levels of genetic variability among populations
with histories of high versus low e�ective population
sizes, and compare variation at ``critical'' versus ``non-
critical'' parts of the genome. Presumably, most mini-
and microsatellite loci fall into the latter category, so the
challenge is to identify a few ``critical'' loci. Recent stu-
dies suggest that the major histocompatibility complex
(Mhc) loci may be ideally suited to this role (Hedrick,
1994; von Schantz et al., 1996; Vincek et al., 1997;
Hedrick and Parker, 1998; Paterson et al., 1998).
The major histocompatibility complex (Mhc) codes for

polymorphic membrane glycoproteins that play a key role
in the T-cell mediated immune system (Klein, 1986). There
are two distinct classes of Mhc molecules, class I and class
II, which are encoded by separate but tightly linked loci.
The antigen-binding properties of the Mhc class I and II
molecules determine which foreign peptides can be iden-
ti®ed for triggering an immune response and these Mhc
determined di�erences are thought to in¯uence disease
susceptibility (Klein, 1986). In many vertebrate species the
Mhc class I and class II loci exhibit an extraordinarily
high degree of polymorphism (Klein, 1986). This variation
possibly re¯ects balancing selection related to interactions
of the immune system with pathogens (Parham and Ohta,
1996), although it is not resolved whether the selection is
overdominant, frequency dependent or a combination of
these factors (Hughes and Hughes, 1995).
In this study we document mini- and microsatellite

polymorphism in six sand lizard (Lacerta agilis) popu-
lations, minisatellite polymorphism in ®ve adder (Vipera

berus) populations and compare these data with Mhc
class I polymorphism recorded in all of the 11 popula-
tions. The study populations di�er considerably in size
and degree of isolation and, therefore, o�er an oppor-
tunity to examine how these parameters a�ect genetic
variation at di�erent parts of the genome.

2. Materials and methods

2.1. Study populations

We sampled six sand lizard and ®ve adder populations
which were ranked according to their degree of isolation
and size (below referred to as ``relative population size'').
The population estimates refer to adult lizards and snakes.
A summary of the population demography data is pre-
sented in Table 1.

2.1.1. Sand lizards

Three of the populations that we studied are isolated
relicts situated in south-central Sweden. These popula-
tions have been isolated for at least several hundred years
(GisleÂ n and Kauri, 1959). The number of lizards in these
populations range from 85 to 115 (VaÈ rmland), 100 to 150
(Taberg) and 200 to 300 (Dalarna) (Gullberg et al., 1998b,
1999). A fourth population sampled is located on the west
coast of Sweden (Asketunnan). This population has been
studied since 1984 and consists of approximately 500
lizards (Gullberg et al., 1998b, 1999). However, several
other populations occur within a few kilometers from this
population and considering the high mobility exhibited by
male sand lizards during the spring mating season (Ols-
son, 1986) migration/gene ¯ow between these populations
is, therefore, highly probable.
The ®fth population sampled is located on the south

coast of Sweden (LoÈ derup). In this region sand lizards
are very abundant over large areas and exhibit a con-

Table 1

Demographic and molecular genetic data of six sand lizard and ®ve adder populations

Population Population

structure

Estimated

population

size

Relative

population

size

Minisatellite

band

sharing (%)

N Microsatellite

heterozygosity

(%)

N Mhc band

sharing

(%)

N

Sand lizards:

VaÈ rmland Isolated relic 25±40 1 49.7 15 60.0 21 84.0 14

Taberg Isolated relic 100±150 2 53.9 15 61.0 14 90.6 12

Dalarna Isolated relic 200±300 3 65.2 30 47.0 27 83.0 15

Asketunnan Meta population 500 4 63.3 30 44.0 66 71.5 16

LoÈ derup Within a continium >300 5 60.4 10 21.0 12 64.4 12

Hungary Within a continium >5000 6 19.4 15 70.0 25 51.6 15

Adders:

Smygehuk Isolated 15±40 1 79.3 9 95.6 9

JukkasjaÈ rvi Isolated relic 30±50 2 51.0 9 90.2 9

Hallands VaÈ deroÈ Isolated island pop. 30±200 3 49.4 9 87.6 9

Genarp Meta population 50±250 4 65.7 9 84.8 9

LovoÈ n Within a continium >100 5 60.1 9 81.2 9
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tinuous distribution (GisleÈ n and Kauri, 1959). The
population in LoÈ derup consists of more than 300 lizards
(Gullberg et al., 1998b, 1999). The last population con-
sists of a sample collected in central Hungary where
sand lizards are extremely abundant over vast con-
tinuous areas (Olsson, pers. obs).

2.1.2. Adders

The ®rst adder population studied is located on the
south coast of Sweden (Smygehuk). This population is
totally isolated from other populations and has been
studied since 1981. Over this period the number of
snakes has ranged from less than 15 to 40 snakes (e.g.
Madsen et al., 1996). Our samples were taken prior to
the introduction of new males (Madsen et al., 1999).
The second population sampled is the northernmost
recorded adder population in Sweden (JukkasjaÈ rvi).
This population is an isolated relict. Since 1994 the
number of adders has ranged from 30 to 50 snakes
(Andersson and Madsen, in prep).
The third population is found on an island situated

approximately 3 km from the southwest coast of Swe-
den (Hallands VaÈ deroÈ ). Since 1983 population numbers
have ranged from 60 to 200 adders (Madsen and Stille,
1988). The island has probably been separated from the
mainland for several thousand years (Devoy, 1987).
Adders have been recorded migrating between islands in
the Swedish east coast archipelago, where sea salinity is
about 0.6% (Forsman, 1995). However, along the
Swedish west coast sea salinity ranges between 1.4 and
2.5%. Adders appear to avoid highly saline water and
during a 10-year mark-recapture study of adder popu-
lations on two west coast islands, separated by less than
100 m, no adders were recorded migrating between the
islands (AndreÂ n and Nilson, pers. com.). We, therefore,
assume that migration to and from Hallands VaÈ deroÈ
will be extremely limited.
The fourth adder population studied is situated in an

area of southern Sweden which harbours several sub-
populations separated by 1±5 km (Genarp). These
populations have been studied since 1984 and recaptures
have documented inter-population movements of adult
male adders (Madsen, unpublished). The number of
adders in this area has ranged from 50 to more than 250
snakes. The last population sampled is located in a region
of central Sweden (LovoÈ n) where adders have a more or
less continuous distribution (GisleÂ n and Kauri, 1959). We
have not undertaken any population studies in this area
but our observations indicate that adders are extremely
abundant (Madsen and Stille, unpublished).

2.2. DNA and statistical analyses

Genomic DNA was isolated from whole blood by salt-
chloroform extraction (Mullenbach et al., 1989) and/or
phenol-chloroform extraction (Sambrook et al., 1989).

The methods used to document mini- and microsatellite
polymorphism in sand lizards are thoroughly described
in Gullberg et al. (1998a,b) and, therefore, only a brief
account is given below.
Microsatellite polymorphism was only documented in

the six sand lizard populations. Sixteen microsatellite
clones were sequenced and primers were synthesised for
ampli®cation of six variable loci (Gullberg et al.,
1998a,b). The number of alleles was determined by direct
counting and expected heterozygosity was calculated
assuming Hardy±Weinberg equilibrium.
Two probes were used to analyse sand lizard minisa-

tellite variability, 33.15 (Je�reys et al., 1985) and a syn-
thetic (TC)n polydinucleotide. The probes did not
exhibit any overlapping band pattern and therefore the
number of bands were pooled in the subsequent analysis.
When scoring adder minisatellite polymorphism only
one probe (33.15) was employed. In both species geno-
mic DNA was digested with Alu I restriction enzyme.
Restriction Fragment Length Polymorphism (RFLP)

of sand lizard and adder Mhc class I genes was analysed
using Mhc class I species speci®c probes. The probes are
a cloned and sequenced PCR fragment (21.207 and
21.141 respectively) spanning 261 base pairs of the
hypervariable exon 3 of a class I gene. Initially three
adders were tested in a Southern blot analysis using ®ve
di�erent restriction enzymes; Hind III, Pst I, Sac I, Taq I
and Pvu II. All enzymes revealed polymorphism in com-
bination with the Mhc class I probe. However, Pvu II
revealed the highest degree of polymorphism and were
subsequently used in all of the analysis. Southern blots
were performed as described by Wittzell et al. (1994).
Mhc and minisatellite band sharing was calculated as

the number of RFLP fragments shared between each
pair of individuals divided by the total number of bands
scored for both individuals. The di�erent molecular
data were obtained from the same individual sand
lizards and adders.
Spearman rank correlations were employed in all sta-

tistical analyses.

3. Results

The three molecular methods revealed a substantial
among-population variation in genetic diversity in both
sand lizards and adders (Table 1). However, relative
population size was not signi®cantly correlated with
minisatellite variability either in sand lizards (rs � 0:09,
p � 0:85, n � 6) or adders (rs � 0:20, p � 0:69, n � 5;
Fig. 1). Likewise, we did not detect any correlation
between relative population size and microsatellite het-
erozygosity among the sand lizard populations
(rs � 0:14, p � 0:85, n � 6; Fig. 2). On the contrary, the
®ve Swedish sand lizard populations exhibited a trend
for a negative correlation between relative population
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size and microsatellite heterozygosity (rs � 0:90,
p � 0:07, n � 5; Fig. 2).
The pattern was very di�erent when we used Mhc

class I polymorphism as our measure of genetic varia-
bility. Genetic diversity was signi®cantly correlated with
relative population size. That is, the less isolated and
larger the population, the higher its genetic diversity
(for sand lizards: rs � 0:94, p � 0:035, n � 6; adders:
rs � 1:0, p � 0:045, n � 5; Fig. 3). To increase the power
of our statistical analyses we pooled the data for the two
species by standardising the estimates of genetic diver-
sity (i.e. setting the mean to zero and the standard

deviation to one). There was, however, still no correla-
tion between population size and minisatellite varia-
bility (rs � 0:24, p � 0:48, N � 11), whereas Mhc
polymorphism was almost perfectly correlated with
population size (rs � 0:96, p � 0:0001, N � 11). Conse-
quently we did not record any correlation between
genetic diversity of mini-, microsatellites and Mhc class
I polymorphism (adders: minisatellite band sharing ver-
sus Mhc band sharing; rs � 0:20, p � 0:68, N � 5. Sand
lizards: minisatellites band sharing versus Mhc band
sharing; rs � 0:14, p � 0:75, N � 6; microsatellite het-
erozygosity versus Mhc band sharing; rs � 0:14,
p � 0:75,N � 6).

4. Discussion

The di�erent ways of measuring genetic diversity
provided congruent results only for two of our eleven
study populations; polymorphism was high in all three
measures in the largest population of sand lizards (the
Hungarian population), and was low for both minisa-
tellites and Mhc variability in the smallest most isolated
adder population (Smygehuk; Table 1, Figs. 1, 2 and 3).
We have previously documented strong inbreeding
depression in this latter population (e.g. reduced litter
size and a high proportion of stillborn o�spring; Madsen
et al., 1996). The low level of Mhc polymorphism exhib-
ited by the Smygehuk adders supports our previous
interpretation.
In contrast to our expectations, we did not observe

any correlations between relative population size and
minisatellite variability/microsatellite heterozygosity

Fig. 1. Mean minisatellite band sharing and relative population size of

six sand lizard populations (open circles) and ®ve adder populations

(®lled circles). Populations denoted as in Table 1.

Fig. 2. Mean microsatellite heterozygosity and relative population size

in six sand lizard populations.

Fig. 3. Mean Mhc Class I band sharing and relative population size in

six sand lizard populations (open circles) and ®ve adder populations

(®lled circles).
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among the six sand lizard populations or the ®ve adder
populations (Table 1, Figs. 1 and 2). For example, the
three isolated relic populations of Swedish sand lizards
(Taberg, VaÈ rmland and Dalarna) exhibited higher
genetic diversity in both minisatellite polymorphism and
microsatellite heterozygosity than the larger non-iso-
lated populations (Asketunnan and LoÈ derup; Table 1,
Figs. 1 and 2). Among the ®ve Swedish sand lizard
populations there was in fact a trend for a negative
correlation between relative population size and levels
of microsatellite heterozygosity i.e. the larger the popu-
lations the lower the levels of heterozygosity (Fig. 2).
Similarly, two of the isolated adder populations (Hal-
lands VaÈ deroÈ and JukkasjaÈ rvi) exhibited higher minisa-
tellite variability than did the non-isolated populations
at Genarp and LovoÈ n (Table 1, Fig. 1).
However, our measures of genetic diversity at the

Mhc class I loci revealed a signi®cant correlation
between relative population size and Mhc polymorph-
ism among both the sand lizard and the adder popula-
tions: larger/less isolated populations exhibited higher
genetic diversity than the smaller/isolated populations
(Fig. 3). These results are in agreement with population
genetic theory (SouleÂ , 1976; Frankham, 1996). Our results
suggest that mini- and microsatellite techniques may pro-
vide ambiguous information concerning the relationship
between population size and genetic variability. Thus,
population genetic diversity estimates (and management
decisions that spring from those estimates) may depend as
much upon the method being used, as upon the under-
lying pattern of genetic variation within the study popu-
lation. We, therefore, urgently need more work to
compare the results from di�erent techniques. Until such
research has been conducted, data presented by Hedrick
(1999) and our present results suggest that we should be
cautious about framing conservation policies solely on
data generated from studies of mini- and microsatellites.

Acknowledgements

We appreciate the insights and comments on the ms
made byR. Frankham. Theworkwas supported by grants
from the Australian Research Council (to TM and RS),
Atje foundation (to TM and SA), the Swedish Research
Council for Agriculture and Forestry (to HW) and the
Swedish Science Research Council (to AG and HT).

References

Bouzat, J.L., Cheng, H.H., Lewin, H.A., Westmeier, R.L., Brawn, J.D.,

Paige, K.N., 1998. Genetic evaluation of demographic bottleneck in

the greater prairie chicken. Conservation Biology 12, 836±843.

Bushar, L.M., Reinert, H.K., Gelbert, L., 1998. Genetic variation and

gene ¯ow within and between local populations of the timber rat-

tlesnake (Crotalus horridus). Copeia 411±422.

Devoy, R.J.N., 1987. Sea Surface Studies: A Global View. Cromm

helm, London.

Forsman, A., 1995. Opposing ®tness consequences of colour pattern in

male and female snakes. Journal of Evolutionary Biology 8, 53±70.

Frankham, R., 1996. Relationship of genetic variation to population

size in wildlife. Conservation Biology 10, 1500±1508.

GisleÂ n, T., Kauri, H., 1959. Zoogeography of the Swedish amphibians

and reptiles, with notes on their growth and ecology. Acta Verteb-

ratica 1, 197±397.

Gullberg, A., TegelstroÈ m, H., Olsson, M., 1998aa. Microsatellites in

the sand lizard (Lacerta agilis): description, variation, inheritance

and applicability. Biochemical Genetitcs 35, 281±295.

Gullberg, A., Olsson, M., TegelstroÈ m, H., 1998bb. Colonization,

genetic diversity and evolution in the Swedish sand lizard (Lacerta

agilis) (Reptilia, Squamata). Biological Journal of the Linnean

Society 65, 257±277.

Gullberg, A., Olsson, M., TegelstroÈ m, H., 1999. Evolution in popula-

tions of Swedish sand lizards: genetic di�erentiation and loss of

variability revealed by multilocus DNA ®ngerprinting. Journal of

Evolutionary Biology 12, 17±26.

Haig, S.M., Ballou, J.D., 1995. Genetic diversity in two avian species

formerly endemic to Guam. Auk 112, 445±455.

Hedrick, P.W., 1994. Evolutionary genetics of the major histo-

compatibility complex. American Naturalist 143, 945±964.

Hedrick, P.W., 1999. Perspective: highly variable loci and their inter-

pretation in evolution and conservation. Evolution 53, 313±318.

Hedrick, P.W., Parker, K.M., 1998. Mhc variation in the endangered

gila topminnow. Evolution 52, 194±199.

Hitchings, S.P., Beebee, T.J.C., 1998. Loss of genetic diversity and

®tness in common toad (Bufo bufo) populations isolated by inimical

habitat. Journal of Evolutionary Biology 11, 269±283.

Houlden, B.A., England, P.R., Taylor, A.C., Grewille, W.D., Sherwin,

W.B., 1996. Low genetic variability of the koala (Phascolarctos

cinereus) in south-eastern Australia following a severe population

bottleneck. Molecular Ecology 5, 269±281.

Huges, A.L., Hughes, M.K., 1995. Natural selection on the peptide-

binding regions of major histocompatibility complex molecules.

Immunogenetics 42, 233±242.

Je�reys, A.J., Wilson, V., Thein, S.L., 1985. Hypervariable ``minisa-

tellite'' regions in the human DNA. Nature 314, 67±73.

Klein, J., 1986. Natural History of the Major Histocompatibility

Complex. John Wiley and Sons, New York.

Komdeur, J., Kappe, A., van de Zande, L., 1998. In¯uence of popu-

lation isolation on genetic variation and demography in Seychelles

warblers: a ®eld experiment. Animal Conservation 1, 203±212.

Kretzman, M.B., Gilmartin, W.G., Meyer, A., Zegers, G.P., Fain,

S.R., Taylor, B.F., Costa, D.P., 1997. Low genetic variability in the

Hawaiian monk seal. Conservation Biolology 11, 482±490.

Madsen, T., Stille, B., 1998. The e�ect of size dependent mortality on

colour morphs in male adders (Vipera berus). Oikos 52, 73±78.

Madsen, T., Stille, B., Shine, R., 1996. Inbreeding depression in an

isolated populations of adders, Vipera berus. Biological Conserva-

tion 75, 113±118.

Madsen, T.R., Shine, R., Olsson, M., Wittzell, H., 1999. Restoration

of an inbred adder population. Nature 402, 34±35.

Mullenbach, R., Lagoda, P.J.L., Welter, C., 1989. An e�ective salt-

chloroform extraction of DNA from blood and tissues. Trends in

Genetics 5, 391.

Mundy, N.I., Winchell, C.S., Burr, T., Woodru�, D.S., 1997. Micro-

satellite variation and microevolution in the critically endangered

San Clemente Island loggerhead shrike (Lanius ludovicianus

mearnsi). Proceedings of the Royal Society London B 264, 869±875.

Nader, W., Werner, D., Wink, M., 1999. Genetic diversity of scarlet

macaws Ara macao in reintroduction studies for threatened popu-

lations in Costa Rica. Biological Conservation 87, 269±272.

Negro, J.J., Torres, M.J., 1999. Genetic variability and di�erentiation

of two bearded vulture Gypaetus barbatus populations and impli-

T. Madsen et al. / Biological Conservation 94 (2000) 257±262 261



cations for reintroduction projects. Biological Conservation 87,

249±254.

Olsson, M., 1986. Spatial distribution and home range size in the

Swedish sand lizard (Lacerta agilis). In: RoÂ cek, Z. (Ed.), Studies of

herpetology. Charle's University, Prague, pp. 597±600.

O'Ryan, C., Harley, E.H., Bruford, M.W., Beaumont, M., Wayne,

R.K., Cherry, M.I., 1998. Microsatellite analysis of genetic diversity

in fragmented South African bu�alo populations. Animal Con-

servation 1, 85±94.

Paetkau, D., Calvert, W., Stirling, I., Strobeck, C., 1995. Micro-

satellite analysis of population structure in Canadian polar bears.

Molecular Ecology 4, 347±354.

Paetkau, D., Waits, L.P., Clarkson, P.L., Craighead, L., Vyse, E., Ward,

R., Strobeck, C., 1998. Variation in genetic diversity across the range

of North American brown bears. Conservation Biology 12, 418±429.

Parham, P., Ohta, T., 1996. Population biology of antigen presenta-

tion by MHC class I molecules. Science 272, 67±74.

Paterson, S., Wilson, K., Pemberton, J.M., 1998. Major histocompat-

ibility complex variation associated with juvenile survival and para-

site resistance in a large unmanaged ungulate population (Ovis aries

L.). Proceedings of the National Academy of Science USA 95,

3714±3719.

Prior, K.A., Gibbs, H.L., Weatherhead, P.J., 1997. Population genetic

structure in the black rat snake: implications for management.

Conservation Biology 11, 1147±1158.

Roelke, M.E., Martenson, J.S., O'Brien, S.J.O., 1993. The con-

sequences of demographic reduction and genetic depletion in the

endangered Florida panther. Current Biology 3, 340±350.

Sambrook, J., Fritsch, E.F., Maniatis, T., 1989. Molecular Cloning: a

Laboratory Manual. Cold Spring Harbor Laboratory, Cold Spring

Harbor.

Sanjayan, M.A., Crooks, K., Zegers, G., Foran, D., 1996. Genetic

variation and immune response in natural populations of pocket

gophers. Conservation Biology 10, 1519±1527.

von Schantz, T., Wittzell, H., GoÂ ranson, G., Grahn, M., Persson, K.,

1996. Mhc genotype and male ornamentation: genetic evidence for

the Hamilton-Zuk model. Proceedings of the Royal Society London

B 263, 265±271.

Scribner, K.T., Arntzen, J.W., Burke, T., 1997. E�ective number of

breeding adults in Bufo bufo estimated from age-speci®c variation

at minisatellite loci. Molecular Ecology 6, 701±712.

SouleÂ , M.E., 1976. Allozyme variation, its determinants in space and

time. In: Ayala, F.J. (Ed.), Molecular Evolution. Sinauer Associ-

ates, MA, pp. 60±77.

TegelstroÈ m, H., SjoÈ berg, G., 1995. Introduced Swedish Canada geese

(Branta canadensis) have low genetic variation as revealed by DNA

®ngerprinting. Journal of Evolutionary Biology 8, 195±207.

Vincek, V., O'Huigin, C., Satta, Y., Takahata, N., Boag, P.T., Grant,

P.R., Grant, B.R., Klein, J., 1997. How large was the founding

population of Darwin's ®nches? Proceedings of the Royal Society

London B 264, 111±118.

Wittzell, H., von Schantz, T., Zoorob, R., Au�ray, C., 1994. Mole-

cular characterization of three Mhc class II B haplotypes in the ring-

necked pheasant. Immunogenetics 39, 395±403.

262 T. Madsen et al. / Biological Conservation 94 (2000) 257±262


