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Genetic characteristics of introduced birds and mammals

Goran Sjoberg

Sjoberg, G. 1996: Genetic characteristics o f  introduced birds and mam m als. - W ildl. 
Biol. 2: 159-164.

Introduced populations o f birds and m am m als m ay have genetic characteristics differ
ing from  those o f naturally occurring populations. Such populations are often created 
by translocation o f small num bers o f individuals. This leads to founder effects and sub
sequent genetic drift, often resulting in larger differences in allozym e patterns between 
introduced populations than betw een naturally established populations. In m any cases, 
a large proportion o f alleles has been lost a few generations after the introduction. 
U nder certain conditions, the mean level o f  heterozygosity is also severely reduced. 
Theoretically, a reduction in the num ber o f  alleles in a population will result in a low
ered potential to track environm ental changes, but there is scant evidence for this in 
introduced wildlife. L ikewise, evidence is lacking for inbreeding depression occurring 
in introduced populations o f birds and m am m als in the wild. Finally, som e conclusions 
are drawn concerning m anagem ent strategies for w ildlife introductions with respect to 
genetic considerations.

K ey words: Wildlife, species introductions, genetic  variability, num ber o f  alleles, het
erozygosity, fo u n d er  effects, inbreeding

Goran Sjoberg, D epartm ent o f  A nim al Ecology, Swedish University o f  Agricultural 
Sciences, S-901 83 Umea, Sweden

Whether we try to manage, eradicate or limit the numbers 
of introduced wildlife populations, we need to recognise 
that they may have genetic characteristics that differ from 
naturally occurring populations of the same species.

The amount of genetic variability present in a popula
tion is important for its ability to survive and evolve. Po
pulations founded by small numbers of individuals are ex
pected to have reduced genetic variation, which also has 
been shown to be the case (Berry 1986). This is not less 
so for introduced populations. Founding numbers of such 
populations have often been small, and their genetic var
iability therefore reduced.

Many wildlife introductions and reintroductions that 
have been performed with very small founding groups 
have nevertheless been successful. Some examples are 
the red-necked wallaby Macropus rufogriseus in Scot
land (Clutton-Brock 1992, Weir et al. 1995), feral horses 
Equus caballus in South America (Clutton-Brock 1992), 
the beaver Castor fiber  in Sweden (Hartman 1994), the 
Canada goose Branta canadensis in northern Europe 
(Fabricius 1983), and the white-tailed deer Odocoileus 
virginianus in Finland (Nummi 1996).

Intraspecific genetic variability is partitioned between 
populations and between individuals in a population. The 
degree of differentiation between populations is com
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monly measured using genetic distance (Rogers 1972, 
Nei 1978) or related variables, based on allozyme fre
quencies or morphometric characters. Within a popula
tion, genetic variability can be measured as the average 
number of alleles present for a particular locus or for a 
number of loci (Leberg 1990). Indirect estimates of the 
magnitude of allelic diversity can be found in the degree 
of DNA fingerprint variability. The variation within a po
pulation can also be measured as the average proportion 
per individual of certain loci that are heterozygous. Mean 
heterozygosity is determined by the allele diversity, the 
amount of inbreeding, and the type and intensity of natu
ral selection (Young et al. 1996).

The term 'introduced species' will be used to refer to 
species that were established in new geographic environ
ments through translocations by man. However, many as
pects of species introductions will be similar to translo
cations leading to 'reintroductions of species' (Wolf et al. 
1996). In many cases, the distinction between 'intro
duction' and 'reintroduction' is blurred, as translocated in
dividuals originate from a different area and may be ge
netically different from those originally occurring in the 
target area. When the beaver was reintroduced into Fin
land, a large part of the translocated individuals belonged 
to another species, the American beaver Castor canaden
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sis, and not to the original European species (Lahti & Hel- 
minen 1974).

W ildlife species have been deliberately introduced for 
many different purposes, but also inadvertently. In this 
context, the term 'wildlife' covers all species of birds and 
mammals, irrespective of whether they are utilised by 
man or not.

This review is affected by the anecdotal character of the 
data and by the lack of documentation of all failed intro
ductions. W olf et al. (1996) showed that translocations of 
species to areas outside their historical distribution range 
(or to its periphery) are less successful than introductions 
into core areas. One important factor contributing signif
icantly to the success of translocations of birds and mam
mals is the number of individuals released (W olf et al. 
1996). In some cases, the establishment of exotic bird and 
mammal species does not take place until after a series of 
failed attempts of introduction, e.g. the starling Sturnus 
vulgaris in North America (Pimm 1991).

The purpose of this paper is to review the evidence for 
genetic impoverishment in introduced wildlife popula
tions, and to interpret the ecologic and evolutionary con
sequences of such impoverishment. However, there are 
relatively few experiments with wildlife introductions 
where the population genetic consequences have been 
carefully documented, so I include several examples deal
ing with fish or insects, where the effects of introductions 
were simulated.

First, I discuss how introductions may affect genetic 
variability between populations. Secondly, I evaluate the 
consequences of introductions for genetic variability 
within populations. There, I present predictions for the 
genetic variability of establishing new populations 
through the colonisation by small groups of individuals.
I then examine the evidence concerning genetic variabil
ity in introduced wildlife populations as compared to 
source populations or other naturally established popula
tions. Next, I review the ecologic and evolutionary impli
cations of the genetic characteristics in introduced wild
life populations. Finally, I discuss some conclusions that 
could form a basis for management recommendations.

Species introductions and genetic 
variability among populations
The size and composition of founding groups are crucial 
for the genetic characteristics and the genetic variation in 
new populations (Whitlock & McCauley 1990). This is 
of course true for naturally colonising as well as for in
troduced species. The selection of founders will have a 
major effect on the range of genetic variation that natural 
selection may act upon.

The establishment of new populations through intro

duction will be different from those resulting from spon
taneous spread. The selection of individuals for introduc
tion will often be random - or this was at least the case in 
earlier introductions. Alternatively, animals with pre
ferred characteristics have been selected, depending on 
the purpose of the introduction. In natural colonisation 
events, certain segments of the population, e.g. those with 
an inherited tendency for dispersal, will most likely form 
the population propagules.

What is then the evidence for introduced populations 
showing different characteristics? The genetic structure 
of several bird species has been studied using protein 
electrophoresis. Genetic distances between populations 
founded by introductions were generally larger than those 
between natural populations (Ross 1983, Parkin & Cole 
1985, Baker & Moeed 1987) although this was not always 
the case (Baker 1992). The increased inter-population dif
ferences may have been due to founding effects and ge
netic drift. In some cases, natural selection may have been 
responsible for observed differences between introduced 
populations (Baker & Moeed 1979).

The house mice Mus musculus introduced to the Faroe 
archipelago were studied by Berry et al. (1978) who 
found that all island 'races' were very distinct in allozyme 
patterns, morphometric traits and non-metric skeleton 
variation in spite of the relatively short time having 
passed since the introduction, in some cases less than 200 
years. However, this period of time still corresponds to a 
fairly large number of generations, as the house mouse 
reaches sexual maturity at the age of 35-40 days (Reich- 
stein 1978).

Alpine ibex Capra ibex ibex populations created by 
translocation also differed more from the source popula
tions in allozyme patterns than did those created by nat
ural dispersal (Scribner & Stiiwe 1994). The reason for 
this, however, was not clear.

Populations established by introductions may, like any 
isolated population founded by a small number of indi
viduals, rapidly evolve to what has been called 'instant 
subspeciation' (e.g. Berry 1986). Populations may differ 
in which characters have been fixed by founding effects 
and by genetic drift, and this may lead to differences in 
survival and reproduction between populations.

Species introductions and genetic 
variability within populations

Predictions
In the founding of new populations a number of alleles, 
especially the rarer ones, are expected to be lost in the 
founding event itself (Wright 1931, Nei et al. 1975). In 
the absence of selection, they may also be lost due to ge
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netic drift in the period of low numbers o f individuals fol
lowing establishment. In a study based on enzyme elec
trophoresis, Leberg (1992) founded a number of popula
tions of the eastern mosquitofish Gambusia holbrooki, 
and found that 30% of alleles were lost in a single bottle- 
neck-experiment with six founders. For fish introduc
tions, it has been recommended that at least 50 founding 
individuals be used in order to preserve allelic diversity 
(Allendorf & Ryman 1987).

A reduction in heterozygosity in introduced popula
tions can be expected on theoretical grounds (Wright 
1931, Nei et al. 1975, Howard 1993). If the effective num
ber of founders is below 10 individuals, heterozygosity is 
predicted to decline by 5% or more compared to the orig
inal heterozygosity (Leberg 1990). However, a large de
gree of heterozygosity may still be preserved if there is a 
rapid increase in population size following the founding 
event (Nei et al. 1975). This phenomenon was observed 
in a newly founded fruit fly Drosophila pseudoobscura 
population in Colombia. The crucial point of the theoret
ical explanation of Nei et al. (1975) was that each found
ing individual carries a high degree of the original heter
ozygosity in the source population.

In the experimental mosquitofish populations studied 
by Leberg (1992), the levels of heterozygosity were re
duced, especially in the populations with the smallest 
number of founding individuals (one pair). However, the 
effect of founding events on the level of heterozygosity 
was highly variable. Almost half the number of popula
tions founded by six individuals (in one or two succes
sive founding events) had higher estimates of heterozy
gosity than the source population (Leberg 1992).

It is important to note that the most likely effective 
number of founders is considerably lower than the num
ber of individuals released (Leberg 1990). One reason for 
this is that the founding individuals are often closely re
lated. When Canada geese were released in Sweden to es
tablish new breeding colonies in the 1930s to 1980s, fam
ily groups were captured in one part of the country and 
released together in another area (G. Sjoberg, unpubl. 
data). In such cases, heterozygosity may be drastically re
duced in the next generation.

Evidence in birds and mammals
Allelic diversity as well as mean levels of heterozygosity 
were lower in most introduced bird populations as com
pared to source populations or other natural reference po
pulations (Parkin & Cole 1985. Baker & Moeed 1987, St 
Louis & Barlow 1988). In the starling, only allelic diver
sity was lower (Ross 1983).

In most island populations of mammals, many of which 
had been introduced, heterozygosity was considerably re
duced, compared with mainland populations (Kilpatrick

1981). Heterozygosity was also lower in a bison Bison bi
son population founded by translocation of a small num
ber of individuals, as compared to a more natural herd 
(McClenaghan et al. 1990). In Alpine ibex populations 
founded by reintroductions, or having gone through bot
tlenecks, there was a correspondence between the num
ber of founders and the degree of heterozygosity (Scrib
ner 1993).

Consequences for survival and reproduction
According to evolutionary theory (e.g. Nei et al. 1975), 
the potential to respond to natural selection will be low if 
the population contains a small number of alleles. The 
agents of selection may be the physical environment or 
interspecific interactions. Sufficient genetic variation 
may be necessary for long-term survival of the popula
tion (Berry & Bradshaw 1992). High variability in the 
major histocompatibility complex (MHC) was consid
ered crucial for disease resistance at least in mammals by 
O ’Brien et al. (1985) and O ’Brien & Evermann (1988).

However, I know of no introduced wildlife population 
where a connection has been demonstrated between the 
number of founders, immunodefense variability, and mor
tality in epizootics. The Swedish Canada goose popula
tion was founded by probably only five individuals, has 
very low DNA fingerprint variability (Tegelstrom & 
Sjoberg 1995) and most likely little MHC variability. 
Antibodies from Sindbis-type virus were found (Lund- 
strom et al. 1992), but no epizootic has been reported in 
Canada geese in the Nordic countries (Heggberget 1991). 
The reintroduced Swedish beaver population as well as 
other European populations have extremely low MHC 
variability - but no reduced viability has been demonstrat
ed (Ellegren et al. 1993).

One might speculate that, in the human-created land
scape, where disturbance pattens are quite predictable, 
there may be less need for responding to frequent envi
ronmental shifts. Therefore, lack of allelic diversity may 
be less disadvantageous.

The fitness consequences of founding new populations 
with small numbers of individuals have not been studied 
in proper experiments with birds and mammals in the 
wild. However, they were studied in a cage experiment 
with a wild stock of African satyrine butterflies Bicyclus 
anynana by Brakefield & Saccheri (1994). Bottleneck 
lines were established from groups with different num
bers (one, three and ten) of founding pairs, while control 
lines with a large number of individuals also were held.

In this experiment, 64% of 8th-generation females from 
single-pair lines were sterile, compared with 11 % of those 
from the control group. Hatcheability of eggs was re
duced by 50% or more in populations founded by single 
pairs, while it was not reduced in lines founded by 10
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pairs. However, several single-pair lines had recovered 
the original egg viability in seven generations after the 
founding event. Results obtained from the founding 
events in this experiment also supported the hypothesis 
that some lines had been purged with respect to deleteri
ous alleles (Brakefield & Saccheri 1994). The mecha
nisms behind this are not quite understood but unexpect
ed phenomena have also been observed in other species 
after severe bottlenecks (e.g. Bryant et al. 1986, Carson 
1990).

A decrease in heterozygosity leading to reduced rates 
of survival and reproduction is commonly referred to as 
‘inbreeding depression’. Two mechanisms are involved 
in this, but the effects of these cannot always be distin
guished (Lacy 1993).

First, high levels of heterozygosity may directly lead to 
increased fitness (Lacy 1993), e.g. through balanced de
velopment. Some empirical evidence for this exists (Fre- 
linger 1972, Quattro & Vrijenhoek 1989, Leberg 1990).

Secondly, high levels of homozygosity in a population 
where individuals sharing a common ancestry mate with 
each other result in a high percentage of individuals where 
rare recessive alleles are expressed in the phenotype (Al- 
lendorf & Ryman 1987, Lacy 1993). If recessive deleter
ious alleles are present in the population, reduced fecun
dity, fertility and survival will result. A 5% decline of het
erozygosity is predicted to have negative fitness effects 
in a population (Ralls & Ballou 1983).

Pusey & Wolf (1996) argue that there is increasing ev
idence for inbreeding in the wild. Wildt et al. (1987) 
claimed that the reproductive function of wild felines was 
impaired in bottlenecked populations for either of the 
above reasons. This conclusion, however, has been ques
tioned (e.g. Caughley 1994).

Lacy (1993) and Frankham (1995) concluded that in- 
breeding depression can lead to the extinction of wildlife 
populations. Such extinctions may be triggered by envi
ronmental variables (Frankham 1995). Interaction be
tween inbreeding depression and the environment was 
demonstrated in an experiment carried out by Jimenez et 
al. (1994) who studied the condition and survival of in- 
bred and non-inbred white-footed mice Peromyscus leu- 
copus noveboracensis, released into the wild. Differences 
in survival were much more drastic in the wild than in the 
laboratory.

According to Shields (1993), however, the occurrence 
of inbreeding depression in wild populations has not been 
demonstrated unequivocally. The patterns of inbreeding 
and of inbreeding depression, are most likely quite com
plicated in bird and mammal populations (Rowley et al. 
1993, Smith 1993). This also holds for the opposite mech
anism, outbreeding depression - or the decrease in fitness 
in offspring from parents from genetically differentiated 
populations (Shields 1993, Pusey & Wolf 1996).

Previous adaptation to inbreeding
Populations purged from deleterious alleles may be suit
ed for introduction as they may not be sensitive to further 
inbreeding (Leberg 1990). The butterfly experiment by 
Brakefield & Saccheri (1994) mentioned earlier suggests 
that the success of a colonising population could depend 
on its adaptation to a condition with low heterozygosity. 
However, the occurrence of deleterious alleles is stochas
tic and not predictable. Lacy (1993) reports on experi
ments on populations of old-field mice Peromyscus poli- 
onotus, that island populations that had gone through bot
tlenecks and that therefore showed much lower heterozy
gosity had as many deleterious alleles as the more diverse 
mainland populations.

Some breeding programmes suggest that it is feasible 
to adapt a wild species to inbreeding, as was shown in the 
Speke’s gazelle Gazella spekei (Templeton & Read 
1983). Many of the birds and mammals that were intro
duced most frequently by man were domesticated forms 
(Ebenhard 1988). One important part of the domestica
tion process is a reduction in genetic variability including 
decreased heterozygosity (Berry 1969, Clutton-Brock 
1992). In artificial breeding, the deletion of deleterious 
alleles is, of course, crucial.

Therefore, it seems likely that previous adaptation to 
small population size and a low degree of heterozygosity 
may have contributed to the success of introductions of 
domesticated species like goats, swines, and horses. This 
may also have contributed to the success of Canada geese 
(Fabricius 1983) in northern Europe during the last cen
tury, in spite of the very small number of introduced in
dividuals. Canada geese were held in European parks 
from the 17th century onwards under near-domesticated 
conditions (Long 1981).

Conclusions
Following the predictions of genetic theory, basically two 
strategies can be deduced for planning wildlife introduc
tions with respect to genetic considerations. The first one 
is to use a large group of individuals with a diverse ge
netic background. This means that the source population 
or populations should be as diverse as possible. Also, sev
eral source populations should preferably be used (Smith 
et al. 1975, Allendorf & Ryman 1987, Leberg 1990), as 
this should minimise the risk for low levels of heterozy
gosity, and provide the new population with a large num
ber of alleles on which different, opposing factors can act. 
This strategy should be used when long-term survival is 
important, e.g for creating new populations of threatened 
species.

The second strategy is based on the use of individuals 
which do not carry a high load of recessive deleterious al
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leles, and which may already have a low level of hetero
zygosity (Leberg 1990). This strategy does not require a 
large number of founders. Such individuals may come 
from breeding programmes of captive animals, or from 
naturally inbred populations. In such new populations, 
homozygosity should not be a serious problem, but there 
would be a lower diversity of alleles. This condition may 
create an obstacle to future survival of the population if 
it is faced with new selective pressures. However, if the 
habitat of the species in question is a part of the landscape 
created by man, it will be less dependent on a capability 
to respond to a changing environment. Obviously, this 
strategy is more suited for populations that are created for 
economic reasons, such as provision of hunting opportu
nities, rather than for conservation purposes.

As indicated earlier, predictions of genetic theory about 
the success of small populations are, however, not sup
ported unequivocally by evidence from the wild (Caugh- 
ley 1994). Today, we know too little about in which tax
onomic groups a certain amount of genetic variability 
really is crucial for the long-term survival of populations.

Two major points could be raised against the first strat
egy. The first one is the risk of outbreeding depression, 
so far a little studied phenomenon (Pusey & Wolf 1996). 
The second one is that one might wrongly refrain from at
tempting a reintroduction on the grounds that there is not 
sufficient genetic variation in the group available for in
troduction.

The second strategy is more straightforward, aiming at 
the creation of populations that can be utilised for eco
nomic or other reasons. This may of course be controver
sial for other reasons, e.g. the risk of hybridisation with 
native species or of unwanted ecological effects.

Acknowledgements - P. Helle and R. Hengeveld gave valuable com
ments on a former version of the manuscript. M. Schneider contrib
uted with references.

References
Allendorf, F.W. & Ryman, N. 1987: Genetic management of hatch

ery stocks. - In: Ryman, N. & Utter, F. (Eds.); Population genet
ics and fisheries management. Washington Sea Grant Program, 
Seattle, pp. 141-159.

Baker, A.J. 1992: Genetic and morphometric divergence in ances
tral European and descendent New Zealand populations o f chaf
finches (Fringilla coelebs). - Evolution 46: 1784-1800.

Baker, A.J. & Moeed, A. 1979: Evolution in the introduced New 
Zealand populations of the common mynah, Acridotheres tristis 
(Aves: Sturnidae). - Canadian Journal of Zoology 57: 570-584.

Baker, A.J. & Moeed, A. 1987: Rapid genetic differentiation and 
founder effect in colonizing populations of common mynas (Acri
dotheres tristis). - Evolution 42: 525-538.

Berry, R.J. 1969: The genetical implications of domestication in an
imals. - In: Ucko, P.J. & Dimbleby, G.W. (Eds.); The domestica

tion and exploitation of plants and animals. Duckworth & Co, 
London, pp. 207-217.

Berry, R.J. 1986: Genetics of insular populations of mammals, with 
particular reference to differentiation and founder effects in Brit
ish small mammals. - Biological Journal of the Linnean Society 
28: 205-230.

Berry, R.J. & Bradshaw, A.D. 1992: Genes in the real world. - In: 
Berry, R.J., Crawford, T.J. & Hewitt, G.M. (Eds.); Genes in ecol
ogy. Blackwell, Oxford, pp. 431-449.

Berry, R.J., Jakobson, M.E. & Peters, J. 1978: The house mice of 
the Faroe Islands: a study in microdifferentiation. - Journal of 
Zoology, London 185: 73-92.

Brakefield, P.M. & Saccheri, I.J. 1994: Guidelines in conservation 
genetics and the use of the population cage experiments with but
terflies to investigate the effects of genetic drift and inbreeding.
- In: Loeschcke, V., Tomiuk, J. & Jain, S.K. (Eds.); Conservation 
genetics. Birkhauser, Basel, pp. 165-179.

Bryant, E.H., McCommas, S.A. & Combs, L.M. 1986: The effect of 
an experimental bottleneck upon quantitative genetic variation in 
the housefly. - Genetics 114: 1191-1211.

Carson, H.L. 1990: Increased genetic variance after a population 
bottleneck. - Trends in Ecology and Evolution 5: 228-230.

Caughley, G. 1994: Directions in conservation biology. - Journal of 
Animal Ecology 63: 215-244.

Clutton-Brock, J. 1992: The process o f domestication. - Mammal 
Review 22: 79-85.

Ebenhard, T. 1988: Introduced birds and mammals and their eco
logical effects. - Swedish Wildlife Research 13: 1-107.

Ellegren, H., Hartman, G., Johansson, M. & Andersson, L. 1993: 
Major histocompatibility complex monomorphism and low lev
els of DNA fingerprinting variability in a reintroduced and rap
idly expanding population of beavers. - Proceedings of the Na
tional Academy of Sciences of the USA 90: 8150-8153.

Fabricius, E. 1983: Kanadagasen i Sverige (In Swedish with English 
summary: The Canada goose in Sweden). - SNV PM 1678, Swe
dish Environmental Protection Agency, Solna, Sweden, 85 pp.

Frankham, R. 1995: Inbreeding and extinction: A threshold effect.
- Conservation Biology 9: 792-799.

Frelinger, J.A. 1972: The maintenance of transferrin polymorphism 
in pigeons. - Proceedings o f the National Academy of Sciences 
of the USA 69: 326-329.

Hartman, G. 1994: Long-term population development of a reintro
duced Beaver (Castor fiber) population. - Conservation Biology 
8: 713-717.

Heggberget, T.M. 1991: Establishment of breeding populations and 
population development in the Canada goose Branta canadensis 
in Norway. - Ardea 79: 365-370.

Howard, D.J. 1993: Small populations, inbreeding, and speciation.
- In: Thornhill, N.W. (Ed.); The natural history of inbreeding and 
outbreeding. The University of Chicago Press, pp. 118-142.

Jimenez, J.A., Hughes, K.A., Alaks, G., Graham, L. & Lacy, R.
1994: An experimental study of inbreeding depression in a natu
ral habitat. - Science 266: 271-273.

Kilpatrick, C.W. 1981: Genetic structure of insular populations. - In: 
Smith, M.H. & Joule, J. (Eds.); Mammalian population genetics. 
University of Georgia Press, pp. 28-59.

Lacy, R.C. 1993: Impacts of inbreeding in natural and captive po
pulations of vertebrates: Implications for conservation. - Perspec
tives in Biology and Medicine 36: 480-496.

Lahti, S. & Helminen, M. 1974: The beaver Castor fiber (L.) and 
Castor canadensis (Kuhl) in Finland. - Acta Theriologica 19: 177- 
189.

W I L D L I F E  B I O L O G Y  • 2 : 3  ( 1 9 9 6 ) 163

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 09 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Leberg, P.L. 1990: Genetic considerations in the design of introduc
tions programs. - Transactions of the 55th North American Wild
life & Natural Resources Conference, pp. 609-619.

Leberg, P.L. 1992: Effects of population bottlenecks on genetic di
versity as measured by allozyme electrophoresis. - Evolution 46: 
477-494.

Long, J.L. 1981: Introduced birds of the world. - David & Charles, 
Newton. Australia, 528 pp.

Lundstrom, J.O., Turell, M.J. & Niklasson, B. 1992: Antibodies to 
Ockelbo virus in birds of three orders (Anseriformes, Galliformes 
and Passeriformes) in Sweden. - Journal of Wildlife Diseases 28: 
144-147.

McClenaghan Jr. L.R., Berger, J. & Truesdale, H.D. 1990: Found
ing lineages and genic variability in plains Bison (Bison bison) 
from Badlands National Park, South Dakota. - Conservation Bi
ology 4: 285-289.

Nei, M. 1978: Estimation of average heterozygosity and genetic dis
tance from a small number of individuals. - Genetics 89: 583-590.

Nei, M., Maruyama, T. & Chakraborty, R. 1975: The bottleneck ef
fect and genetic variability in populations. - Evolution 29: 1-10.

Nummi, P. 1996: Wildlife introductions to mammal-deficient are
as: the Nordic countries. - Wildlife Biology 2: 221-226.

O'Brien, S.J. & Evermann, J.F. 1988: Interactive influence of infec
tious disease and genetic diversity in natural populations. - Trends 
in Ecology and Evolution 3: 254-259.

O’Brien, S.J., Roelke, M.E., Marker, L., Newman, A., Winkler,
C.A., Metzler, D., Colly, L., Evermann, J.F., Bush, M. & Wildt,
D.E. 1985: Genetic basis for species vulnerability in the cheetah. 
-Science 22: 1428-1434.

Parkin, D.T. & Cole, S.R. 1985: Genetic differentiation and rates of 
evolution in some introduced populations of the house sparrow, 
Passer domesticus in Australia and New Zealand. - Heredity 54: 
15-23.

Pimm, S.L. 1991: The balance of nature? Ecological issues in the 
conservation of species and communities. - The University of 
Chicago Press, 434 pp.

Pusey, A. & Wolf, M. 1996: Inbreeding avoidance in animals. - 
Trends in Ecology and Evolution 11: 201-206.

Quattro, J.M. & Vrijenhoek, R.C. 1989: Fitness differences among 
remnant populations of the endangered Sonoran topminnow. - 
Science 245: 976-978.

Ralls, K. & Ballou, J. 1983: Extinction: lessons from zoos. - In: 
Schonewald-Cox, C.M., Chambers, S.M., MacBryde, B. & 
Thomas, W.L. (Eds.); Genetics and conservation. A reference for 
managing wild animal and plant populations. Benjamin/Cum
mings, Menlo Park, Cal., pp. 164-184.

Reichstein, H. 1978: Mus musculus Linnaeus, 1758 - Hausmaus. - 
In: Niethammer, J. & Krapp, F. (Eds.); Handbuch der Saugetiere 
Europas. V ol.l. Akademische Verlagsgesellschaft, Wiesbaden, 
pp. 421-451. (In German).

Rogers, J.S. 1972: Measures of genetic similarity and genetic dis
tance. - University of Texas Publications 7213: 145-153.

Ross, H.A. 1983: Genetic differentiation of starling (Sturnus vulga

ris: Aves) populations in New Zealand and Great Britain. - Jour
nal of Zoology, London 201: 351-362.

Rowley, I., Russell, E. & Brooker, M. 1993: Inbreeding in birds. - 
In: Thornhill, N.W. (Ed.); The natural history of inbreeding and 
outbreeding. The University of Chicago Press, pp. 304-328.

Scribner, K.T. 1993: Conservation genetics of managed ungulate 
populations. - Acta Theriologica 38, Suppl 2: 89-101.

Scribner, K.T. & Stliwe, M. 1994: Genetic relationships among Al
pine ibex Capra ibex populations re-established from a common 
ancestral source. - Biological Conservation 69: 137-143.

Shields, W.M. 1993: The natural and unnatural history of inbreed
ing and outbreeding. - In: Thornhill, N.W. (Ed.); The natural his
tory of inbreeding and outbreeding. The University of Chicago 
Press, pp. 143-169.

Smith, A.T. 1993: The natural history of inbreeding and outbreed
ing in small mammals. - In: Thornhill, N.W. (Ed.); The natural 
history of inbreeding and outbreeding. The University of Chica
go press, pp. 329-335.

Smith, M.H., Hillestad, H.O., Manlove, M.N. & Marchinton, R.L. 
1975: Use of population genetics data for the management offish 
and wildlife populations. - Transactions of the 41st North Amer
ican Wildlife Conference, pp. 119-133.

St. Louis, V.L. & Barlow, J. C. 1988: Genetic differentiation among 
ancestral and introduced populations of the Eurasian tree sparrow 
(Passer montanus). - Evolution 42: 266-276.

Tegelstrom, H. & Sjoberg, G. 1995: Introduced Swedish Canada 
geese (Branta canadensis) have low levels of genetic variation as 
revealed by DNA fingerprinting. - Journal of Evolutionary Biol
ogy 8: 195-207.

Templeton, A.R. & Read, B. 1983: The elimination of inbreeding 
depression in a captive heard of Speke’s gazelle. - In: Schone- 
wald-Cox, C.M., Chambers, S.M., MacBryde, B. & Thomas, 
W.L. (Eds.); Genetics and conservation. A reference for manag
ing wild animal and plant populations. Benjamin/Cummings, 
Menlo Park, Cal., pp. 241-261.

Weir, A., McLeod, J. & Adams, C.E. 1995: The winter diet and par
asitic fauna of red-necked wallabies Macropus rufogriseus re
cently introduced to Scotland. - Mammal Review 25: 111-116.

Whitlock, M.C. & McCauley. D.E. 1990: Some population genetic 
consequences of colony formation and extinction: Genetic corre
lations within founding groups. - Evolution 44: 1717-1724.

Wildt, D.E., Bush, M., Goodrowe, K.L., Packer, C., Pusey, A.E., 
Brown, J.L., Joslin, P. & O ’Brien, S.J. 1987: Reproductive and 
genetic consequences of founding isolated lion populations. - Na
ture 329: 328-331.

Wolf, C.M., Griffith, B., Reed, C. & Temple, S.A. 1996: Avian and 
mammalian translocations: Update and reanalysis of 1987 survey 
data. - Conservation Biology 10: 1142-1154.

Wright, S. 1931: Evolution in Mendelian populations. - Genetics 28: 
114-138.

Young, A., Boyle, T. & Brown, T. 1996: The population genetic 
consequences of habitat fragmentation for plants. - Trends in 
Ecology and Evolution 11: 413-418.

164 W I L D L I F E  B I O L O G Y  ■ 2:3 ( 1 9 9 6 )

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 09 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use


