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ABSTRACT
1. The metapopulation metaphor is increasingly used to explain the spatial dynamics of
animal populations. However, metapopulation structure is difficult to identify in long-lived
species that are widely distributed in stochastic environments, where they can resist extinctions. The literature on mammals may not provide supporting evidence for classic metapopulation dynamics, which call for the availability of discrete habitat patches, asynchrony in
local population dynamics, evidence for extinction and colonization processes, and dispersal
between local populations.
2. Empirical evidence for metapopulation structure among mammals may exist when applying more lenient criteria. To meet these criteria, mammals should live in landscapes as discrete
local breeding populations, and their demography should be asynchronous.
3. We examined the literature for empirical evidence in support of the classical criteria set by
Hanski (1999), and for the more lenient subset of criteria proposed by Elmhagen & Angerbjörn (2001). We suggest circumstances where metapopulation theory could be important in
understanding population processes in mammals of different body sizes.
4. The patchy distribution of large (>100 kg) mammals and dispersal often motivate inferences in support of a metapopulation structure. Published studies seldom address the full
suite of classical criteria. However, studies on small mammals are more likely to record classic
metapopulation criteria than those on large mammals. The slow turnover rate that is typical
for medium-sized and large mammals apparently makes it difficult to identify a metapopulation structure during studies of short duration.
5. To identify a metapopulation structure, studies should combine the criteria set by Hanski
(1999) and Elmhagen & Angerbjörn (2001). Mammals frequently live in fragmented landscapes, and processes involved in the maintenance of a metapopulation structure should be
considered in conservation planning and management.
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INTRODUCTION
Claims for the existence of metapopulations are dominated by descriptions of population
networks of insects (e.g. Leisnham & Jamieson, 2002; Massonnet, Simon & Weisser, 2002;
Caudill, 2003; Thomas & Hanski, 2004; Rabasa, Gutiérrez & Escudero, 2007), birds (e.g.
Esler, 2000; Inchausti & Weimerskirch, 2002; Githiru & Lens, 2004), reptiles (e.g. Semlitsch
& Bodie, 2003; Rodrigues, 2005), amphibians (e.g. Alford & Richards, 1999; Marsh &
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Trenham, 2001; Smith & Green, 2005; Werner et al., 2007) and small mammals (e.g. Lima,
Marquet & Jaksic, 1996; Lawes, Mealin & Piper, 2000). Few studies have addressed population networks in large mammals (>100 kg in body mass), and those that do apparently
provide little support for metapopulation structures (Elmhagen & Angerbjörn, 2001).
Habitat fragmentation and loss often reduce the distributional ranges of large mammal
species (e.g. Brashares, 2003; Cardillo et al., 2005). Anthropomorphic alterations of landscapes for agricultural or conservation purposes fragmented many populations; some may
even be confined to a fraction of their former ranges (Ceballos & Ehrlich, 2002). This may
reduce individual survival and increase extinction risk (Cardillo et al., 2006). The metapopulation concept caters for species that live in fragmented landscapes (Hanski, 1999). It
focuses on populations that consist of local populations that exchange individuals through
migration and dispersal, even when human mediated (Hanski & Simberloff, 1997; Akçakaya,
Mills & Doncaster, 2007). It also integrates extinction, dispersal and colonization in patchy
environments. It thus has appeal when designing conservation networks to overcome the
effects of fragmentation (Önal & Briers, 2005).
The detection of population networks as metapopulations requires that (i) dispersal
occurs between local populations; (ii) extinction and colonization take place; (iii) the
dynamics of local populations are in asynchrony; and (iv) habitat patches support local
breeding populations with colonizable vacant habitats (Hanski, 1999). Based on these criteria, Elmhagen & Angerbjörn (2001) found evidence for metapopulation dynamics among
small mammals, but little support among large mammals. Based on Hanski’s (1999) criteria, Elmhagen & Angerbjörn (2001) deduced two more lenient criteria for large mammals
– first, breeding local populations should be discrete rather than inhabiting discrete habitat
patches. Second, local populations should have dissimilar growth rates, i.e. some local
populations may increase while, at the same time, others decrease. Such temporal fluctuations in growth rates imply demographic asynchrony among local populations (Elmhagen
& Angerbjörn, 2001).
The use of the term ‘metapopulation’ has broadened substantially since it was proposed
by Levins (1969). It now includes a variety of spatial population structures and definitions
(see Hanski & Gilpin, 1991; Harrison, 1994; Pannell & Obbard, 2003; Akçakaya et al.,
2007). However, this broadening of the original concept may detract from its meaning
(Pannell & Obbard, 2003). As far as we are aware, only Hanski (1999) (for all species
populations) and Elmhagen & Angerbjörn (2001) (for mammal species populations) recommended specific criteria that have to be met by a population for it to be classified as a
metapopulation.
Here, we examine the empirical support for metapopulation dynamics among mammals.
We determine the frequency of the application of the concept to mammal populations by
searching literature published from 1991 to 2007, and recording proof for or against the
classic criteria (Hanski, 1999) and the more lenient criteria proposed by Elmhagen & Angerbjörn (2001). We determine if body size influences the application of the criteria, and speculate on the value of the concept. Our study adds to the contribution of the review by
Elmhagen & Angerbjörn (2001), and may assist in the formulation of conservation plans
based on the restoration of spatial axes to regain spatial–temporal dynamics (Thomas &
Kunin, 1999) that enhance persistence and overcome local impacts on other species (e.g. van
Aarde & Jackson, 2007). We appreciate that the metapopulation concept is based on mathematical abstraction rather than empirical observation, but argue that this abstraction has
value when it describes population processes that can be manipulated to enhance conservation initiatives (van Aarde, Jackson & Ferreira, 2006).
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MATERIAL AND METHODS
We collated empirical evidence for the existence of metapopulation dynamics among
mammals by searching for relevant publications in the following electronic databases:
Agricola, Biological Abstracts, Blackwell Synergy, Ecological Abstracts, Google Scholar
(first 1000 ‘hits’ from http://www.google.com/scholar), JSTOR, Science Direct, Scirus,
Scopus, and Wildlife and Ecology Studies Worldwide. We based the search on the keywords
‘metapopulation and mammal*’. We recorded the number of studies that dealt with metapopulation dynamics in mammals for every year from 1991 to 2007. We included only papers in
which the authors either described the metapopulation or stated that the population could
potentially function as a metapopulation. We also included papers that did not explicitly test
Hanski’s (1999) or Elmhagen & Angerbjörn’s (2001) criteria for metapopulations, but that
casually may have deduced such dynamics. For instance, if authors stated that they classified
their studied population based on evidence using the definition of Hanski & Gilpin (1991),
which defines a metapopulation as ‘a set of local populations which interact via individuals
moving among populations’, we assumed that the criteria of dispersal, discrete habitat
patches or discrete local populations were met. We then recorded the specific criteria used by
authors to infer a metapopulation structure for a species. For populations assessed more than
once, we used the most recent publications. We distinguished among studies based on the
body weight of the species that were studied and noted whether the apparent metapopulation
existed in a natural, or ‘intact’ landscape (e.g. rocky cliffs) or in an anthropomorphically
altered, or ‘disturbed’ landscape (e.g. artificially fragmented forests).
For each study, we recorded evidence for the populations meeting the criteria set by Hanski
(1999) or the subset of criteria proposed by Elmhagen & Angerbjörn (2001). We noted
whether the authors (i) found evidence, (ii) found no evidence, (iii) did not asses the specific
criteria, and (iv) stated or assumed that a condition could be fulfilled, but did not provide
supportive evidence. We then recorded the number of criteria used in each study to describe
metapopulations. Furthermore, we noted the incidence at which specific criteria were used to
describe metapopulations.
We distinguished between small mammals (ⱕ5 kg), medium-sized mammals (>5 ⱕ 100 kg)
and large mammals (>100 kg), and used contingency table analyses to test for the influence of
body size on the frequencies at which criteria were met, as well as for the influence of the type
of landscape in which the mammals were studied. Statistical significance was set at a = 0.05.
RESULTS
The number of publications we found on metapopulation dynamics in mammals between
1991 and 2007 ranged from one to nine per year. In total, we included 63 studies, representing
75 species. Studies by Lima et al. (1996) on five and McShea et al. (2003) on nine species of
small mammals were included as single studies and analysed as each representing one species,
as the authors did not consider metapopulation criteria separately for every species. Conversely, the study by Gerlach & Hoeck (2001) was included and analysed as two studies, as the
authors considered metapopulation criteria separately for two species. The studies included
mammals ranging in body size from 0.002 to 5000 kg (see Appendix), and size classes were
evenly distributed across intact and disturbed habitats (c2 = 5.12, d.f. = 2, P = 0.077). The
three studies on mammals >500 kg took place in landscapes fragmented by humans.
Not all the studies met the criteria recommended by Hanski (1999). In 90% of them
(n = 57), dispersal was recorded between local populations, 16 (25%) experienced extinction
and colonization events, while 33 (52%) exhibited asynchrony in population dynamics. Thirty
(48%) occurred as breeding local populations in discrete habitat patches, with additional
© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192
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Small mammals
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Fig. 1. The percentage of (a) small, (b) medium-sized and (c) large mammal species populations, in which
the criteria of Hanski (1999) and Elmhagen & Angerbjörn (2001) were used to describe metapopulation
dynamics in mammals. Open bars indicate the classic criteria of Hanski (1999), shaded bars indicate the
more lenient criteria described by Elmhagen & Angerbjörn (2001). Sample sizes are numbers of studies.

vacant habitats that could be colonized (Fig. 1). One of the criteria recommended by
Elmhagen & Angerbjörn (2001) was met in 84% (n = 53) of studies; species occurred as
discrete breeding local populations. Thirty-three (52%) exhibited asynchrony in dynamics
(Fig. 1). For 32% (n = 20) of studies, only one of Hanski’s (1999) criteria was used to describe
© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192
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Fig. 2. The number of criteria that researchers applied to describe (a) small, (b) medium-sized and (c) large
mammal species populations as metapopulations based on papers published from 1991 to 2007. Open bars
indicate the classic criteria of Hanski (1999), shaded bars indicate the more lenient criteria described by
Elmhagen & Angerbjörn (2001). Sample sizes are numbers of studies.

a metapopulation structure, while 46% (n = 29) of studies met one or the other of Elmhagen
& Angerbjörn’s (2001) two criteria (Fig. 2). Both the criteria of Elmhagen & Angerbjörn
(2001) were noted for 41% (n = 26) of the studies, while 66% (n = 42) met more than one of
Hanski’s (1999) criteria (Fig. 2).
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Table 1. An assessment of the classical criteria of metapopulations (Hanski, 1999) reported in studies on
small (ⱕ5 kg; n = 30), medium (>5 ⱕ 100 kg; n = 15) and large (>100 kg; n = 18) mammal species (total
n = 63)

Metapopulation criteria

Small
mammals

Medium
mammals

Large
mammals

Individual dispersal

Yes
No
Not assessed

26
3
1

14
1
0

17
1
0

Population turnover

Yes
No
Not assessed

14
0
16

1
0
14

1
0
17

Asynchrony in dynamics

Yes
No
Not assessed

18
0
12

3
0
12

12
0
6

Habitat patches with
breeding sub-populations

Yes
No
Not assessed

19
0
11

5
0
10

6
0
12

Table 2. An assessment of the more lenient criteria of metapopulations (Elmhagen & Angerbjörn, 2001)
reported in studies on small (ⱕ5 kg; n = 30), medium (>5 ⱕ100 kg; n = 15) and large (>100 kg; n = 18)
mammal species (total n = 63)

Metapopulation criteria

Small
mammals

Medium
mammals

Large
mammals

Breeding sub-populations
are discrete

Yes
No
Not assessed

25
0
5

14
0
1

15
0
3

Asynchrony in dynamics

Yes
No
Not assessed

18
0
12

3
0
12

12
0
6

Body size influenced the patterns noted above. For small (ⱕ5 kg), medium (>5 ⱕ 100 kg)
and large (>100) species, dispersal was the condition most frequently assessed (Fig. 1). Dispersal between local populations was also assessed at similar frequencies among body size
classes (c2 = 0.396, d.f. = 2, P = 0.821). Population turnover was recorded for 14 of 30 studies
on small mammals, but for only one of 15 on medium sized and one of 18 on large mammal
species. The frequency of reporting asynchrony in population dynamics differed with body
size (c2 = 8.476, d.f. = 2, P = 0.014). The reporting of incidences of habitat patches that
supported breeding local populations did not differ with body size (c2 = 5.670, d.f. = 2,
P = 0.059) (Table 1). The occurrence of discrete breeding local populations was similar for
small, medium-sized and large mammals (c2 = 0.095, d.f. = 2, P = 0.953) (Table 2).
In most (60%) of the 63 studies published on metapopulation dynamics, authors stated that
they evaluated criteria before classifying the population as a metapopulation, while 15%
(n = 9) classified populations as metapopulations, but did not evaluate any criteria. In about
16% (n = 10) of studies, authors suggested that the studied population would function as a
metapopulation if suitable conservation measures were put into place, while a further 7%
(n = 4) of studies dealt with artificially created metapopulations where metapopulation processes and criteria were mimicked by management strategies. In two studies (3%), the population used to function as a metapopulation, but did not anymore. In one case, the studied
© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192
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population was found not to be a metapopulation. For small mammals, 9 out of 30 (30%)
studies mentioned that metapopulation processes could contribute to the conservation of the
studied species populations, while for large and medium-sized mammals, 22 out of 33 (67%)
studies invoked metapopulation processes for conservation purposes.
DISCUSSION
Metapopulations are not always easy to identify (Hanski & Simberloff, 1997; Thomas &
Kunin, 1999). Our analysis suggests that the use of the concept is not always supported by
empirical information that may meet the criteria of Hanski (1999), or even the more lenient
subset of criteria proposed by Elmhagen & Angerbjörn (2001). Most of the 63 studies that
we assessed provide some evidence for a metapopulation structure, and nearly all authors
concluded that the population they studied functioned as a metapopulation. However, much
of the evidence for metapopulations stems from the inconsistent application of the concept
and the use of a range of definitions that ignores some of the original criteria. For instance,
in only one (Hayward et al., 2004) of the 29 studies published since 2001 is it stated explicitly
that the criteria recommended by Elmhagen & Angerbjörn (2001) were evaluated.
The criteria of Elmhagen & Angerbjörn (2001) seem easier to apply than those of Hanski
(1999). For example, in most (84%) of the 63 studies that we reviewed, the species comprised
discrete breeding local populations, and thus met one of the two criteria set by Elmhagen &
Angerbjörn (2001), while in only half (48%), the studied species inhabited discrete habitat
patches with additional vacant habitats that can be colonized, as expected by one of the
four criteria of Hanski (1999). However, most (83%) of the studies that recognized discrete
habitat patches, as recommended by Hanski (1999), or discrete breeding local populations as
recommended by Elmhagen & Angerbjörn (2001), used dispersal to deduce metapopulation
dynamics. Therefore, no matter the criteria, where species illustrate dispersal, studies deduced
metapopulation structures.
Our analysis furthermore suggests that the size of mammals influences the criteria that may
be used to support metapopulation dynamics. For instance, for small mammal species
(ⱕ5 kg), the criteria of Hanski (1999) were met with the same frequency as those of Elmhagen
& Angerbjörn (2001). Small mammals were also more likely to adhere to the full set of criteria
proposed by Hanski (1999). For instance, extinction and colonization events were recorded
in 46% of small mammal species populations compared with only 7 and 6% in medium-sized
and large mammals respectively.
Case studies that support the classical metapopulation structure are rare (Elmhagen &
Angerbjörn, 2001). This is also supported by our review. Only five of 75 species populations adhered to classical metapopulation criteria – these are all small mammals and
comprise the four-eyed opossum Philander opossum, American pika Ochotona princeps,
black-tailed prairie dog Cynomys ludovicianus, field vole Microtus agrestis and the roundtailed muskrat Neofiber alleni (Adler & Seamon, 1996; Moilanen, Hanski & Smith, 1998;
Roach et al., 2001; Banks et al., 2004; Schooley & Branch, 2007). Few studies thus provide
support for the full set of criteria for the classical metapopulation. Meeting these criteria
depends on case-specific spatial conditions to which populations will respond. From the
review of Krohne (1997), it is apparent that fragmentation, dispersal barriers and dispersal
corridors are all species population specific, and that species’ responses to these depend on
body size, habitat, physiological responses to stressful environments and social factors. We
therefore agree with Clinchy, Haydon & Smith (2002) that evidence of metapopulation
processes rather than spatial occupancy should be used to provide evidence of metapopulation dynamics.
© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192
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For studies on small mammals, we propose that the full complement of metapopulation
criteria (Hanski, 1999) can be applied to yield new perspectives on population regulation.
Metapopulation processes could also be used to parameterize models that emphasize small
mammal characteristics (see Lambin et al., 2004). Metapopulation processes can also be
incorporated into management and conservation paradigms. For instance, McShea et al.
(2003) suggest that a timber harvest management paradigm based on metapopulation processes would conserve small mammal species populations more effectively than a traditional
approach that only focused on the proportion of available habitat.
Our review suggests that the application of the metapopulation concept differs between
small and other-sized mammals, but is similar for medium and large mammals. Authors
consider dispersal between discrete local populations of large mammals as the key condition
for a metapopulation structure and tend to ignore the other criteria. For instance, in 31 of the
33 studies on large mammal populations, all criteria except dispersal are ignored by authors,
labelling their studied population as a metapopulation. The limitations in evaluating the other
criteria may induce this bias. Criteria associated with extinction and recolonization events may
not be used, because the time span of these events usually exceeds that of most studies, possibly
due to the relatively long generation times and slow reproductive rates of large mammals
(Murphy, Freas & Weiss, 1990). It may therefore prove futile for studies on larger mammals to
focus on population turnover as a condition to be met for metapopulation dynamics. Even so,
our results suggest that a metapopulation structure can exist in mammals, but that the
longevity and slow turnover typical of medium- and large-sized mammals may make it difficult
to find support for the full set of classical criteria for a metapopulation structure. Despite this
detraction, the metapopulation concept can be applied to large mammal species populations.
Our review suggests that most (31 of 33 studies, 94%) medium and large mammal species
populations that occurred as discrete breeding local populations also dispersed between local
populations. Furthermore, the dynamics of nearly half (15 of 31, 48%) of these populations
were asynchronous. Such asynchrony could reflect on habitat heterogeneity, lack of dispersal
between local populations, variation in community processes and trophic interactions, and
environmental variation that can induce source–sink dynamics (Pulliam, 1988; Bjørnstad,
Ims & Lambin, 1999). Alternatively, synchrony in population dynamics can result from
high dispersal rates or correlated changes in environmental conditions (Ranta, Kaitala &
Lundberg, 1998).
Dispersal alone may not be a good indicator of metapopulation dynamics. We propose
that both dispersal, the focus of much of the literature we reviewed, and asynchrony in
dynamics between discrete local populations, need to be included in the evaluation. Because
turnover is difficult to record in medium to large mammals, the illustration of dispersal and
asynchrony alone may serve as evidence for a metapopulation structure.
Determining the spatial structure of a population is essential when formulating conservation guidelines, because it presents a conceptual tool for dealing with the interactions
between, within and among populations (Githiru & Lens, 2004). The application of metapopulation theory may be more important for large than small mammals for the simple reason
that large mammals usually operate at spatial scales at which they are exposed to landscape
fragmentation. Consequently, large mammals are more frequently exposed to humaninduced disturbances than small mammals (Crooks, 2002; Cardillo et al., 2005), and are often
restricted to national parks and wildlife reserves (e.g. Brashares, 2003).
Spatial population patterns maintain processes that have implications for persistence
(Thomas & Hanski, 2004). Emphasis therefore should shift from observing spatial patterns to
recording spatial processes (e.g. Thomas & Kunin, 1999; Hanski & Gaggiotti, 2004). We
© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192
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therefore suggest that metapopulation theory should be applied to populations of mammals
when constructing conservation plans to ensure population persistence and to contribute to
the forces that stabilize populations regionally.
Most (22 of 33, 67%) of the studies we included in our review, which explicitly deal with
medium and large mammals, suggest that conservation will benefit from the inclusion of
metapopulation processes. For instance, Singh & Kumara (2006) recognized that for a
wide-ranging animal such as the Indian grey wolf Canis lupus pallipes, sanctuaries could only
protect one or two wolf packs. They suggest that the conservation of forest patches of varying
sizes in a landscape matrix could facilitate the dispersal of wolf packs that then may become
part of a large metapopulation. Similarly, Sweanor, Logan & Hornocker (2000) and
Hellgren, Onorato & Skiles (2005) showed that cougars Puma concolor and black bears Ursus
americanus persist if conservation initiatives are implemented on a regional scale. The most
artificial application of the metapopulation concept in conservation comes from the advocacy
that removing individuals from one isolated population mimics dispersal. Translocations
of wild dog Lycanon pictus and black rhino Biceros dicornis from one conservation area to
another in Africa (Amin et al., 2006; Akçakaya et al., 2007) serve as good examples.
We caution against implementing conservation strategies based on metapopulation
dynamics if habitat discreteness, likelihood of dispersal and potential of asynchrony have not
been evaluated. The application of metapopulation theory to cases or species that do not
meet the criteria to exist as a metapopulation may lead to conservation actions that neglect
important life histories, with consequences for species persistence (see Grimm, Reise &
Strasser, 2003). For instance, the metapopulation concept can motivate the development of
movement corridors without evidence that corridors would be used, or forestall extinction
(Boitani et al., 2007). Such actions are expensive and could detract from efforts to protect
particular populations that require specific refuges (Simberloff et al., 1992; Boitani et al.,
2007). However, the correct and consistent application of metapopulation theory and the
implementation of metapopulation processes in mammal populations may improve the
persistence of mammals in fragmented habitats.
ACKNOWLEDGEMENTS
The study was supported through grants from the International Fund for Animal Welfare,
the Peace Parks Foundation and the University of Pretoria. The preparation of the manuscript benefitted greatly from the contributions of two referees.
REFERENCES
Acosta-Jamett, G., Simonetti, J.A., Bustamante, R.O. & Dunstone, N. (2003) Metapopulation approach to
assess survival of oncifelis guigna in fragmented forests of central Chile: a theoretical model. Mastozoología
Neotropical, 10, 217–229.
Adler, G.H. & Seamon, J.O. (1996) Distribution of four-eyed opossums, Philander opossum (Marsupialia,
Didelphidae) on small islands in Panama. Mammalia, 60, 91–99.
Akçakaya, H.R., Mills, G. & Doncaster, C.P. (2007) The role of metapopulations in conservation. In: Key
Topics in Conservation Biology (Ed. by D. Macdonald & K. Service), pp. 64–84. Blackwell Publishing,
Oxford, UK.
Alford, R.A. & Richards, S.J. (1999) Global amphibian declines: a problem in applied ecology. Annual Review
of Ecology and Systematics, 30, 133–165.
Amin, R., Okita-Ouma, B., Adcock, K., Emslie, R.H., Mulama, M. & Pearce-Kelly, P. (2006) An integrated
management strategy for the conservation of Eastern black rhinoceros Diceros bicornis michaeli in Kenya.
International Zoo Yearbook, 40. 118–129.
Andayani, N., Morales, J.C., Forstner, M.R.J., Supriatna, J. & Melnick, D.J. (2001) Genetic variability
in mtDNA of the silvery gibbon: implications for the conservation of a critically endangered species.
Conservation Biology, 15, 770–775.

© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192

Metapopulation structure among mammals 187
Apps, C.D. & McLellan, B.N. (2006) Factors influencing the dispersion and fragmentation of endangered
mountain caribou populations. Biological Conservation, 130, 84–97.
Arnold, G.W., Steven, D.E., Weeldenburg, J.R. & Smith, E.A. (1993) Influences of remnant size, spacing
pattern and connectivity on population boundaries and demography in euros Macropus robustus living in
a fragmented landscape. Biological Conservation, 64, 219–230.
Banks, P.B., Norrdahl, K., Nordsröm, M. & Korpimäki, E. (2004) Dynamic impacts of feral mink predation
on vole metapopulations in the outer archipelago of the Baltic Sea. Oikos, 105, 79–88.
Bjørnstad, O.N., Ims, R.A. & Lambin, X. (1999) Spatial population dynamics: analyzing patterns and
processes of population synchrony. Trends in Ecology and Evolution, 14, 427–432.
Boitani, L., Falcucci, A., Maiorano, L. & Rondinini, C. (2007) Ecological networks as conceptual frameworks
or operational tools in conservation. Conservation Biology, 21, 1414–1422.
Brashares, J.S. (2003) Ecological, behavioural, and life-history correlates of mammal extinctions in West
Africa. Conservation Biology, 17, 733–743.
Bray, Y., Devillard, S., Marboutin, E., Mauvy, B. & Péroux, R. (2007) Natal dispersal of European hare in
France. Journal of Zoology (London), 273, 426–434.
Broome, L.S. (2001) Intersite differences in population demography of mountain pygmy-possums Burramys
parvus Broom (1986–1998): implications for metapopulation conservation and ski resorts in Koskiuszko
National Park, Australia. Biological Conservation, 102, 309–323.
Bryant, A.A. & Janz, D.W. (1996) Distribution and abundance of Vancouver Islands marmots (Marmota
vancouverensis). Canadian Journal of Zoology, 74, 667–677.
Cardillo, M., Mace, G.M., Gittleman, J.L. & Purvis, A. (2006) Latent extinction risk and the future battlegrounds of mammal conservation. Proceedings of the National Acadamy of Sciences (U.S.A.), 103, 4157–
4161.
Cardillo, M., Mace, G.M., Jones, K.E., Bielby, J., Bininda-Emonds, O.R.P., Sechrest, W., Orme, D.L. &
Purvis, A. (2005) Multiple causes of high extinction risk in large mammal species. Science, 309, 1239–1241.
Carroll, C. & Miquelle, D.G. (2006) Spatial viability analysis of Amur tiger Panthera tigris altaica in the
Russian Far East: the role of protected areas and landscape matrix in population persistence. Journal of
Applied Ecology, 43, 1056–1068.
Caudill, C.C. (2003) Emperical evidence for nonselective recruitment and a source-sink dynamic in a mayfly
metapopulation. Ecology, 84, 2119–2132.
Ceballos, G. & Ehrlich, P.R. (2002) Mammal population losses and the extinction crisis. Science, 296, 904–907.
Clinchy, M., Haydon, D.T. & Smith, A.T. (2002) Pattern does not equal process: what does patch occupancy
really tell us about metapopulation dynamics? The American Naturalist, 159, 351–362.
Crooks, K.R. (2002) Relative sensitivities of mammalian carnivores to habitat fragmentation. Conservation
Biology, 16, 488–502.
Elmhagen, B. & Angerbjörn, A. (2001) The applicability of metapopulation theory to large mammals. Oikos,
94, 89–100.
Esler, D. (2000) Applying metapopulation theory to conservation of migratory birds. Conservation Biology, 14,
366–372.
Ferguson, S.H., Taylor, M.K., Born, E.W. & Messier, F. (1998) Fractals, sea-ice landscape and spatial patterns
of polar bears. Journal of Biogeography, 25, 1081–1092.
Forys, E.A. & Humphrey, S.R. (1996) Home range and movements of the lower keys marsh rabbit in a highly
fragmented habitat. Journal of Mammalogy, 77, 1042–1048.
Gachal, G.S. & Slater, F.M. (2004) Barrages, biodiversity and the Indus river dolphin. Pakistan Journal of
Biological Sciences, 7, 797–801.
Gaggiotti, O.E., Jones, F., Lee, W.M., Amos, W., Harwood, J. & Nichols, R.A. (2002) Patterns of colonization
in a metapopulation of grey seals. Nature, 416, 424–427.
Gaona, P., Ferreras, P. & Delibes, M. (1998) Dynamics and viability of a metapopulation of the endangered
Iberian lynx Lynx pardinus. Ecological Monographs, 68, 349–370.
Gerlach, G. & Hoeck, H.N. (2001) Islands on the plains: metapopulation dynamics and female biased dispersal
in hyraxes (Hyracoidea) in the Serengeti National Park. Molecular Ecology, 10, 2307–2317.
Githiru, M. & Lens, L. (2004) Using scientific evidence to guide the conservation of a highly fragmented and
threatened Afrotropical forest. Oryx, 38, 404–409.
Goldspink, C.R., Holland, R.K., Sweet, G. & Stjernstedt, R. (1998) A note on the distribution and abundance
of puku, Kobus vardoni Livingstone, in Kasanka National Park, Zambia. African Journal of Ecology, 36,
23–33.
Grimm, V., Reise, K. & Strasser, M. (2003) Marine metapopulations: a useful concept? Helgoland Marine
Research, 56, 222–228.
Hanski, I. (1999) Metapopulation Ecology. Oxford University Press, Oxford, UK.

© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192

188 P. I. Olivier et al.
Hanski, I. & Gaggiotti, O.E. (2004) Mechanisms of population extinction. In: Ecology, Genetics and Evolution
of Metapopulations (Ed. by I. Hanski & O.E. Gaggiotti), pp. 337–366. Elsevier Academic Press, San Diego,
USA.
Hanski, I. & Gilpin, M. (1991) Metapopulation dynamics: brief history and conceptual domain. Biological
Journal of the Linnean Society, 42, 3–16.
Hanski, I. & Simberloff, D. (1997) The metapopulation approach, its history, conceptual domain and application to conservation. In: Metapopulation Biology: Ecology, Genetics and Evolution (Ed. by I. Hanski &
M.E. Gilpin), pp. 5–26. Academic Press, San Diego, USA.
Harrison, S. (1994) Metapopulations and conservation. In: Large-scale ecology and conservation biology
(Ed. by P.J. Edwards, R.M. May & N.R. Webb), pp. 111–128. Blackwell Scientific Publications, Boston,
USA.
Hayward, M.W., de Tores, P.J., Augee, M.L., Fox, B.J. & Banks, P.B. (2004) Home range and movements of
the quokka Setonix brachyurus (Macropodidae: Marsupialia), and its impact on the viability of the
metapopulation on the Australian mainland. Journal of Zoology (Lond), 263, 219–228.
Hellgren, E.C., Onorato, D.P. & Skiles, J.R. (2005) Dynamics of a black bear population within a desert
metapopulation. Biological Conservation, 122, 131–140.
Ims, R.A. & Andreassen, H.P. (2005) Density-dependent dispersal and spatial population dynamics. Proceedings of the Royal Society B, 272, 913–918.
Inchausti, P. & Weimerskirch, H. (2002) Dispersal and metapopulation dynamics of an oceanic seabird, the
wandering albatross, and its consequences for its response to long line fisheries. Journal of Animal Ecology,
71, 765–770.
Koopman, M.E., Cypher, B.L. & Scrivner, J.H. (2000) Dispersal patterns of San Joaquin kit foxes Vulpes
macrotis mutica. Journal of Mammalogy, 81, 213–222.
Krohne, D.T. (1997) Dynamics of metapopulations of small mammals. Journal of Mammalogy, 78, 1014–1026.
Krohne, D.T. & Hoch, G.A. (1999) Demography of Peromyscus leucopus populations on habitat patches: the
role of dispersal. Canadian Journal of Zoology, 77, 1247–1253.
Lambin, X., Aars, J., Piertney, S.B. & Telfer, S. (2004) Inferring pattern and process in small mammal
metapopulations: insights from ecological and genetic data. In: Ecology, Genetics and Evolution of Metapopulations (Ed. by I. Hanski & O.E. Gaggiotti), pp. 515–540. Elsevier Academic Press, San Diego, USA.
Lawes, M.J., Mealin, P.E. & Piper, S.E. (2000) Patch occupancy and potential metapopulation dynamics of
three forest mammals in fragmented Afromontane forest in South Africa. Conservation Biology, 14,
1088–1098.
Leisnham, P.T. & Jamieson, I.G. (2002) Metapopulation dynamics of a flightless alpine insect Hemideina maori
in a naturally fragmented habitat. Ecological Entomology, 27, 574–580.
Levins, R. (1969) Some demographic and genetic consequences of environmental heterogeneity for biological
control. Bulletin of the Entomological Society of America, 15, 237–240.
Li, W.D. & Smith, A.T. (2005) Dramatic decline of the threatened Ili pika Ochotona iliensis (Lagomorpha:
Ochotonidae) in Xinjiang, China. Oryx, 39, 30–34.
Lima, M., Marquet, P.A. & Jaksic, F.M. (1996) Extinction and colonization processes in subpopulations of
five neotropical small mammal species. Oecologia, 107, 197–203.
Lindenmayer, D.B. & Possingham, H.P. (1996) Ranking conservation and timber management options for
Leadbeater’s possum in southeastern Australia using population viability analysis. Conservation Biology,
10, 235–251.
Maehr, D.S., Land, E.D., Shindle, D.B., Oron, L.B. & Hoctor, T.S. (2002) Florida panther dispersal and
conservation. Biological Conservation, 106, 187–197.
Marsh, D.M. & Trenham, P.C. (2001) Metapopulation dynamics and amphibian conservation. Conservation
Biology, 15, 40–49.
Massonnet, B., Simon, J.-C. & Weisser, W.W. (2002) Metapopulation structure of the specialized herbivore
Macrosiphoniella tanacetaria (Homoptera: Aphididae). Molecular Ecology, 11, 2511–2521.
McCarthy, M.A. & Lindenmayer, D.B. (1999) Incorporating metapopulation dynamics of greater gliders into
reserve design in disturbed landscapes. Ecology, 80, 651–667.
McShea, W.J., Pagels, J., Orrock, J., Harper, E. & Koy, K. (2003) Mesic deciduous forest as patches of
small-mammal richness within an Appalachian mountain forest. Journal of Mammalogy, 84, 627–643.
Mendes Pontes, A.R. & Chivers, D.J. (2007) Peccary movements as determinants of the movements of large
cats in Brazilian Amazonia. Journal of Zoology (Lond), 273, 257–265.
Moilanen, A., Hanski, I. & Smith, A.T. (1998) Long-term dynamics in a metapopulation of the American pika.
American Naturalist, 152, 530–542.
Murphy, D.D., Freas, K.E. & Weiss, S.B. (1990) An environment-metapopulation approach to population
viability analysis for a threatened invertebrate. Conservation Biology, 4, 41–51.

© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192

Metapopulation structure among mammals 189
Önal, H. & Briers, R.A. (2005) Designing a conservation reserve network with minimal fragmentation: a linear
integer programming approach. Environmental Modeling and Assessment, 10, 193–202.
Pannell, J.R. & Obbard, D.J. (2003) Probing the primacy of the patch: what makes a metapopulation? Journal
of Ecology, 91, 485–488.
Paradis, E. (1995) Survival, immigration and habitat quality in the Mediterranean pine vole. Journal of Animal
Ecology, 64, 579–591.
Perzanowski, K., Olech, W. & Kozak, I. (2004) Constraints for re-establishing a metapopulation of the
European bison in Ukraine. Biological Conservation, 120, 345–353.
Pires, A.S. & Fernandez, F.A.S. (1999) Use of space by the marsupial Micoureus demerarae in small Atlantic
Forest fragments in southeastern Brazil. Journal of Tropical Ecology, 15, 279–290.
Possingham, H.P., Lindenmayer, D.B., Norton, T.W. & Davies, I. (1994) Metapopulation viability analysis of
the greater glider Petauroides volans in a wood production area. Biological Conservation, 70, 227–236.
Preatoni, D., Mustoni, A., Martinoli, A., Carlini, B., Chiarenzi, B., Chiozzini, S., Dongen, S.V., Wauters, L.A.
& Tosi, G. (2005) Conservation of brown bear in the Alps: space use and settlement behaviour of
reintroduced bears. Acta Oecologica, 28, 189–197.
Pulliam, H.R. (1988) Sources, sinks and population regulation. American Naturalist, 132, 652–661.
Pérez, J.M., Granados, J.E., Soriguer, R.C., Fandos, P., Márquez, F.J. & Crampe, J.P. (2002) Distribution,
status and conservation problems of the Spanish ibex, Capra pyrenaica (Mammalia: Artiodactyla).
Mammal Review, 32, 26–39.
Rabasa, S.G., Gutiérrez, D. & Escudero, A. (2007) Metapopulation structure and habitat quality in modelling
dispersal in the butterfly Iolana iolas. Oikos, 116, 793–806.
Ran, J.H., Zeng, Z.Y., Wang, H.J., Liu, S.Y., Fu, J.R. & Liu, S.C. (2005) A survey of the giant panda
population and habitats in the Xiaoxiangling Mountains. Acta Theriologica Sinica, 25, 345–350.
Ranta, E., Kaitala, V. & Lundberg, P. (1998) Population variability in space and time: the dynamics of
synchronous population fluctuations. Oikos, 83, 376–382.
Rettie, W.J. & Messier, F. (1998) Dynamics of woodland caribou populations at the southern limit of their
range in Saskatchewan. Canadian Journal of Zoology, 76, 251–259.
Roach, J.L., Stapp, P., Van Horne, B. & Antolin, M.F. (2001) Genetic structure of a metapopulation of
black-tailed prairie dogs. Journal of Mammalogy, 82, 946–959.
Rodrigues, M.T. (2005) The conservation of Brazilian reptiles: challenges for a megadiverse country. Conservation Biology, 19, 659–664.
Ruam-Suryan, K.L., Pitcher, K.W., Calkins, D.G., Sease, J.L. & Loughlin, T.R. (2002) Dispersal, rookery
fidelity, and metapopulation structure of steller sea lions (Eumetopias jubatus) in an increasing and a
decreasing population in Alaska. Marine Mammal Science, 18, 746–764.
Schooley, R.L. & Branch, L.C. (2007) Spatial heterogeneity in habitat quality and cross-scale interactions in
metapopulations. Ecosystems, 10, 846–853.
Seagle, S.W. & Close, J.D. (1996) Modeling white-tailed deer Odocoileus virginianus population control by
contraception. Biological Conservation, 76, 87–91.
Semlitsch, R.D. & Bodie, J.R. (2003) Biological criteria for buffer zones around wetlands and riparian habitats
for amphibians and reptiles. Biological Conservation, 17, 1219–1228.
Shkedy, Y. & Saltz, D. (2000) Characterizing core and corridor use by Nubian ibex in the Negev Desert, Israel.
Conservation Biology, 14, 200–206.
Sillero-Zubiri, C., Marino, J., Gottelli, D. & Macdonald, D.W. (2004) Ethiopian wolves. In: The Biology and
Conservation of Wild Canids (Ed. by C. Sillero-Zubiri & D.W. Macdonald), pp. 311–322. Oxford University
Press, Oxford, UK.
Simberloff, D., Farr, J.A., Cox, J. & Mehlman, D.W. (1992) Movement corridors: conservation bargains or
poor investments? Conservation Biology, 6, 493–504.
Singer, F.J., Bleich, V.C. & Gudorf, M.A. (2000) Restoration of bighorn sheep metapopulations in and near
western national parks. Restoration Ecology, 8, 14–24.
Singh, M. & Kumara, H.N. (2006) Distribution, status and conservation of Indian gray wolf (Canis lupus
pallipes) in Karnataka, India. Journal of Zoology (London), 270, 164–169.
Smith, J.L.D., Ahearn, S.C. & McDougal, C. (1998) Landscape analysis of tiger distribution and habitat
quality in Nepal. Conservation Biology, 12, 1338–1346.
Smith, M.A. & Green, D.M. (2005) Dispersal and the metapopulation paradigm in amphibian ecology and
conservation: are all amphibian populations metapopulations? Ecography, 28, 110–128.
Sweanor, L.L., Logan, K.A. & Hornocker, M.G. (2000) Cougar dispersal patterns, metapopulation dynamics,
and conservation. Conservation Biology, 14, 798–808.
Swinton, J., Harwood, J., Grenfell, B.T. & Gilligan, C.A. (1998) Persistence thresholds for phocine distemper
virus infection in harbour seal Phoca vitulina metapopulations. Journal of Animal Ecology, 67, 54–68.

© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192

190 P. I. Olivier et al.
Szacki, J. (1999) Spatially structured populatons: how much do they match the classic metapopulation
concept? Landscape Ecology, 14, 369–379.
Thomas, C.D. & Hanski, I. (2004) Metapopulation dynamics in changing environments: butterfly responses to
habitat and climate change. In: Ecology, Genetics and Evolution of Metapopulations (Ed. by I. Hanski &
O.E. Gaggiotti), pp. 489–514. Elsevier Academic Press, San Diego, USA.
Thomas, C.D. & Kunin, W.E. (1999) The spatial structure of populations. Journal of Animal Ecology, 68,
647–657.
Torres-Contreras, H., Silva-Aránguiz, E., Marquet, P.A., Camus, P.A. & Jaksic, F.M. (1997) Spatiotemporal
variability of rodent subpopulations at a semiarid neotropical locality. Journal of Mammalogy, 78, 505–
513.
Van Aarde, R.J. & Jackson, T.P. (2007) Megaparks for metapopulations: addressing the causes of locally high
elephant numbers in southern Africa. Biological Conservation, 134, 289–297.
Van Aarde, R.J., Jackson, T.P. & Ferreira, S.M. (2006) Conservation science and elephant management in
southern Africa. South African Journal of Science, 102, 385–388.
Van Apeldoorn, R.C., Oostenbrink, W.T., van Winden, A. & van der Zee, F.F. (1992) Effects of habitat
fragmentation on the bank vole, Clethrionomys glareolus, in an agricultural landscape. Oikos, 65, 265–274.
Werner, E.E., Yurewicz, K.L., Skelly, D.K. & Relyea, R.A. (2007) Turnover in an amphibian metacommunity:
the role of local and regional factors. Oikos, 116, 1713–1725.
Werner, F.A., Ledesma, K.J. & Rodrigo, H.B. (2006) Mountain vizcacha (Lagidium cf. peruanum) in Ecuador
– first record of Chinchillidae from the Northern Andes. Mastozoología Neotropical, 13, 271–274.
Wisely, S.M., Buskirk, S.W., Russell, G.A., Ahbry, K.B. & Zielinski, W.I. (2004) Genetic diversity and
structure of the fisher (Martes pennanti) in a peninsular and peripheral metapopulation. Journal of
Mammalogy, 85, 640–648.
Submitted 8 May 2008; returned for revision 24 November 2008; revision accepted 3 April 2009
Editor: XL

© 2009 The Authors. Journal compilation © 2009 Mammal Society, Mammal Review, 39, 178–192

Anthropogenic
Anthropogenic
Natural
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Natural
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Anthropogenic
Natural
Anthropogenic
Anthropogenic
Natural
Anthropogenic
Anthropogenic
Anthropogenic
Anthropogenic
Anthropogenic
Anthropogenic
Natural
Anthropogenic
Anthropogenic
Natural
Anthropogenic
Natural
Natural

0.002–0.003
0.24–0.4
0.12–0.16
0.25
2.5–3
0.005–0.01

300–600
0.007–0.01
300–600
13–25
74–77
0.5–1.0
170–300
205–227
~130
0.023
1.6–1.9
~50
0.016–0.032
0.13
7–8
7–9
~3
4–5
170–302
~75
~8
0.045
3.1–3.8
~3
~3

Tree hyrax Dendrohyrax arboreus
Blue duiker Cephalophus monticola
Bighorn sheep Ovis Canadensis
Cougar Puma concolor
Silvery gibbon Hylobates moloch
Mountain pygmy possum Burramys parvus
Artic fox Alopex lagopus
Rock hyrax Heterohyrax brucei
Rock hyrax Procavia johnstoni

Fragmentation
type
Anthropogenic
Anthropogenic
Anthropogenic
Natural
Natural
Anthropogenic
Natural
Natural
Natural

0.002–0.003
90

Body
mass (kg)

Bank vole Clethrionomys glareolus
Euro Macropus robustus
Greater glider Petauroides volans
Pine vole Microtus duodecimcostatus
Four-eyed opossum Philander opossum
Leadbeater’s possum Gymnobelideus leadbeateri
Vancouver island marmots Marmota vancouverensis
Lower Keys marsh rabbit Sylvilagus palustris hefneri
Leaf-eared mouse Phyllotis darwini; olive grass mouse Akodon
olivaceus; elegant fat-tailed opossum Thylamys elegans; Degu
Octodon degus; long-tailed pygmy rice rat Oligoryzomys
longicaudatus
White-tailed deer Odocoileus virginianus
Leaf-eared mouse Phyllotis darwini
Polar bear Ursus maritimus
Iberian lynx Lynx pardinus
Puku Kobus vardoni
American pika Ochotona princeps
Woodland caribou Rangifer tarandus caribou
Tiger Panthera tigris
Harbour seal Phoca vitulina
White-footed mouse Peromyscus leucopus
Greater glider Petauroides volans
Nubian ibex Capra ibex nubiana
Yellow-necked mice Apodemus flavicollis
Long-furred woolly mouse opossum Micoureus demerarae
San Joaquin kit foxes Vulpes macrotus mutica
Samango monkey Ceropithecus mitis liabiatus

Species population

Yes
Yes
Yes
Yes
Possible
Yes
Yes
Yes
No

Yes
Possible
Yes
Yes
Yes
Yes
Possible
Possible
Possible
Yes
Possible
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Possible
Yes
Yes
N.A.

Dispersal

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

N.A.
Yes
N.A.
Potential
N.A.
Yes
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

Yes
N.A.
Yes
Yes
Yes
Yes
N.A.
Yes
Yes

Turnover

N.A.
N.A.
Yes
N.A.
N.A.
Yes
Yes
Potential
Potential

N.A.
Yes
N.A.
N.A.
N.A.
Yes
Yes
N.A.
Potential
Yes
N.A.
N.A.
N.A.
N.A.
Yes
N.A.

Yes
N.A.
N.A.
Potential
Yes
N.A.
N.A.
Yes
N.A.

Asynchrony

Yes
Yes
Yes
N.A.
N.A.
N.A.
Yes
Yes
Yes

Yes
N.A.
N.A.
Yes
Yes
Yes
N.A.
N.A.
N.A.
Yes
N.A.
N.A.
Yes
Yes
N.A.
N.A.

N.A.
Yes
Yes
N.A.
Yes
Yes
Yes
N.A.
N.A.

Discrete
habitat
patches

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
N.A.
Yes
Yes
Yes

Yes
Yes
N.A.
Yes
Yes
Yes
Yes
Yes
Yes

Not described
Partially coupled
Not described
Source–sink
Not described
Classical
Not described
Not described
Not described
Not described*
Not described
Not described
Patchy
Not described
Not described
Transient
non-equilibrium
Mainland–island
Mainland–island
Not described
Not described
Not described
Not described
Not described
Not described
Not described

Source-sink
Not described
Modelled
Source–sink
Boorman–Levitt
Not described
Not described
Not described
Not described

Discrete
breeding
subMetapopulation
populations Type

Table A1. Studies in which mammals have been described as metapopulations or as possibly functioning as metapopulations

APPENDIX

Lawes et al. (2000)
Lawes et al. (2000)
Singer, Bleich & Gudorf (2000)
Sweanor et al. (2000)
Andayani et al. (2001)
Broome (2001)
Elmhagen & Angerbjörn (2001)
Gerlach & Hoeck (2001)
Gerlach & Hoeck (2001)

Seagle & Close (1996)
Torres-Contreras et al. (1997)
Ferguson et al. (1998)
Gaona, Ferreras & Delibes (1998)
Goldspink et al. (1998)
Moilanen et al. (1998)
Rettie & Messier (1998)
Smith, Ahearn & McDougal (1998)
Swinton et al. (1998)
Krohne & Hoch (1999)
McCarthy & Lindenmayer (1999)
Shkedy & Saltz (2000)
Szacki (1999)
Pires & Fernandez (1999)
Koopman, Cypher & Scrivner (2000)
Lawes et al. (2000)

van Apeldoorn et al. (1992)
Arnold et al. (1993)
Possingham et al. (1994)
Paradis (1995)
Adler & Seamon (1996)
Lindenmayer & Possingham (1996)
Bryant & Janz (1996)
Forys & Humphrey (1996)
Lima et al. (1996)

Reference
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Natural
Natural
Natural
Experimental
population
Anthropogenic
Anthropogenic
Anthropogenic
Natural
Natural
Natural
Anthropogenic
Anthropogenic
Natural
Anthropogenic
Anthropogenic
Anthropogenic
Anthropogenic
Natural
Anthropogenic
Anthropogenic
Anthropogenic
Anthropogenic
Natural

0.01–0.03
0.16–0.35
170–301
~0.05
215–270
2.5–5.0
450–1000
~20
2.1–7.0
170–303
130–700
100–115
0.5–1.0
215–270
~1000
170–300
18–27
~3
2.5–6.5
24–28
20–40
5500–6000
0.2–0.4

Amur tiger Panthera tigris altaica
Quokka Setonix brachyurus
European bison Bison bonasus
Ethiopian wolf Canis simensis
Fisher Martes pennanti
Black bear Ursus americanus
Brown bear Ursus arctos
Gaint panda Ailuropoda melanoleuca
Ili pika Ochotona iliensis
Amur tiger Panthera tigris altaica
Black rhino Diceros bicornis
Mountain caribou Rangifer tarandus caribou
Indian gray wolf Canis lupus pallipes
Mountain vizcacha Lagidium peruanum
European hare Lepus europaeus
Wild dog Lycanon pictus
Peccary Tayassu pecari
Elephant Loxodonta africana
Round-tailed muskrat Neofiber alleni

Yes
No
Possible
Yes
Possible
Yes
Yes
Possible
No
Yes
Yes
Yes
Yes
Possible
Yes
Yes
Possible
Yes
Yes

Possible
Yes
No
Yes

Yes
Yes
Yes
Possible
Yes
Yes
Yes

Dispersal

N.A., not assessed.
The empirical support for this classification or lack thereof, as described in the studies, is shown for each species.
*Metapopulation described as ‘type C’ from Krohne (1997).

Anthropogenic
Natural
Anthropogenic
Anthropogenic
Natural
Anthropogenic
Natural

Fragmentation
type

0.7–1.5
200–350
~75
~50
~300
11–14
0.01–0.05

Body
mass (kg)

Black-tailed prairie dog Cynomys ludovicianus
Grey seal Halichoerus grypus
Florida panther Puma concolor
Spanish ibex Capra pyrenaica
Steller sea lion Eumetopias jubatus
Kodkod Oncifelis guigna
White-footed mouse Peromyscus leucopus; deer mouse Peromyscus
maniculatus; northern short-tailed shrew Blarina brevicauda;
Eastern chipmunk Tamias striatus; Southern red-backed vole
Clethrionomys gapperi; woodland jumping mouse Napaeozapus
insignis; smoky shrew Sorex fumeus; masked shrew Sorex cinereus;
pygmy shrew Sorex hoyi
Field vole Microtus agrestis
Water vole Arvicola aphibius
Indus river dolphin Platanista minor
Tundra vole Microtus oeconomus

Species population

Table A1 (Continued )

N.A.
Yes
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
Yes

Yes
Yes
N.A.
N.A

Yes
Yes
N.A.
N.A.
N.A.
N.A.
Yes

Turnover

Yes
Yes
Potential
Potential
N.A.
Potential
N.A.
N.A.
N.A.
Yes
Potential
Yes
N.A.
N.A.
Potential
Potential
N.A.
Yes
Potential

Potential
N.A.
N.A.
Yes

Potential
Yes
N.A.
N.A.
Yes
N.A.
Yes

Asynchrony

N.A.
Yes
Yes
Yes
N.A.
Yes
N.A.
N.A.
N.A.
N.A.
Yes
N.A.
N.A.
Yes
N.A.
Yes
N.A.
N.A.
Yes

N.A.
Yes
N.A.
Yes

Potential
Yes
N.A.
N.A.
N.A.
N.A.
Yes

Discrete
habitat
patches

N.A.
Yes
Yes
Yes
N.A.
Yes
Yes
Yes
N.A.
N.A.
Yes
Yes
Yes
Yes
N.A.
Yes
Yes
N.A.
Yes

Yes
Yes
Yes
Yes

Yes
Yes
N.A.
Yes
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