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a b s t r a c t

The Minimum Area Requirements (MAR) of species is a concept that explicitly addresses area and there-
fore can be highly relevant for conservation planning and policy. This study compiled a comprehensive
database of MAR estimates from the literature, covering 216 terrestrial animal species from 80 studies.
We obtained estimates from (a) Population Viability Analyses (PVAs) which explored a range of area-
related scenarios, (b) PVAs that provided a fixed value – either MAR or the minimum viable population
size (MVP) alongside other area-relevant information, and (c) empirical studies of occupancy patterns in
islands or isolated habitat patches across area. We assessed the explanatory power of life-history traits
(body mass, feeding guild, generation length and offspring size), environmental variables (average pre-
cipitation and temperature), research approach and phylogenetic group on MAR estimates. PVAs explor-
ing area showed strong correlation between MAR and body mass. One to two additional variables further
improved the predictive power. PVA reporting fixed MAR, and occupancy-based studies, were better
explained by the combination of feeding guild, climatic variables and additional life history traits. Phy-
logeny had a consistent but usually small contribution to the predictive power of models. Our work dem-
onstrates that estimating the MAR across species and taxa is achievable but requires cautious
interpretation. We further suggest that occupancy patterns are likely sensitive to transient dynamics
and are therefore risky to use for estimating MAR. PVA-based evaluations enable considering time hori-
zon and extinction probability, two aspects that are critical for future implementation of the MAR con-
cept into policy and management.

� 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Space has a pivotal role in most, if not all ecological and evolu-
tionary processes (Tilman and Kareiva, 1997). Accordingly, the
selection, design and management of protected areas involve pri-
marily the question how much area is necessary for long-term
maintenance of biodiversity. A potentially important concept in
this context is the Minimum Area Requirements of species
(MAR), defining the amount of space (suitable habitat) that is re-
quired for the long-term persistence of a population.

Obviously, the presence of a species within a site does not guar-
antee its survival. First, populations occurring within remnants of
suitable habitats may be declining, threatened or under an ‘‘extinc-
tion debt’’ from past environmental changes (Tilman et al., 1994).
Second, some species may require larger area than others in order
to buffer against environmental, demographic or genetic stochas-
ticity. Therefore, a major challenge for reserve design is to ensure
that sufficient protected areas contribute to the viability of as
many species as possible, in consideration of both their habitat
association and area requirements. Here, the MAR could be of di-
rect relevance because of its intuitive and explicit focus on area.
However, in comparison with MVP, studies dealing with MAR or
providing it seem to be surprisingly limited. For instance, a search
through Google Scholar (20.9.2013) for the terms ‘‘Minimum Area
Requirement’’ + ‘‘conservation’’ versus ‘‘Minimum Viable Popula-
tion’’ + ‘‘conservation’’ yielded 303 versus 4819 hits, respectively.
Similarly, scanning 45 Species Action Plans (SAPs) covering 639
species for a set of keywords relating to PVA, MVP and MAR (see
Methods), we found seven SAPs which reported the MVP, four that
mentioned Minimum Area (or habitat) Requirements, but none
that reported the MAR.

1.1. Factors potentially affecting the MAR

Predicting the MAR would require at least to identify important
factors or traits that can explain the variation in area requirements
across species and taxa. Empirical and modelling studies indicate a
variety of factors that could affect the MAR, directly or indirectly.
First, MAR should correlate with body mass, primarily because of
energetic expenditure (Shaffer, 1981). This was demonstrated
empirically by Allen et al. (1992) for mammals in mountainous
regions in south-western USA, Beier et al. (2002) for birds in forest
fragments in West Africa, Biedermann (2003) for reptiles, birds,
mammals, and insects, and Baguette and Stevens (2013) for
European butterflies.

Feeding guild or trophic levels should affect the MAR as well,
since the availability and energetic contents of food affect the area
required by individuals. Hechinger et al. (2011) have shown that
inclusion of trophic level is imperative when searching for scaling

rules for energy use, and further evidence supports the importance
of feeding guild in describing spatial attributes such as home range
size and dispersal distance (Harestad and Bunnell, 1979; Kelt and
Van Vuren, 2001; Lindstedt et al., 1986; Mace et al., 1982; Ottavi-
ani et al., 2006; Sutherland et al., 2000). Yet some studies found
inconsistent patterns with respect to trophic levels (Dardanelli
et al., 2006; Ottaviani et al., 2006) – possibly because food avail-
ability (and other essential ecological resources), which relates to
trophic level (albeit loosely), affects space use as well.

Species’ demography is another factor which likely affects area
requirements, where ‘‘K’’, or slow species along the slow-fast con-
tinuum (e.g. Burton et al., 2010), might require larger areas than
‘‘r’’, or fast species. This relates to their larger body size (Bieder-
mann et al., 1999; Henle et al., 2004a) as well as longer life which
may entail greater resource limitation. Note, however, that demo-
graphic stochasticity and population responses to environmental
stochasticity play important roles in determining population via-
bility, and hence area requirements, with higher variability leading
to larger area requirements (Shaffer, 1987; Soulé, 1987; Thomas,
1990).

Species’ demography is affected also by dispersal traits and the
response of species to landscape characteristics (Burton et al.,
2010). Biedermann (2003) suggested that predictions of area
requirements could be improved by considering variables such as
patch isolation and species traits, and Swihart et al. (2003) found
that body size was an inferior predictor of tolerance of fragmenta-
tion compared to niche breadth and proximity to range boundary.
Baguette and Stevens (2013) have shown that four life history
traits (thermal requirements, mating strategy, capital- versus in-
come-breeding strategy and affiliation with ants), alongside wing
size, substantially improve the capacity to explain variability in
the area requirements of European butterflies. Most of these traits
strongly relate to energy and space-use. These examples demon-
strate the challenges in deriving an area estimate that is truly inde-
pendent of the effects of patch networks (e.g., metapopulations),
including landscape connectivity.

As the traits of species relate to their taxonomic affiliation or
phylogeny, its consideration could further enhance the capacity
to explain variability in MAR estimates. Especially if considering
different taxa, one must account for very different means of ther-
mal regulation (ectotherms versus endotherms) or locomotion,
that could result in large differences in MAR versus body mass.
Evidence for cross-taxa differences was found by Silva et al.
(1997), showing that birds have a much lower density per body
mass compared to mammals and thus likely their area require-
ments should be larger. Even within a taxonomic group (across
butterfly species), inclusion of phylogeny as a variable had
slightly contributed to improving MAR predictions (Baguette
and Stevens, 2013).
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