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Fragmentation and loss of habitat are major threats to animal communities and are therefore important to
conservation. Due to the complexity of the interplay of spatial effects and community processes, our mecha-
nistic understanding of how communities respond to such landscape changes is still poor. Modelling studies
have mostly focused on elucidating the principles of community response to fragmentation and habitat loss
at relatively large spatial and temporal scales relevant to metacommunity dynamics. Yet, it has been shown
that also small scale processes, like foraging behaviour, space use by individuals and local resource competi-
tion are also important factors. However, most studies that consider these smaller scales are designed for sin-
gle species and are characterized by high model complexity. Hence, they are not easily applicable to
ecological communities of interacting individuals. To fill this gap, we apply an allometric model of individual
home range formation to investigate the effects of habitat loss and fragmentation on mammal and bird com-
munities, and, in this context, to investigate the role of interspecific competition and individual space use. Re-
sults show a similar response of both taxa to habitat loss. Community composition is shifted towards higher
frequency of relatively small animals. The exponent and the 95%-quantile of the individual size distribution
(ISD, described as a power law distribution) of the emerging communities show threshold behaviour with
decreasing habitat area. Fragmentation per se has a similar and strong effect on mammals, but not on
birds. The ISDs of bird communities were insensitive to fragmentation at the small scales considered here.
These patterns can be explained by competitive release taking place in interacting animal communities,
with the exception of bird's buffering response to fragmentation, presumably by adjusting the size of their
home ranges. These results reflect consequences of higher mobility of birds compared to mammals of the
same size and the importance of considering competitive interaction, particularly for mammal communities,
in response to landscape fragmentation. Our allometric approach enables scaling up from individual physiol-
ogy and foraging behaviour to terrestrial communities, and disentangling the role of individual space use and
interspecific competition in controlling the response of mammal and bird communities to landscape changes.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The ongoing destruction and fragmentation of habitat are consid-
ered the greatest contributors to recent and potential future extinctions
(Ewers and Didham, 2006; Fahrig, 2003).While numerous studies have
investigated the effects of landscape modifications on single species
(Debinski and Holt, 2000) or functional types (Jeltsch et al., 2011;
Körner and Jeltsch, 2008; Körner et al., 2010), the complex interplay
ofmechanisms affecting interacting animal communities at small scales
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(e.g. individual foraging behaviour or resource competition), is still
poorly understood.

Even though differences inmethodology and terminology in various
studies cause difficulties to synthesise general conclusions (Fahrig,
2003), effects of reduced habitat area (habitat loss) on populations are
relatively consistent among studies and rather well understood. A
large number of studies report threshold behaviour (so called ‘extinc-
tion thresholds’) of animal populationswith reduced amount of habitat,
and several theoretical modelling studies have proposed a variety of
mechanistic explanations for such non-linear dynamics, ranging from
percolation theory and isolation effects to time lag and Allee effects
(Bascompte and Sole, 1996; Fahrig, 2002; Harrison and Bruna, 1999;
Swift and Hannon, 2010). In contrast, reported effects of fragmentation
per se on populations are less clear and often even contradictory (com-
pared to the effects of habitat loss). Fragmentation per se here means
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the spatial configuration of habitat onlywhile total habitat area remains
unchanged (this aspect was also intensively discussed in the ‘SLOSS de-
bate’, e.g. Wilcox andMurphy, 1985 and the references therein). Differ-
ent studies report positive or negative effects of fragmentation on
species occurrence or abundance, but some also report no effect
(Fahrig, 2003; Smith et al., 2011). The interplay of habitat fragmentation
with habitat loss (for example how fragmentation affects the threshold
behaviour with habitat loss, or how total habitat area controls the
strength of the fragmentation effect) still poses a particularly difficult
challenge to scientists and conservation managers.

Interspecific interactions have been shown to increase the complex-
ity of system response to landscape modifications (Banks et al., 2007;
Brown, 2007; Debinski and Holt, 2000; Nee and May, 1992). Empirical
investigation of such complex systems is difficult, and most studies
are therefore limited to either a focus on the abundance of single species
(i.e. they miss the community context), or to species richness of com-
munities (i.e. they miss information on the condition of the different
populations) (Debinski and Holt, 2000). Various modelling approaches
have been developed to disentangle mechanisms controlling how
populations or communities respond to habitat loss and fragmentation.
The vast majority of these models can be categorized in the family of
metacommunity models (e.g. Hawkes, 2009; Leibold et al., 2004; for
more detailed description and categorization of different models see
for example Flather and Bevers, 2002; Kareiva et al., 1990; Swift and
Hannon, 2010). Metacommunitymodels work at large spatial and tem-
poral scales and focus on dispersal as the crucial spatial process affected
and constrained by landscape configuration.

Processes at small scales, such as foraging behaviour, space use
and local resource competition, however, play a crucial role in how
individuals and species in interacting communities cope with hetero-
geneous resource distributions (Buchmann et al., 2012; Debinski and
Holt, 2000; Gautestad and Mysterud, 2010; Hawkes, 2009; Morales et
al., 2010; Nee and May, 1992; Pita et al., 2010; Ritchie, 1998; Smith et
al., 2011). Different space use behaviours of individuals of different
taxa—for example the higher mobility and larger home ranges of
birds compared to mammals (Breitbach et al., 2010; Ottaviani et al.,
2006)—can also affect the response of communities to changes in re-
source distributions. Nevertheless, theoretical studies investigating
such small scale mechanisms (e.g. optimal foraging behaviour,
Nonaka and Holme, 2007; Skorka et al., 2009, but also Gautestad
and Mysterud, 2010), have generally not made the step to consider
species interactions, implying they are not yet geared towards explor-
ing community questions. The main reason might be that studies ac-
counting for the importance of individual behaviour and space use are
too complex (Nonaka and Holme, 2007; Van Moorter et al., 2009) and
often designed for a specific single species (e.g. Bowers et al., 1996;
Skorka et al., 2009). We have recently proposed a simple alternative,
an individual-based spatially explicit model of individual home range
formation of multiple mammal species parameterized by allometric
relationships (Buchmann et al., 2011, 2012). This approach considers
the important role of individual space use and resource competition
on home range formation (e.g. Nee and May, 1992; Pita et al., 2010;
Swihart et al., 1988), thereby enabling mechanistic investigation of
the processes structuring animal communities.

In this study we use a modification of the model described in
Buchmann et al. (2012) to elaborate the role of interspecific competi-
tion and individual space use for communities facing landscape
changes. In addition to mammals, we also parameterize the model
for the first time for birds and explore how not only habitat loss,
but also fragmentation (and the combination of both), affect the
body mass distribution of these communities.

2. Methods

Our modelling study aims to explore the response of the body mass
distribution—namely the individual size distribution (ISD, after White
et al., 2007)—ofmammal and bird communities to habitat loss and frag-
mentation, emphasising the role of interspecific competition and indi-
vidual space use. In the Methods section we first explain the
generation of simulation landscapes (including loss and fragmentation
of habitat) followed by a brief description of the allometric model of
home range formation for mammals and birds consuming primary pro-
duction (i.e. herbivores and primarily herbivorous omnivores) and a de-
scription of howwe use it to model community assembly. Here, we use
a modification of the original model of Buchmann et al. (2011), namely
a slightlymore complex submodel for the calculation ofmovement cost.
Originally we introduced this modification in a study that focussed par-
ticularly on the effects of different assumptions onmovement strategies
for communities (Buchmann et al., 2012). This movement model was
chosen here because it additionally considers body mass dependence
of movement distances, is therefore more closely oriented towards
movement data, and hence, seems more appropriate for the investiga-
tion of communities with a large range of body mass.

2.1. Simulation landscapes

The well established and tested midpoint displacement algorithm
(Hargrove et al., 2002; Jeltsch et al., 2011; Körner and Jeltsch, 2008;
Saupe, 1988) was used to create fractal landscapes of 257×257 cells,
each interpreted as 10×10 m, resulting in landscapes of ~6.6 km2.
Using this approach, landscape fragmentation can be controlled by the
Hurst-factor H, describing the spatial autocorrelation of grid cell values,
interpreted as resource productivity. In simulationswe used H=0.1 for
strongly fragmented, H=0.5 for intermediate and H=0.9 for weakly
fragmented resource landscapes (σ2, the variance in displacement of
points, was set to 0.3 for all scenarios). To simulate habitat loss, grid
cells with the lowest values, interpreted as resource productivity,
were then set to 0 (i.e. to no resource productivity) until a certain
share of habitat S was left as productive (i.e. suitable) habitat. In simu-
lations S was set to 1.0, 0.75, 0.5, 0.3, 0.1 and 0.05. To ensure compara-
bility between scenarios and avoid landscape artefacts, landscapes
were rescaled using a rank-based transformation in order to achieve
all landscapes having the same normal distribution of grid-cell values
(mean and S.D.) as the landscapes with S=1.0. Additionally all land-
scapes were scaled to have an average resource productivity in produc-
tive cells of 6.85×10−2 kg dry biomass×grid cell−1×day−1, a value
oriented towards the productivity of typical shrub lands and grasslands
(Whittaker, 1975). Only 20% of this primary production is assumed to
be available to themammal or the bird community considering compe-
tition with other taxa and because not all plant material is consumable
(see Buchmann et al., 2011 for systematic variation of this value). The
resource is, however, not further specified, hencewemodel a simplified
community in which all individuals consume and compete for this
single type of resource.

2.2. Model of individual home range formation of mammals and birds

For individuals, whose bodymass is drawn from a continuous distri-
bution, the model performs a search of the most efficient home range.
This approach is based on optimal foraging theory (Mitchell and
Powell, 2004) and assumes that home ranges are circular and controlled
by resource availability (Said and Servanty, 2005). For the search of a
home range all suitable grid cells are tested in randomorder as potential
central home range (‘core’) cells. All grid cells surrounding this possible
core are checkedwith increasing distance (assuming periodic boundary
conditions) for their potential to supply the animal with food. This daily
resource supply of each grid cell is balanced with the costs that have to
be spent on average formovement in order to calculate the effective re-
source gain from this cell. Movement costs related to the addition of a
new grid cell to the potential home range of an individual are here
calculated as the ratio between average daily movement distance and
average home range size (measured in grid cells) of an individual.
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Doing so assures that the total costs for the sum of all home range cells
correspond approximately to data on individual daily movement
distance. Both, average movement distance and average home range
size, are derived from empirical allometric relations (see later and
Buchmann et al., 2012).

If sufficient resources can be achieved to match the individual's
daily resource requirements without the necessary area exceeding ei-
ther the landscape size or a mass-specific maximum home range size,
the search is considered successful. After testing all suitable cells as
potential core cells, and if at least one of these searches was success-
ful, the animal chooses the smallest, i.e. the most efficient, home
range. Fig. 1 illustrates principles of the individual home range search
and how it leads to a community of interacting individuals with
overlapping home ranges in space.

Since individuals are characterized by their bodymass, all model pa-
rameters related to this model compartment can be parameterized by
allometric relationships. Here only the sources and/or the derivation
of used allometric relationships are given (see Buchmann et al., 2011
and, for the approach to calculate movement costs, see Buchmann
et al., 2012).

Daily energy requirements of individuals are determined after the
allometric equations of field feeding rate for mammals and birds,
given in Nagy (2001), and the locomotion cost per distance is calculated
after equations reported by Calder (1996). For the calculation of the
costs involved in adding new cells to a potential home range we need
allometric relationships for daily movement distance and for average
home range size (see above). For mammals we use an allometric rela-
tionship of daily movement distance for non-carnivorous mammals,
reported by Garland (1983) (see Fig. 1). Comparable data on daily
movement distance are, to our knowledge, not available for birds.
Sutherland et al. (2000) found that the allometry of natal dispersal dis-
tance has the same slope for birds and mammals; the coefficient is,
however, 10 times higher for birds. As a first approximationwe assume
that this result characterizes general differences in movement behav-
iour between mammals and birds (i.e. a generally 10 times higher mo-
bility in birds). We thus applied the mammal equation for daily
movement distance from Garland (1983) multiplied by 10 for birds, as
our yet-to-be-confirmed assumption. As an estimate for average home
range size we apply a combination of different empirically observed al-
lometric relationships for birds and mammals (Bowman, 2003;
Harestad and Bunnell, 1979; Holling, 1992; Ottaviani et al., 2006). In
order to then balance energetic costs of movement with resource use,
these costs were converted into dry biomass equivalent by a factor
Fig. 1. Schematic illustration of major model mechanisms of the allometric community mod
with some overlapping home ranges is shown (resource productivity is indicated as grey sca
individual, and a larger one of a larger individual) exemplary movement paths are illustrate
that smaller animals visit a higher proportion of home range cells on a daily basis than do la
size scales with ~1 with body mass. During the home range search the energy balance of e
given in Nagy (2001) for non-fermenting consumption of plant diet.
The allometric relationship formaximumhome range size formammals
is calculated as the combination of maxima of constraint spaces for
home range size of herbivores and omnivores reported by Kelt and
Van Vuren (2001). Since no comparable data are available for birds,
we re-analysed data fromOttaviani et al. (2006) on non-defended feed-
ing areas of omnivorous birds (because omnivores generally have larger
home ranges than herbivores, birds as well as mammals, e.g. Harestad
and Bunnell, 1979; Holling, 1992; Ottaviani et al., 2006) using quantile
regression (with R package ‘quantreg’, Koenker, 2009; R Development
Core Team, 2008) on log-transformed data. The back transformed (an-
tilog) equation corresponding to the 95%-quantile is used as an estimate
of maximum home range size for birds.

The share of available resource productivity that can actually be
exploited by an individual in a grid cell is also assumed and calculated
to depend on body mass, scaling with an allometric exponent of
−0.25. Such body mass dependence of individual resource availabil-
ity or resource use efficiency has been invoked previously to explain
the allometry of home range size (Buchmann et al., 2011; Harestad
and Bunnell, 1979; Haskell et al., 2002; Holling, 1992; Jetz et al.,
2004). The coefficient of this allometric relationship γPI, determining
the general magnitude of individual resource availability, is a model
parameter (in simulations we use γPI=0.04, a value that yielded re-
alistic community structure for mammals and birds).
2.3. Community assembly and analysis of simulation output

Body masses of mammal individuals are sequentially drawn from
a truncated power law distribution between 0.005 and 100 kg, with
an exponent of −1.5 (a value in the range tested by Buchmann
et al., 2011 yielding realistic community structure). For physiological
limits (Chatterjee et al., 2007; Rohwer et al., 2009), the upper body
mass limit of birds was set to 20 kg. To compare effects of habitat
loss and fragmentation, mammal and bird communities were simu-
lated separately. For each individual the search for an optimal home
range was performed as described earlier. If the search was success-
ful, resources are partly depleted within the home range by the
amount available to the individual, and the next animal is facing a
landscape reduced in resources. In order to test for the effect of com-
petition between different body mass ranges that could represent sin-
gle populations, we also ran simulations where only smaller animal
mass windows were allowed, yet drawn out of the same input
el of individual home range formation. On the left, a section of a simulation landscape
le values, home ranges as circles). For two of these home ranges (a small one of a small
d, which could be represented by the approach used to calculate movement costs. Note
rger animals because daily movement distance scales with ~0.25, whereas home range
ach home range cell is calculated on a daily basis, as shown on the right side.
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distribution (mammals: 0.01–0.02, 3–5, 20–30 and 50–75 kg, birds:
0.01–0.02, 1–2, 3–5 and 12–18 kg).

Simulations were stopped when a certain share of community
resources were consumed by the individuals, which reflects certain
community saturation. To determine this specific resource level, the dif-
ferent scenarios were initially run until 5000 individuals consecutively
failed in establishing a home range. The amount of resources consumed
by the community at this stage was then interpreted as 100% (full com-
munity saturation). This assumption is justified because even for much
smaller number of consecutively failing animals the overall amount of
consumed resources changed very little. Knowing the resource level
corresponding to 100% community saturation then allowed us to stop
each simulation at a defined community saturation (SAT) via the actual
level of community resource consumption. Here we use SAT=0.95, a
value resulting in realistic communities.

The major model output is the individual size distribution (ISD) of
all individuals in the community which can be well described by a
power lawdistribution (Buchmann et al., 2011).We determined the ex-
ponent of this distribution using a maximum likelihood fit. Moreover
the 95%-quantile of this distributionwas calculated. The allometric rela-
tionship between body size and home range size predicted by the
model was calculated by a linear regression of log-transformed data
(Buchmann et al., 2011). For the analysis of competition between differ-
ent smaller ranges of body mass (interpreted as populations, see
above), the number of individuals of these populationswas determined.

3. Results

The distribution of individual body mass (ISD) showed a strong re-
sponse to habitat loss (less suitable habitat area S) and fragmentation
Fig. 2. Effect of habitat loss and fragmentation on the community body mass distribution
95%-quantile of this distribution are shown for mammal and bird communities. Mean+/−9
tion, see legend.
(spatial configuration of remaining habitat, controlled by the
Hurst-factor H). However, the response was different for mammal
and bird communities (Fig. 2a, b and c, d, respectively). For both
taxa, habitat loss of up to 25% (100% to 75% suitable habitat area)
does not significantly alter the ISD (indicated by the ISD exponent)
or the size of the largest individuals (indicated by the 95%-quantile
of body mass) in the community. The zone of relatively low impact
extends to ~70% habitat loss in birds, but not in mammals particularly
in highly fragmented landscapes (H=0.1). Here, a strong shift to
higher frequency of relatively small animals (Fig. 2a and c), and to a
reduced size of the largest individuals in the community (Fig. 2b
and d) occurs. This shift, occurring at more severe cases of habitat
loss also in bird communities, exhibits non-linear threshold behav-
iour with increasing habitat loss, but more profoundly in mammals
than in birds. Fragmentation per se (i.e. the same habitat area) hardly
has any effect on the response to habitat loss in bird communities.
Mammal communities, however, exhibit strong response: fragmenta-
tion here adds to the effect of habitat loss and vice versa.

The basic effects of habitat loss, i.e. less suitable habitat area, on
the community body mass distribution can be explained by taking a
closer look at narrower mass windows of the mammal community
(Fig. 3a–d). Such smaller body mass ranges could be interpreted to
represent populations of single species and are therefore hereafter re-
ferred to as ‘populations’. The size of these populations decreases
with habitat loss, however, the reduction of abundance deviates con-
siderably from a linear decrease (Fig. 3e–h). The largest species is af-
fected strongly even when 75% habitat is available and the abundance
is below the abundance corresponding to a linear decrease for all
levels of habitat area. When each mass class is simulated in isolation
also smaller species show this response to habitat loss (Fig. 3i–l).
, specifically the individual size distribution ISD. Changes of the exponent, and of the
5% C.I.s of five landscape replicates; grey scale values symbolize landscape fragmenta-

image of Fig.�2


Fig. 3. Effect of habitat loss on the number of mammals in narrower mass ranges (representing populations of certain species). Population size of these populations in mammal
communities is shown in dependence of the amount of suitable habitat (a–d). The thin dashed lines connect the population size at highest and lowest habitat area, i.e. they denote
a linear decrease of population size with habitat loss. The deviation of population size from this linear decrease is shown in the middle row (e–h). Below (i–l), the deviation from
a linear decrease of population size with habitat loss for simulations of the populations alone, i.e. without competition with individuals outside the respective mass range, is
shown. Mean+/−95% C.I.s of five landscape replicates with intermediate fragmentation (H=0.5).
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However, when simulated together with the entire community
(i.e. under interspecific competition), the smaller species even profit
from habitat loss, relative to the linear decrease of abundance. There
is the trend that for smaller species the range of suitable habitat levels
with which a species ‘profits’ is shifted to less habitat (Fig. 3e–g).
These findings reflect the role of competition in explaining the
non-linear response of the ISD exponent. This pattern was broadly
similar for birds.

In contrast to habitat loss, which has a similar effect onmammal and
bird communities, fragmentation disproportionately affects mammals
compared to birds (Fig. 2a and b). The importance of interspecific com-
petition for the observed strong effect of fragmentation on mammal
communities can be demonstrated by considering a population of
small mammals (0.01–0.02 kg) at different levels of fragmentation.
When this population is simulated without interspecific competition,
fragmentation decreases population size (Fig. 4a). This effect is rather
weak. However, if the response of this population is observed in the
community context (i.e. simulated in competition with all other body
masses) the effect of fragmentation is reversed, and stronger relative
to population size (Fig. 4b). Now, the abundance of this small-bodied
population is increased with increasing fragmentation.
In order to explain the differences in fragmentation effects on the
ISD betweenmammals (strong fragmentation effect) and birds (hard-
ly any fragmentation effect), we compare the relative fragmentation
effect on two populations (mass ranges from 0.01 to 0.02 kg and
from 3 to 5 kg) of both taxa in the community context, i.e. with inter-
specific competition. In both mammals and birds, the relative effect of
fragmentation on population size is largest for the lowest habitat area
tested (5%) and approaches 0 with increasing habitat area (Fig. 5).
Populations of heavier mammal and bird species (Fig. 5b and d, re-
spectively) show a comparable response, namely a negative effect of
fragmentation on population abundance. While for mammals this ef-
fect is strong (increase of abundance by more than 90%), it is remark-
ably weaker for birds (less than 40% with high variation). The
small-bodied bird species also suffers from fragmentation when little
habitat area is available (Fig. 5c), but the effect is even much weaker
(~10%). However, for the small-bodied mammal population fragmen-
tation has a positive effect: it increases the abundance up to more
than 70% (Fig. 5a).

The allometry of home range size in simulated communities also
shows a different response to decreasing suitable habitat and fragmen-
tation betweenmammals and birds (Fig. 6a and b compared to c and d).

image of Fig.�3


Fig. 4. Effect of habitat loss and fragmentation on the number of mammals in a smaller body size range (0.01–0.02 kg), at different levels of suitable habitat, simulated alone (a) and in
competition with the entire mammal community (b). Mean+/−95% C.I.s of five landscape replicates; grey scale values symbolize landscape fragmentation: light grey for strongly
fragmented (H=0.1) and black for weakly fragmented (H=0.9) habitat. Insets show the absolute difference between the number of animals in strongly and weakly fragmented land-
scapes, i.e. the ‘absolute fragmentation effect’.
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The allometric exponent increases slightly with habitat loss which indi-
cates that larger animals more strongly increase their home range size
than smaller animals. This response is slightly stronger for birds. The al-
lometric exponent also increaseswith increasing habitat fragmentation.
This fragmentation effect is particularly strong in bird communities and
decreases with increasing suitable habitat. A similar pattern can be seen
regarding the allometric coefficient (i.e. the average home range size of
a 1 kg animal). This indicates that birds generally react much more
Fig. 5. ‘Relative fragmentation effect’ onmammal and bird populations with interspecific comp
individuals in strongly and weakly fragmented landscapes ((#(H=0.1)−#(H=0.9))/#(H=
Mean+/−95% C.I.s of five landscape replicates.
strongly to a combination of habitat loss and fragmentation by increas-
ing home range sizes than do mammals.

4. Discussion

To our knowledge, this is the first explanation of how habitat loss
and fragmentation affect the individual size distribution (ISD) of mam-
mal and bird communities in terrestrial systems. In contrast to aquatic
etition. The relative fragmentation effect is the relative difference between the number of
0.9)), here shown for two body size ranges in either mammal or bird communities.

image of Fig.�5
image of Fig.�4


Fig. 6. Effect of habitat loss and fragmentation on the parameters of the allometry of home range size of the mammal and bird communities. Mean+/−95% C.I.s of five landscape
replicates; grey scale values symbolize landscape fragmentation, see legend.

96 C.M. Buchmann et al. / Ecological Informatics 14 (2013) 90–98
systems, the mechanisms that control body mass distributions, and
how these mechanisms are affected by environmental change, are still
largely unexplored in terrestrial communities (White et al., 2007). Our
mechanistic model of individual home range formation in animal com-
munities enables explicit exploration of the role of two important small
scale mechanisms—individual space use and resource competition—in
controlling the response of mammal and bird communities to habitat
loss and fragmentation.

4.1. Effects of habitat loss on mammal and bird communities

Model predictions with respect to habitat loss (less suitable habitat
area) agree for mammals and birds in demonstrating a shift to higher
frequency of smaller and lower frequency of larger individuals. This is
reflected in steeper ISDs and smaller size of the largest individuals in
the community. Higher vulnerability of larger individuals to habitat
loss has been reported in previous studies and was often related to
their lower abundance (Belovsky, 1987; Ewers and Didham, 2006;
Gaston and Blackburn, 1996; Harrison and Bruna, 1999, but see Henle
et al., 2004). The limitation of home range establishment of the individ-
uals of a species (i.e. that no home range can be found) is likely to be
linked to the probability of local extinction of that species in the longer
term.Hence, both the lower abundance and the higher extinction risk of
larger animals are reflected in our simulation results.

The response of the ISD (exponent and 95%-quantile) shows,
however, a non-linear response to habitat loss, namely only a strong re-
action after some critical threshold of remaining habitat area has been
reached. Critical (extinction) thresholds have been described and
reviewed repeatedly in connection with habitat loss (e.g. Fahrig, 2003;
Swift and Hannon, 2010). These thresholds typically range in similar
magnitudes of habitat loss as those predicted by our model for the ISD
exponent. The threshold response of the ISD exponent to habitat loss
can be explained when observing different smaller mass windows
(populations) in the community. When large species decline in abun-
dance or even ‘go extinct’ with decreasing habitat area, resources
become available to (the next) smaller species. This species can there-
fore compensate some of the negative effects of habitat loss on their
abundance. The ISD exponent thus initially remains relatively unaffect-
ed with decreasing habitat, even if the 95%-quantile already is reduced.
This effect of competitive release (Larsen et al., 2008; Thompson and
Fox, 1993) resembles the phenomenon of mesopredator release
reported for carnivores (Crooks and Soulé, 1999) and could thus be
termed ‘mesocompetitor-release’. To our knowledge, this phenomenon
has not yet been reported for herbivore communities, and its existence
therefore remains to be tested for empirically.

4.2. Effects of habitat fragmentation

In contrast to the effects of habitat loss, fragmentation per se
(i.e. with constant habitat area) differentially affects mammal and bird
communities. In accordance to previous studies our model predicts
smaller effect of fragmentation, compared to habitat loss, on birds
(Smith et al., 2011; Trzcinski et al., 1999). Community composition,
reflected by the ISD, is not influenced by spatial configuration of habitat
patches. In contrast, the allometry of home range size in bird communi-
ties strongly responds to fragmentation. This result seems reasonable
considering the generally higher mobility of birds (Breitbach et al.,
2010; Ottaviani et al., 2006; Sutherland et al., 2000). The more plastic
home range response of birds enables them to buffer fragmentation
effects on population abundance, for instance by enlarging home

image of Fig.�6
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range size to include more isolated resource patches. This has been
reported previously as ‘expansion response’ and was observed in bird
populations (Ims et al., 1993). In our model communities this mecha-
nism allows individuals to establish a home range in spite of
unfavourable conditions (strong fragmentation) and might therefore
be able to prevent species from extinction.

In mammal communities the allometry of home range is consider-
ably less sensitive to fragmentation than in bird communities (compare
McCann and Benn, 2006; Said et al., 2009, but see Selonen et al., 2001).
This indicates their weaker potential to buffer fragmentation effects on
community composition via individual space use. Consequently, chang-
ing abundance and competitive release become the relevant mecha-
nisms controlling mammal community response to fragmentation. We
have shown that a population of very small mammals suffers from frag-
mentation in the absence of interspecific competition, comparable to
the findings of a conceptual study not considering species interactions
(Flather and Bevers, 2002). However, in the presence of interspecific
competition such a population might even benefit from fragmentation
that has a stronger impact on larger animals.

4.3. Model shortcomings and future directions

Our study considers small scale fragmentation at the scale of forag-
ing areas (according to Smith et al., 2011). Large scale fragmentation
can of course cause additional effects that we did not address. Isolation,
for example, might affect small individuals in particular (Brown, 2007;
Flather and Bevers, 2002). Moreover, factors related to population dy-
namics, like longer life span of larger animals or faster recovery related
to shorter generation times of smaller individuals (Wissel et al., 1994),
are not considered in our framework. Neither dowe consider the possi-
bility that individuals respond to landscape changes by changing the
shape of their home range. One could also expect the higher energy ex-
penditure of birds in larger home ranges in fragmented landscapes to
decrease reproductive output (Hinsley, 2000). Other factors that are im-
portant to be considered for effective conservation planning are matrix
(Prugh et al., 2008) and edge effects—the latter particularly for birds
that often suffer from increasing nest predation rates at edges of habitat
patches (Fletcher et al., 2007; Lindell et al., 2007). The combination of
these possible additional factors could also cause behavioural changes
such as increased territoriality (Banks et al., 2007; Ims et al., 1993).
This complexity of factors and mechanisms demonstrates that our
results cannot resolve the complete story of community response at
all relevant scales. However, we have for the first time investigated
the relevance of small scale mechanisms at the individual level for ter-
restrial communities experiencing landscape changes. Future work
should therefore combine large scale metacommunity models with in-
dividual based modelling of relevant small scale mechanisms, like our
optimal foraging based home range approach (see also Hawkes,
2009). For further refinements of the movement model and validation
of predicted patterns, appropriate data at the community scale are re-
quired. In particular, multi-species abundance data for communities in
differently fragmented habitats can allow for testing the relevance of
the mesocompetitor-release phenomenon revealed by our model. Sim-
ulation results indicate that future empirical work focussing on species
with a wide range of different body masses and different taxonomic
groups (like mammals and birds) could contribute to a better mecha-
nistic understanding of animal communities facing environmental
change. Moreover, more refinedmovement data in general and for esti-
mating the allometry of daily movement distance in particular seem to
be of high importance to tighten the link between model results and
real communities.

5. Conclusions

Using allometric relationships to combine resource competition and
space use, considering individual physiology and foraging behaviour,
our model predicts both common and distinct patterns of community
response to habitat loss and fragmentation for mammals and birds.
Our results have direct implications for community conservation
based on habitat management: Firstly, the findings emphasize that
mammals are particularly sensitive to a combination of habitat loss
and habitat fragmentation, whereas birds are strongly affected only by
habitat loss and can compensate for the negative effects of fragmenta-
tion by flexible individual space use enabled by their higher mobility.
In the context of the SLOSS debate (Wilcox and Murphy, 1985 and the
references therein) our results suggest taxon-specific differences:
while mammals depend on large patches (SL), birds can also cope
with many small patches (SS). Secondly, we show that competitive re-
lease in mammal communities can mask negative effects of landscape
changes on smaller species. This should be considered in future
conservation-oriented monitoring and the evaluation of conservation
measures. Overall, we propose an allometric approach to address the
challenging scaling-up problem of linking individuals to communities,
and, more specifically, highlight the importance of considering the
role of movement capacity of individuals and interspecific competition
in shaping animal response to habitat loss and fragmentation.
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