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Abstract

Dispersal distance in mammals is a fundamental information for several ecological and conserva-
tion applications. Although dispersal can depend on many intrinsic and extrinsic factors, in recent
years many studies have shown that it scales with body size and home range area. However, the
role of further ecological correlates to distance travelled is still unclear and the predictive mod-
els proposed so far have suffered from small sample size and lack of error estimates. This reduces
the practical relevance of the models for ecological and conservation applications. We conduc-
ted a comprehensive meta-analysis on 327 studies on the dispersal of 164 mammal species, and
performed linear and non-linear regression analyses to explore the relationships of body size and
home range area with dispersal distance. We tested the effect of various life history traits and eco-
logical factors on the relationships and performed a sensitivity analysis to evaluate the robustness
of the models to sample size. The linear relationships of both home range and body size with dis-
persal distance were influenced by various life history traits and ecological factors. We developed
allometric functions to estimate species dispersal distance based on different predictors and life his-
tory traits. Linear models representing the relationship between dispersal distance and body size
or home range area received good support; however logistic models better approximates both re-
lationships. Despite receiving less support than a logistic curve, a linear model between dispersal
and home range is a good approximation for applicative purposes. Sensitivity analysis showed that
our results are robust to subsampling of the original dataset until a sample of 40 species. Our em-
pirical models have the potential to improve theoretical and applied population biology studies by
extending the applicability and improving the accuracy of dispersal distance estimation to a large
number of mammals.

Introduction
Dispersal behaviour plays a determinant role in a number of ecological
processes and is considered a key element in biogeography (McDowall,
2004) and conservation biology (Macdonald and Johnson, 2001). It
can be defined as a one-way movement of an individual to a new home
range, non-overlapping with the previous one (Stenseth and Lidicker,
1992). Dispersal can occur during the whole life span of an animal, yet
it is more common in juveniles (i.e. natal dispersal) (Morris, 1982),
and it is generally sex biased (Greenwood, 1980; Johnson and Gaines,
1990). Dispersal distances are highly heterogeneous even within the
same species and their frequency in a given population is typically rep-
resented by a positively skewed leptokurtic distribution: where most
of the animals move short distances and a few of them make long dis-
tance movements. Short distance (SDD) and long distance dispersers
(LDD) have different effects on metapopulation dynamics: SDDs af-
fect resource use, recruitment patterns, small scale metapopulation dy-
namics, and species coexistence, whereas LDDs are the major factors
responsible for spatial spread and colonization rates which affect both
ecology and evolutionary trajectory (Nathan et al., 2003). Moreover,
dispersal can determine the spatial pattern of metapopulations (Doe-
beli and Ruxton, 1998) as well as their genetic structuring (Ibrahim et
al., 1996) and diversity (Hastings and Gavrilets, 1999).

The approximate distance that animals can disperse is therefore an
important piece of information for multiple ecological and conserva-
tion purposes. Unfortunately, the dispersal distance of very few spe-
cies have been investigated to date. Such studies are in fact extremely
challenging (Nathan et al., 2003) and long distance movements are of-
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ten missed (Koenig et al., 1996). However, given the increasing rate
of biodiversity loss, conservation biologists are often forced to make
decisions without having sufficient information to provide conclusive
answers (Soulé, 1985). In this respect, the development of tools that al-
low the estimation of unknown parameters can be extremely important
(Macdonald and Johnson, 2001; Blaum et al., 2011). Allometric scal-
ing allows for the detection of ecological patterns and, if performed
with a representative sample, the estimation of unavailable data from
other and more easily recordable data.

Allometry between body size and dispersal distance has been proven
in various taxa (Paradis et al., 1998; Van Vuren, 1998; Sutherland et al.,
2000; Jenkins et al., 2007; Bradbury et al., 2008; Stevens et al., 2012).
A relationship between home range area and dispersal distance was first
suggested by Macdonald and Bacon (1982), followed by Trewhella et
al. (1988) and more recently by Bowman et al. (2002).

This study aims to improve allometric relationships for applicative
studies. Power laws on mammals from Sutherland et al. (2000) and
Bowman et al. (2002), which have been widely applied in ecology and
conservation biology, performed their regression analyses on a limited
sample [28 medians and 63 maximum dispersal distances (Sutherland
et al., 2000); 10 medians and 34 maximum dispersal distances (Bow-
man et al., 2002)], leaving open questions on their applicability.

In addition, non-linearity in the relationship between ecological vari-
ables has been found by some authors (Silva and Downing, 1995; Kelt
and Van Vuren, 2001; Iriarte-Dìaz, 2002; Clarke et al., 2010). If dis-
persal distance relationships are non-linear, predictions based on power
laws may be biased.

Here we develop power laws with a larger sample, testing the sensit-
ivity of the models’ outputs to the size and composition of the training
datasets, and therefore the dataset suitability for stable regression mod-
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els. We also test the linearity of the relationships between dispersal
distance and the two known predictive variables, body size and home
range, comparing linear and non-linear models.

We test several ecological hypotheses using categorical factors.
First, we expect to detect no difference between the average dispersal
distance of the two sexes because a male bias related to distance has
been found only in a minority of mammal species and female sex bias
has also been rarely found (Greenwood, 1980). Second, we expect to
find differences in dispersal distance due to locomotion type as a con-
sequence of movement speed, energetic costs involved and different
limitations to dispersal. Third, we expect to find a significant effect
of diet on the relationship between dispersal distances and body size
(Sutherland et al., 2000) but not home range, since the latter already
accounts for variation in diet among species of the same size (McNab,
1963; Harestad and Bunnel, 1979; Jetz et al., 2004). Fourth, we expect
territorial species to travel farther than non territorial ones (Greenwood,
1980) as the probability to settle in a new home range will be con-
strained by the presence of other conspecific individuals. Moreover,
within territorial species, we expect gregarious species to travel shorter
distances than solitary species, since social behaviour should affect the
probability to be accepted in a new territory. Fifth, we expect specialist
species to disperse less than generalists, showing a stronger “boundary
response” (Fahrig, 2007). Sixth, we expect tropical species to disperse
less than temperate ones owing to higher resource density but a gener-
ally lower population density (Damuth, 1987). Lastly, we expect to find
differences among taxonomic groups due to their shared evolutionary
history and adaptations to specific landscape features and behavioural
responses to environmental cues and risks (Fahrig, 2007).

Methods
Data collection

Dispersal distances from 329 studies on non-volant terrestrial mam-
mals were collected (see Tab. S1 in Supplemental Information). Bats
(i.e. Chiroptera) and aquatic species (i.e. Cetacea, Sirenia, Pinnipedia)
were excluded from the analysis because of their particular locomotion,
and in the case of bats, for the potential passive dispersal (Hayman,
1959). Records of dispersal by terrestrial mammals in aquatic environ-
ment were also ignored.

Distances were collected only when reported as straight line dis-
tances (euclidean distance between the start and the end point). Given
our interest in dispersal abilities more than in the cause of the process,
juvenile, secondary and breeding dispersal distance were all treated to-
gether. We are not aware of any study that has extensively analysed
possible different distances covered during different life stages. Data
from homing studies and dispersal after translocation were also collec-
ted.

We included studies that measured dispersal distance through vari-
ous methods. These included trapping, radio tracking and parent son
distance identified through genetics. Studies considering genetic dis-
tances expressed as F statistics were excluded since they do not report
absolute distances between natal and adult home range.

Published studies report distances as means, median or maximum
value recorded for each sex or without sex specification. Thus, all
mean, median and maximum dispersal records reported were collec-
ted and grouped by sex whenever possible, and were treated separately.
If these parameters were unreported and raw data were available (i.e.
dispersal distance covered by individual animals), mean, median and
maximum distances for each sex were calculated, excluding distances
shorter than the mean radius of the species’ home range. Whenever
means were reported for different subsamples (e.g. grouped by year or
location), a mean (weighted on sample size) among subsamples was
performed. In a few cases, data were deduced from published figures
(see Tab. S1). For species having more than one measurement, the
largest maximum reported distance was selected for each sex. Mean
and median distance for each species was averaged across studies by
calculating the arithmetic mean within and between sexes. Subspecies
were pooled to species level.

Overall, data on 165 species from 13 mammal orders were collected.
These included: mean dispersal distance for 75 species (67 �, 61 �)
from 114 studies, median distances for 62 species (52 �, 47 �) from
89 studies, and maximum distances for 156 species (102�, 93 �) from
329 studies (see Tab. S1).

Life history data on species for which dispersal data were avail-
able were also collected. We used the PanTHERIA database (Jones
et al., 2009), scientific literature (Appendix S2) and IUCN Red List
of threatened species (www.iucnredlist.org, version 2011.2) as the
data source on body size, home range, locomotion type, diet, habitat
breadth, territorial and social behaviour. For four species with dispersal
but no home range data available, the home range area from congen-
eric species of similar weight were used (see Tab. S1). We extracted
the mean latitude of species’ geographic ranges from the IUCN Red
List of Threatened species (IUCN 2011).

Following analogous publications (i.e. Sutherland et al. 2000; Kelt
and Van Vuren 2001) species were considered carnivorous if animal
matter composed more than 90% of their diet volume, omnivorous for
values between 10% and 90% and herbivorous with less than 10%.
Locomotion types were differentiated in terrestrial, arboreal, fossor-
ial and semi-aquatic; the mix category “semi-arboreal” was considered
in two cases (Peromyscus leucopus and P. gossypinus). Species were
considered to be either territorial or non territorial and either solitary,
living in pairs, or gregarious. Those species living both as solitary and
in social groups were considered as semi-social. Habitat breadth was
considered on the basis of the species-habitat relationships reported
by Specialist Groups of the IUCN-SSC and collected by Rondinini et
al. (2011). Species were assigned to forest, shrubland, grassland, bare
and artificial land cover classes. Species assigned to more than one
of these land cover macrocategories were considered habitat general-
ists, the others were considered habitat specialists. Species having the
geographic range mean latitude between 23°26′16′′N and 23°26′16′′S
were considered tropical, the others were considered temperate. Taxo-
nomic orders were also treated as categories to identify groups that
generally behave differently from the rest of the sample.

Analyses
In order to linearise the relations and to homogenise the variance over
the entire range of the variables, dispersal distance (km), home range
(km2) and body size data (kg) were transformed to base 10 logarithms.
A generalized additive model (GAM) was used to assess linearity
in the relationships between dispersal distance measures (Mn=mean,
Med=median, Max=maximum) and either home range (HR) or body
size (BS) as independent variables. Since the GAM function sugges-
ted a sigmoid shape of the relationships, a four parameter logistic non-
linear regression was compared to a linear regression. We used the
Akaike Information Criterion (AIC) to compare the linear and the non-
linear models. Shapiro test was used to test normality of the regression
residuals. For each dataset used for linear regressions, we identified the
outliers having a Cook’s distance greater than 4/n (Max-HR=6; Med-
HR=6; Mean-HR=2; Max-BS=9; Med-BS=3; Mean-BS=4) and we ex-
cluded them from the analyses following Cook (1977). Analysis of
covariance (ANCOVA) was performed to test the effect of the categor-
ical factors (i.e. sex, taxonomic orders, locomotion, diet, geographic
range mean latitude, habitat breadth, territorial and social behaviour)
on the regressions and Scheffe’s post hoc test was used to test differ-
ences among subcategories (Ruxton and Beauchamp, 2008). Since
the BS - dispersal distance relationships differed significantly between
trophic levels, two regressions were conducted: one for carnivores and
one for herbivores and omnivores. We used both simple and multiple
regression to develop power laws for predictions. We also performed a
quantile regression (see Tab. S7) to estimate the conditional quantiles
of the response variable distribution in the linear models, these may
be used for identifying prediction boundaries or developing modeling
scenarios.

We checked for multicollinearity between predictor variables with
variance inflation factors (VIFs), both body size and home range had a
VIF <10.
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Table 1 – F statistics for the two factors tested in ANCOVA analysis conducted on the six datasets used in linear regressions. Max = Maximum distance; Med = Median distance; Mn =
Mean distance; BS = Body size; HR = Home range; *** = p < 0.001. Dispersal type factor stands for natural vs human-induced dispersal.

Max-BS Med-BS Mn-BS Max-HR Med-HR Mn-HR
Dispersal type 0.16 2.74 0.19 0.93 0.36 0.27
Sex 0.81 0.82 0.78 1.77 1.51 1.36
Diet 18.21 *** 10.54 *** 14.54 *** 0.88 2.08 0.79
Locomotion 2.39 0.41 0.30 3.09 * 0.36 0.40
Territoriality 0.36 0.58 0.45 0.20 0.26 1.73
Social behaviour 2.84 * 5.18 ** 1.59 0.54 0.93 0.68
Habitat breadth 2.28 0.01 0.66 3.71 * 3.59 0.58
Latitude 3.91 * 1.39 3.01 2.77 0.98 1.25

Table 2 – Power laws for the estimate of dispersal distance (km) based on home range (km2) or body size (kg) and summary of the statistics of regression analyses. CF = correction
factor; α = intercept; β = slope; df = degree of freedom; SEE = Standard Error Estimate of the regression; C = Carnivores; H = Herbivores; O = Omnivores; ** = p < 0.01; *** = p < 0.001.

Power law CF α β F -statistic df adjusted R2 SEE
W 0.34(±0.14)Maximum distance~HR+BS (O+H) 13.11×BS0.34×HR0.27 1.13 1.06(±0.18)
HR 0.27(±0.11)

150.9 *** 107 0.73 0.49

Maximum distance~Home Range 29.38×HR0.5 1.17 1.40(±0.10) 0.50(±0.05) 365.40 *** 148 0.71 0.56
Maximum distance~Body size (H+O) 5.97×BS0.6 1.14 0.72(±0.10) 0.60(±0.08) 245.30 *** 108 0.69 0.52
Maximum distance~Body size (C) 34.81×BS0.63 1.22 1.45(±0.24) 0.63(±0.20) 40.92 *** 35 0.53 0.64

W 0.43 (±0.23)Median distance~HR+BS (O+H) 1.68×BS0.43×HR0.14 1.10 0.18 (±0.05)
HR 0.14 (±0.19)

57.33 *** 39 0.73 0.44

Median distance~Home Range 5.60×HR0.5 1.09 0.71(±0.11) 0.50(±0.05) 239.40 *** 56 0.81 0.41
Median distance~Body size (H+O) 1.06×BS0.55 1.10 -0.01(±0.13) 0.55(±0.10) 111.80 *** 40 0.73 0.43
Median distance~Body size (C) 6.50×BS0.49 1.11 0.77(±0.35) 0.49(±0.27) 14.39 ** 17 0.43 0.45

W -0.03(±0.18)Mean distance~HR+BS (O+H) 5.78×BS-0.03×HR0.19 1.10 0.72(±0.18)
HR 0.62(±0.19)

101.20 *** 45 0.81 0.43

Mean distance~Home Range 5.22×HR0.54 1.11 0.67(±0.11) 0.54(±0.06) 332.80 *** 70 0.82 0.45
Mean distance~Body size (H+O) 1.07×BS0.68 1.20 -0.05(±0.17) 0.68(±0.14) 89.09 *** 49 0.64 0.60

To evaluate the robustness of our models (i.e. their dependence on
sample size and composition) we performed a sensitivity analysis on
the six major datasets used in our regressions (Max-HR, Med-HR, Mn-
HR, Max-BS, Med-BS, Mn-BS). The datasets were subsampled from
90% down to 10% of the full dataset of dispersal distances available,
by 10% decrements. For each decrement level we extracted 1,000 ran-
dom subsamples. Each subsample was then used to regress dispersal
distance against BS and HR. Using the results from each decrement’s
subsample (consisting in 1,000 intercept and 1,000 slope coefficients),
we calculated: 1) the mean absolute difference from the original model
coefficients (based on the full dataset); 2) the frequency of subsample
coefficients that fall within the 95% CI of the original model; 3) the
95% confidence intervals associated with each decrement’s subsample.

Biases in the power laws due to log transformation were corrected
by multiplying the intercept value by a correction factor based on the
standard error estimates of the regression (Sprugel, 1983;Wood, 1986).

All statistical analyses were performed in R statistical language v.
2.11.1 (R Development Core Team, 2010). We used the package mgcv
to perform generalized additive models (GAM). GIS analyses were per-
formed in PostgreSQL v.8.4 database with the PostGIS library v.2.0
(The PostgreSQL Global Development Group, 2012).

Results
Regression residuals were normally distributed for all regressions per-
formed (Shapiro test: p > 0.05). Natural and human induced dispersal
distances (homing studies and post release dispersal) did not reveal any
significant difference in the linear relations with home range or body
size (Tab. 1), thus data from both kind of studies were grouped together
for further analyses.

According to the Akaike Information Criterion (AIC), the general-
ized additive models and the four parameter logistic models are com-
parable and both perform better than linear models, especially for the
body size - dispersal distance relationships (Tab. 3). This indicates that
an S-shaped logistic function is a good approximation of dispersal dis-
tance relationships with home range and body size. Both in linear and
non-linear models, home range was the best predictor of dispersal dis-
tance (Tab. 2; Tab. 3). However, the performance of home range and

body size as predictors depends on the sample considered. In multiple
regression the variance uniquely explained by body size in herbivores
and omnivores vary between 0.03-12.87%, whereas it vary between
0.01-0.3% in carnivores. In contrast, the variance uniquely explained
by home range vary between 1.99-22.40% in herbivores and omnivores
and between 8.42-23.11% in carnivores.

The hypothesis of a generalized sex-bias in dispersal, with males
dispersing on average more than females was not supported. Arboreal
species dispersed significantly less than terrestrial species only in the
regression between home range and maximum dispersal distance, how-
ever they had a lower intercept in all regressions except one. All lin-
ear relationships between dispersal and body size were significantly
affected by diet (Tab. 1). Post hoc tests revealed no significant dif-
ference between herbivores and omnivores (Sheffe’s post hoc test: all
cases p > 0.05) while both of them significantly differed from carni-
vores (Sheffe’s post hoc test: all cases p < 0.001; Fig. 1d-f). On the
contrary, diet did not affect any relationship between home range and
dispersal distance. Territorial behaviour did not significantly affect any
linear regression, however social structure significantly affected two
of the three relationships between body size and dispersal distance,
but none between home range and dispersal distance. Species hab-
itat breadth significantly affected only two regressions with home range
as independent variable. Latitudinal geographic range significantly af-
fected only the regression between body size and maximum dispersal
distance, however we found that tropical species had constantly a lower
intercept than temperate species (Tab 1). Small sample size may have

Table 3 – Akaike Information Criterion (AIC) comparison between the linear regression, the
four parameter logistic non-linear regression and the Generalized Additive model (GAM).

GeneralizedLinear model Logistic model Additive model
Med-HR 98.08 96.53 96.52
Mn-HR 122.45 116.31 117.29
Max-BS 326.18 314.93 315.42
Med-BS 109.76 106.36 105.01
Mn-BS 165.81 155.93 152.34
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Figure 1 – Linear and logistic non-linear regressions between home range (Log10 km2) and maximum (a), median (b) and mean dispersal distance (c) and between body size (Log10 kg)
and maximum (d), median (e) and mean (f) dispersal distance (Log10 km). Solid lines = Logistic non-linear model; Dashed lines = Linear model.

affected the significance of some of these relationships (see Tab. S3a-
b in supplementary materials for mean residual comparisons among
categories). Taxonomic order had a highly significant effect on the
relationships between mean, median and maximum dispersal distance
and body size, whereas only maximum distances were affected by tax-
onomy when regressed against home range size (Tab. 1; see Tab. S2).

Even with low sample size the relationships described by the regres-
sion models remained stable and there was little difference between the
subsample coefficients and those from the original models. The fre-
quency of subsample slope coefficients falling within the confidence
interval of the original model was consistently high until 40% of the
full sample; errors were therefore acceptable until a sample size of
31±18.8 SD for slope and of 43±38.7 SD for intercept coefficients (i.e.
frequency of subsample coefficients within models’ coefficients 95%
CI > 0.95; Fig. 2; see also Tab. S4-6).

Discussion
Predictive value of body size and home range size

Our data collection included 164 species of terrestrial mammals from
13 orders, with a wide range of body sizes and multiple locomotion
types, diet and social systems. Although the sample distribution of the
two predictive variables, home range and body size, is biased toward
large bodied species of terrestrial mammals, they encompass the whole
range of weights recorded for terrestrial mammal species (see Figs. S1
and S2).

The relationships of dispersal distance with both body size and home
range are better fitted by a logistic model than a linear model. The fit-
ted logistic curves of home range relationships are extremely flat and
approximates the linear relation. In contrast, the logistic curve of body
size relationships diverge considerably from a straight line, and this dif-
ference is likely to be a direct consequence of the non-linearity between
body size and home range (Kelt and Van Vuren, 2001). Asymptotes
of the logistic curve should not be seen as constraints but rather, as a
breakdown of the linear relationship, since dispersion data around them
is wide, and there are few dispersal observation data in this part of the
curve (Fig. 1).

There might be several reasons why the relationships are better fitted
by a logistic model. A less steep relationship for small species may be
due to a methodological bias: because the further the animals disperse,
the easier it is to lose them in dispersal studies. As a consequence, spe-
cies with a small dispersal distance could be more accurately estimated
than species with large dispersal distance. The reduction in the slope
for larger species can be explained by three possible (non-mutually ex-

clusive) reasons. First, the energetic tradeoff between costs and benefits
of dispersing may be reached sooner by larger species. Second, beyond
a certain distance the probability of missing a good place to settle may
reduce while mortality and the chance to encounter an obstacle may
increase with the distance travelled. These three factors combined can
make it extremely unlikely for an animal to travel as much as its phys-
ical and physiological characteristics could allow. The third possible
reason is the same bias proposed for smaller species, since the prob-
ability of detecting long distance movements decreases with distance
travelled by animals, therefore long distance dispersers are more likely
to be missed in dispersal studies (Koenig et al., 1996).

However, the right asymptote appears when species are considered
altogether. In fact herbivores and omnivores, which cover a shorter
range of distances, show a more linear relationship when they are
treated apart, non-linearity becomes apparent on the right part of the
relationships when carnivores are included.

As a consequence, when species are considered altogether, body size
is a poorer predictor of dispersal distance than home range. In fact,
dispersal distance significantly varies with diet, given that home range
area mostly depends on body size and diet (McNab, 1963; Harestad and
Bunnel, 1979; Jetz et al., 2004), it already accounts for this variation
and it is consequently more strictly related to dispersal distance. In
addition, species of the same sizemay bemore or less vagile for reasons
unrelated to diet, and this affects both their home range and dispersal
distance (Bowman et al., 2002). Finally, the relationship between body
size and dispersal distance appears to be less linear than the relationship
between home range and dispersal distance.

However, while in carnivores the proportion of variance explained
by body size is negligible, when omnivores and herbivores are treated
apart, body size uniquely explain a considerable part of the variance.
This is possibly due to a major variance in vagility among carnivores.

For all the above reasons, estimation of dispersal distance with home
range data should always be preferred in carnivores, whereas estimation
through multiple regression with body size and home range should be
preferred in herbivores and omnivores, alternatively, body size alone
can be used.

Factors a�ecting dispersal distance
Intercepts and/or slopes of regressions for males were always higher
than those for females, although the differences were not significant.
Most mammal species are in fact male biased for dispersal distance and
tendency to disperse (Greenwood, 1980; Johnson and Gaines, 1990),
yet female biased dispersal does exist in few species (Greenwood, 1980)
and females are often potentially equally able to disperse as males.
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Figure 2 – Absolute distance percentage of slope coe�cients of maximum dispersal dis-
tance vs. HR (a) and BS (b) at each 10% subsampling decrement. * = indicates the
subsampling percentage at which the frequency of subsample coe�cients run below 0.95
of the CI of the coe�cients of the model based on the full sample.

Consequently the presence of exceptional female dispersal records to-
gether with the small sample size of most studies could have prevented
the detection of significant differences.

Arboreal species seem to disperse less than terrestrial ones, this
could be due to the discontinuity of the canopy that can limit their dis-
persal, as well as the differential energy expenditure between different
locomotion types and in different habitat layers.

We confirm Sutherland’s et al. (2000) results: given an equal weight,
carnivores disperse farther than omnivores and herbivores, while the
latter two do not show significant differences.

We haven’t found differences between territorial and non-territorial
species, however, such classification is problematic since territoriality
behave more as a continuous variable rather than boolean one. Con-
sequently it is possible that we overestimated the weight of this trait
preventing the detection of significant differences in the analysis.

Sociality was on the contrary highly influential in the height of
the linear relationship between home range and dispersal distance.
Gregarious species disperse less than solitary species; this could be ex-
plained by the higher probability that gregarious species have to be ac-
cepted in new areas by conspecifics and to find a mating partner. How-
ever, sociality had no effect on the relationships between body size and
dispersal distance, which suggests that sociality has an effect on the
relationship between body size and home range. Social species have
on average smaller home range than solitary species, and this imply
that solitary species, having lower densities, need to move more than
gregarious species to avoid inbreeding.

Habitat specialist species seem to travel shorter distances than gen-
eralist species, the formers in fact have a stronger habitat boundary
response and consequently a lower probability to cross the matrix
(Tischendorf et al., 2003). This can limit considerably their dispersal
distances in fragmented habitats. Finally, tropical species seem to travel
shorter distances than temperate species, probably owing to the higher
resource density in the lower latitude. A greater biomass productivity
in tropical environments may reduce the distance that individuals need
to travel to find suitable new areas to settle in. In addition, in the tropics
population density is generally lower than in temperate areas (Damuth,
1987), and this means that a positive density-dependent effect is poten-
tially involved. However, the density dependence of dispersal distance
is still unclear in vertebrates and studies investigating this mechanism
in mammals are contradictory (Matthysen, 2005).

Taxonomic order affects the relationship between dispersal distance
and body size more strongly than the relationship between dispersal
distance and home range size. It is possible that this is in part a con-
sequence of the similarity in the diet of related species.

The more represented taxonomic orders in the datasets (i.e. rodents
and carnivores) had obviously a stronger influence on the regressions
than less represented orders and the analysis of the residuals clearly
show a general pattern where some groups disperse significantly less
than others (see Tab. S3a-b).

For most of the above factors, the limited sample of some categories
in the dataset probablymade the comparison statistically significant just
for few of the regressions, residuals comparison between categories and

among various regressions offer a better picture for evaluating those
differences (see Tab. S3a-b and Appendix S1).

It is important to note that intrinsic factors are not the only determin-
ants of dispersal distance, local extrinsic factors can also substantially
affect it (Fahrig, 2007). Therefore the accuracy of dispersal distances
estimated through allometric equations can vary across space.

Dispersal kernel implications
Median and maximum dispersal distances are in a constant ratio with
the home range diameter (i.e. slope coefficient ~0.5; assuming a cir-
cular home range area). In fact, although dispersal kernel is highly
dependent on the interaction between landscape structure and species’
settlement rules, innate dispersal behaviour has probably a consider-
able influence in the final distance travelled. Therefore, regardless of
the suitable areas they encounter, innate behaviour can contribute to
the general positive leptokurtic shape of the dispersal kernel.

Compared to median and maximum dispersal distance linear rela-
tionships that are parallel, the slope of mean dispersal distance linear
relationship is steeper. This suggests that the mean dispersal distance
is generally lower than the median in small species, but higher in large
species. This may imply that the larger the species, the more skewed to
the right the shape of the dispersal kernel is, because long distance dis-
persal events are more frequent. The allometric relationships presented
here suggest that the dispersal kernel may conserve its general shape
among populations of the same species, because it is in some way de-
pendent on intrinsic factors, however, this point needs to be further in-
vestigated.

Caveats
Since the dispersal of different species is generally investigated with
different methods, data used in the analyses may suffer of different bi-
ases. For instance, the trapping method, which is much more common
for small species, may allow the collection of large samples but it gen-
erally misses long distance dispersers (Koenig et al., 1996).

Intrinsic factors are not the only determinants of dispersal distance,
local extrinsic factors (Fahrig, 2007) and behavioural response to envir-
onmental clues (Bakker and VanVuren, 2004) can also substantially af-
fect it. Therefore the accuracy of dispersal distances estimated through
allometric equations can vary across space. In fact, dispersal distance
is an extremely variable character and predictions through allometric
formulas should be intended a mean of the distribution of dispersal
distances for a given body size or home range size. However, results
from quantile regression (see Tab. S7) can be used to predict dispersal
distance at different conditional quantiles of its distribution, this may
be useful to identify prediction boundaries and to develop modeling
scenarios.

Finally, home range - dispersal distance relationships are well ap-
proximated by a linear relationship. The same cannot be said for body
size - dispersal distance relationships where linear relationship diverge
considerably from the logistic curve and the error in prediction can be
substantial for very small or very large species.

Model sensitivity and its application
The sensitivity analysis shows that even a relatively small sample size
(n>40) allows a stable linear regression to be performed. In fact, from
these results it can be inferred that bigger and more diverse samples
would have not yielded significantly different regressions, and therefore
our datasets were generalizable to other groups. Sample sizes used to
perform previous regressions on dispersal distance for terrestrial mam-
mals (except for the Max-BS in Sutherland et al. 2000), although relev-
ant for theoretical ecology, were not suitable for predictions in applied
ecology.

Power laws proposed so far have been applied inmodels without hav-
ing any measure of uncertainty in their estimations. Our power laws,
combined with the residual correction substantially improve the accur-
acy of predictions.

Dispersal distance can be integrated in several ecological models.
Dispersal distance is included in various functional connectivity met-
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rics and adopted to set a fixed critical distance after which a species
probability of dispersal is assumed to decline rapidly (Keitt et al., 1997;
Bunn et al., 2000; van Langevelde, 2000; Urban andKeitt, 2001; D’Eon
et al., 2002; Fagan and Calabrese, 2006; van Teeffelen et al., 2006).
Knowing how far a species generally (i.e. median distance) and po-
tentially (i.e. maximum distance) disperse allows to make assump-
tions about metapopulation structure and to make predictions about
sink patch occupancy (e.g. Swihart et al. 2003). Dispersal distance is
a determinant factor to take in account when evaluating different spa-
tial designs of protected area expansion projects in order to promote
metapopulation persistence (Van Vuren, 1998; Cabeza and Moilanen,
2003; Moilanen et al., 2005; van Teeffelen et al., 2006). Finally, since
dispersal affects the probability that dispersing individuals will contrib-
ute to population recruitment, it has also been suggested as an import-
ant factor in the design of individual reserve size and shape (Basse and
McLennan, 2003; Westbrooke, 2007).

The empirical models presented here may improve basic and applied
population and metapopulation biology studies by extending the ap-
plicability and the accuracy of dispersal distance estimation to a large
number of mammals.
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