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Dispersal is a key driver of spatial population dynamics. Dispersal behaviour
may be shaped by many factors, such as mate-finding, the spatial distribution
of resources, orwind and currents, yetmostmodels of spatial dynamics assume
random dispersal. We examined the spatial dynamics of a day-flying moth
species (Arctia virginalis) that forms mating aggregations on hilltops (hilltop-
ping) based on long-term adult and larval population censuses. Using time-
series models, we compared spatial population dynamics resulting from
empirically founded hilltop-based connectivity indices andmodelled the inter-
active effects of temperature, precipitation and density dependence. Model
comparisons supported hilltop-based connectivity metrics including hilltop
elevation over random connectivity, suggesting an effect of hilltopping behav-
iour on dynamics. We also found strong interactive effects of temperature and
precipitation on dynamics. Simulations based on fitted time-series models
showed lower patch occupancy and regional synchrony, and higher coloniza-
tion and extinction rates when hilltopping was included, with potential
implications for the probability of persistence of the patch network. Overall,
our results show the potential for dispersal behaviour to have important effects
on spatial population dynamics and persistence, andwe advocate the inclusion
of such non-random dispersal in metapopulation models.

1. Introduction
Dispersal plays a critical role in the dynamics of spatially structured popu-
lations [1,2]. It can maintain genetic diversity, rescue declining populations
and allow recolonization of those that are locally extinct [3–5]. For extinction-
prone populations, network-wide extinction risk is spread through loosely
linked patches by infrequent dispersal events [3,4]. Conversely, a patch-network
tightly linked through dispersal is at greater risk of network-wide collapse due
to synchrony of local population dynamics. Landscape ‘connectivity’ is the
broadly defined metric (reviewed by Kindlmann & Burel [6]) used to quantify
the strength of these linkages [7]. Because connectivity measurements are intui-
tive and linked to population persistence, they are regularly used in reserve
design and conservation planning to mitigate the effects of global change [8].

Despite their widespread application, the inclusion of connectivity metrics
in patch-based models has historically provided poor predictions of patch occu-
pancy [9]. This is in part due to the simplifying assumptions of such models.
For example, many classic connectivity metrics assume random movement,
where successful immigration into neighbouring patches is based solely on
interpatch distance and dispersal ability [10,11]. However, empirical investi-
gations of dispersal have repeatedly demonstrated that the likelihood of an
individual arriving at any particular patch is far from random [12]; resource
availability, conspecific densities, and densities of natural enemies can affect
emigration and immigration decisions [13,14]. Moreover, the transition through
matrix habitat between suitable patches can be limiting and is often influenced
by landscape features. For example, topography can impede movement of some
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species [15] or attract individuals of other species that lek on
hilltops, thereby creating barriers or corridors for dispersing
individuals [16,17]. Because of the challenges of empirically
measuring dispersal behaviour though observation, teleme-
try or mark-recapture, it is rarely done and even more
seldomly incorporated into patch-based models.

The overarching aim of this study was to assess the
implications of non-random dispersal for spatially structured
populations. To achieve this, we studied the spatial and
temporal dynamics of a patchily structured, diurnal moth
population (Arctia virginalis; Lepidoptera: Erebidae) that
exhibits hilltopping behaviour. Hilltopping is a common
mate-locating strategy, where flying insects aggregate on sites
of topographical prominence like hilltops and ridges to
increase the likelihood of encountering conspecifics of the
opposite sex [18,19]. Because hilltopping behaviour constrains
movement through hilltop mating aggregations, it is a useful
means of studying the consequences of non-random dispersal
[16,20–22]. In A. virginalis, caterpillars pupate near natal
patches, eclose as adults and move to nearby hilltop locations,
fromwhich adults disperse to larval patches and oviposit [23].
Adults often disperse to and oviposit in larval patches different
from their natal patches since frequent patch colonizations and
extinctions occur in this species [24]. In our previous work, a
landscape connectivity index was developed that incorporated
hilltopping behaviour [24] based on amark-recapture study by
the same authors [25]. However, the usefulness (or validity) of
this connectivity index relative to traditional metrics was not
tested. In the present study, we specifically compared the
effects of three different connectivity indices, two of which
incorporated the hilltopping behaviour of A. virginalis, using
5 additional years of data.

We focused specifically on the population-level conse-
quences of hilltopping, by comparing the dynamical effects
of three different connectivity indices, two of which incorpor-
ated the hilltopping behaviour of A. virginalis. First, using
survey data, we examined the relationships between adult
moth and caterpillar abundances in larval patches and
hilltops, which form the empirical foundation for behavioural-
ly based connectivity indices. We also used time-series models
of caterpillar data in survey patches to compare traditional
and behaviourally based connectivity indices as predictors
of population dynamics. Lastly, we constructed simulation
models based on parametrized time-series models using
three connectivity indices to compare the consequences of
random versus non-random dispersal on patch dynamics.
2. Methods
(a) Overview
We conducted our analyses using long-term annual census data
of caterpillar counts, and more irregular data of adult counts
on hilltops. First, we examined the empirical relationship
between (i) spring caterpillar counts in patches and summer
moth counts on hilltops in the same year and (ii) summer
moth counts on hilltops and caterpillar counts in patches in the
following spring. Next, using these results, we developed two
novel landscape connectivity indices, one including hilltops,
and another including hilltops and the elevation of hilltops.
We then conducted time-series analyses of long-term data, allow-
ing us to compare our alternative connectivity indices and test for
effects non-random dispersal on spatial population dynamics.
Finally, we conducted simulations based on our best-fit model
to illustrate how dispersal through hilltops affected spatial
dynamics in terms of patch occupancy, extinctions, colonizations
and regional synchrony.

(b) Caterpillar censuses and climate variables
We estimated A. virginalis caterpillar abundance at 12 habitat
patches at BMR (figure 1) using 15 years of census data, from
2007 to 2021. Censuses were conducted in the last week of
March each year, by counting the number of caterpillars observed
on haphazardly selected Lupinus arboreus bushes of similar size at
each patch (n = 10 bushes, 2007–2011; n = 15 bushes, 2011–2019;
n = 20 bushes, 2020–2021; detailed methods in [26]). For analyses
of the caterpillar censuses, we averaged over the number of
bushes sampled and used the average density of caterpillars per
bush at each site as our response variable. Climate variables
were collected as part of monitoring efforts by Bodega Marine
Reserve and the University of California Natural Reserve System.
Precipitation was recorded with a rain gauge (Hydrological Ser-
vices TB4 tipping bucket, Campbell Scientific, Ogden, UT), and
temperature was recorded with a combined temperature and
humidity sensor (CS215-L, Campbell Scientific, Ogden, UT). For
analyses, total annual precipitation in the previous precipitation
year (October 1–October 1) or average temperature in the previous
dry season (June–October) were used. This was based on prior
information that caterpillars are most vulnerable to adverse
environmental conditions during the dry season months [27].

(c) Moth censuses
Moths at seven known hilltop lek locations [23] were surveyed
annually from 2010 to 2012, and from 2017 to 2019. Surveys
were not practical from 2013 to 2016 and 2020 to 2021 due to
low adult abundances. Surveys were conducted at variable
dates each year during the early summer, from 27 May to 19
July. This range of dates was required because the phenology
of pupation varied among years. Surveys were timed roughly a
month after pupation was observed. Adult moths are relatively
long lived, persisting up to three weeks in mark-recapture and
caging studies [25].

(d) Hilltops and larval patches
To investigate the determinants of hilltop aggregations, we ana-
lysed predictors of moth abundance on hilltops based on prior
field studies, including connectivity to larval patches, and
elevation of hilltops [23,25]. In previous work, we found that
moths primarily were found on hilltops, and in greater abundance
on higher elevation hilltops [23,25].

In these models, we used a patch connectivity index similar
to that used by Hanski [28], which was of the form:

CIi,t ¼
X
i=j

e�adijA j,t,

where CIi;t is the connectivity index of patch i in year t, a is the
inverse dispersal distance, which we set at 1 [24,25], dij is the dis-
tance between patch i and patch j, and Aj;t is log caterpillar or
adult abundance in patch j in year t.

We constructed a set of Bayesian generalized linear mixed
effect models of adult counts on hilltops, which we compared
using WAIC, starting from the full model form:

Yhilltop,j,t � Poisson(a0 þ bCI � scale(ln(CIhilltop,j,t))þ belevationElevationj

þbCI�E � scale(ln(CI j,t))Elevationj þ ahilltop,j þ ayear,t),

in which Yj,t is the number of moths observed of hilltop j in year
t, CIhilltop,j,t is a connectivity index of hilltop j in year t (logged and
z-score scaled), Elevationj is the elevation in ft of hilltop j, bCI�E is
an interaction between connectivity and elevation, ahilltop,j is a
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Figure 1. Map of Bodega Marine Reserve, showing location of surveyed larval patches (circles) and hilltops (triangles). (Online version in colour.)
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random intercept for hilltop and ayear,t is a random intercept for
year. The connectivity indices were logged and scaled because
the exponential nature of the indices created model fitting
issues. Models were fit using brms [29], using vague normal
priors for all terms (Normal(0,10)), random effects having a
hyperprior of mean a and variance s both using the default
brms priors, Student’s t (t(3,0,2:7)). Model structures without
an interaction, with just elevation or connectivity, or an inter-
cept-only model were compared with WAIC (table 1). This
constituted all possible combinations of variables, with random
effects retained in all models.

To examine the influence of adult dispersal from hilltops on
larval populations, we analysed the relationship between moth
abundance on hilltops and caterpillar abundance in larval
patches in the subsequent year. We constructed a model of
caterpillar counts in patches of the following form:

ln(Ypatch,i,t þ 1) � N(a0 þ bCI � scale(ln(CIpatch,i,t�1))

þa patch,i þ ayear,t,s),

in which Ypatch,i,t is the average caterpillar count in patch i in year
t, CIpatch,i,t�1 is a connectivity index of patch i relative to hilltops
in year t−1 (logged and z-score scaled), a patch,i is a random inter-
cept for patch i and ayear,t is a random intercept for year. Models
were fit using brms, using vague normal priors for all terms
(Normal(0,10)) except the variance and random effects, with
random effects having a hyperprior of mean a and variance s.
Variance and hyperpriors were both the default brms priors,
Student’s t (t(3,0,2:5)). The full model was compared to an
intercept-only model using WAIC.

(e) Hilltopping connectivity indices
For our analyses, we developed two connectivity indices repre-
senting non-random dispersal behaviour of adult moths, one
including hilltops, and a second also including elevation of hill-
tops. These connectivity indices represent a movement process in
which moths move from natal patches to hilltops, mate, and then
disperse to larval patches to oviposit. In the first index (HCI),
only distance to hilltops is considered, whereas in the second
(ECI) moths preferentially move to higher elevation hilltops.
The construction of these indices was informed by a priori know-
ledge of adult movement behaviour [23,25] and empirical
measurements of predictors of moth occurrence on hilltops
(previous section).
Our hilltop-based connectivity index was of the form:

HCIi,t ¼
X
j¼1

e�adij � scale
X
k¼1

e�adjkAk,t

 !
,

where HCIi,t is the connectivity index of patch i in year t, a is the
inverse mean dispersal distance, dij is the distance between patch
i and hilltop j, djk is the distance between hilltop j and patch k,
and Ak,t is log caterpillar abundance in patch k in year t. This con-
nectivity index measures connectivity of patches through hilltops
and was thus hypothesized to be a better representation of the
spatial dispersal pattern of A. virginalis.

We also developed a connectivity index representing non-
random movement occurring through hilltops that incorporated
hilltop elevation. This was parametrized using the best-fit model
of moth abundance on hilltops (previous section) and was of the
following form:

ECIi,t ¼
X
j¼1

e�adijM j,t,

Mj,t ¼ �0:89þ 1:27 � scale(ln(CIj,t))þ 0:02(Elevationj),

CI j,t ¼
X
k¼1

e�adjkAk,t,

where ECIi,t is the connectivity index of patch i in year t, a is the
inverse average dispersal distance, dij is the distance between
patch i and hilltop j, Mj,t is log predicted moth count on hilltop
j in year t, CIj,t is the connectivity index of hilltop j in year t,
Elevationj is the elevation in metres of hilltop j, djk is the distance
between hilltop j and patch k, and Ak,t is log caterpillar abun-
dance in patch k in year t. This connectivity index measures
connectivity of patches through hilltops, but with greater disper-
sal through higher hilltops, and was thus hypothesized to be a
better representation of the spatial dispersal pattern of A. virgina-
lis based on empirical findings from models of adult moth
surveys (above sections). In this index, we used log predicted
moths to allow for the use of the index in years and sites
where counts were missing.
( f ) Caterpillar time-series models
To examine the effects of random versus non-random movement
behaviour on caterpillar population dynamics, we constructed a
series of time-series models including the alternative connectivity
indices developed above. We modelled dynamics in each patch



Table 1. Results of moth abundance model structure comparison, showing DWAIC and WAIC:.

model structure DWAIC WAIC

Connectivity þ Elevation 0.00 290.58

Connectivity 11.01 301.58

Elevation 24.24 314.82

Intercept only 29.02 319.60

Connectivity þ Elevationþ Connectivity � Elevation 1.2 �1060 1.2 �1060

Table 2. Results of autoregressive model selection, showing DWAIC from best-fit model, WAIC values, DWAIC of the Hanksi connectivity index (CI) versus the
elevation connectivity index (ECI) and DWAIC of the hilltopping connectivity index (HCI) versus the elevation connectivity index (ECI).

model structure DWAIC WAIC CI � ECI HCI � ECI

Precipþ Tempþ Precip� Tempþ Connectivity 0.00 581.28 6.86 3.65

Precipþ Tempþ Precip� Temp 4.02 585.30 — —

Precipþ Tempþ Connectivity 25.06 606.33 7.15 4.85

Precipþ Temp 30.62 611.90 — —

Tempþ Connectivity 31.17 612.45 5.90 2.12

Temp 33.13 614.41 — —

Precipþ Connectivity 55.95 637.22 –5.73 2.59

Precip 59.07 640.35 — —

Connectivity 73.89 655.17 –4.92 8.69
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separately but linked patches through dispersal via connectivity
terms. We used connectivity estimates rather than moth counts,
because moth counts were only available for a few years. Pre-
vious work in this system found that precipitation had strong
effects on dynamics [24], and that temperature affected dynamics
of A. virginalis and its ant predator [30]. We therefore included
precipitation and temperature in our models, along with the
interactive effects of temperature and precipitation on population
dynamics. We also included direct and delayed density depen-
dence terms, intended to represent direct and delayed effects of
baculovirus infection on dynamics that we have previously docu-
mented [31,32]. We constructed a series of models starting from
the following full model structure:

Xt;i � Normalða0 þ a1Xt�1;i þ a2Xt�2;i þ bprecipPrecipt�1

þ btempTempt�1 þ bprecip�tempPrecipt�1Tempt�1

þ bconnectivityConnectivityi;t�1 þ apatch;i; s
2
i Þ;

where Xt,i is the log caterpillar count in year t and patch i. The
model includes an intercept representing population growth at
low density (a0), direct density dependence (a1), delayed density
dependence (a2), an effect of precipitation (b precip), an effect of
temperature(btemp), an interaction effect between precipitation
and temperature (b precip�temp), an effect of connectivity
(bconnectivity) and a random intercept for patch (a patch,i). Variance
was allowed to vary between patches ( s2

i ).
We compared models using WAIC that included all, or a

subset, of parameters in the full model above (table 2). We
included all autoregressive parameters and random effects in all
models and generated all possible combinations of variables for
the reduced models. Versions of all models using three different
connectivity indices were compared: the standard patch connec-
tivity index (CI), the hilltop-based connectivity matrix (HCI) or
the hilltop-based connectivity index incorporating hilltop
elevation (ECI; table 2). A prior of Normal(0,10) was used for all
parameters except for the variance and random effects. For the
variance, we used a Cauchy(0,5) prior, and for the random effect,
we used a prior ofNormal(0,ssite) and a hyperprior for the variance
ssite of Cauchy(0,5). Models were fit in Stan [33].
(g) Simulation model
To assess the effects of non-random dispersal on spatial
dynamics in this population, we conducted simulations using
the best-fit time-series model (table 2). To conduct simulations,
we used the observed starting values for each patch in 2007
and 2008 and drew random values for population sizes in each
patch for the subsequent year from a Poisson distribution
using a mean value calculated with the time-series model for-
mula. Empirical values of temperature and precipitation were
used, and connectivity indices were calculated based on popu-
lation sizes at each patch in the current year and scaled using
the mean and standard deviation of observed connectivity
values. We conducted versions of the simulations using the stan-
dard patch connectivity index (CI), the hilltop connectivity index
(HCI) and the elevation connectivity index (ECIÞ. Ten thousand
simulations were run over a 15-year period, and occupancy,
extinction, colonization and regional synchrony (using package
ncf [34]) were summarized and compared between the models
using the different dispersal processes. Several individual simu-
lations were visually inspected to make sure that simulated
population densities were not outside of reasonable values.
3. Results
(a) Hilltops and larval patches
Connectivity between hilltops where mating occurred and
larval food patches was a better predictor of adult abundance
than caterpillar abundance. The best-fit model for adult
moths on hilltops included connectivity to larval patches
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and elevation (table 1), both of which were good predictors of
moth abundance (figure 2; R2

m ¼ 0:13).
Connectivity between moths on hilltops and patches of

larval habitat was a poor predictor of caterpillar counts in
patches in the subsequent year (bconnectivity ¼ 0:18 [95%;
HDPI:� 0:22� 0:59], R2

m ¼ 0:014, figure 3), and the model
including connectivity had a similar fit to the intercept-only
model (DWAIC ¼ 1:4).

(b) Caterpillar time-series models
Caterpillar dynamics were affected by abiotic conditions. The
full model (table 2), including, precipitation, temperature,
connectivity and an interaction between temperature and pre-
cipitation best fit the data (figure 4). For the best-fit model,
the hilltop connectivity index that included hilltop elevation
(ECI) was favoured over Hanski’s connectivity index (CI)
by DWAIC ¼ 6:86 and the hilltop connectivity index (HCI)
by DWAIC ¼ 3:65 (table 2).

(c) Simulation results
In metapopulation simulations, the hilltop connectivity index
(HCI) and the elevation connectivity index (ECI) had some-
what higher colonization and extinction rates and lower
occupancy compared to the standard patch connectivity
index (CI) (figure 5; electronic supplementary material,
table S1), although simulated distributions overlapped sub-
stantially. The simulations with standard patch connectivity
had higher regional synchrony than the hilltop or elevation
connectivity models. For all metrics, hilltop-based connec-
tivity simulation results had closer median values to
observed values than other connectivity functions, although
the actual observed values were quite different from the
simulation results (figure 5).
4. Discussion
Overall, our results showed that hilltopping behaviour was a
significant contributor to spatial dynamics in this population
system. Empirically parametrized connectivity indices were
significant predictors of population dynamics, and they were
better predictors of dynamics than a standard connectivity
index that did not include hilltopping (table 2). Simulations
demonstrated that, compared to other forms of connectivity,
hilltopping resulted in lower patch occupancy rates, higher
extinction and colonization rates, and marginally lower
regional synchrony (figure 5). Simulated outcomes from
models including hilltopping were closer to observed results
in the field than were results from simulations not including
hilltopping, although all simulations results were relatively
different from observed results. This is likely because our
time-series model included fewer sources of variation than
exist in the system. These could include generalist predation
[35], which is likely to generate Allee effects and the increased
extinction and colonization rates observed relative to simu-
lations. Overall, our findings show that non-random dispersal
behaviour can influence spatial population dynamics, as has
been predicted previously based on behavioural studies [12,16].

We also found empirical support for our hilltopping con-
nectivity indices from monitoring moth abundances on
hilltops. Results from models of hilltops and larval patches
were consistent with observations that moths fly to nearby
hilltops to find mates, and once mated, fly to nearby larval
habitat patches to lay eggs. This local bi-directional move-
ment produced a positive relationship between larval
patches and nearby hilltop moth counts (figure 2), although
we did not find a clear relationship between hilltop moth
counts and caterpillars in larval patches in the following
year (figure 3). This lack of a relationship is likely because
larval and adult density are imperfect predictors of the next
stage, since there is mortality (e.g. due to disease [32] and
predation [35]) during the intervening periods can be density
dependent. Such density-dependent processes have high
potential to remove any correlation between these stages,
and therefore the effects of movement were likely sub-
stantially stronger before density-dependent mortality. In
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addition, the long period between adult surveys (May–July)
and caterpillar surveys in the following year (March) includes
the summer period when caterpillars are most affects
by interannual climate variation [27]. Overall, our analyses
of the relationship between caterpillars counts in patches
and adult counts on hilltops provided an empirical basis
for our hilltopping connectivity indices used in subsequent
time-series analyses. Both empirical comparisons of abun-
dances on hilltops and larval patches and time-series
analyses found that connectivity indices that included hilltop
elevation were better supported than those that did not
(tables 1 and 2). This is in line with previous findings that
moth abundance on hilltops was well predicted by eleva-
tion [25] and as predicted by simulations within the same
landscape [22].

Time-series models suggested that the effects of connec-
tivity were similar in magnitude or only slightly weaker than
climate or density-dependent effects (figure 4). Simulations
further illustrated differences in dynamics between random
movement, and dispersal that occurred specifically through
hilltops. Because movement through hilltops is non-random
and spatially restricted, simulations that included dispersal
through hilltops found lower occupancy and higher extinction
and colonization rates. This suggests that turnover (extinction
and colonization) of local populations distant from hilltops
may be more frequent than would be predicted by random
movement models. By contrast, simulations with hilltopping
dispersal had lower regional synchrony which could instead
increase the likelihood of regional persistence [36]. This lower
regional synchrony is likely due to hilltops serving as local
attractors, driving divergence of dynamics between clusters
of patches around different hilltops.

This is the first empirical study demonstrating dynamical
consequences of hilltopping in a patchy population, though
previous work has shown effects of other modes of non-ran-
dom dispersal on population dynamics [37]. Previous
empirical and theoretical workers have hypothesized that
non-random dispersal via hilltops will have strong effects
on spatial population dynamics since these dynamics are
heavily influenced by dispersal [16,21,22,38]. However, this
question has not been tested directly: one study found that
topographic prominence (i.e. hilltops) was a strong predictor
of genetic differentiation in a hilltopping butterfly species
(Papilio machaon), which would be an expected result of hill-
tops functioning as local attractors of population dynamics
and dispersal [39].

We found strong interactive effects of temperature and
precipitation on population dynamics, with higher popu-
lation growth in wetter and warmer years (electronic
supplementary material, figure S1). One potential expla-
nation for this finding is that climate effects were mediated
from the bottom up, via poor host-plant quality in years
unsuitable for plant growth (hot and dry, cold and wet,
etc.). Indeed, our current work suggests this may be the
primary mechanism through which temperature and precipi-
tation affect dynamics of early instar larvae in this population
(Pepi, Grof-Tisza, Holyoak and Karban, unpublished data).
This in agreement with other studies that inferred extinction
and colonization dynamics were affected by climate-
mediated changes in resource abundance or patch quality
[24,40,41]. Considering that climate models predict that
severe weather will become more frequent in California
[42], finding that A. virginalis is sensitive to climatic variation
has strong implications for the persistence of local popu-
lations; climate-mediated deterioration of habitat quality
combined with fewer immigration events increases the
likelihood of prolonged absences in isolated patches far
from adult aggregations on hilltops. Though we
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demonstrated improved model performance when we used
connectivity indices based on hilltoping behaviour, tempera-
ture and precipitation were found to be stronger drivers than
connectivity of the spatial and population dynamics of
A. virginalis. Despite the dominance of the area-and-isolation
paradigm, this work illustrates the importance of considering
climate effects when modelling the dynamics of patchy
populations [24,40,43].

Most if not all organisms disperse in some predictable
way whether deliberately like migrating birds or with less
agency such as ballooning spiders adrift in the prevailing
wind. Lekking mating systems, which have evolved in
numerous taxonomic groups, are but one example of how a
life-history trait may lead to non-random dispersal. Indeed,
despite its widespread use, the assumption of random disper-
sal is rarely accurate. The advancement of landscape ecology
has seen the development of better tools to predict movement
patterns; however, many metapopulations models still rely on
this outdated approach. Though our hilltopping connectivity
index generated simulated results only modestly closer to
observed results than a standard patch connectivity index,
small differences may be important for species of conserva-
tion concern. Alarmingly, it is for these vulnerable species
that metapopulations theory is often applied to identify criti-
cal habitat and to aid in reserve design. In these cases,
empirical measures of dispersal behaviour and patterns that
increase realism along with realistic connectivity indices
may be of utmost importance.
5. Conclusion
Hilltopping is a common behaviour for many butterfly species
and other insects. In the present study, we provide the first
empirical evidence of an effect of hilltopping on spatial popu-
lation dynamics. We found evidence supporting the inclusion
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of empirically based connectivity metrics that incorporated
hilltopping behaviour over those that did not. Moreover,
population models including density dependence and the
interaction of temperature and precipitation were favoured
over those that were less complex. In simulations of spatial
dynamics based on model fits with different dispersal
modes, we found that models with hilltopping were closer to
observed patch dynamics and had lower occupancy and
regional synchrony, and higher extinction and colonization
rates. These patch characteristics could affect the probability
of regional persistence, depending on the balance of local
extinction and colonization rates versus regional synchrony.
Overall, our study suggests the importance of incorporating
ecological realism, in this case non-random dispersal, when
modelling the dynamics of a spatially structured population
in an increasingly fragmented world.
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