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Abstract. The metapopulation framework presumes the habitat of a local population to be continuous and
homogenous, and patch area is often used as a proxy for population size. Many populations of pond-breeding
amphibians are assumed to follow metapopulation dynamics, and connectivity is mostly measured between
breeding ponds. However, the habitat of pond-breeding amphibians is not only defined by the pond but, typi-
cally, consists of a breeding pond surrounded by clusters of disjoint summer-habitat patches interspersed with
an agricultural/semi-urban matrix. We hypothesise that the internal structure of a habitat patch may change
connectivity in two ways: (i) by affecting animal movements and thereby emigration and immigration proba-
bilities; and (ii) by affecting habitat quality and population size. To test our hypotheses, we apply a spatially
explicit individual-based model of Moor frog dispersal. We find that the realised connectivity depends on in-
ternal structure of both the target and the source patch as well as on how habitat quality is affected by patch
structure. Although fragmentation is generally thought to have negative effects on connectivity, our results
suggest that, depending on patch structure and habitat quality, positive effects on connectivity may occur.

1 Introduction

Within the framework of metapopulations, inter-patch con-
nectivity is modelled as an incidence function measuring the
dispersal success between two habitat patches (Moilanen and
Nieminen, 2002). The essential components of the incidence
function models are emigration and immigration rates. The
survival probability during the transit between two patches is
modelled as a function of distance. The number of emigrat-
ing individuals is assumed to depend on the population size
of the donor patch and the probability of an individual actu-
ally leaving the patch. Likewise, the number of immigrants
depends on the probability that dispersing individuals will
find the target patch (Hanski and Simberloff, 1997; Moila-
nen and Hanski, 2006; Wiens, 1997). Metapopulation theory
assumes a patch to constitute a continuous and homogenous
habitat area with all the necessary resources needed for the
persistence of a local population. Often the size of a subpop-
ulation is assumed to be proportional to the area of the patch

it inhabits and the incidence function usually models the em-
igration and immigration rates as linear functions of donor
and target patch area, respectively (Hanski and Simberloff,
1997; Kindlmann and Burel, 2008; Moilanen and Hanski,
2001, 2006; Moilanen and Nieminen, 2002).

However, in some cases, the quality of the occupied habi-
tat patch may be a better predictor of patch carrying capacity
(Jaquíery et al., 2008; Moilanen and Hanski, 1998). One of
the factors that may affect patch quality is the degree of habi-
tat fragmentation within the patch. Habitat size as well as ac-
cess to all necessary resources (landscape complementation)
is important for population size and persistence (Dunning et
al., 1992). Fragmentation of a habitat patch may reduce the
effective area due to negative edge effects as well as increase
the distance between resources within the patch. Hence, a
fragmented habitat patch may not be able to sustain as large
a population as a non-fragmented habitat patch (Dunning et
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22 M.-B. Pontoppidan and G. Nachman: Effects of within-patch heterogeneity

al., 1992; Haynes et al., 2007; Johnson et al., 2007; Lehtinen
et al., 2003; Ries et al., 2004).

Regional populations of pond-breeding amphibians are
frequently considered to be structured as metapopulations
(Hels, 2002; Marsh, 2008; Marsh and Trenham, 2001; Smith
and Green, 2005). Pond-breeding amphibians need ponds for
breeding and development of tadpoles, but otherwise live
most of their life in terrestrial habitat (also called summer
habitat). Proximity between the required habitat types is vital
to population viability (Pope et al., 2000). However, as a con-
sequence of increased landscape fragmentation, the summer
habitat of many subpopulations does not form one continu-
ous patch. Typically, a subpopulation of pond-breeding am-
phibians occupies a landscape consisting of breeding ponds
surrounded by fragments of summer habitat interspersed
with an agricultural/semi-urban matrix (Hamer and McDon-
nell, 2008; Hartung, 1991; Pillsbury and Miller, 2008; Pope
et al., 2000; Sj̈ogren-Gulve, 1998; Tramontano, 1998). Thus,
the metapopulation premise of a continuous and homoge-
nous habitat patch is compromised, which might have con-
sequences for patch connectivity and the way it is measured
(Rothermel, 2004).

Numerous studies, empirical as well as modelling, have
shown that structure and composition of the habitat matrix
can have strong effects on animal movement and disper-
sal success (e.g. Bender and Fahrig, 2005; Chin and Tay-
lor, 2009; Gustafson and Gardner, 1996; Haynes and Cronin,
2006; Prevedello and Vieira, 2010; Ricketts, 2001; Vander-
meer and Carvajal, 2001; Watling et al., 2011). Similar ef-
fects may be found within heterogeneous habitat patches,
such as those of pond-breeding amphibians. At the core of
the habitat patch is the breeding pond surrounded by satel-
lites of summer habitat fragments separated by matrix habi-
tat. The summer habitat fragments within the habitat patch
work as a collective, functioning as a filter catching dis-
persers which will then eventually find their way to the breed-
ing pond. Emigration and immigration probabilities may thus
be influenced by the spatial distribution of the summer habi-
tat fragments within the habitat patch.

Dispersal success between habitat patches depends on the
emigration rates, immigration rates as well as the dispersal
ability of the individual. The internal structure of a habitat
patch may therefore change inter-patch connectivity in two
ways: (i) by affecting animal movements and thereby emi-
gration and immigration probabilities; and (ii) by affecting
habitat quality and thereby the number of dispersers. To test
how intra-patch structuring may influence dispersal success
and connectivity, we apply a spatially explicit individual-
based model of juvenile dispersal in pond-breeding amphib-
ians. The model is part of a larger study aiming at mod-
elling the effect of roads on regional persistence of Moor frog
(Rana arvalis) metapopulations (Pontoppidan and Nachman,
2013a, b). With this model, we test the following:

1. Does the distance between the breeding pond and the
summer habitat within a habitat patch affect emigration,
immigration and dispersal probability?

2. Does the degree of summer habitat fragmentation
within a habitat patch affect emigration, immigration
and dispersal probability?

3. Do effects of pond distance and summer habitat frag-
mentation on emigration, immigration and dispersal
probability interact?

4. Does the quality of the habitat patch affect inter-patch
connectivity?

2 Methods

2.1 Model species

The model is based on the ecology of Moor frogs but is con-
sidered to be a generic model concerning pond-breeding am-
phibians. Long-distance dispersal in Moor frogs takes place
predominantly during the juvenile life stage. Shortly after
metamorphosis, the young frogs leave the natal pond and
disperse into the surrounding landscape seeking out suitable
summer habitat. Dispersal distances are between a few hun-
dred meters up to 1–2 km (Baker and Halliday, 1999; Har-
tung, 1991; Sinsch, 2006; Vos and Chardon, 1998). The ju-
veniles stay in terrestrial habitat for 2–3 yr until they reach
maturity. During early spring, the adults move to the breed-
ing ponds. Soon after breeding, the frogs return to the sum-
mer habitat, which lies mostly within a 400 m radius from the
breeding pond. Adult frogs show a high degree of site fidelity
and often use the same breeding pond and summer habitat
patch from year to year (Hartung, 1991; Loman, 1984, 1994;
Semlitsch, 2008; Tramontano, 1998).

2.2 Model description

The model description follows the ODD (overview, de-
sign concepts, details) protocol for describing individual-
and agent-based models proposed by Grimm et al. (2006,
2010). Netlogo (Wilensky, 1999) is used as a modelling envi-
ronment (freely downloadable athttp://ccl.northwestern.edu/
netlogo).

2.2.1 Purpose

The model considers nine subpopulations of Moor frogs
within a spatially explicit landscape matrix and simulates the
dispersal of juvenile Moor frogs from their natal ponds. We
define the habitat patch of a subpopulation as a complemen-
tary habitat patch containing not only the breeding pond but
also all summer habitat fragments within the habitat patch
boundary (400 m) of the pond (Fig. 1). The configuration of
summer habitat fragments within the habitat patches is de-
termined by two parameters – the number of summer habitat

Web Ecol., 13, 21–29, 2013 www.web-ecol.net/13/21/2013/
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M.-B. Pontoppidan and G. Nachman: Effects of within-patch heterogeneity 23

Figure 1. Model landscape with nine habitat patches. The model
landscape contains five test (habitat) patches and four empty (habi-
tat) patches (see text). Each test habitat patch is defined by a central
breeding pond and fragments of summer habitat within the habitat
patch boundary. Distance between breeding pond and summer habi-
tat is denotedr. Black sinuous lines are examples of the movement
paths of three different frog agents.

fragments (f ) and the radius (r) from the breeding pond to the
summer habitat fragments. The model evaluates the effect of
varying values ofr and f on emigration probabilities, immi-
gration probabilities and dispersal success. The model only
considers fragmentation of summer habitat within the habitat
patch. Successful dispersal requires two events: (1) move-
ment of a juvenile frog to summer habitat outside its natal
habitat patch and (2) subsequent movement from the new
summer habitat to a nearby breeding pond. In real life the
first part starts just after metamorphosis in early summer and
lasts until hibernation in the autumn. The second part of the
dispersal event takes place in the spring 2.5 yr later. For sim-
plicity, we simulate the two events as if they take place in the
same year.

2.2.2 Entities, state variables, and scales

The extent of the model landscape is 300×300 grid cells,
and each grid cell represents 10 m×10 m. Grid cells are de-
fined either as matrix habitat or summer habitat. Each habitat
type is associated with a habitat-attraction,a (indicating how
willing frogs will be to enter the habitat). Breeding ponds
are treated as stationary agents, each pond characterised by a
unique id number. Frog agents are characterised by the pond
in which they are hatched and the breeding pond they dis-

perse to. The simulation runs for 250 time steps, each repre-
senting one day.

2.2.3 Process overview and scheduling

At the start of the simulation, a landscape with nine subpop-
ulations is constructed according to the parameter settings
for r and f . In all, 500 frog agents are located at each of the
pond agents. During each time-step the following procedures
are executed:Settle(evaluates if a frog agent stops dispers-
ing), andMove (movement of dispersing frog agents). The
simulation stops at time step 250 and the procedureOutput
is run.

2.2.4 Design concepts

Emergence

Emigration probabilities, immigration probabilities and dis-
persal probabilities will emerge as a response to the land-
scape configuration.

2.2.5 Adaptation and objectives

To avoid desiccation and thereby increase survival frog
agents are assumed to move in response the moistness of its
surroundings. In general, the moister a habitat is the more at-
tractive the habitat is for the frog as indicated by the habitat-
attraction parametera. Dispersing juvenile Moor frogs have
an innate tendency to move away from their natal pond. In
the simulation the movement of the frog agents is thus ori-
ented in a random direction away from the pond, and they
are not allowed to backtrack.

Sensing

Frog agents are assumed to be aware of their own state-
variables. Frog agents are also aware of the habitat attraction
of the grid cells, as well as the identity of the ponds.

Interaction

There is no interaction between frog agents. Movement de-
cisions of the frog agents depend on the habitat attraction of
the neighbouring cells.

Stochasticity

Which cell to move to is chosen randomly from neighbouring
cells with the probability of being chosen weighted by the
habitat attraction and the number of neighbouring cells with
the same value. If frog agents occupy a cell with summer
habitat they will stop dispersing with a certain probability.

www.web-ecol.net/13/21/2013/ Web Ecol., 13, 21–29, 2013
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Table 1. Default settings of parameters and the range of parameter values used in the simulations and calculations.

Parameter Description Default Test values

z Effect of summer habitat fragmentation on habitat quality 1 0.7–2.0

A Area of summer habitat in a habitat patch 0.81 ha (81 cells)

r Summer habitat radius, i.e. the distance between pond
and summer habitat within the habitat patch

100 m (10 cells) 100, 200, 300 m

f Number of summer habitat fragments within the habitat
patch

1 1, 4, 9

a The cell’s relative attraction to frogs during movement Matrix= 1
Summer habitat= 2

Observation

At the end of each run the number of frogs settled at each
breeding pond and their natal pond is registered.

2.2.6 Initialization

A landscape consisting of 300×300 grid cells is constructed
as a torus with nine evenly spaced habitat patches. The four
corner habitat patches contain only a breeding pond and do
not have any summer habitat fragments. These “empty” habi-
tat patches are used as source patches when computing im-
migration probabilities of the test habitat patches. The re-
maining five habitat patches are test patches, in which the
number of summer habitat fragments and their distance to
the breeding pond are determined by the chosen parameter
values for the number of fragments (f ) and summer habi-
tat radius (r) (Fig. 1, Table 1). The same set of parameter
values is applied to all test patches in the landscape. How-
ever, each time a habitat patch is constructed the position of
the first fragment is randomly chosen (within a radius ofr)
and the remaining summer habitat fragments are then dis-
tributed evenly around the pond. Thus, the exact position of
the fragments will vary between habitat patches. In each of
the five test habitat patches, the total area of the summer habi-
tat sums to 0.81 ha (81 cells) irrespective of fragmentation.
In all, 500 frog agents are located on each of the nine pond
agents, their direction set randomly. We run 100 simulations
for every combination of the parameter values forf and r
given in Table 1.

2.2.7 Submodels

Settle

If a frog agent occupies a summer habitat cell, it has a 50 %
probability of settling. Once a frog agent has settled the frog
variable BreedingPond is updated with the ID of the breeding
pond associated with the summer habitat. The direction of the
frog is then set towards the breeding pond.

Move

A frog agent can move to one of its neighbouring cells lo-
cated within±110◦ from the preferred direction of the frog.
Based on the habitat-attraction of the neighbouring cells
frogs decide which cell-type they want to move to. The prob-
ability of moving into celli is a function of habitat attraction
(a) of the neighbouring cells (n): pi =

ai∑n
j=1 a j

. A uniform pseu-

dorandom number is selected to choose the cell to move to.
Once a cell is chosen the frog moves to a random position
within the cell. The direction of the frogs does not change.
If a frog agent is assigned a breeding pond and comes within
a distance of 2 cells from the pond, the frog will jump di-
rectly to the pond. Once a frog agent has reached its assigned
breeding pond it will cease moving.

Output

At the end of each simulation the following is registered and
computed:

– NH: total number of dispersers from the test patches set-
tled in their natal habitat patch

– NI : total number of dispersers from the “empty” patches
settled in the test habitat patches

– ND: total number of dispersers from test patches settled
in a test patch other than their natal patch

2.3 Data analysis

Based on the observations from the model the following
probabilities are computed:

– Mean emigration probability,P(E)
P(E) = ntNF−NH

ntNF
, wherent is the number of test patches

andNF the number of dispersers released from a pond.

– Mean immigration probability,P(I )
P(I ) = NI

ntneNF
, wherent is the number of test patches,ne

is the number of “empty” patches andNF the number of
dispersers released from a pond.

Web Ecol., 13, 21–29, 2013 www.web-ecol.net/13/21/2013/
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Figure 2. Effect of habitat patch structure on(a) dispersal probability between test patches(b) emigration probability from test patches and
(c) immigration probability to test patches. Error bars indicate standard errors.

– Mean dispersal probability,P(D)
P(D) = ND

nt(nt−1)NF
, nt is the number of test patches and

NF the number of dispersers.

The actual number of emigrants from a source patch will de-
pend on the number of dispersers (which will depend on pop-
ulation size) and the emigration probability. Likewise, the
number of immigrants to a target patch will depend on im-
migration probability and the probability of survival in the
new patch. Fragmentation of summer habitat within the habi-
tat patch is expected to have a negative effect on the qual-
ity of the habitat patch, so that a habitat patch with highly
fragmented summer habitat supports fewer individuals even
though the total area is the same (Fahrig, 2003). Thus, frag-
mentation may affect not only emigration and immigration
probabilities but also the quality of source and target patches.
The realised emigration rates (E) and immigration rates (I )
can then be expressed as

E = Q jP(E)

I = QiP(I ),

where Q denotes the quality-adjusted area of the habitat
patch. If habitat quality is independent of fragmentation of
summer habitat,Q corresponds toA, otherwiseQ is com-
puted as the total area of summer habitat fragments within
the habitat patch weighted by the degree of fragmentation
(Jaeger, 2000):

Qi =

 f∑
k=1

Az
k

 , z> 0,

wheref is the number of summer habitat fragments in habitat
patchi; Ak is the area of thek-th fragment of summer habitat,
andz is a scaling factor indicating the effect of fragmentation
on quality. Ifz= 1 thenQi = Ai ; if k> 1 andz> 1 thenQi <
Ai , and ifk> 1 and 0< z< 1 thenQi >Ai .

We combine habitat patch fragmentation (f ) with summer
habitat radius (r) in a fully factorial design, using the fol-
lowing values of f = 4 and 9 and ofr = 100, 200 and 300.
For each of the six combinations off andr, we construct a
series ofE and I with z values ranging from 0.7 to 2.0, us-
ing the emigration and immigration probabilities estimated
by the model. We transform theE and I values into a rel-
ative emigration rate (RE) and a relative immigration rate
(RI), respectively, by dividing with the corresponding unad-
justed emigration and immigration rates found whenf = 1
and r = 100, i.e.RE = E( f , r)/A ·P(E) ( f = 1, r = 100). For
any given combination of summer habitat radius and habitat
fragmentation, this value expresses the relative effect habitat
quality has on emigration and immigration rates.

We use a two-way ANOVA to test for the effect of the
number of summer habitat fragments within the habitat patch
and their distance to the breeding pond on emigration, immi-
gration and dispersal probability.

3 Results

Mean dispersal probability between test patches is clearly
affected by the structure of the habitat patches, showing
strong interactions between summer habitat radius (r) and
summer habitat fragmentation (f ) (F8,891= 719, p<0.001)
(Fig. 2a, Table 2). Summer habitat radius has a positive ef-
fect on the dispersal probability between highly fragmented
habitat patches; however, the effect is negative between non-
fragmented patches. Moreover, fragmentation of summer
habitat in habitat patches has a positive effect on disper-
sal probability, especially between habitat patches with long
summer habitat radius.

Mean emigration probability is negatively affected by
summer habitat fragmentation and positively affected by
summer habitat radius within source patches (F8,891=

58710,p<0.001). Effect of fragmentation is strongest when

www.web-ecol.net/13/21/2013/ Web Ecol., 13, 21–29, 2013
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Table 2. Anova test results. Effect of summer habitat radius (r) and number of summer habitat fragments (f ) and their interaction on
emigration probability, immigration probability and dispersal probability.

Source df Emigration probability Immigration probability Dispersal probability

SS F p SS F p SS F p

f 2 14.94 101 326 <0.001 0.0120 5245 <0.001 0.0036 1096 <0.001
r 2 16.95 114 980 <0.001 0.0016 692 <0.001 0.0015 438 <0.001
f · r 4 2.73 9267 <0.001 0.0004 87 <0.001 0.0045 670 <0.001
Error 891 0.07 0.0010 0.0015

Corrected Total 899 34.69 0.0150 0.0110

summer habitat radius is short, while the effect of radius
is stronger in more fragmented habitat patches. The high-
est emigration probability is found in non-fragmented habitat
patches with long summer habitat radius. Lowest emigration
probability is found in fragmented habitat patches with short
summer habitat radius (Fig. 2b, Table 2).

Fragmentation of summer habitat in the habitat patches
promotes immigration probability. Radius between breed-
ing pond and summer habitat has a weak negative effect
(F8,891= 1527, p<0.001) (Fig. 2c, Table 2). The effect of
fragmentation is strongest when summer habitat radius is
short, while the effect of summer habitat radius on immigra-
tion probability is less pronounced in very fragmented habitat
patches.

The relative emigration rateRE and immigration rateRI

evaluates the effect of habitat quality on emigration and
immigration rates compared to the reference scenario (i.e.
f = 1, r = 100 m). The emigration probability is negatively
affected by summer habitat fragmentation in habitat patches,
which again is reflected in thez thresholds (Fig. 3a). Here
most threshold values for emigration rates are less than 1,
indicating that the negative effect of patch structure on em-
igration probability only can be counterbalanced if summer
habitat fragmentation has a positive effect on habitat qual-
ity. Immigration probability is positively affected by summer
habitat fragmentation and, conversely, the threshold-values
for immigration rates are greater than 1, ranging from ca 1.1
to ca 1.7 depending on degree of summer habitat fragmenta-
tion and pond distance (Fig. 3b). This suggests that the pos-
itive effect of fragmentation on immigration probability will
only be neutralised when habitat quality is strongly reduced
by fragmentation.

4 Discussion

Inter-patch distance is widely recognised as a key factor for
dispersal success (Goodwin and Fahrig, 2002; Gustafson and
Gardner, 1996; Hanski, 1998; Prevedello and Vieira, 2010).
All else being equal, increasing inter-patch distances means
more time spent in an inhospitable matrix habitat, with con-
sequently higher mortality rates. In our model, we keep the

number of habitat patches, their distribution as well as inter-
patch distance constant. Thus, if no other factors interfered
we would expect dispersal success to be the same between
all simulations. Our results show that this is not the case; dis-
persal success varies depending on the structure of the habitat
patches. Hence, the distribution of summer habitat fragments
within habitat patches is important for emigration and immi-
gration probabilities.

Emigration probability depends on the chances ofnot be-
ing retained by summer habitat within the natal (habitat)
patch. This probability increases the further away from the
breeding pond the summer habitat is found and decreases the
more fragmented the summer habitat is. Conversely, the pro-
portion of dispersers thatare retained and thus return to their
natal pond increases with fragmentation of summer habitat
and decreases with summer habitat radius. The opposite pat-
tern is found when looking at immigration, i.e. the probabil-
ity of a dispersing juvenile finding summer habitat in a new
patch. Immigration probability increases with fragmentation
of summer habitat but decreases with summer habitat radius.
Thus, the combination of effects creates a complex pattern of
dispersal success, depending on the structure of source and
target patches.

Bowman et al. (2002) suggest that for non-searching dis-
persers, immigration probability will be proportional to the
linear dimensions of the target patch. In a simulation study,
Pfenning et al. (2004) found the immigration rate to in-
crease with perimeter-to-area ratio; dispersers using corre-
lated (straight) walk having the strongest effect. The disper-
sal patterns found in this study can be explained by simi-
lar statistical reasoning. As fragmentation of summer habitat
increases, the perimeter : area ratio of summer habitat frag-
ments also increases. In this study, the linear dimension of
summer habitat fragments increases from ca 100 m to ca.
270 m as the summer habitat gets more fragmented. Increas-
ing summer habitat radius causes the gaps between the sum-
mer habitat fragments to become wider. Consequently, the
probability of dispersers encountering summer habitat be-
comes relatively smaller as summer habitat radius increases.
The effects of thep : a ratio and gab size will interact. At
any given summer habitat radius, the probability of finding

Web Ecol., 13, 21–29, 2013 www.web-ecol.net/13/21/2013/
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Figure 3. Relative effect of habitat quality on(a) emigration rates and(b) immigration rates for different landscape scenarios. At az value
equal to 1 (dotted, vertical line), the effective area equals the real area.R values along this line represent the relative effect a particular patch
structure has on emigration or immigration rates. WhenR= 1 (dashed, horizontal line), the quality weighted rates for a given landscape
corresponds to the reference rates (i.e. scenario withf = 1, d = 100). Thez value of the intercept between the dashed line and a given curve
can be interpreted as the threshold at which the habitat quality is low enough to shift a positive effect on emigration or immigration rates into
a negative effect.

summer habitat patches will be proportional to the ratio
between the linear dimension of summer habitat patches and
gaps. This is the same whether the movement is outbound or
inbound. Successful dispersal will depend on the probability
of a disperser to avoid summer habitat within the natal patch
and the probability of finding summer habitat in the target
patch.

Exchange of individuals between habitat patches is im-
portant for the persistence of a regional population of pond-
breeding amphibians (Marsh and Trenham, 2001). Our re-
sults suggest that fragmentation of summer habitat within
target habitat patches can have positive effects on dispersal
success. However, intra-patch structure may also affect the
persistence of the local population; habitat fragmentation is
in general thought to have a negative effect on habitat quality
(Jaeger, 2000; Pillsbury and Miller, 2008; Vos and Chardon,
1998). The same spatial distribution that promotes regional
persistence, thus, seems to impair local persistence. The re-
sults suggest that adjusting emigration and immigration rates
for the effect of fragmentation on habitat quality may off-
set the positive effects of fragmentation on dispersal success.
This, however, will depend on how strongly fragmentation
of summer habitat is assumed to affect habitat quality (i.e.
the z value) and the structure of the habitat patch. We find
that the threshold values in habitat patches very much de-
pend on patch structure. For some landscapes a downscaling
of effective area to 0.48 ha is needed before positive effects
of summer habitat fragmentation on immigrations rates are
turned negative. Emigration rates are negatively affected by
summer habitat fragmentation and this pattern is not changed

when adjusting for habitat quality, unless we assume positive
quality effects of fragmentation and up-scale effective area to
2 ha.

Like summer habitat fragmentation, summer habitat ra-
dius may affect habitat quality. In the breeding season, ma-
ture frogs move between the summer habitat and the breed-
ing pond. Thus, longer distances through the matrix may
induce higher mortality. Furthermore, breeding ponds with
high quality summer habitat in the immediate surroundings
tend to have higher juvenile survival and thus more dis-
persers (Hamer and McDonnell, 2008; Puglis and Boone,
2012; Todd and Rothermel, 2006). For the sake of simplicity,
we have chosen not to incorporate these effects on habitat
quality in the model. We expect, though, that the negative
effect a long summer habitat radius will have on local pop-
ulation size, at least partly, will negate the positive effect on
dispersal success.

In this model, dispersers move through a homogenous ma-
trix and habitat specific survival is therefore not considered.
Dispersers are just “killed” if they have not found summer
habitat and a breeding pond at the end of the simulation.
However, in a heterogeneous landscape dispersers will expe-
rience different mortality rates and the realised emigration,
immigration and dispersal rates will also depend on the vari-
ation in survival probability between habitat types.

www.web-ecol.net/13/21/2013/ Web Ecol., 13, 21–29, 2013
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5 Conclusion

To our knowledge, this is the first study looking at the effect
of intra-patch structure on dispersal success. We find that the
realised emigration and immigration rates depend on internal
structure of the habitat patch as well as on how habitat qual-
ity is affected by patch structure. Although, fragmentation of
summer habitat is generally thought to have negative effects
on dispersal success, our results suggest that, depending on
patch structure and habitat quality, positive effects on disper-
sal may occur. Measures of connectivity are frequently used
in conservation planning and studies on pond breeding am-
phibian often use distance between breeding ponds as a mea-
sure of dispersal ability. This study emphasises that complex
interactions between individuals and landscape elements in
both source and target patches determine the dispersal suc-
cess between habitat patches.
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