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Abstract Fine-scale landscape change can alter
dispersal patterns of animals, thus influencing con-
nectivity or gene flow within a population. Further-
more, dispersal patterns of different species may be
influenced by the landscape in varying ways. Our
research first aimed to examine whether the spatial
genetic structure within populations of closely related
bird species differs in response to the same landscape.
Second, we examined whether individual-level move-
ment characteristics are a mechanistic driver of these
differences. We generated a priori predictions of how
landscape features will influence dispersal (particu-
larly the response of individuals to habitat boundaries
both natural and human-induced) based on a move-
ment model developed by Fahrig (Funct Ecol
21:1003-1015, 2007). This model allowed us to
predict genetic relatedness patterns in populations of
two passerine bird species with different life-history
traits from Queensland, Australia (yellow-throated
scrubwren Sericornis citreogularis, a habitat special-
ist; white-browed scrubwren Sericornis frontalis, a
habitat generalist). We quantified our predictions
using cost-distance modelling and compared these to
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observed pairwise genetic distances (a,) between
individuals as calculated from microsatellite markers.
Mantel tests showed that our a priori models corre-
lated with genetic distance. Euclidean distance was
most closely correlated to genetic distance for the
generalist species (r = 0.093, P = 0.002), and land-
scape models that included the avoidance of unsuit-
able habitat were best for the specialist species
(r=0.107, P =0.001). Our study showed that
predictable movement characteristics may be the
mechanism driving differences in genetic relatedness
patterns within populations of different bird species.

Keywords Animal movement - Habitat
specialisation - Landscape genetics - White-browed
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Introduction

An urban growth characteristic of many metropolitan
areas is extension into new undeveloped sites, partic-
ularly in Australia and the United States (Bunker and
Houston 2003; Low Choy 2006). This development
commonly occurs in otherwise intact habitat, and can
result in housing and amenities scattered throughout
natural areas (McKenzie 1996; Houston 2005). The
small scale landscape change and habitat fragmenta-
tion that results from such development has negative
implications for the conservation of birds and other
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animals (Cushman 2006; Kath et al. 2009). Habitat
loss can decrease the size of a population, whereas
habitat fragmentation alters dispersal patterns sever-
ing populations into smaller less viable parts (Wilcox
and Murphy 1985; Bunker and Houston 2003; Kath
et al. 2009). Furthermore, landscape heterogeneity
and fragmentation can affect both the demography
and genetic patterns of populations (e.g. Cushman
et al. 2006; Pérez-Espona et al. 2008; Bruggeman
et al. 2010). We are, however, still developing an
understanding about how small scale landscape pat-
terns influence a population’s genetic/spatial structure
(landscape pattern, in this paper, refers to patterns of
vegetation types, topography, clearing etc.). Informa-
tion on how different species respond to landscape
pattern (and functional connectivity) at this scale will
provide a basis for planning guidelines to prevent (or
repair) early effects of fragmentation (Holderegger
and Wagner 2008).

Animal tracking studies suggest that at a small
scale, landscape pattern influences different species in
different ways; for example, the response of individ-
uals to habitat/non-habitat boundaries differs among
species (With 1994; Fahrig 2007; Lindenmayer and
Fisher 2007; Gillies and Clair 2008; Bruggeman et al.
2010). This variability among species presents diffi-
culties for planning rehabilitation efforts or landscape
development. In a seminal paper, however, Fahrig
(2007) suggested that differences in individual level
movement characteristics may follow general rules
according to a grouping system based on species life-
history traits. Fahrig’s paper synthesised evidence
from animal movement studies, and presented a
general model which describes how characteristics of
a species’ ‘natural landscape’ influence the evolution
of movement parameters and dispersal behaviour of
individuals. The term ‘natural landscape’ refers to
whether a species’ preferred habitat types are contin-
uous, patchy or ephemeral in the landscape where they
evolved.

In general, Fahrig’s model predicts that a species
which naturally inhabits a highly patchy landscape
will have greater avoidance of habitat boundaries,
whereas a species which naturally occurs in areas of
more continuous habitat will have a less severe
boundary response. Fahrig proposes that this differ-
ential movement response of species is linked to the
level of risk an individual experiences outside of
the preferred habitat type (i.e. in the ‘matrix’).
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Supporting this idea, fragmentation studies have
cited movement characteristics as one of the possible
causes of a species-specific susceptibility to habitat
fragmentation (Andrén et al. 1997; Sekercioglu et al.
2002). Fahrig’s model presents an opportunity to
explore individual level movement characteristics,
particularly a species’ response to non-habitat bound-
aries, as a potential mechanistic driver of observable
spatial structure of populations, and also the suscep-
tibility of species to fine-scale habitat fragmentation.

Developments in individual-based genetic tech-
niques (measurements of relatedness between pairs of
individuals of a species) have created significant
opportunities for investigating dispersal routes of
animals (Streiff et al. 1998; Rousset 2000; Vos et al.
2001; Broquet et al. 2006; Cushman et al. 2006). Gene
flow is understood to occur step-by-step as individuals
disperse across subsequent generations, and thus the
greater the number of steps between two individuals
in a particular time frame the greater the genetic
distance will be between them (Wright 1943; Coulon
et al. 2004). When coupled with landscape informa-
tion, individual based genetic differences provide a
means to examine hypotheses of dispersal routes
(Coulon et al. 2004; Cushman et al. 2006, 2008). The
empirical studies that have utilised these techniques
confirm that individual-based genetic relatedness is a
reasonable proxy for dispersal routes (Coulon et al.
2004; Broquet et al. 2006), as it has been found to
correlate well with vegetation patterns within the
landscape. But, the way in which different species
respond to the same landscape, and the mechanism
driving these differences, remain to be examined.

In this study we had two main objectives. The first
was to examine whether the spatial genetic structure
within populations of two closely related passerine
bird species (both within the genus Sericornis)
differed in response to the same landscape, and
further, whether there were sex differences in these
responses. Each species studied had a different
‘natural landscape’. Our second objective was to
examine whether individual level movement charac-
teristics were a potential mechanistic driver of genetic
differences. To address this problem, we used Fah-
rig’s model to make specific a priori predictions about
how landscape features such as habitat boundaries
(both natural and human-induced) likely affected
dispersal routes and, thus, genetic relatedness patterns
of the two bird species of interest. This approach,
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where specific falsifiable hypotheses are generated, is
considered a relevant approach for landscape genetic
studies to avoid spurious results (Segelbacher et al.
2010). We used individual-based genetic data col-
lected from a single population of each species in the
same landscape to confirm the validity of our model
predictions. This study may provide a means to
generalise the response of bird/animal populations to
landscape pattern at small spatial scales.

Materials and methods

Study area, species and development of an a priori
model

Our study area was located within the D’Aguilar
National Park and the adjoining Brisbane Forest Park,
north of Brisbane city in South East Queensland,
Australia (Fig. 1). The primary vegetation types are
eucalypt woodland and rainforest/wet sclerophyll
forest, and there are natural abrupt boundaries
between these vegetation types. Within the large
natural forest are small sections that have experienced
high levels of human disturbance; there is a main road

Queensland'..
AUSTRALIA ™
1

0 1 2

[ Bird sampling points
Eucalypt woodland

I Rainforest/vine forest
- Housing, altered areas

Roads

Fig. 1 The location of the study area with sampling points for
the bird species used in this study (white-browed scrubwren
S. frontalis and yellow-throated scrubwren S. citreogularis)
and the distribution of the main forest types

through the centre of the park and many cleared or
housed areas have existed for up to 150 years.
Associated with these human altered areas are vege-
tation/clearing boundaries.

We selected two bird species for this study. The
first is the white-browed scrubwren (Sericornis
frontalis), a generalist species that utilises many
vegetation types providing there is some shrubby
understory present (Higgins and Peter 2002). The
matrix in the study region for the white-browed
scrubwren can be considered high quality, as it often
contains small scattered shrubby areas that the
species can be found foraging in (Fig. 2; Table 1).
The second species is the yellow-throated scrubwren
(Sericornis citreogularis), a specialist species
restricted to dense rainforest (the surrounding
‘matrix’ can therefore be considered low quality),
and whose natural habitat is stable but patchy (Fig. 2;
Table 1) (Higgins and Peter 2002). The two species
are closely related, representing two of the three
species in the genus Sericornis, and are of similar
body size (Higgins and Peter 2002). Due to differ-
ences in feeding preferences (Higgins and Peter
2002) they are unlikely to be direct competitors.

Based on the life-history characteristics of the
white-browed and yellow-throated scrubwren, we
used Fahrig’s model (2007) to generate a priori
expectations of how landscape pattern would affect
individual relatedness patterns of these two species
(Fig. 2). Our model was built on the basic assumption
that movement characteristics of individuals during
dispersal will determine patterns of relatedness within
a population through the step-by-step process of
dispersal (Wright 1943; Coulon et al. 2004). For
instance, if individuals of a species are strongly
repelled by inhospitable ‘matrix’ (i.e. they have a
strong boundary response to unsuitable habitat), then
dispersing individuals will also be more likely to
preferentially travel through and settle in suitable
habitat. Individuals are therefore likely to be more
closely related along threads of suitable habitat rather
than across even small amounts of unsuitable habitat.

Creating cost-surfaces to quantify model
predictions

To quantify the a priori predictions and apply them to

the species of interest, we used least-cost modelling.
This modelling approach allows the user to determine
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Fig. 2 Our model describing animal movement as a function
of species’ landscapes (derived from Fahrig 2007). The
diagram shows our extension of Fahrig’s principles to make
predictions on how a species’ movement characteristics and
local vegetation patterns influence within-population genetic
patterns of a specialist and generalist species. Notably, we
predict that the strength of a species’ boundary response will
define whether realised dispersal tends to occur through
unsuitable habitat or not

the minimum distance between two points while taking
into account areas which may be more costly to cross or
are simply more resistant to crossing (Adriaensen et al.
2003; Chardon et al. 2003). This approach involves
first creating a cost surface which is a simplified grid-
based interpretation of the landscape. Each grid cell is
assigned a ‘cost value’. An algorithm is then used to
determine the least cost distance between two points.
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We first created a cost surface for both species
based on the a priori model described in Fig. 2. For
the white-browed scrubwren (the generalist species),
we predicted that Euclidean distance should provide
the best correlation with genetic relatedness between
individuals. As such, the a priori cost surface for the
white-browed scrubwren was a uniform surface
where all landscape features were considered equally
permeable to dispersal and gene flow, and all grid
cells were assigned the same cost value (see Model 1
of the alternative model set presented in Table 2 for
cost values). For the yellow-throated scrubwren, we
expected that patterns of suitable habitat would
determine dispersal patterns, where the most suitable
habitat (densely vegetated drainage routes in the area
of interest) provided the best facilitator of dispersal
and gene flow. The a priori cost surface for this
species was therefore characterised by high resistance
of unsuitable habitat to movement, a low level of
resistance by suitable habitat, and even lower resis-
tance along drainage lines (see Model 4 from the
alternative model set described in Table 2).

We created four additional alternative landscape
models for each species to compare against our
a priori landscape models. These additional models
considered a range of landscape features, including
unsuitable/suitable habitat, drainage lines, and human
altered areas (which included roads, housing, and
other cleared areas). We took a factorial approach to
assigning cost values to the landscape features within
these models, assigning a high and low value for each
feature (Table 2). This approach allows the exami-
nation of the relative importance of each factor,
rather than its exact level of resistance to dispersal
(Cushman et al. 2006). This process resulted in 17
possible landscape models to be tested for each
species (Table 2)—five principle landscape models
with sub-models of varying cost values.

To generate the cost surfaces, we used vector data on
vegetation, topography and human altered areas in
ARCGIS 9.3 (ESRI). We first built a suitable habitat
map for each species using species information from
Higgins and Peter (2002). To do this, we developed a list
of suitable habitat types and extracted relevant areas
from a detailed vegetation map generated by local
government (1:50,000; Regional Ecosystems version
5.2; Environmental Protection Agency 2007). The
user’s accuracy (probability that the actual vegetation
type is what the map says it is) of this broadly classified



Landscape Ecol (2011) 26:137-148

141

Table 1 Relevant life-history characteristics of the generalist
and specialist passerine bird species used in this study to
explore the relationship between a species’ natural landscape

and within-population genetic structure (life-history informa-
tion was obtained from Higgins and Peter 2002)

Life-history trait

White browed scrubwren S. frontalis

Yellow throated scrubwren
S. citreogularis

Feeding preferences

disturbed vegetation edges
Social structure Cooperative or pair

Habitat preferences

Habitat characteristics

Matrix characteristics High quality matrix

Insectivorous, feeds in dense shrubland and along

Generalist species. Shrubby understory of most
forest types, including heavily altered weedy areas

Patchy habitat, can be ephemeral

Insectivorous, feeds in leaf-litter

Pair

Specialist species. Wet sclerophyll
rainforest

Patchy, stable

Inhospitable matrix

map was 95%. Topographical layers (1:250,000; Geo-
science Australia 2006) provided drainage line loca-
tions. We generated our own ‘human altered areas’
vector layer by creating polygons representing housing,
clearings and major roads with high resolution from
Google Earth® imagery (Spot image, captured April 16,
2007). Due to expected errors in projection which can
occur with Google Earth® imagery, the human altered
areas layer was ground truthed and rectified using
prominent human-made landmarks (recognisable
houses and forestry road corners) across the studied
landscape. All vector layers were converted to grid with
a resolution of 10 m. This value is equal to the finest
scale features within our input surfaces, potentially
allowing us to detect the importance of biologically
relevant, but small, landscape features (Adriaensen et al.
2003). These grid layers were combined, and features
assigned values (as per Table 2) within ARCGIS 9.3
(ESRI) to create our final cost surfaces.

Field data collection and genetic analysis

We sampled individuals from a variable part of the study
area on a grid of approximately 1 km between sampling
points (Fig. 1). This scale was chosen as it is signifi-
cantly larger than an individual’s territory size for both
species, but less than an approximated dispersal distance
as calculated according to Bowman (2003). We covered
a landscape approximately 14 km in length and up to
3 km wide (Fig. 1). Trapping was carried out early in
the single breeding season (spring to early summer
2007/2008), when most individuals were likely settled
and not actively dispersing. At each location a male and
female, where possible, of each species were live-
trapped (mist-netted). Each individual was banded and

measured to prevent double sampling. Approximately
10-20 pl of blood was taken from the brachial vein
(according to the technique described by Arctander
1988) and stored in Queens Lysis Buffer (Seutin et al.
1991). A total of 41 adult white browed scrubwren (19
female, 22 male) and 41 adult yellow-throated scrubw-
ren (15 female, 26 male) were sampled at 21 locations. A
salting out method was used to extract DNA from these
samples (Nicholls et al. 2000). Twelve microsatellite
markers were screened for amplification for both species
(markers previously isolated for the large-billed scrubw-
ren, Sericornis magnirostris; Bardeleben et al. 2005).
Seven microsatellite markers for the white-browed
scrubwren and six for the yellow-throated scrubwren
amplified and were polymorphic. Polymerase Chain
Reaction (PCR) conditions followed Bardeleben et al.
(2005) using BioTaq DNA polymerase (Bioline).
Fragments were visualised using a Corbett GS2000
acrylamide gel system.

We examined whether the markers were in Hardy—
Weinberg equilibrium with an exact test in GENE-
POP version 4.0 (Raymond and Rousset 1995) and
carried out sequential Bonferroni correction for
multiple tests (Rice 1989). To further test the
microsatellite data, we looked for evidence of
admixture (i.e. multiple populations), checked
whether close relatives were sampled and also tested
for null alleles in the data set. Details on these
analyses are presented in the supplementary material.

We chose to use a, (Rousset 2000) as the measure
of genetic distance between individuals. This metric
is known to provide a reliable estimate of genetic
difference between individuals and has been repeat-
edly used in individual based genetic studies (Coulon
et al. 2004; Broquet et al. 2006). We calculated a,
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Table 2 Resistance values assigned to grid cells representing different landscape features in the cost surface models for the yellow-

throated scrubwren and white-browed scrubwren

Sub-model Resistance (or cost) of landscape feature
label assigned within landscape model
Suitable Unsuitable Drainage lines Altered
habitat habitat (i.e. rainforest areas
corridors)
Model 1 Model 1 2 2 2 2
Isolation by Euclidean distance ‘null’ model.
All tested landscape features offer similar
resistance to dispersal
Model 2 Model 2a 2
Human altered areas offer significant Model 2b 2
resistance to dispersal
Model 3 Model 3a 2 4
Unsuitable habitat offers significant Model 3b 2 6
resistance to dispersal
Model 4 Model 4* 2 4 1
Unsuitable habitat offers resistance, Model 4b 2 4 3
and drainage lines Model 4c 2 6 1
Model 4d 2 6 3
Model 5 Model 5* 2 4 1 4
Unsuitable habitat and human altered Model 5b 2 4 1 8
areas offer resistance, and drainage lines Model 5¢ ) 4 3 4
Model 5d 2 6 3 8
Model 5e 2 6 1 4
Model 5f 2 6 1 8
Model 5g 2 6 3 4
Model 5h 2 6 3 8

For each landscape feature, a high and low resistance value was tested. Our a priori predicted best fit models were Model 1 for the
white-browed scrubwren, Models 4a and 4c for the yellow-throated scrubwren

between individuals using the method described by
Rousset (2000) in GENEPOP 4.0. This provided a
matrix of pairwise genetic differences between all
pairs of individuals within each species. Other
distance indices such as Nei’s D (Hendrik 1983)
would have produced nearly identical results as the
Pearson correlation coefficient between a, and
Nei’s D in this study was more than 0.98 for both
species.

Model assessment
The geographic least-cost distances between individ-

uals for both species were calculated for all 17
landscape models using PATCHMATRIX (Ray
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2004), an extension to ARCVIEW 3.3 (ESRI). All
geographic distances were log.-transformed.

We examined the relationship between a, and the
geographic distances calculated from each landscape
model using Mantel tests (Mantel 1967) in GENAL-
EX version 6.0 (Peakall and Smouse 2006; permuta-
tions = 9999). These tests use a modified regression
analysis between two data sets to assess autocorrela-
tion between two matrices; the rows and columns of
the matrices are randomly re-sampled to calculate
r (the correlation coefficient) and the Monte Carlo
procedure estimates significance of the test. We
carried out Mantel tests for all samples of each
species as well as each species separated by sex. We
used the Bonferroni correction to adjust P values for
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multiple tests (¢« = 0.05). We ranked each of the
models from 1 to 17 based on Mantel correlation
coefficients, and then by the P value of the test (a
higher coefficient and lower P value will result in a
higher ranking). This allowed us to examine which
sub-models had the greatest correlation with the
genetic data. In this least-cost distance modelling
approach, all features in each landscape model are
combined to produce a single resistance hypothesis.
As such there is no inflation of explained variance due
to the number of factors involved (Cushman 2006).

Partial Mantel tests allow the user to test for a
relationship between two variables, while controlling
for a third. We used partial Mantel tests within a causal
modelling framework, where the correlation between
each landscape model and a, was tested with each of
the other models partialled out. The results from this
analysis can be used to assess the degree of support
for each model (Legendre and Troussellier 1988;
Cushman et al. 2006; Lada et al. 2008). This is because
a positive and significant partial Mantel correlation
coefficient indicates that the landscape model tested
provides a significantly better fit to the genetic data
than the model that is partialled out. Within this causal
modelling framework we used only the highest ranking
sub-model from each of the five landscape model sets.
To evaluate support for each model we assessed the
correlation coefficients and P values. All partial
Mantel tests were carried out in the package ‘vegan’
(Oksanen et al. 2009) within R package version 2.2
(R Development Core Team 2005).

Results
Genetic analyses

All microsatellite loci had between two and 33
alleles. Observed heterozygosity (H,) was signifi-
cantly lower than expected heterozygosity (H.) in one
locus for the yellow-throated scrubwren (AACC-33)
and two for the white-browed scrubwren (AACC-33,
AACC-1). When these loci were removed from the
analysis there was no difference in top ranking
models (these results are presented in the supple-
mentary material). There was no evidence that parent/
offspring or siblings were sampled (see the supple-
mentary material), and no null alleles were detected.

The results indicated that individuals were sampled
from a single population for both species.

Overall model test

The highest ranking landscape model was Model 1
(Euclidean distance) for white-browed scrubwren
(the habitat generalist, » = 0.093, P = 0.002), and
Model 4a (the more complex model with predicted
resistance to natural habitat boundaries) for the
yellow-throated scrubwren (the habitat specialist,
r = 0.107, P = 0.001). No other landscape models
were significant for the white-browed scrubwren, but
for the yellow-throated scrubwren Models 3b and Sa
were also significant (Tables 3, 4).

We observed sex based differences in the rela-
tionship between geographic distance and genetic
distance in both species. No significant correlation
with geographic distance or any other model was
found for white-browed scruwbren males and yellow-
throated scrubwren females. However, there were
significant results for white-browed scruwbren
females and yellow-throated scrubwren males with
the highest ranking models Model 1 (Euclidean
distance) and Model 4a (resistance to natural habitat
boundaries) respectively (Table 2).

The partial Mantel tests showed that for the
yellow-throated scrubwren, both Model 4a and Model
5a (where human altered areas were also considered)
improved significantly on the relationship with a,
over all other tested models, indicating that vegeta-
tion had an important effect on within population
genetic structure in this species and that drainage
lines provide corridors for gene-flow. We were
unable to distinguish whether either Model 4a or
Model 5a were better, as the partial Mantel test
correlation coefficient between them was not signif-
icant. For the white-browed scrubwren, Euclidean
distance (Model 1) was much better at explaining a,
than the more complex Models 4c and Se. Further,
when the other models were tested against a, with
Euclidean distance partialled out, no results were
significant. There was thus no evidence that land-
scape complexity was more important than distance
alone in determining the genetic structure of this
species. In both species Model 2, which only included
areas altered by humans, did not have a significant
relationship with genetic distance.
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Table 3 Results from Mantel tests where each model (see Table 2) was tested against individual based genetic distances (a,) for
both the white-browed scrubwren and the yellow-throated scrubwren

Sub-model All individuals Males Females
label
Overall Mantel r P value Overall Mantel r P value Overall Mantel r P value
rank correlation rank correlation rank correlation
coefficient coefficient coefficient

White-browed scrubwren (generalist species)

Model 1 1 0.093 0.002* 1 0.015 0.46 13 0.115 0.02%*
Model 2a 13 0.079 0.03 2 0.013 0.51 5 0.111 0.18
Model 2b 11 0.080 0.03 3 0.010 0.55 4 0.111 0.10
Model 3a 2 0.084 0.05 15 0.003 0.51 16 0.114 0.09
Model 3b 8 0.082 0.06 13 0.004 0.48 15 0.112 0.07
Model 4a 7 0.083 0.70 17 0.001 0.61 17 0.114 0.12
Model 4b 10 0.081 0.05 10 0.004 0.42 11 0.112 0.17
Model 4c 3 0.084 0.45 16 0.002 0.60 8 0.113 0.16
Model 4d 9 0.081 0.04 11 0.004 0.42 12 0.111 0.15
Model 5a 14 0.079 0.04 7 0.007 0.53 6 0.112 0.16
Model 5b 12 0.08 0.04 4 0.008 0.47 9 0.111 0.14
Model 5S¢ 4 0.083 0.08 6 0.007 0.41 3 0.100 0.24
Model 5d 5 0.083 0.40 5 0.008 0.55 7 0.109 0.45
Model 5e 6 0.083 0.60 9 0.005 0.55 2 0.101 0.14
Model 5f 17 —0.008 0.07 8 0.006 0.32 10 0.114 0.23
Model 5g 15 0.013 0.93 12 0.004 0.45 14 0.113 0.08
Model 5h 16 0.013 0.97 14 0.004 0.53 1 0.111 0.15
Yellow-throated scrubwren (specialist species)
Model 1 13 0.100 0.05 10 0.156 0.04 8 0.077 0.30
Model 2a 16 0.099 0.05 11 0.153 0.03 9 0.076 0.26
Model 2b 15 0.099 0.05 8 0.157 0.05 7 0.077 0.25
Model 3a 7 0.102 0.03 12 0.152 0.07 3 0.081 0.29
Model 3b 6 0.103 0.01%* 4 0.165 0.05 1 0.084 0.20
Model 4a 1 0.107 0.001* 1 0.183 0.02* 4 0.081 0.58
Model 4b 12 0.100 0.05 13 0.150 0.09 5 0.08 0.32
Model 4c 2 0.106 0.03 2 0.171 0.001* 10 0.068 0.28
Model 4d 17 0.099 0.06 9 0.157 0.08 11 0.063 0.21
Model 5a 3 0.106 0.002* 3 0.170 0.02* 13 0.060 0.10
Model 5b 4 0.104 0.04 5 0.165 0.02* 6 0.079 0.36
Model 5¢ 11 0.100 0.05 15 0.143 0.08 17 0.002 0.22
Model 5d 14 0.099 0.04 14 0.147 0.05 15 0.050 0.31
Model 5e 5 0.103 0.08 7 0.160 0.06 12 0.062 0.49
Model 5f 9 0.101 0.04 6 0.161 0.03 14 0.059 0.28
Model 5g 10 0.101 0.07 16 0.133 0.06 16 0.018 0.25
Model 5h 8 0.102 0.05 17 0.131 0.10 2 0.082 0.26

Ranking is based on the Mantel r correlation coefficient and P value. Results that were significant following Bonferroni correction for
multiple tests are indicated with an asterisk
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Table 4 The correlation coefficients and P values of partial Mantel tests between the cost distances between sampled individuals (as
per each principle landscape model), and genetic distance (a,) between individuals

Correlation White-browed scruwbren Partial Mantel test Correlation Yellow-throated scrubwren Partial Mantel test
between conditioned on between conditioned on
a, and a, and
Model Model Model Model Model Model Model Model Model Model
1 2b 3a 4c Sc 1 2b 3b 4a Sa
Model 1 r N/A 0.053 0.052 0.135 0.127 Model 1 N/A 0.028 0.023 —0.074 —0.094
P 0.277 0.017 0.002*  0.001* 0.534 0.634 0.140 0.073
Model 2b  r —0.055 N/A 0.000 0.142 0.135 Model 2b  —0.021 N/A —0.006 —0.098 —0.126
P 0.272 0.400 0.010 0.010 0.655 0.891 0.159 0.114
Model 32 r —0.055 0.000 N/A 0.142 0.134 Model 3b  —0.015 0.127 N/A —-0.090 —0.114
P 0281 0.623 0.000*  0.021 0.761  0.013 0.083 0.274
Model 4c  r —0.118 —0.119 —-0.125 N/A —0.030 Model 42 0.094 0.115 0.108 N/A —0.016
P 0.1911 0.185 0.152 0.549 0.001* 0.000%  0.001* 0.744
Model 5¢  r -0.112 -0.112 —-0.119 0.037 N/A Model 5a  0.113  0.142 0.132 0.030 N/A
P 0301 0.232 0.191 0.465 0.002* 0.001*  0.000*%  0.542

Each test is conditioned on each of the other best models considered in this study. The bold data indicate our original a priori
hypotheses that Euclidean distance would best explain genetic distance for the white-browed scrubwren, and the more complex
Model 4 would be best for the yellow-throated scrubwren. Values that were significant following Bonferroni correction are marked
with an asterisk. A significant positive result indicates that the model from the first column is better than the model it was conditioned

on

Discussion

Information on the way that landscape patterns
influence within-population genetic structure of dif-
ferent species could provide a key to understand the
effect of early stage habitat fragmentation on pro-
cesses such as dispersal (Cushman and McGarigal
2002; Proctor et al. 2005; Bruggeman et al. 2010). In
this paper we have shown that the relationship
between landscape features and genetic patterns
within populations differ even between two closely
related species in the same landscape. Furthermore,
we have presented evidence that differential move-
ment characteristics may be the mechanism driving
this difference. This result highlights the importance
of considering differences in species life-history traits
when de-fragmenting landscapes.

In support of our a priori predictions, we found that
Euclidean distance best described genetic patterns for
the white-browed scrubwren, a species that naturally
occurs in patchy habitat with high quality, low-risk
matrix (and hence was predicted to have a weak
boundary response). The more complex model that
included patterns of suitable habitat provided the best
correlation for the yellow-throated scrubwren, a
species with a patchy natural landscape, high-risk

matrix and predicted strong avoidance response to
natural habitat boundaries. These results provide some
clues as to how each species might respond to
landscape change. For example, if a species has a
strong avoidance response to natural boundaries and
this impacts on within-population spatial genetic
structure, the creation of new boundaries should
hinder normal dispersal patterns in the long-term,
fragmenting the population into smaller and corre-
spondingly more ‘at risk’ populations (Wilcove et al.
1986; Fahrig 2003). However, a species such as the
white-browed scrubwren with a weak boundary
response to natural habitat boundaries may be more
resilient to fragmentation as dispersal processes could
be maintained. Our results also support other research
that suggested habitat specialists may be more at-risk
from habitat fragmentation. For instance, Vergara and
Armesto (2009) found that specialist species are more
affected by landscape pattern across spatial scales,
and other studies found that habitat specialists are less
likely to cross unsuitable habitat areas to recolonise
habitat remnants (Villard and Taylor 1994; Joshi et al.
2006). To ensure long term persistence of specialist
species such as the yellow-throated scrubwren, direct
connections among habitat patches should be the best
way to ensure population maintenance.
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We also assessed whether landscape models which
incorporated human altered areas provided predictive
accuracy (Model 2). Our results did not show any
significant influence of this landscape feature in both
species. This was surprising, as our a priori predic-
tions expected that landscape change would have an
early and significant influence on the yellow-throated
scrubwren with its strong boundary response. If this
study was replicated in a region where human
induced landscape change was larger or occurred
earlier (i.e. more than 100-150 years ago), a con-
trasting result may emerge.

We did observe a difference in the relationship
between geographic distance and genetic distance for
males and females of both the yellow-throated
scrubwren and white-browed scurbwren, which may
indicate that each species has sex-biased dispersal,
although we could not explore this pattern in detail
due to small sample sizes.

Genetic studies at the individual-based level such
as this one present two main challenges which need
to be considered when interpreting results. First, as
this study presents, the correlation coefficients from
Mantel/partial Mantel tests were low in the compar-
isons between genetic distance (a,) and geographic
distances. This is a characteristic of many studies
using individual-based genetics techniques, probably
because genetic drift and sampling error at this level
result in high variance in spatial genetic structure. For
example, Coulon et al. (2004) achieved correlation
coefficients of 0.0001-0.031 for Mantel tests between
individual-based genetic and geographic distances for
roe deer, and in a study on the American marten the
coefficients were between 0.0002 and 0.0043 (Coulon
et al. 2004; Broquet et al. 2006). However, their
results are generally considered biologically mean-
ingful providing the relationship is significant as it
depends directly on dispersal patterns (Broquet et al.
2006). One way to improve the strength of results in
such studies, may be to utilise a greater number of
microsatellite loci (Koskinen et al. 2004). However,
in our study six and seven loci were sufficient to
provide significant results. The second challenge
presented is that populations sampled at a small
spatial scale can result in relatively small sample
sizes. A greater number of individuals sampled might
strengthen our results, though the number of sam-
pling units in our study is still larger than in many
population-level cost-distance studies—these studies

@ Springer

also tend to use relatively few sample units and yet
provide insights into landscape level processes.
Individual-based simulation approaches (e.g. Land-
guth and Cushman 2010), will provide a means to
further explore the relationship between landscape
and genetic patterns within populations.

Conclusions

In this study we demonstrated that two co-occurring
bird species are affected in different ways by the
same landscape. Furthermore, we found support for
the hypothesis that individual-level movement-
response to landscape features is a likely mechanism
driving these differences. Importantly, our model also
provides a context for studies where no relationship
between landscape pattern and genetic structure is
found, as this was an a priori expected outcome for
one of the species in this study.

Our study has implications for conservation man-
agement, particularly for developing ways to prevent or
repair habitat fragmentation for different species. For
example, at the within-population scale, vegetation
corridors containing suitable habitat could be the best
way to maintain dispersal patterns for species that
naturally occur in patchy habitat and consequently have
a strong boundary avoidance response. However, this
may not be necessary for generalist species with a weak
boundary response. The predictions presented in this
study using Fahrig’s model (2007) could be accommo-
dated to other species and differing landscapes.
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