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Abstract Although the role of habitat fragmentation

in species declines is well recognised, the effect of
habitat quality on species distributions is often studied

using presence–absence models that ignore metapop-

ulation dynamics. We compared three approaches to
model the presence–absence of North Island robins in

400 sites among 74 fragments of native forest in a
15,000-ha agricultural landscape in New Zealand. The

first approach only considered local habitat charac-

teristics, the second approach only considered meta-
population factors (patch size and isolation), and the

third approach combined these two types of factors.

The distribution of North Island robins was best
predicted by patch isolation, as their probability of

occurrence was negatively correlated with isolation

from neighbouring patches and from the closest major
forests, which probably acted as a source of immi-

grants. The inclusion of habitat factors gave only a

slight increase in predictive power and indicated that
robins were more likely to occur in areas with tall

canopy, tall understory and low density of young

trees. We modelled the effect of isolation using an

index of functional patch connectivity based on
dispersal behaviour of radio-tracked juveniles, and

this functional index greatly improved the models in

comparison to classical indices relying on Euclidean
distances. This study highlights the need to incorpo-

rate functional indices of isolation in presence–
absence models in fragmented landscapes, as species

occurrence can otherwise be a misleading predictor of

habitat quality and lead to wrong interpretations and
management recommendations.
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Introduction

Identifying factors driving the distribution of species

is at the core of ecology, and is important for
developing strategies to prevent further loss of

biodiversity. Habitat fragmentation has been identi-

fied as a major cause of species decline worldwide
(Saunders et al. 1991; Vitousek et al. 1997). At a

local scale, it can lead to habitat deterioration via

edge effects, a decrease in food availability, and an
increase in predators, parasite abundance or disease

prevalence (Saunders et al. 1991; Paton 1994; Andren

1995; Burke and Nol 1998; Harrison and Bruna 1999;
Doak 2000; Chalfoun et al. 2002). At a broader
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spatial scale, habitat fragmentation can impede the
exchange of individuals between (sub-) populations,

leading to a diminished rescue effect or to increased

inbreeding (Caughley 1994; Brown and Kodric-
Brown 1977; Pulliam 1988; Sih et al. 2000; Reed

2004).

Presence–absence data have been commonly used
to identify habitat characteristics correlated with

species distribution, and in turn for determining

suitable habitats for reintroductions or protection
(Van Teeffelen et al. 2006). It is relatively easy to

collect data on a range of habitat characteristics as

well as presence–absence of species, hence the
approach has been used for a wide range of appli-

cations (e.g., Lawton and Woodroffe 1991; Rushton

et al. 2000; Smart et al. 2000). However, a short-
coming of the approach is that a good quality patch

might be unoccupied because of chance events

related to metapopulation dynamics, i.e., a small
isolated patch may not be recolonised after a local

extinction regardless of its quality (Hanski 1998). On

the other hand, species can be present in low quality
sink habitats due to dispersal from higher quality

habitats (Pulliam 1988). Consequently, although

presence or absence (or density) of a species is often
directly related to habitat quality (Bock and Jones

2004), it may be a misleading indicator in some

situations (Van Horne 1983).
Metapopulation dynamics, although likely to mask

the true relationships between habitat and species

occurrence, are often not considered in presence–
absence models, with alternative models only con-

sidering different aspects of local habitat quality

driving occupancy. In contrast, many other presence–
absence models take metapopulation dynamics into

account by relating probabilities of colonization and

extinction to patch size and isolation (Hanski 1998),
but do not consider local habitat quality (but see

Moilanen and Hanski 1998). Armstrong (2005)

referred to these alternative modelling approaches
as following the ‘‘habitat paradigm’’ and ‘‘metapop-

ulation paradigm’’ respectively, and noted that pub-
lished presence–absence studies fell into four groups:

(1) habitat paradigm; (2) metapopulation paradigm;

(3) integrating elements of both paradigms; and (4)
theoretically ambiguous (the final group consists of

studies reporting area effects with no data that can be

used to resolve effects of patch area on habitat quality
and probability of chance extinction).

Although it seems sensible to integrate the two
paradigms by including patch isolation in species-

habitat models as well as local habitat factors,

isolation can be difficult to define. Patch isolation
indices used in the literature are often calculated from

the Euclidean distances to the nearest neighbouring

patches (e.g., Doebeli and Ruxton 1998; Hanski et al.
2000), sometimes correcting for their area, quality,

and occupancy (e.g., Moilanen and Hanski 1998).

However, isolation indices based on Euclidean dis-
tances assume a random dispersal behaviour and a

homogeneous matrix between patches, and are often

poor predictors of species movements (Winfree et al.
2005). Patch isolation should be defined relative to

species movement behaviour, as the existence of

corridors or barriers in the matrix has been shown to
greatly enhance or impede individual movements

between patches (Potter 1990; Ricketts 2001; Gobeil

and Villard 2002; Goodwin and Fahrig 2002; Haynes
and Cronin 2006).

Presence–absence data for this study were col-

lected for the North Island robin (Petroica longipes)
in the central North Island of New Zealand. Robins

are an ideal model species for this research as they

are locally abundant, although absent in some forest
patches (Robertson et al. 2007), sedentary, and easy

to detect. This species is also interesting from a

conservation point of view as its range has greatly
declined since human settlement in New Zealand

(Bell 1986).

The purpose of this study is two-fold. Firstly, we
compared three possible approaches for analysing

presence–absence data in a fragmented landscape.

The first approach only includes habitat factors and
thus follows the ‘‘habitat’’ paradigm whereas the

second approach only considers the size of habitat

patches and their isolation from putative source
populations and from neighbouring patches, thus

following the ‘‘metapopulation’’ paradigm. The third

approach combines the two paradigms by incorpo-
rating both habitat and metapopulation factors.

Although many studies incorporated both types of
factors, this study is to our knowledge the first to

compare explicitly these different approaches. Sec-

ondly, we compared the predictive power of several
indices of patch isolation for explaining the distribu-

tion of North Island robins. In particular, we were

interested in assessing the predictive power of an
index of patch connectivity based on the functional
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distance between patches that takes into account the
connectivity of the matrix between patches, and

calibrated from actual data on juvenile robin dispersal

(Richard and Armstrong 2010).

Methods

Model species and study area

The North Island robin (Petroica longipes) is a small

(26–32 g) insectivorous passerine endemic to New

Zealand (Heather and Robertson 2000). Its habitat is
typically native podocarp-broadleaf forest, but it can

also be found in Pinus radiata (exotic pine) planta-

tions. The North Island robin is a non-migratory
species, is socially monogamous, shows high site

fidelity, and feeds mainly on invertebrates in the leaf

litter. Robins usually undergo a dispersal phase
shortly after fledging, then stay on the same territory

for the rest of their lives (Higgins and Peter 2002).

They are highly territorial and inquisitive, and
respond strongly to territorial calls, giving them a

very high detectability. Indeed, a survival study using

capture-recapture models on adult robins in a main-
land forest fragment using the same methodology to

detect individuals estimated a probability of recapture

of 0.94 (Armstrong et al. 2006).
The study area of 15,000 ha was located in the

central North Island of New Zealand, between the

township Benneydale (175"220 E, 38"320 S) and
Pureora Forest Park. The landscape is mainly farm-

land, with some forest remnants varying in shape,

quality and isolation of the continuous podocarp-
broadleaf forest that previously covered 96% (Ewers

et al. 2006) of the North Island before human

colonisation 800 years ago (Anderson 1991). The
area is bordered to the east and south by exotic

plantations of Pinus radiata.

Data

Data on robin presence–absence were collected

between September and May in 2004–2005 in 400

sampling sites in 74 forest patches. A patch was
defined as a minimum area of 0.5 ha of native forest

with canopy [ 2.5 m, separated by at least 75 m of

pasture from other forest habitat, the approximate
diameter of a robin territory at high density. Sampling

sites were separated by 150 m to reduce the chance of
multiple records of the same individuals (our expe-

rience with banded robins suggests that robins are

unlikely to be attracted over this distance). At each
site, the spatial coordinates were recorded with a

handheld GPS, and only one researcher (YR) visually

assessed a set of habitat variables within a 50-m
radius, ensuring the measurements were consistent

among sites. The approximate heights of both the tall

canopy (trees [ 15 m high) and secondary canopy
(trees 2–15 m high) were recorded. The densities of

both tall and small trees were recorded, as the

average distance between a tree and its nearest
neighbour, as well as the mean diameter-at-breast-

height (DBH) of the tall trees. The average height of

the understory (vegetation \ 2 m) was also esti-
mated, as well as the density of vines categorized

in four subjective classes (1 in absence of vines to 4

for a dense wall of vines). Finally, the distance to the
closest stream was recorded if one was present within

a 75 m radius around the location, or was otherwise

extracted from the geographical information system
(GIS; see below).

Presence or absence of robins was then recorded

by playing a lure territorial call for one minute and
scanning the habitat for two additional minutes.

Trials in the field indicated that this duration was

sufficient to detect robins whose territories encom-
passed the sampled site, but short enough to prevent

individuals attracted by the lure tape from moving to

habitats where they would not naturally occur.
The locations were then input in a GIS using

ArcGIS version 9.0 (ESRI, Redlands, California,

USA). The GIS included the vegetation cover map of
the study area and additional remote sensing habitat

variables obtained from Landcare Research (Palmer-

ston North, New Zealand). The two-dimensional map
of the vegetation cover of the study area was digitised

at 15-m resolution from recent high-resolution aerial

photographs (from 2000) and satellite images
(LANDSAT and SPOT5 from 2002) using ERDAS

Imagine 8.5 (Leica Geosystems#) in order to accu-
rately represent all the woody vegetation including

isolated trees potentially used by dispersing juveniles

(Richard 2007). Four vegetation types were recogni-
sed and defined as mature native forest, plantation

forest of Pinus radiata, shrubs, and pasture. We

validated this classification in the field by visiting
each part of the study area over 3 years, checking for
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the agreement between the map and our classifica-
tion, and we made modifications where necessary.

The minimum slope was calculated from a 50-m

radius buffer around each recorded site because
robins are thought to prefer flat areas to establish their

territories (Clubb 2003). The distance to the closest

forest edge and the elevation (from the Land Envi-
ronment of New Zealand database; Leathwick et al.

2003) were also calculated from the GIS, as these

factors can potentially affect habitat quality.
In order to incorporate metapopulation dynamics

in the models, we calculated the area (ha) of each

patch using ArcGIS, and assigned an index of shape
and isolation to each patch. The shape was defined as:

Shape ¼ 0:282 ! Perimeterffiffiffiffiffiffiffiffiffiffi
Area
p ;

following Farina (1998), with values from zero for
perfectly circular patches to infinity for increasingly

complex shapes. Additionally, we developed a pro-

gram in Python for ArcGIS to calculate an index of
functional patch connectivity (IFPC; program avail-

able at http://www.massey.ac.nz/*yrichard/IFPC),

which is inversely related to patch isolation. This
index is the sum of the ratio between the area and the

inter-patch cost distance (edge to edge) for all

neighbouring patches within 2 km of the focal patch
(See Appendix 1 in Electronic Supplementary

Material), but does not consider the area of the focal

patch. It differs from the traditional proximity index
of Gustafson and Parker (1994) in that the latter

considers the Euclidean distance between patches

whereas IFPC takes into account the likelihood of
movement based on the permeability of the matrix

between patches (See Appendix 1 in Electronic

Supplementary Material). The calculation of IFPC
relies on a cost raster map, where each pixel indicates

the resistance to movements across it, which was

calibrated using actual data on the dispersal of juve-
nile robins in the same study area (38 juveniles, 220

dispersal steps; Richard and Armstrong 2010). This

index considers the dispersal behaviour of the spe-
cies, and thus represents a more realistic measure of

patch isolation than the traditional ones relying on the

Euclidean distance to neighbouring patches (e.g.,
Doebeli and Ruxton 1998; Hanski et al. 2000).

In addition to IFPC, two traditional measures of
patch isolation were calculated for each patch using

ArcGIS for comparison: the edge-to-edge Euclidean

distance to the nearest patch, and the proximity index
of Gustafson and Parker (1994) which is the same as

IFPC but using Euclidean distances instead of cost

distances.
The forests surrounding the study area contained a

relatively high density of robins. Pureora Forest Park,

located 10 km to the east, is a natural reserve
managed by the Department of Conservation where

robins benefit from a relatively high productivity and

survival because exotic predators such as rats (Rattus
spp.), mustelids (Mustela spp.) and brush-tailed

possums (Trichosurus vulpecula) are regularly con-

trolled by poison operations. We therefore suspected
that these forests could act as source populations and

provide immigrants to the study area. The functional

distance to the closest major forest, calculated as the
cost distance between each patch and the closest

surrounding major forest (cost distance to continuous

forest, CDCF) was therefore calculated, using the
same cost map as in the calculation of the IFPC, as

well as the Euclidean distance for comparison.

In order to normalise the variables we considered,
the distance to closest edge, the slope, the patch area,

the IFPC, the distance to the nearest neighbouring

patch and the proximity index were log transformed,
and the distance to closest stream and the CDCF were

square-root transformed. All variables were stand-

ardised by their mean and standard deviation.

Modelling

Generalized linear mixed modelling was used as it

performed better with our data than regression trees

and artificial neural networks, based on the correct
classification rate of presence–absence, the area

under the curve of the receiver operating character-

istic (ROC) plot and the Cohen’s Kappa (see Model
evaluation). Regression trees and artificial neural

networks represent alternatives to linear modelling

that relax some common assumptions such as
normality of residuals, linear relationship and no

correlations between predictors (Manel et al. 1999;
Ozesmi and Ozesmi 1999; Guisan and Zimmermann

2000). Their benefits have, however, received little

support in species distribution modelling of some
taxa such as birds (e.g., Manel et al. 1999). The patch

was incorporated as a random factor in order to

account for the lack of independence between sites
within each forest patch, with random variation in
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occupancy probability among patches assumed to be

logit-normally distributed. The modelling was per-
formed using the software R (R Development Core

Team 2006), using the function lmer from the lme4

package.
For each of the three approaches, a full model was

first run with all the variables (Table 1). Variable

selection was first performed by backward stepwise
selection based on Akaike’s information criterion

(AIC), with lower AIC values indicating a more

parsimonious model (Burnham and Anderson 2002).
This selection algorithm was chosen as it is consid-

ered to perform better than the forward selection in

presence of correlated predictors (Harrell 2001).
Forward stepwise selection was then performed on

the best models to assess whether they could be

improved.

Model evaluation

To assess the performance of the final models under

each approach, a new dataset was first created for

each model by leave-one-out cross-validation, where
each observation was predicted from the best models

calibrated with the remaining observations. The

evaluation of the final models was then assessed on
the cross-validated datasets using a ROC plot. The

ROC plot represents the relationship between true-
presences and false-presences for a range of threshold

values classifying the probability of presence, and the

area under the curve (AUC) represents a measure of
overall accuracy (Fielding and Bell 1997). We also

used the highest Cohen’s Kappa (j) that could be

obtained on the whole range of possible cut-off
values as an indicator of each model’s performance.

The Kappa statistic has been proposed to evaluate the

predictive success in relation to chance expectation

(Cohen 1960; Fielding and Bell 1997), and can be
used to classify model agreement as poor (j\ 0.4),

good (0.4 B j\ 0.75), or excellent (j C 0.75), fol-

lowing Landis and Koch (1977).
An increasing body of literature highlights biases

induced by spatial autocorrelation of data, resulting in

the effects of habitat variables being overestimated
(Legendre 1993; Keitt et al. 2002; Betts et al. 2006).

The presence of spatial autocorrelation in the models

was assessed from the semivariograms of the resid-
uals of each model, using the package GeoR in R

(Ribeiro and Diggle 2001; available at http://www.

r-project.org). Semivariograms are plots of the
semivariance against lag distance. The semivariance

is the halved average of squared differences between

all points that are separated by lag distance t. If the
compared points are increasingly different as t
increases, the semivariance increases, and conversely,

the semivariance decreases with the similarity of the
compared points. The significance of spatial auto-

correlation from the semivariograms was assessed

visually by calculating an envelope obtained from 100
Monte-Carlo simulations, so that any semivariance

outside the envelope indicates a significant autocor-

relation at a = 0.01. For each simulation, the data
values were randomly allocated to the spatial loca-

tions, and the envelope therefore represents the vari-
ation in the semivariance of the residuals expected

solely by chance in absence of spatial autocorrelation

(Ribeiro and Diggle 2001).

Comparison of isolation indices

We compared the three calculated indices of patch

isolation by running the backward then forward

Table 1 Variables considered in the three approaches considering either factors of local habitat, factors of metapopulation dynamics
(patch size and isolation), or their combination to explain robin occurrence in forest patches

Approach Full model variables

Local habitat only CanH, SecCanH, TallTreeD, SmallTreeD, DBH, VineD, USH, MinSlope, Elev, DistToS, DistToE

Metapopulation factors P_Area, CDCF, IFPC

Habitat and metapopulation
factors

CanH, SecCanH, TallTreeD, SmallTreeD, DBH, VineD, USH, MinSlope, Elev, DistToS,
DistToE, P_Area, P_Shape, CDCF, IFPC

CanH Tall canopy height, SecCanH Secondary canopy height, TallTreeD Tall tree density, SmallTreeD Small tree density, DBH
Diameter of tree trunks at breast height, VineD Vine density, USH Understory height, MinSlope Minimum slope, Elev Elevation,
DistToS Distance to stream, DistToE Distance to edge, P_Area Patch area, P_Shape Patch shape, CDCF Cost distance to continuous
forest, IFPC Index of functional patch connectivity
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stepwise selection on the full combined model with
Euclidean distance to the closest continuous forest

instead of the CDCF, and either the Euclidean

distance to the nearest neighbouring patch or the
proximity index instead of the IFPC. The perfor-

mance of the resulting two best models was then

compared with the best one of the combined
approach in which patch isolation was described by

IFPC and CDCF.

Results

Robins were recorded as present in 127 (32%) out of

400 sampled sites, and in 33 (45%) out of 74 forest

patches (Fig. 1).

Models selected under the three approaches

The approach combining both habitat and metapop-

ulation factors produced the best model in terms of

AIC, AUC, Kappa, correct classification rate, and

sensitivity values (Table 2). The model including
only patch size and isolation (i.e., metapopulation

factors) had a lower AIC. However, both of these

models are considered excellent based on Hosmer
and Lemeshow’s (2000) criteria for AUC, good

(Landis and Koch 1977) criteria for Kappa, and had

high ([0.8) correct classification rates. Patch isola-
tion, as measured by IFPC and CDCF, is sufficient to

explain most of the variation in robin presence–

absence as indicated by the good predictive power of
the model including only these variables. In contrast,

the approach considering only habitat factors led to a

poor model based on all measures of model evalu-
ation. Furthermore, the residuals of this model

showed some spatial autocorrelation at lag 500 m,

in contrast to those including metapopulation factors
(Fig. 2).

The best model indicated that robins are most

likely to be present in larger patches (P_Area) that are
well connected to surrounding patches (IFPC) and to

the surrounding continuous forest (CDCF; Table 3).

The habitat factors that increased probability of

Fig. 1 Presence–absence
of North Island robins in
forest fragments in an
agricultural landscape of
central North Island in New
Zealand. The inset shows
the location of the study
area in New Zealand
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occupancy were high understory (USH), tall canopy
(CanH), and low density of regenerating trees

(SmallTreeD).

By examining the last steps of the backward
selection process based on AIC, several models had

DAIC values \ 2 (i.e., within two units of the best
model), and can therefore be considered as reason-

able alternative models (Burnham and Anderson

2002). Model averaging using all models with
DAIC \ 2 suggested that robins were more likely to

be present in flat areas (MinSlope; Table 4), and

away from the forest edge (DistToE).
From the comparison of the best models including

both habitat and metapopulation factors but differing

in their indices to define patch isolation, the approach
in which isolation is defined by IFPC and CDCF

outperformed those with indices based on Euclidean

distances in terms of AIC, AUC, Cohen’s Kappa, and
correct classification rate (Table 2). Moreover, the

approach in which isolation is measured as the

Euclidean distance to the nearest neighbouring patch
led to a model in which residuals showed some level

of spatial autocorrelation (Fig. 2).

Discussion

Our results clearly showed that the consideration of

metapopulation dynamics, by incorporating patch

size and functional connectivity, greatly improved the
accuracy of the models of robin presence–absence in

the fragmented landscape we studied. Robin occur-

rence can even be accurately predicted with a simple

model including only patch size and isolation. The
further consideration of habitat factors only led to a

slight increase in model accuracy and predictive

power. Conversely, only accounting for habitat
factors led to a poor model, with low predictive

accuracy. Furthermore, the spatial autocorrelation of
residuals found under the approach considering only

habitat factors disappeared when patch isolation was

included in the model, indicating that the lack of
dependence among sites was induced by species

movements. Spatial autocorrelation can introduce

some bias in the analysis (Lichstein et al. 2002) and
more complicated models such as autologistic regres-

sion are often required to cope with this problem

(Klute et al. 2002; Wintle and Bardos 2006), but
controlling for the processes inducing this spatial

autocorrelation should be preferred when possible

and is likely to improve model fit and accuracy.
The importance of functional patch connectivity in

explaining robin presence–absence is consistent with

our research on dispersal of juvenile robins in the
same landscape (Richard and Armstrong 2010).

Juveniles were found to disperse preferentially in

woody vegetation and unlikely to cross gaps in forest
cover of more than 110 m. With pasture acting as a

dispersal barrier, it is sensible to model patch

isolation using a functional definition, based on cost
distances instead of Euclidean distances. Indices

based on Euclidean distances ignore the structure of

the matrix between patches, which often influences
species movements (Ricketts 2001), and are

unlikely to reflect the true movements between

patches. As expected, the approach using IFPC and

Table 2 Comparison of the best selected models under each of
the three approaches considering either factors of local habitat,
factors of metapopulation dynamics (patch size and isolation),
or a combination of them, with isolation defined by either our

index of functional patch connectivity (IFPC), Euclidean
distance to nearest neighbouring patch (NN), or Proximity
(Prox), to explain robin occurrence in forest patches

Approach AIC AUC Kappa CCR Sens. Spec. Spatial autocorr.

Habitat factors only 388.9 0.697 0.307 0.682 0.606 0.718 Yes

Metapopulation factors only 370.2 0.812 0.534 0.810 0.591 0.912 No

Combined with IFPC 359.3 0.828 0.546 0.810 0.638 0.890 No

Combined with NN 378.4 0.769 0.492 0.792 0.567 0.897 Yes

Combined with Prox 370.6 0.793 0.468 0.782 0.551 0.890 No

Patch isolation only 370.7 0.807 0.492 0.793 0.567 0.897 No

The fit and performance of the model including only patch isolation (IFPC ? CDCF) is also presented

AIC Akaike’s Information Criterion, AUC area under the ROC curve, Kappa Cohen’s Kappa statistic, CCR Correct classification rate,
Sens. sensitivity, Spec. specificity, Spatial autocorr. spatial autocorrelation of the residuals
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CDCF to define patch isolation led to a much
better model than when using the distance to the

nearest neighbouring patch and the index of

proximity, both of which are based on Euclidean
distances (Table 2).

The limitation of movement between patches can
cause the species to be absent in good quality habitat

patches. This result is expected based on metapop-

ulation theory (Hanski and Gaggiotti 2004) but is
curiously overlooked in many studies looking at
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Fig. 2 Semivariograms of
the residuals of the best
models to explain robin
presence–absence under
three modelling approaches,
considering only habitat
factors (1), only factors of
metapopulation dynamics
(2), or a combination, with
isolation defined either by
our index of functional
patch connectivity (3), the
Euclidean distance to
nearest neighbouring patch
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represented (6). The dashed
lines represent the envelope
obtained from 100 Monte
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significant spatial
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species occurrence (e.g., Cowley et al. 2000; Fleish-

man et al. 2003; Whittingham et al. 2007). Omission

of metapopulation factors may introduce biases in the
analysis of the relationship between habitat and

species occurrence. For example, consideration of

habitat factors alone leads to the conclusion that
robins are more likely to be present at higher

elevation, which could be interpreted as a preference

of robins for colder temperature, suggesting they are
sensitive to global warming. However, this is due to

elevation being correlated with connectivity, and the

effect disappears when connectivity is accounted for
(Table 3).

We defined patch isolation at two different scales,

isolation from neighbouring patches and from the
surrounding continuous forest, as we suspected that

the major forest near the study area would act as a

source of immigrants, or as a ‘‘continent’’ following
MacArthur and Wilson (1967). Patch isolation from

putative sources (i.e., from major forest areas) was

indeed a good predictor of robin presence–absence,
indicating that the study area benefits from the

immigration of individuals from surrounding habitats.

The nearest forests are mainly exotic plantations of
Pinus radiata where robins are present in locally high

densities. However, a study on robin vital rates in this

habitat showed extremely low productivity in robins
inhabiting pine forests (McArthur, unpub.). It is

therefore more likely that the immigrants in the study

area originate from Pureora Forest Park, where
populations of predators such as rats, possums and

stoats, considered as the main causes of the decline of

native species in New Zealand (Holdaway 1999), are
regularly controlled by poison and trapping opera-

tions. Pureora Forest Park is located only 10 km to

the east and is well connected to the study area by the
exotic forests, without major gaps between forests.

Furthermore, robin juveniles followed by radiotrack-

ing have been recorded moving total distances up to
20 km although the Euclidean distances from start to

end point are a small fraction of this due to

constraints imposed by fragmentation (Richard
2007). However, these plantations are due to be

felled, which may provoke the local extinction of

robins in the study area without the continued
immigration of individuals from Pureora Forest Park.

Our results suggest that North Island robins are

preferentially found in mature forests, characterized
by a tall canopy and a lower density of regenerating

trees, and in habitats with tall understory, suggesting

a negative impact of grazing animals such as goats,
pigs, rabbits, cows and sheep, all introduced by

humans during colonisation (Table 3). A sparse or
nonexistent understory can potentially be associated

with a low diversity in insect communities and

perhaps lower food availability for robins (Didham
et al. 2009) as their nest survival is positively related

to invertebrate biomass (Boulton et al. 2008).

Robins were also found preferentially in larger
forest patches (Tables 3 and 4), and similar area

Table 3 Best generalised linear mixed models under each of
the three approaches to explain the presence–absence of North
Island robins in forest fragments

Approach Factors Coefficients S.E.

Local habitat only USH 0.577 0.184

Elev 0.451 0.227

CanH 0.421 0.190

SmallTreeD -0.319 0.215

Metapopulation factors only CDCF -0.795 0.270

IFPC 0.765 0.320

P_Area 0.341 0.219

Habitat and metapopulation
factors

IFPC 0.893 0.299

CDCF -0.781 0.266

USH 0.500 0.175

CanH 0.444 0.187

SmallTreeD -0.372 0.212

The factors included in the three final models are shown, along
with their estimates (change in logit of occupancy probability
with a one unit increase in the value of the factor) and their
standard errors. Standardised variables were used to allow
direct comparison of coefficients. See Table 1 for explanation
of the factors

Table 4 Parameter coefficients of the model obtained from
averaging all models within two units of AIC from the best
model during stepwise model selection to explain robin
occurrence inhabiting forest patches in an agricultural land-
scape of central North Island in New Zealand

Factors Coefficients

IFPC 0.867

CDCF -0.801

USH 0.497

CanH 0.400

SmallTreeD -0.285

MinSlope -0.106

DistToE 0.048
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effects have been found in numerous fragmentation
studies (e.g., Helzer and Jelinski 1999; Connor et al.

2000; Castellón and Sieving 2006). The mechanisms

underlying such area effects are usually unclear, as
large patches could be more likely to be occupied

because they are less susceptible to chance extinction

(‘‘metapopulation paradigm’’), because the smaller
amount of edge means they have higher average

habitat quality (‘‘habitat paradigm’’), or other rea-

sons. We attempted to separate these effects by
controlling for distance to edge and for variables

potentially measuring local habitat quality more

directly. However, without the certainty of control-
ling for all habitat factors affecting robins’ presence–

absence, the effect of patch area we found might still

be partially due to some habitat factors we did not
record. The underlying ecological mechanisms of

patch area are yet to be clarified if one wants to lessen

the impact of habitat loss and fragmentation on
biodiversity. However, the model only including

patch isolation (IFPC and CDCF; Table 2) performed

almost as well as the best model which also
considered patch area, indicating that patch area is

not a major factor in explaining the presence–absence

of robins.
It is fundamental to distinguish the relative effects

of habitat fragmentation on metapopulation dynamics

and habitat quality if one wants to rescue many
species from extinction (Armstrong 2005). This can

potentially be achieved by analysing the presence–

absence of organisms in fragmented landscapes, but
requires taking into account the dangerous associated

pitfalls. It should be noted however that the effect of

habitat characteristics on species presence–absence
does not necessarily measure habitat quality (Arm-

strong 2005), which should be ideally measured from

the analysis of vital rates (survival and reproduction).
Moreover, the importance of patch isolation does not

necessarily indicate that landscape connectivity is

beneficial to the metapopulation (Simberloff et al.
1992), and its effect on species persistence needs to

be assessed using spatially-explicit population mod-
els (Carroll 2006).

This study clearly highlights the need to integrate

landscape ecology in habitat models. By ignoring the
factors of metapopulation dynamics and landscape

connectivity, spurious relationships may arise and

lead to erroneous interpretations and management
recommendations. Patch isolation should be modelled

by using indices accounting for the dispersal ecology
of species and the structure/composition of landscapes

to fully appreciate the importance of habitat loss and

fragmentation.
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