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Abstract While studies have found that bat abun-

dance is positively related to the amount of forest

cover in a landscape, the effects of forest fragmen-

tation (breaking apart of forest, independent of

amount) are less certain, with some indirect evidence

for positive effects of fragmentation. However, in

most of these studies, the variables used to quantify

fragmentation are confounded with forest amount,

making it difficult to interpret the results. The

purpose of this study was to examine how forest

amount and forest fragmentation independently affect

bat abundance. We conducted acoustic bat surveys at

the centers of 22 landscapes throughout eastern

Ontario, Canada, where landscapes were chosen to

avoid a correlation between forest amount and forest

fragmentation (number of patches) at multiple spatial

scales, while simultaneously controlling for other

variables that could affect bat activity. We found that

the effects of forest amount on bat relative abundance

were mixed across species (positive for Lasiurus

borealis, negative for Perimyotis subflavus and

Lasionycteris noctivagans). When there was evidence

for an effect of forest fragmentation, independent of

forest amount, on bat relative abundance, the effect

was positive (Myotis septentrionalis, Myotis lucifugus

and Lasiurus borealis). We suggest that the mecha-

nism driving the positive responses to fragmentation

is higher landscape complementation in more frag-

mented landscapes; that is, increased access to both

foraging and roosting sites for these bat species. We

conclude that fragmented landscapes that maximize

complementation between roosting and foraging sites

should support a higher diversity and abundance of

bats.

Keywords Landscape structure � Landscape

composition � Landscape configuration � Spatial

heterogeneity � Habitat loss � Habitat fragmentation �
Resource proximity � Multi-scale analysis �
Inter-patch movement � Chiroptera

Introduction

The conversion of forest to agriculture leads to both a

reduction in the amount of forest cover and a change

in the spatial configuration of the forest area that

remains (Haila 2002). Of these processes, it is the loss

of forest habitat that is often considered most

detrimental to forest species, with negative effects

of forest loss reported across many taxa, including

bats (Gorresen and Willig 2004), birds (Trzcinski
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et al. 1999), small mammals (Nupp and Swihart

2000), and amphibians (Vallan 2000). The effects of

forest fragmentation (the breaking apart of forest,

independent of amount), on the other hand, are

usually much weaker and as likely to be positive as

negative (Fahrig 2003). For example, studies have

shown that the effects of fragmentation on temperate

birds can vary in both direction (positive, negative, or

no effect) and magnitude across different species

(McGarigal and McComb 1995; Trzcinski et al.

1999; Villard et al. 1999).

In North America, bats are generally associated

with forest systems, which they rely on for roosting

or foraging at least some of the time (Wunder and

Carey 1996). Bats tend to be more specialized in their

choice of roosting habitat with most species roosting

either in the cavities of trees and snags (e.g., Myotis

septentrionalis, Myotis lucifugus, Lasionycteris noc-

tivagans, Eptesicus fuscus) or in the foliage of trees

(e.g., Perimyotis subflavus, Lasiurus borealis, Lasiu-

rus cinereus) (van Zyll de Jong 1985). In contrast,

bats tend to be more opportunistic in their choice of

foraging habitat, with many species foraging within

forested areas, in forest gaps and open areas, and

along forest edges, depending on variations in prey

availability and spatial clutter (Furlonger et al. 1987;

Grindal 1996; Wunder and Carey 1996; Patriquin and

Barclay 2003; Morris et al. 2010). Since these

resources are often separated by large distances,

many bats commute several kilometres between

roosting and foraging sites each night (e.g., Elmore

et al. 2005; Broders et al. 2006). It is therefore

reasonable to expect that changes in landscape

structure would affect bat abundance and distribution

(Law and Dickman 1998).

While a number of studies have examined the

effects of landscape structure on bats in other regions

(e.g., Law et al. 1999; Lumsden and Bennett 2005 in

Australia; Estrada and Coates-Estrada 2002 in Mexico;

Cosson et al. 1999; Gorresen and Willig 2004; Bernard

and Fenton 2007 in South America), only a few have

examined the question in a North American context

(e.g., Erickson and West 2003; Duchamp and Swihart

2008). Overall, the results suggest that forest loss has a

negative effect on bat abundance and distribution (Law

et al. 1999; Duchamp and Swihart 2008). Some of these

studies also suggest that forest fragmentation has a

negative effect on bats (Cosson et al. 1999; Schulze

et al. 2000), while others provide evidence of a weaker

but potentially positive effect of fragmentation (Estra-

da and Coates-Estrada 2002; Lumsden and Bennett

2005). While these studies provide valuable insight

into the potential effects of landscapes structure on

bats, the range of species, trophic groups and geo-

graphic regions examined across these studies make it

difficult to generalize their results.

To further complicate matters, in most studies on

the effects of landscape structure on bats, the

variables used to quantify landscape configuration

(or forest fragmentation) are confounded with mea-

sures of landscape composition (or forest amount).

For example, a number of studies (e.g., Cosson et al.

1999; Estrada and Coates-Estrada 2002) have com-

pared the abundance of bats between a large tract of

continuous forest and several smaller forest patches,

and concluded that a difference in the number of

captures indicates an effect (either positive or neg-

ative) of fragmentation. However, in this situation the

effects of forest loss and fragmentation are con-

founded, making it difficult to interpret the results.

The purpose of this study is therefore to examine how

forest amount and forest fragmentation independently

affect bat abundance.

During the summer residency period, bats have

two basic habitat requirements: roosting and foraging

habitat (Brigham 2007). Of these required habitat

types, it is the availability of potential roosting sites

that is generally considered to be the strongest

limiting factor for temperate bat species (Humphrey

1975). Since most North American bats roost in

forest structures (tree and snag cavities or tree

foliage), we would expect more bats in landscapes

with more forest (Wunder and Carey 1996). Accord-

ingly, studies have found that landscapes with more

forest (and more potential roosting sites) have higher

bat abundance and diversity (Humphrey 1975; Gehrt

and Chelsvig 2003; Duchamp and Swihart 2008).

Since bats require two types of habitat (foraging and

roosting), we would also expect a greater abundance of

bats in landscapes where those resources are in close

proximity than in landscapes where they are separated

by large distances (Law and Dickman 1998). Dunning

et al. (1992) used the term ‘landscape complementa-

tion’ to describe the extent to which landscape

structure facilitates movement between (or access to)

different types of required habitat. In general, an

increase in the level of habitat fragmentation (holding

habitat amount constant) will lead to higher
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complementation between habitat types, which should

have a positive effect on species with complementary

resource needs (Law and Dickman 1998). For exam-

ple, consider a hypothetical bat species that roosts in

forests and forages opportunistically along forest

edges and in open areas (Fig. 1a to b). If we increase

the number of forest patches (i.e., fragmentation)

while holding forest amount constant, we will also

increase the level of interdigitation of roosting and

foraging sites. As a result, individuals can obtain

resources more efficiently and spend less time com-

muting between habitat types (Dunning et al. 1992).

While the amount of potential roosting habitat is

largely a function of forest amount, the spatial

configuration of different resources in a landscape is

also important in determining whether a potential

roosting site will actually be occupied (Wunder and

Carey 1996). Many bat species will preferentially

select roosting sites that are within close proximity to

other resources, such as foraging sites (Wunder and

Carey 1996). In fact, O’Keefe et al. (2009) found that

some bats select roosting sites close to forest edges and

open areas in an apparent attempt to reduce commut-

ing flight costs. Accordingly, several studies have

found that bat abundance can be higher in landscapes

where forest and non-forest cover (i.e., agriculture) are

mixed, presumably due to the increased availability

and proximity of required resources (Gehrt and

Chelsvig 2003; Loeb and O’Keefe 2006; Yates and

Muzika 2006; Duchamp and Swihart 2008). For such

species, increasing the fragmentation of forest (for a

constant amount of forest) should increase accessibil-

ity of foraging habitat from roosting habitat, resulting

in a positive overall effect of forest fragmentation.

Our objective was to measure the relative abun-

dance of bats in a set of landscapes selected such that

the amount of forest cover and the degree of forest

fragmentation (or number of forest patches) varied

independently, to test the predictions that: (1) bat

abundance will be positively correlated with forest

amount; and (2) bat abundance will be positively

correlated with forest fragmentation.

Methods

To examine the independent effects of forest amount

and forest fragmentation on bat abundance, we used a

mensurative experimental approach (McGarigal and

Cushman 2002). We selected forest patches centred

on landscapes, where the landscapes were chosen to

avoid a correlation between forest amount and forest

Fig. 1 An example of

landscape complementation

for a hypothetical bat

species that roosts in forest

(grey) and forages (dotted)

opportunistically along

forest edges and in open

areas within a given

distance (circle) of a

roosting site (x). As we

move from landscape a to

b, the number of forest

patches (fragmentation)

increases while holding

forest amount (potential

roosting habitat) constant.

As we move from a to c,

forest amount decreases

while holding the number of

forest patches constant. In

both landscapes b and c, the

two types of required

habitat (roosting and

foraging) are more

accessible from each other,

resulting in higher

landscape complementation
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fragmentation, while simultaneously controlling for

other variables that could affect bat activity. We

avoided a correlation between forest amount and

fragmentation by ensuring that our sample landscapes

included not only the common combinations of high

forest amount with low fragmentation and low forest

amount with high fragmentation, but also the poorly

represented combinations of low forest amount with

low fragmentation and high forest amount with high

fragmentation (Trzcinski et al. 1999). We used the

number of forest patches in a landscape as a measure

of fragmentation (the breaking apart of forest,

independent of forest amount).

Site selection

We conducted our study in the rural areas of eastern

Ontario, near Ottawa, Canada (Fig. 2). The region is

dominated by agricultural land use and interspersed

with remnant forests, mainly mixed-woods and

deciduous stands (Thompson 2000).

We selected 22 non-overlapping landscapes from

across eastern Ontario (Fig. 2). First, we identified

all patches of mixed deciduous forest (focal patches)

within the size range 4.0–10.0 ha across our study

area; the narrow size range was chosen to control

for potential effects of local patch size on bat

activity. This resulted in 4,678 candidate patches.

We then defined a ‘landscape’ as the area within a

2.5 km radius around each of these focal patches.

We chose this scale based on distances our bat

species commute between roosting and foraging

sites (about 1–2 km). To account for the possibility

that different species respond to the landscape at

different spatial scales, we also quantified landscape

structure within 1, 1.5, 2, 3, 4, and 5 km radii of

each focal patch.

To eliminate possible landscape-scale confound-

ing variables, we further reduced the candidate set

of patches by taking the set whose associated

landscapes had small ranges in: amount of wetlands

(0.0–3.0% of a possible 0.0–80.0%); open water

(0.0–1.1% of a possible 0.0–96.2%); road density

(8.0–30.9 m/ha of a possible 0.0–36.9 m/ha); and

building density (0.05–0.19 buildings/ha of a possi-

ble 0.00–0.42 buildings/ha). In addition, we selected

Fig. 2 Map of eastern Ontario, Canada showing the 22

surveyed landscapes, where landscapes are defined as the area

within a 2.5 km radius (circle) of a focal forest patch where

bats were surveyed (black dot). The light grey areas represent

forest cover, dark grey areas represent urban development, and

the remaining areas represent agriculture. Landscapes are

shown as categorized into four classes based on the amount of

forest cover and degree of fragmentation (number of patches),

although these were analyzed as continuous variables
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only candidate landscapes where the dominant non-

forest land cover was agricultural (row crops and

pasture). These criteria reduced the set of candidate

landscapes to 110.

After controlling for these potential confounding

variables, the final step in site selection was to find a

subset of these landscapes that minimized the corre-

lation between forest amount and the number of

forest patches at all spatial scales, while maintaining

as much variation as possible in each of the two

variables (Trzcinski et al. 1999). In our final set of 22

landscapes, forest amount ranged from 4.2 to 42.4%

(of a possible 0.4–73.9%), the number of forest

patches ranged from 15 to 84 (of a possible 7–192),

and the correlation between the two ranged from

0.061 to 0.392, and decreased with increasing land-

scape size (see Supplementary Materials).

All landscape variables were based on land cover

data from the Ontario Fundamental Dataset (OMNR

2003) and quantified using ArcGIS 9.3 (ESRI 2006).

Field surveys

We conducted acoustic bat surveys at each of the 22

landscapes for one session each, between May 26th and

July 27th 2009. To limit seasonal variation in activity,

we restricted acoustic surveys to the summer residency

period for bat species in eastern Ontario (van Zyll de

Jong 1985). We also avoided correlations between our

predictor variables of interest (forest amount and

fragmentation) and time of survey during the season.

We did this by first classifying landscapes into one of

four categories (Fig. 3): (a) high forest amount, low

fragmentation (n = 5); (b) high forest amount, high

fragmentation (n = 5); (c) low forest amount, low frag-

mentation (n = 7); and (d) low forest amount, high

fragmentation (n = 5). We then surveyed one randomly

selected landscape from each of the four classes within

each four-day sampling period.

We recorded full-spectrum echolocation calls

directly to a laptop computer using calibrated

Fig. 3 Sample landscapes

showing independent

variation in forest amount

and forest fragmentation

(number of forest patches):

(a) high forest amount, low

fragmentation; (b) high

forest amount, high

fragmentation; (c) low

forest amount, low

fragmentation; and (d) low

forest amount, high

fragmentation
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AR125 ultrasonic receivers and SPECT’R 3.0 soft-

ware (Binary Acoustic Technology). Using the

Snapshot Mode, we recorded all signals that were

more than 10 db above the level of background noise

with a frequency between 15 and 120 kHz, which

includes the frequency range of all seven species we

expected to encounter in our study area (van Zyll de

Jong 1985).

We deployed two receivers per focal patch. We

placed the first receiver 2 m into the adjacent

agricultural matrix so that it would record bat activity

along the forest edge, and the second receiver 50 m

into the focal patch within a partial clearing with the

microphone pointed in the same direction as the first

receiver (Patriquin and Barclay 2003). We mounted

both receivers atop tripods (1.2 m high) and pointed

them at 45-degrees from the horizon. Surveys began

30 min before dusk and lasted 3 h to coincide with

the peak foraging period of local species (van Zyll de

Jong 1985). We did not conduct surveys on nights

with rain since it has been found to substantially

reduce bat activity (Erickson and West 2002).

At each focal patch, we also measured local habitat

variables to statistically control for any effects on bat

activity. During the acoustic surveys, we recorded

temperature (thermometer) and wind speed (Beaufort

Wind Scale) every 30 min. We later excluded wind

speed from the analysis since there was little variation

across sampling days (average of 0.0–1.5 on the

Beaufort Wind Scale). We also measured the mean

density of trees and snags (standing dead trees) across

six 10 9 10 m quadrats at each focal patch. Finally, to

control for any effects of prey availability on bat

activity, we used two black-light traps per site to

capture nocturnal flying insects in conjunction with

our bat surveys. We placed each light trap at least 50 m

from the nearest acoustic receiver (Tibbels and Kurta

2003). We used the dry weight (biomass) of insects as

a measure of prey availability at each site. Refer to

Supplementary Materials for further information on

the local variables.

Bat species identification

Seven bat species were expected to occur in the study

area during the summer months: eastern pipistrelle

(Perimyotis subflavus), northern long-eared bat

(Myotis septentrionalis), little brown bat (Myotis lucifu-

gus), silver-haired bat (Lasionycteris noctivagans), big

brown bat (Eptesicus fuscus), eastern red bat

(Lasiurus borealis), and hoary bat (Lasiurus

cinereus).

We used quadratic discriminant function analysis

(DFA) to classify our recordings to species by

comparing the parameters of our recorded calls to a

library of validated reference calls (Russo and Jones

2002). The library consisted of 269 full-spectrum

recordings from free-flying bats (all seven species) at

various locations in Ontario (Hooton and Adams,

unpublished data). The quadratic DFA model correctly

classified 88.8% (239 of 269) of all reference calls to

species. Correct classification rates for each species

were: P. subflavus 87.9%; M. septentrionalis 95.2%;

M. lucifugus 79.4%; L. noctivagans 92.9%; E. fuscus

90.2%; L. borealis 93.1%; and L. cinereus 94.9%.

A MANOVA test also showed that the DFA model

provided significant species discrimination (Wilk’s

k = 0.664, F = 18.844, d.f. = 7, P \ 0.001).

To identify our recordings to species, we queried

the quadratic DFA model using the same call param-

eters that were used to build the identification model. If

there was uncertainty or inconsistency in the classifi-

cation, that recording was considered unidentifiable

and labelled as ‘unknown’. We used Minitab 15 (2006)

for the quadratic DFA and species classifications.

Refer to Supplementary Materials for further infor-

mation on the species identification process.

Statistical analysis

Walsh et al. (2004) suggested that bat activity

(number of bat passes per species at a site) may be

used to quantify bat relative abundance provided:

(a) there is no change in equipment sensitivity over

time; (b) there is no trend in species detectability

across time or sites; (c) passes can be reliably and

consistently identified to species; and (d) survey

points are consistent from site-to-site. Since our

sampling protocol meets these assumptions, we used

bat activity as a measure of relative abundance. When

quantifying bat activity per site, we combined the

number of bat passes recorded using both receivers

(forest edge and interior) since almost all passes

(97.5%) were recorded along the forest edges and the

results of the analysis did not change if we used only

passes recorded along the forest edges. To ensure that

bat activity was not spatially autocorrelated across

the region, we used Moran’s I tests for each species.

870 Landscape Ecol (2011) 26:865–876

123



To identify redundant predictor variables, we

examined pairwise correlations between sample date,

temperature, tree density, snag density, insect bio-

mass, forest amount, and number of forest patches.

We removed temperature from the analysis since it

was strongly correlated with both date (r = 0.650)

and insect biomass (r = 0.550). We also excluded

landscape variables that were explicitly controlled for

in the site selection process (see ‘‘Site selection’’)

because they represented only a narrow range of

possible values and had weak correlations with our

landscape predictors of interest. We tested all vari-

ables for normality using Q–Q plots and Shapiro–

Wilk tests and applied a logarithmic (log 10)

transformation where appropriate.

Since we could not control for local variables

(date, insect biomass, tree density, snag density) in

the site selection process, we controlled for their

potential effects on bat activity by including them in

the landscape models. To identify which local

variables significantly affected bat activity, we used

backward stepwise (P-to-remove [ 0.05) generalized

linear models (GLM) with negative binomial link

functions for each species, since activity (count) data

for each species showed evidence of over-dispersion.

In each model, we used the number of passes per

species per site as the response variable and included

as predictors all local variables (date, insect biomass,

tree density, snag density). For each species, we

retained only those local variables with a significant

(a = 0.05) effect on activity for inclusion in the

landscape models (Table 1).

To examine the effects of landscape structure

(forest amount and forest fragmentation) on bat

activity, we used generalized linear models with

negative binomial link functions for each species at

each spatial scale. In each statistical model, we

included the amount of forest cover and the number

of forest patches as our predictor variables of interest

and we included any local variable that was signif-

icant (a = 0.05) in the final step of the stepwise GLM

for each species (see above), allowing us to statisti-

cally control for their effects while testing for the

effects of the landscape variables on bat relative

abundance.

We assessed statistical significance in all models

using Wald v2 tests. We measured the proportion of

the deviance explained by each predictor of interest

(forest amount and number of forest patches) at each

spatial scale, where the deviance explained = 1 -

(the deviance in each fitted term/the deviance in the

null or intercept-only model) (Crawley 1993). Statis-

tical analyses were performed using SPSS 16.0

(2008), except the Moran’s I tests for spatial auto-

correlation, which were performed using ArcMap 9.3

(ESRI 2006).

Results

Overall, 6,652 bat passes were recorded, representing

all seven local species. The most commonly encoun-

tered bat species across all landscapes was L. cinereus

(present at 21/22 sites), followed by E. fuscus (20/

22), M. lucifugus (17/22), L. borealis (17/22),

M. septentrionalis (12/22), L. noctivagans (6/22),

and P. subflavus (4/22). Of the 6,652 passes, 147

could not be identified to species. Bat activity was not

significantly spatially autocorrelated for any species

(Moran’s I from -0.157 to 0.201, P [ 0.05).

The effects of forest amount on bat activity were

mixed across species (Fig. 4), with a significant

positive effect on the relative abundance of L. borealis

(deviance explained = 11.2%, Wald v2 = 5.626,

d.f. = 1, P = 0.018 at 5 km), but a significant

Table 1 Results of backward stepwise (P-to-remove [ 0.05)

generalized linear models (GLM) examining the effects of

local variables (date, insect biomass, tree density, snag density)

on bat activity per species

Species Local

variables

DE b P

P. subflavus – – – –

M. septentrionalis Date 0.275 1.102 \0.001

Tree density 0.149 0.981 0.012

M. lucifugus Date 0.258 0.757 0.001

Tree density 0.192 0.642 0.006

L. noctivagans Date 0.259 2.732 \0.001

Snag density 0.429 2.541 \0.001

E. fuscus Snag density 0.111 0.588 0.016

L. borealis Date 0.329 1.432 \0.001

Snag density 0.273 -0.915 \0.001

L. cinereus Date 0.211 0.673 0.001

Only local predictors that were statistically significant in the

last step of the stepwise GLM were included in the landscape

model (DE [is the] Proportion of deviance explained by the

predictor; bi [is the] standardized regression coefficient;

P-values based on Wald v2-tests)
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negative effect on P. subflavus (deviance

explained = 16.6%, Wald v2 = 7.003, d.f. = 1, P =

0.008 at 1 km) and L. noctivagans (deviance

explained = 22.2%, Wald v2 = 4.771, d.f. = 1, P =

0.029 at 5 km).

When there was evidence for an effect of forest

fragmentation (number of forest patches), independent of

amount, on bat activity, the effect of fragmentation was

positive (Fig. 4). Specifically, forest fragmentation had a

significant positive effect on the relative abundance of

Fig. 4 Scatterplots of

standardized regression

coefficients from

generalized linear models

examining the effects of

forest amount and

fragmentation on bat

activity per species at

multiple spatial scales. The

filled-in symbols indicate

statistical significance

levels, where black is

significant at the 0.05 level

and grey is significant at the

0.10 level
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M. septentrionalis (deviance explained = 11.9%, Wald

v2 = 4.980, d.f. = 1, P = 0.026 at 3 km), M. lucifugus

(deviance explained = 12.1%, Wald v2 = 3.862, d.f. =

1, P = 0.049 at 5 km) and L. borealis (deviance

explained = 13.5%, Wald v2 = 5.839, d.f. = 1, P =

0.016 at 3 km).

Discussion

We predicted that the relative abundances of all seven

bat species would be higher in landscapes with more

forest. This prediction was based on the assumptions

that landscapes with more forest provide more

potential roosting sites and that roosting site availabil-

ity is the main factor limiting bat abundance in our

area. Instead, we found that, when significant, the

effects of forest amount were mixed across species: as

the amount of forest cover increased, the relative

abundance of L. borealis increased, while the relative

abundances of P. subflavus and L. noctivagans

decreased. These results support the assumption that

abundance of L. borealis is limited by the availability

of potential roosting sites (Hutchinson and Lacki 2000;

Elmore et al. 2005), but do not support this assumption

for P. subflavus and L. noctivagans. Carter et al. (1999)

found that P. subflavus prefers to forage in open areas

or among sparse vegetation, and Patriquin and Barclay

(2003) found that L. noctivagans foraged almost

exclusively in large forest gaps (clear-cut areas),

avoiding intact forest altogether. It is therefore possi-

ble that the availability of open areas for foraging, and

not the availability of potential roosting sites, may be

driving the observed negative relationship of P. sub-

flavus and L. noctivagans with forest amount.

In addition to the effects of forest amount, we also

predicted a higher relative abundance of all seven bat

species in landscapes with higher forest fragmentation

(more forest patches), based on the assumption that

landscapes with more forest patches (but the same

amount of forest) would result in higher complemen-

tation between (or access to) required foraging and

roosting habitat (Fig. 1a to b). Access to different

types of required habitat is expected to increase the

abundance and distribution of species with comple-

mentary resource needs (Dunning et al. 1992; Law and

Dickman 1998). Consistent with this prediction, we

found that when there was evidence for an effect of

forest fragmentation, independent of forest amount, on

bat activity, the effect was positive: as the number of

forest patches increased, the relative abundances of

M. septentrionalis, M. lucifugus, and L. borealis

increased. Also, consistent with the landscape com-

plementation hypothesis, Yates and Muzika (2006)

found that the probability of occurrence of M. septen-

trionalis increased when cover type interspersion

increased. We therefore suggest that access to foraging

sites from roosting sites (landscape complementation)

is driving our observed positive responses to fragmen-

tation. While the number of potential roosting sites is

largely a function of forest amount, the spatial

configuration of resources in a landscape will deter-

mine whether potential roosting sites can be used

(Wunder and Carey 1996). The distance that bats

travel from roosting to foraging sites may be partic-

ularly important for females due to higher energy

demands during pregnancy and the effects of com-

muting distance on reproductive success (Tuttle 1976).

As a result, M. septentrionalis, M. lucifugus and

L. borealis select roosting sites that are close to

foraging sites in an attempt to reduce commuting flight

costs (Grindal 1999; O’Keefe et al. 2009). Conse-

quently, bats may be more likely to occupy landscapes

in which landscape structure facilitates access to

different required resources (Humphrey 1975).

It is also possible that landscape complementation

is driving the observed negative responses of P. sub-

flavus and L. noctivagans to forest amount. As

discussed, these species seem to prefer to forage in

open areas. If we decrease the amount of forest cover

while holding the number of forest patches constant

(Fig. 1a to c), we should see an increase in the

proximity of foraging and roosting sites (or higher

landscape complementation). While the loss of forest

cover will reduce the overall number of potential

roosting sites, the quality of the roosting sites that

remain may be increased due to their proximity to

potential foraging habitat. If access to foraging sites

from roosting sites (rather than the availability of

roosting sites) is limiting the abundance of these

species, the increase in landscape complementation

may more than offset the loss of forest cover,

resulting in an apparent positive effect of forest loss

on the abundance of these species.

Could a positive response to edge habitat be a

simpler explanation than landscape complementation

for the positive effects of fragmentation that we

observed? This seems like a reasonable suggestion
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since many bat species forage along forest edges

(Morris et al. 2010). This would appear to be

supported in our study since the majority (97.5%)

of bat passes were recorded along forest edges.

However, our study was not designed to identify

foraging habitat preferences in bats, and it would be

inappropriate to use our data to make such inferences,

for two reasons: (i) the detectability of bats sampled

along forest edges is likely much higher than the

detectability of bats sampled within forest patches

(Walsh et al. 2004), and (ii) since we did not sample

bat activity in the agricultural matrix surrounding

forest patches (mainly corn and soybean production)

we do not know whether bats prefer edges over these

areas for foraging. Furthermore, across our land-

scapes there were strong positive correlations

between forest edge length and both forest amount

(r from 0.674 to 0.834) and number of forest patches

(r from 0.641 to 0.728) at all spatial scales. If the

positive effects of fragmentation were driven by a

response to forest edge, we would have expected

species to respond similarly (same direction and

magnitude) to both forest amount and fragmentation.

For M. septentrionalis and M. lucifugus, we found

positive effects of fragmentation but no significant

effect of forest amount on relative abundance,

indicating that the responses to fragmentation are

probably not driven by positive edge effects for these

species. On the other hand, we did find positive

effects of both forest amount and fragmentation on

L. borealis, suggesting that the response to fragmen-

tation by this species could be a positive response to

forest edge. An analysis of the relationship between

bat activity and forest edge length confirmed these

assumptions, where we found a significant (a = 0.05)

positive effect of forest edge on the relative abun-

dance of L. borealis but not for the other two species.

However, the fact that L. borealis responded to forest

amount and fragmentation most strongly (highest

deviance explained) at different spatial scales (5 and

3 km, respectively) suggests that different mecha-

nisms, and not a common response to edge, may be

driving the observed responses. Therefore, we sug-

gest that our fragmentation results are more consis-

tent with the landscape complementation hypothesis

than a positive edge response hypothesis.

Our initially-assumed scale of effect of landscape

structure on bat abundance (1–2 km) was based on

past radio-tracking studies that measured the average

distance travelled between roosting and foraging

sites. However, we found that all species (except

P. subflavus) were affected most strongly by forest

amount and/or forest fragmentation at larger spatial

scales than expected (3–5 km). We offer two possible

explanations for this. First, there are few studies

examining the scale of movement for the seven

species in this study. Since estimates of movement

range are strongly influenced by sample size (Worton

1987; Harris et al. 1990), the previously estimated

movement distances may be under-estimates. Sec-

ondly, the studies that do exist were conducted in

other regions in mostly continuous forest (as opposed

to a mix of forest and agriculture, as in this study). As

such, their results may simply not apply to our region.

Two of the seven bat species (E. fuscus and

L. cinereus) in our study showed no significant

responses to either forest amount or fragmentation at

any spatial scale, despite the fact that they were

present at nearly all sites. These species are among

the most widespread mammals in North America,

with generalist habitat associations (Shump and

Shump 1982; Furlonger et al. 1987; Kurta and Baker

1990; Agosta 2002). We suggest that the generalist

nature of these species resulted in a lack of associ-

ation with forest amount or forest fragmentation.

Although this is a correlational study, we carefully

designed it to maximize our level of confidence that

any observed effects of forest loss and fragmentation

are actually due to these landscape structure variables.

We selected landscapes to decouple the expected

correlation between forest amount and forest frag-

mentation (number of forest patches), allowing us to

examine their independent (unconfounded) effects on

the relative abundance of bats. We also simultaneously

controlled, to the extent possible, any confounding

variables that could affect our measures of bat activity.

As a result, we can eliminate the amount of wetlands

and water, road density, and building density as

possible confounding variables. In addition, we sta-

tistically controlled for effects of date, prey availabil-

ity and tree and snag density. We also concluded that

the response of bats to landscape structure was not

likely attributed to a positive response to forest edge

(with the possible exception of L. borealis; see above).

In addition, it is likely that our sampling method

actually under-estimated the positive effect of forest

fragmentation, because the probability of recording a

bat that was present likely decreased with increasing
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fragmentation. In landscapes with higher comple-

mentation (roosting and foraging habitats inter-

mixed), we would expect bats to move shorter

distances between roosting and foraging sites due to

the spatial proximity of those resources. As a result,

the amount of movement per bat would be lower in a

more fragmented landscape, so that the number of

bats detected at a given point in the landscape (where

sampling occurred) should be lower. The fact that we

found relatively strong evidence for a positive effect

of fragmentation on bat activity despite this sampling

bias suggests that our results may be somewhat

conservative.

In most studies on the effects of landscape structure

on bats, the variables used to measure forest fragmen-

tation are confounded with forest amount, making it

difficult to interpret the results. However, studies have

suggested that increasing the level of heterogeneity

[the spatial complexity and variability of different land

cover types (Li and Reynolds 1995)] in agricultural

landscapes should have a positive effect on bat

abundance and distribution (Loeb and O’Keefe 2006;

Yates and Muzika 2006; Duchamp and Swihart 2008).

Since heterogeneous landscapes consist of various

interspersed land cover types, we would expect

movement between required resources to be facilitated

in more heterogeneous landscapes, resulting in higher

landscape complementation. In our study, we focused

specifically on the effects of forest loss and fragmen-

tation since most temperate bats are considered forest

species. However, increasing forest fragmentation

(holding amount constant) would also likely increase

landscape heterogeneity. We would therefore expect

forest fragmentation and landscape heterogeneity to be

highly correlated, and both measures to show positive

effects on bat abundance due to the associated increase

in landscape complementation.

To our knowledge, this is the first study to examine

the effects of forest fragmentation independent of

forest amount on bats, providing direct evidence for

positive effects of fragmentation. We postulate that

the mechanism driving this positive response to

fragmentation is an increase in landscape comple-

mentation; that is, increased access to (and not simply

amount of) foraging and roosting habitat for bats.

This study was specifically designed to examine the

independent effects of forest loss and fragmentation.

It was not designed to compare the relative effects of

these variables to other local and landscape variables

(e.g., habitat structure, amount of water), which were

omitted from, or controlled for, in this study. It is

possible that some of these other variables are as (or

more) important to bats as forest amount and

fragmentation. However, our results do imply that

moderately fragmented landscapes with a diversity of

land cover types (providing suitable roosting and

foraging habitat for most species) should support a

higher diversity and abundance of temperate bats.

Acknowledgments We thank C. Jones, T. Mackie and K.

Wilson for their help with the fieldwork, the private landowners

for providing access to their properties, all members of the

GLEL for their insightful comments, and D. Bert and D. Omond

for logistic support. We are also grateful to C. M. Francis, A.

Morin, J. P. Metzger and an anonymous reviewer for their

constructive comments. We also thank A. Adams, L. Hooton and

M. B. Fenton for sharing their collection of reference bat calls.

This work was supported by Natural Sciences and Engineering

Research Council of Canada (NSERC) and Canada Foundation

for Innovation research grants to L.F.

References

Agosta SJ (2002) Habitat use, diet and roost selection by the

big brown bat (Eptesicus fuscus) in North America: a case

for conserving an abundant species. Mamm Rev 32(3):

179–198

Bernard E, Fenton MB (2007) Bats in a fragmented landscape:

species composition, diversity and habitat interactions in

savannas of Santarem, Central Amazonia, Brazil. Biol

Conserv 134:332–343

Brigham RM (2007) Bats in forests: what we know and what

we need to know. In: Lacki MJ, Hayes JP, Kurta A (eds)

Bats in forests. The Johns Hopkins University Press,

Baltimore, pp 1–16

Broders HG, Forbes GJ, Woodley S, Thompson ID (2006)

Range extent and stand selection for roosting and foraging

in forest-dwelling northern long-eared bats and little

brown bats in the greater Fundy ecosystem, New Bruns-

wick. J Wildl Manage 70(5):1174–1184

Carter TC, Menzel MA, Chapman BR, Miller KV (1999)

Summer foraging and roosting behavior of an eastern

pipistrelle, Pipistrellus subflavus. Bat Res News 40:5–6

Cosson JF, Pons JM, Masson D (1999) Effects of forest frag-

mentation on frugivorous and nectarivorous bats in French

Guiana. J Trop Ecol 15:515–534

Crawley MJ (1993) GLIM for Ecologists. Blackwell, London

Duchamp JE, Swihart RK (2008) Shifts in bat community-

structure related to evolved traits and features of human-

altered landscapes. Landscape Ecol 23:849–860

Dunning JB, Danielson BJ, Pulliam HR (1992) Ecological

processes that affect populations in complex landscapes.

Oikos 65(1):169–175

Elmore LW, Miller DA, Vilella FJ (2005) Foraging area size

and habitat use by red bats (Lasiurus borealis) in an

Landscape Ecol (2011) 26:865–876 875

123



intensively managed pine landscape in Mississippi. Am

Midl Nat 153(2):405–417

Erickson JL, West SD (2002) The influence of regional climate

and nightly weather conditions on activity patterns of

insectivorous bats. Acta Chiropt 4(1):17–24

Erickson JL, West SD (2003) Associations of bats with local

structure and landscape features of forested stands in wes-

tern Oregon and Washington. Biol Conserv 109:95–102

Estrada A, Coates-Estrada R (2002) Bats in continuous forest,

forest fragments and in an agricultural mosaic habitat-

island at Los Tuxtlas, Mexico. Biol Conserv 103:237–245

Fahrig L (2003) Effects of habitat fragmentation on biodiver-

sity. Annu Rev Ecol Syst 34:487–515

Furlonger CL, Dewar HJ, Fenton MB (1987) Habitat use by

foraging insectivorous bats. Can J Zool 65(2):284–288

Gehrt SD, Chelsvig JE (2003) Bat activity in an urban land-

scape: patterns at the landscape and microhabitat scale.

Ecol Appl 13:939–950

Gorresen PM, Willig MR (2004) Landscape responses of bats

to habitat fragmentation in Atlantic forest of Paraguay.

J Mammal 85(4):688–697

Grindal SD (1996) Habitat use by bats in fragmented forests.

In: Barclay RMR, Brigham RM (eds) Bats and Forests

Symposium, Victoria, British Columbia, 19–21 October

1995

Grindal SD (1999) Habitat use by bats, Myotis spp., in Western

Newfoundland. Can Field Nat 113(2):258–263

Haila Y (2002) A conceptual genealogy of fragmentation

research: from island biogeography to landscape ecology.

Ecol Appl 12(2):321–334

Harris S, Cresswell WJ, Forde PG, Treshella WJ, Woollard T,

Wray S (1990) Home-range analysis of problems and

techniques particularly as applied to the study of mam-

mals. Mammal Rev 20(2):97–123

Humphrey SR (1975) Nursery roosts and community diversity

of Nearctic bats. J Mammal 56(2):321–346

Hutchinson JT, Lacki MJ (2000) Selection of day roosts by red

bats in mixed mesophytic forests. J Wildl Manage

64:87–94

Kurta A, Baker RH (1990) Eptesicus fuscus. Mamm Species

356:1–10

Law BS, Dickman CR (1998) The use of habitat mosaics by

terrestrial vertebrate fauna: implications for conservation

and management. Biodivers Conserv 7(3):323–333

Law BS, Anderson J, Chidel M (1999) Bat communities in a

fragmented forest landscape on the south-west slopes of

New South Wales, Australia. Biol Conserv 88:333–345

Li H, Reynolds JF (1995) On definition and quantification of

heterogeneity. Oikos 73(2):280–284

Loeb SC, O’Keefe (2006) Habitat use by forest bats in South

Carolina in relation to local, stand and landscape char-

acteristics. J Wildl Manage 70(5):1210–1218

Lumsden LF, Bennett AF (2005) Scattered trees in rural

landscapes: foraging habitat for insectivorous bats in

south-eastern Australia. Biol Conserv 122:205–222

McGarigal K, Cushman SA (2002) Comparative evaluation of

experimental approaches to the study of habitat frag-

mentation effects. Ecol Appl 12(2):335–345

McGarigal K, McComb WC (1995) Relationships between

landscape structure and breeding birds in the Oregon

Coast Range. Ecol Monogr 65:235–260

Morris AD, Miller DA, Kacounis-Rueppell MC (2010) Use of

forest edges by bats in a managed pine forest landscape.

J Wildl Manage 74(1):26–34

Nupp TE, Swihart RK (2000) Landscape-level correlates of

small-mammal assemblages in forest fragments of farm-

land. J Mammal 81:512–526

O’Keefe JM, Loeb SC, Lanham JD, Hill HS Jr (2009) Mac-

rohabitat factors affect day roost selection by eastern red

bats and eastern pipistrelles in the southern Appalachian

Mountains, USA. For Ecol Manage 257(8):1757–1763

Patriquin KJ, Barclay RMR (2003) Foraging by bats in cleared,

thinned and unharvested boreal forest. J Appl Ecol

40(4):646–657

Russo D, Jones G (2002) Identification of twenty-two bat

species (Mammalia: Chiroptera) from Italy by analysis of

time-expanded recordings of echolocation calls. J Zool

258:91–103

Schulze MD, Seavy NE, Whitacre DV (2000) A comparison of

the phyllostomid bat assemblages in undisturbed Neo-

tropical forest and in forest fragments of a slash-and-burn

farming mosaic in Petén, Guatemala. Biotropica

32:174–184

Shump KA Jr, Shump AU (1982) Lasiurus cinereus. Mamm

Species 185:1–5

Thompson ID (2000) Forest vegetation of Ontario: factors

influencing landscape change. In: Perera A, Euler D,

Thompson (eds) Ecology of a managed terrestrial land-

scape: patterns and processes of forest landscapes in

Ontario. UBC Press, Vancouver, pp 30–53

Tibbels AE, Kurta A (2003) Bat activity is low in thinned and

unthinned stands of red pine. Can J Forest Res

33:2436–2442

Trzcinski MK, Fahrig L, Merriam G (1999) Independent

effects of forest cover and fragmentation on the distribu-

tion of forest breeding birds. Ecol Appl 9:586–593

Tuttle MD (1976) Population ecology of the gray bat (Myotis
grisescens): factors influencing growth and survival of

newly volant young. Ecology 57(3):587–595

Vallan D (2000) Influence of forest fragmentation on

amphibian diversity in the nature reserve of Ambohit-

antely, highland Madagascar. Biol Conserv 96:31–43

van Zyll de Jong CG (1985) Handbook of Canadian mammals,

II, Bats. National Museums of Canada, Ottawa

Villard M-A, Trzcinski MK, Merriam G (1999) Fragmentation

effects on forest birds: relative influence of woodland

cover and configuration on landscape occupancy. Conserv

Biol 13:774–783

Walsh AL, Barclay RMR, McCracken GF (2004) Designing

bat activity surveys for inventory and monitoring studies

at local and regional scales. In: Brigham RM, Kalko EKV,

Jones G, Parsons S, Limpens GA (eds) Bat echolocation

research: tools, techniques and analysis. Bat Conservation

International, Austin, pp 157–165

Worton BJ (1987) A review of models of home range for

animal movement. Ecol Model 38:277–298

Wunder L, Carey AB (1996) Use of the forest canopy by bats.

Northwest Sci 70:79–85

Yates MD, Muzika RM (2006) Effect of forest structure and

fragmentation on site occupancy of bat species in Mis-

souri Ozark forests. J Wildl Manage 70(5):1238–1248

876 Landscape Ecol (2011) 26:865–876

123


	Positive effects of forest fragmentation, independent of forest amount, on bat abundance in eastern Ontario, Canada
	Abstract
	Introduction
	Methods
	Site selection
	Field surveys
	Bat species identification
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


