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Abstract

Context The relative influence of habitat loss versus

configuration on avian biodiversity is poorly under-

stood. However, this knowledge is essential for

developing effective land use strategies, especially

for grassland songbirds, which have experienced

widespread declines due to land use changes. Habitat

configuration may be particularly important to grass-

land songbirds as configuration of habitat affects the

extent of edge effects on the landscape, which strongly

influences habitat use by grassland birds.

Objectives We examined the relative influence of

grassland amount and a measure of grassland config-

uration per se (Landscape Shape Index; LSI) on the

relative abundance and richness of grassland

songbirds.

Methods In 2013, 361 avian point counts were

conducted across 47, 2.4 km radii landscapes in

south-west Manitoba, Canada, selected to minimize

the correlation between grassland amount and config-

uration. We used generalized linear mixed-effects

models within a multi-model inference framework to

determine the relative importance of grassland amount

and configuration on songbird response variables.

Results Effects of grassland amount and configura-

tion were generally weak, but effects of configuration

were greater than grassland amount for most species.

Relative abundance and richness of obligate species,

and Savannah sparrows, showed a strong negative

response to LSI, while grasshopper sparrows

responded positively to grassland amount.

Conclusion Our results suggest that habitat config-

uration must be considered when managing land-

scapes for conservation of grassland songbirds.

Maintaining large, intact tracts of grasslands and

limiting development of roads that bisect grassland

parcels may be an effective means of maintaining

grassland songbird diversity and abundance in north-

ern mixed-grass prairies.

Keywords Edge effects � Grassland birds � Habitat
loss � Habitat configuration � Landscape shape index �
Multi-model inference

Introduction

Grassland songbirds in North America have under-

gone widespread population declines (Sauer et al.

2011). While these declines have often been assumed

to result from loss and fragmentation of native

grasslands (Winter and Faaborg 1999), the relative
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influence of these landscape-scale processes on grass-

land songbirds remains unclear. Both habitat loss and

fragmentation can influence biodiversity; however,

understanding the relative influence of these variables

on populations and communities is critical for devel-

oping effective management strategies (Fletcher et al.

2007), as their effects on wildlife may differ. Because

habitat loss and fragmentation reflect changes in

landscape composition and configuration respectively,

land-use guidelines should differ if habitat loss or

fragmentation is the main causal factor of population

declines (Fletcher et al. 2007). For example, if habitat

loss is the main driver of species declines, then

management efforts should focus mainly on habitat

conservation and restoration (Fahrig 1997). Con-

versely, if habitat fragmentation has a greater effect

than habitat loss, it may be possible to mitigate the

effects of habitat loss through effective land-use

planning (Fahrig 1997), such as maintaining or

restoring large contiguous grassland patches with

low amounts of edge-affected habitat.

The effects of habitat amount and fragmentation on

avian biodiversity have been well studied in some

habitats (McGarigal and Cushman 2002), although not

in grasslands (Shahan et al. 2017). Habitat loss results

in a reduction in the amount of habitat in a landscape,

which directly affects populations because individuals

are inevitably lost from a landscape when habitat is

removed (Bender et al. 1998; Schmiegelow and

Mönkkönen 2002). Reductions in habitat amount can

also have indirect negative impacts by altering species

interactions (Kruess and Tscharntke 1994), reducing

reproductive (Robinson et al. 1995; Kurki et al. 2000)

and dispersal success (Belisle et al. 2001; Bender et al.

2003), and increasing local extinction rates (Fahrig

2001, 2002). Habitat fragmentation, defined as a

change in habitat configuration in which contiguous

habitat is broken apart (Fahrig 2003), can have

important impacts that are independent of habitat

loss. Habitat fragmentation results in an increase in the

complexity of habitat configuration, resulting in an

increase in the number of small habitat patches and

ultimately increasing the amount of edge-affected

habitat (Fahrig 2003). Two of the most important

mechanisms that explain negative effects of habitat

fragmentation on species (Fahrig 2003) are (1) result-

ing patches may be too small to support local

populations or even a single home range, and (2)

negative edge effects.

While habitat amount and configuration influence

biodiversity through different ecological processes,

estimating their relative importance is difficult

because most configuration metrics typically covary

with habitat amount across randomly selected land-

scapes (Fahrig 2003). For example, indices of habitat

configuration such as patch size and isolation are often

correlated with amount of habitat in the surrounding

landscape; patch size generally decreases and patch

isolation increases as amount of habitat declines.

Although some studies have attempted to distinguish

between effects of habitat amount and configuration

per se, past efforts to remove the correlation between

habitat amount and configuration have been met with

difficulties. Some studies, for example, have

attempted to distinguish between the effects of habitat

amount and configuration by creating experimental

landscapes and manipulating either the amount or

configuration of habitat while holding all other factors

constant (e.g., Caley et al. 2001; With and Pavuk

2011, 2012). Although this approach can allow

researchers to isolate ecological effects of habitat

configuration from habitat amount (or vice versa), it is

logistically difficult to manipulate landscapes at a

spatial scale that is relevant to conservation manage-

ment (McGarigal and Cushman 2002). Alternatively,

various methods have been used to separate effects of

habitat amount and configuration in real landscapes by

statistically controlling for their correlation, but this

approach is often ineffective (reviewed in Smith et al.

2009). Smith et al. (2009) demonstrated that one of the

most common approaches—using residuals of habitat

configuration variables regressed against habitat

amount as an uncorrelated index of configuration—

can result in a bias in favour of either habitat amount or

configuration, and the direction of the bias can vary

depending on the relationship between the effects of

the habitat amount and configuration predictor

variables.

Given the problems associated with most of the

statistical methods that have been used to distinguish

between the effects of habitat amount and configura-

tion, it is necessary to apply a different approach that

explicitly separates the ecological impacts of habitat

amount and configuration in real landscapes. One such

approach is to control for the correlation between

configuration and habitat amount in the experimental

design (Pasher et al. 2013). Although several studies

have used this approach to study the relative impacts
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of habitat amount and configuration on forest birds

(e.g., McGarigal and McComb 1995; Trzcinski et al.

1999), this method has not yet been used to study the

effects of habitat amount and configuration on grass-

land songbirds. Given that species’ sensitivity to

configuration may differ among biomes (Ewers and

Didham 2007), and that many grassland songbirds are

sensitive to edge effects (e.g. Helzer and Jelinski 1999;

Davis and Brittingham 2004; Sliwinski and Koper

2012), research in grasslands is needed to develop

effective management strategies for conservation of

declining grassland songbirds.

Numerous metrics have been developed to capture

configuration changes associated with the division of

habitat (Hargis et al. 1998). But to effectively capture

the ecological consequences associated with habitat

configuration independent of habitat amount, it is

necessary to select a landscape metric that is (1) not

highly correlated with habitat amount, and (2) is

biologically relevant to the process or species of

interest (Turner et al. 2001; Li et al. 2005). Shape

metrics, rather than patch area and isolation metrics,

generally have a weak correlation with habitat amount

and may, therefore, be suitable for distinguishing

between the effects of habitat amount and configura-

tion (Wang et al. 2014). This group of metrics contains

a number of different indices that can be used to

describe the geometric complexity of patch shapes at

the patch, class or landscape level. Within this group is

the landscape shape index (LSI), which quantifies

amount of edge for a given land cover class relative to

that of a maximally compact and simple shape (i.e., a

circle) of the same area (McGarigal and Marks 1995),

capturing several configurational changes associated

with the division of habitat (i.e., changes in edge

amount, patch size and number of patches; Fig. 1;

Saura and Carballal 2004).

Compared to the effects of patch size and isolation,

effects of habitat shape have received considerably

less attention (Davis and Brittingham 2004; Ewers and

Didham 2007; Saura et al. 2008); however, shape may

be an important predictor of grassland songbird

abundance and occupancy because of the sensitivity

of many species of grassland songbirds to habitat edge

(Helzer and Jelinski 1999). Grassland songbirds may

experience elevated rates of nest predation (Winter

et al. 2000), brood parasitism (Davis and Sealy 2000),

competition (Fletcher and Koford 2003) or displace-

ment by invasive species near grassland edges (Gel-

bard and Harrison 2003). Microclimates and resource

availability may also differ in proximity to edges

(Koper et al. 2009). Indeed, edge effects have been

reported for numerous species of grassland birds

including Sprague’s pipit (Koper et al. 2009), chest-

nut-collared longspurs, and Baird’s sparrow (Sliwin-

ski and Koper 2012).While a single measure of habitat

configuration does not capture every ecological

impact that results from the breaking apart of habitat,

LSI is likely to be biologically meaningful for species

that are sensitive to habitat edges, such as grassland

songbirds.

Therefore, we designed this study to determine the

relative influence of habitat amount and configuration

on grassland songbirds by using a sampling design that

incorporated landscapes with a range in the amount of

habitat and LSI values while minimizing the correla-

tion between each variable (sensu Trzcinski et al.

1999; Ethier and Fahrig 2011; Pasher et al. 2013).

Methods

Study area

Our study was conducted in south-west Manitoba

(MB), Canada, covering an area of approximately

17,000 square km from the Canada/USA border to

Birtle, MB (50�2502100N, 101�205100W), and the Man-

itoba/Saskatchewan border to Carberry, MB

(49�520800N, 99�2103400W; Fig. 2). The region is

dominated by agricultural cropland, consisting pri-

marily of cereal grains (e.g., wheat and oat) and

oilseed (e.g., canola and sunflower), and interspersed

with remnant mixed-grass prairie. Here, the mixed-

grass prairie is dominated by native perennial grasses,

sedges and forbs, with some low-lying shrubs such as

(a) (b) (c)

Fig. 1 Comparison of the landscape shape index for three

different patterns of habitat configuration. For a single square

patch LSI = 1, but for habitat comprised of irregular shapes or

multiple patches, LSI[ 1. The LSI values for patterns a, b and

c are 1, 1.5 and 3 respectively
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wolf willow (Elaeagnus commutata) and western

snowberry (Symphoricarpos occidentalis; Coupland

1950), and small stands of trembling aspen (Populus

tremuloides) (Agriculture and Agri-Food Canada

2012). Common grass species include blue grama

(Bouteloua gracilis), needle-and-thread (Hesperostipa

comata), little bluestem (Schizachyrium scoparium)

and western wheatgrass (Pascopyrum smithii); com-

mon forbs include pasture sage (Artemisia frigida),

prairie crocus (Pulsatilla patens), and moss-phlox

(Phlox hoodii). Following European settlement, many

non-native grassland plant species were introduced to

the mixed-grass prairie in southwestern Manitoba.

Non-native plant species typical of the study region

include leafy spurge (Euphorbia esula), Kentucky

bluegrass (Poa pratensis), crested wheatgrass

(Agropyron cristatum) and smooth brome (Bromus

inermis; Wilson and Belcher 1989).

Selection of landscapes

We selected 47 non-overlapping landscapes from the

study area that minimized the correlation between

habitat amount and LSI. Landscape selection began by

generating reference points (n = 255) within focal

patches of grassland habitat using the editor tool in

ArcMap 10. To ensure that candidate landscapes did

not overlap, each reference point was separated by a

minimum distance of 5 km. Points were located at

least 500 metres from the nearest habitat edge, and at

least 400 metres from oil wells and associated

infrastructure to minimize confounding effects from

energy infrastructure. We created a 2.4-km radius

buffer around each point delineating the landscape

boundary (i.e., an area of 18.1 km2). This spatial

extent was based on a multi-scale analysis of grass-

land songbird response to landscape variables in

southwestern Manitoba, which found that landscape

structure was important most frequently within land-

scapes of 2.4-km radii or larger (Durán, 2009,

unpublished data).

For each individual landscape (n = 255), we used

Patch Analyst within ArcMap to derive data on

percent grassland coverage, as an index of habitat

amount, and landscape shape index (LSI) as an index

of configuration. Landscape shape index was quanti-

fied as the total length of grassland edge divided by the

minimum edge possible for the amount of habitat in

the landscape (i.e., the circumference of a single

circular patch). To quantify percent grassland cover

and LSI, we used land cover data from a digitized land

cover map of southwestern Manitoba from 2000 to
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Fig. 2 Example of the arrangement of point-count plots within

2.4 km-radii study landscapes (a) and locations of study

landscapes in southwestern Manitoba, Canada, 2013 (b).
Symbols represent different combinations of percent grassland

cover (PG) and configuration: low grassland cover and high

landscape shape index (LSI; configuration), low grassland cover

and low LSI, high grassland cover and low LSI, and high

grassland cover and high LSI
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2002 Landsat Thematic Mapper imagery collected at a

30-m resolution with an overall thematic class accu-

racy of 82%, which are the best available data for this

region (Agriculture and Agri-Food Canada 2012). The

amount of non-cropland habitat across the Canadian

prairies was relatively stable between the 1970s and

2011 (Prairie Habitat Joint Venture 2014), suggesting

that these maps should be good representations of the

amount of habitat available to our focal species during

our surveys. Agricultural cropland, coniferous, decid-

uous and mixed-wood forest, open-deciduous shrub,

road, wetland and grassland were among the 17 cover

classes identified in the land cover dataset. Grasslands

were defined as lands containing native or non-native

prairie grasses and forbs with less than 10 percent

shrub or tree cover (Agriculture and Agri-Food

Canada 2012).

We then selected landscapes to minimize the

correlation between grassland amount and LSI while

still maintaining a broad range in the possible values

for each variable. We achieved this by systematically

selecting landscapes that contained different combi-

nations of percent grassland cover and LSI (i.e., low

grassland cover and high LSI, low grassland cover and

low LSI, high grassland cover and low LSI, and high

grassland cover and high LSI (sensu Trzcinski et al.

1999; Ethier and Fahrig 2011; Pasher et al. 2013;

Fig. 3). Landscapes representing each of these com-

binations of grassland cover and LSI were distributed

throughout the study area to avoid confounding habitat

amount or configuration with regional trends such as

climate or geology (Fig. 2). In the final set of

landscapes (n = 47), grassland amount ranged from

17 to 59% (�x ¼ 31:3, STDV = 10.5), LSI ranged from

4.62 to 16.78 (�x ¼ 9:9, STDV = 2.9), and the pairwise

correlation between percent grassland amount and LSI

was r = - 0.14.

Focal study species

Because we wanted to understand effects of grassland

amount and configuration per se on songbirds, our

focal species included obligate and facultative grass-

land songbird specialists. Obligate grassland special-

ists are defined as species that depend on grasslands

for all or part of their lifecycle (Vickery et al. 1999)

and included Baird’s sparrow (Ammodramus bairdii),

bobolink (Dolichonyx oryzivorus), chestnut-collared

longspur (Calcarius ornatus), grasshopper sparrow

(Ammodramus savannarum), horned lark (Eremophila

alpestris), Le Conte’s sparrow (A. leconteii), Savan-

nah sparrow (Passerculus sandwichensis), sedge wren

(Cistothorus platensis), Sprague’s pipit (Anthus spra-

gueii), vesper sparrow (Pooecetes gramineus) and

western meadowlark (Sturnella neglecta). Facultative

grassland specialists are defined as species that use

grasslands but can complete their lifecycle in their

absence (Vickery et al. 1999) and included brown-

headed cowbird (Molothrus ater), Brewer’s blackbird

(Euphagus cyanocephalus), clay-colored sparrow

(Spizella pallida), eastern kingbird (Tyrannus tyran-

nus), red-winged blackbird (Agelaius phoeniceus) and

western kingbird (T. verticalis).

Songbird surveys

We used 5-min, 100-m radius point-counts to obtain

songbird relative abundance and species richness

within point-count plots (n = 4 per landscape).

Point-count plots were arranged in a grid pattern

within a focal patch of grassland habitat at the centre

of each landscape (Fig. 2). Point-count plots were

defined by the maximum radius of the point-count

(i.e., an area of 3.14 ha); thus, to obtain independence

among point-count plots, point-count plot centres

were separated by a minimum distance of 250 m, and

were located at least 100 m from the nearest habitat

edge to avoid local edge effects. To standardize

detection, point-counts were conducted between sun-

rise and 1000 h, on days with winds less than 20 km/h

and no precipitation (Ralph et al. 1995). All birds seen

or heard within 100-m of the point-count plot centre

were recorded by observers trained in visual and

auditory identification of grassland birds. Most point-

count plots were surveyed twice between 25 May and

4 July 2013, with observers rotated between rounds;

however, in a few cases where point-count plots

became flooded between survey rounds, plots were

only surveyed once, resulting in 361 point-counts.

Relative abundance and species richness were not

combined between rounds or across individual land-

scapes; instead, we included data from each point-

count plot (n = 361) in our analysis and used two

random effects (see Statistical analysis section) to

model covariance among point-counts conducted at

the same plot, and among plots located within the

same landscape.
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Songbird detection

We used unadjusted point-count plot data as an index

of relative abundance for our focal species. However,

we acknowledge that the use of unadjusted count data

as an index of relative bird abundance can be prob-

lematic. If detection probabilities are not constant

among sites, for example, differences in bird abun-

dance will be confounded with variation in the

proportion of individuals detected, making it difficult

to draw inferences about actual changes in population

densities. Further, population densities and richness

may be underestimated (Nicols et al. 2000; Farnsworth

et al. 2002; Alldredge et al. 2007; Schmidt et al. 2013;

but see Hutto and Young 2003; Johnson 2008).

However, in some cases, unadjusted counts are more

appropriate and precise estimates of relative abun-

dance than alternatives. One reason for this is that

assumptions of distance sampling and other statistical

methods used to correct for variation in detection

probabilities are difficult to meet, especially in prairie

systems (Henderson and Davis 2014; Richardson et al.

2014; Leston et al. 2015). Not meeting these assump-

tions results in detectability adjustments that increase

rather than decrease bias (Efford and Dawson 2009).

For example, a core assumption of distance sampling

is that all individuals are detected at zero distance from

the observer, but this assumption is rarely met in open

habitats such as grasslands where birds may be more

likely to move away from observers or vocalize less

frequently when an observer is present (Hutto and

Young 2003).
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Fig. 3 Landscapes from the study area showing different

combinations of grassland cover and landscape shape index

(LSI; configuration): low grassland cover and high LSI, high

grassland cover and high LSI, low grassland cover and low LSI

and high grassland cover and low LSI. Lighter polygons

represent grassland patches
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Indeed, past attempts to apply distance sampling to

grassland passerines have yielded poor model fit due

to few detections at 0 m (e.g., Rotella et al. 1999,

Davis et al. 2013, Henderson and Davis 2014).

Furthermore, the minimum number of observations

required to obtain reliable estimates with distance

sampling (e.g., 75–100 observations per species for

point transects; Buckland et al. 1993: 302) is difficult

to achieve in prairie systems, as most grassland birds

occur at low densities (Rotella et al. 1999, Leston et al.

2015). Distances to birds are also difficult to estimate

in grasslands (Leston et al. 2015). Other approaches to

dealing with imperfect detection, such as removal

sampling (Farnsworth et al. 2002) and N-mixture

models (Royle 2004), assume closed populations,

which is usually violated in prairie systems as

individuals are rarely stationary during point-counts.

Territory boundaries of individuals often shift during a

single breeding season in response to nest failure or

changes in habitat conditions (Leston et al. 2015).

Because these assumptions of detectability adjustment

could not be met in our grassland ecosystem, and

perceptibility of most species of grassland songbirds is

very high (Leston et al. 2015), we used unadjusted

counts for all species. However, we note that

detectability of 2 of our focal species, grasshopper

sparrow and horned lark, is lower than that of our other

study species (Leston et al. 2015). Results for these

two species should be interpreted with caution.

Statistical analysis

We used generalized linear mixed-effects models

(GLMM; PROC GLIMMIX procedure in SAS 9.3)

and an information theoretic approach to model the

responses of songbird relative abundance and species

richness to changes in grassland amount and config-

uration. Our a priori models included (1) habitat

amount (percent grassland), (2) landscape shape

index, (3) habitat amount ? landscape shape index,

and (4) a null model. Two random effects, point-count

plot and landscape, were included in each model to

account for the hierarchical arrangement of data

points; i.e., sampling round nested within point-count

plot, and plot nested in landscape.

The effects of grassland amount and configuration

on relative abundance and species richness were

modeled separately for obligate and facultative grass-

land specialists. Species for which we had sufficient

data to model relative abundance (observed in at least

10% of point-counts, and for which a negative

binomial or Poisson distribution fit the data according

to diagnostic criteria, below) were also analyzed

individually, including Savannah sparrow, grasshop-

per sparrow, brown-headed cowbird, bobolink, red-

winged blackbird, clay-colored sparrow and sedge

wren. For obligate and facultative species richness,

and obligate relative abundance, diagnostic graphs

(e.g., quantile–quantile plots and residual histogram

plots) showed that residuals were normally distributed

and thus a Gaussian distribution was used for these

models. For all other response variables, excluding

Savannah sparrow, red-winged blackbird, clay-col-

ored sparrow and facultative species relative abun-

dance, we used a Poisson distribution. Deviance/df

ratios indicated that Savannah sparrow, red-winged

blackbird, clay-colored sparrow and facultative spe-

cies counts were overdispered so we used a negative

binomial probability distribution in these models

(Quinn and Keough 2002, p. 372).

We used multi-model inference (MMI) based on

Akaike’s information criterion corrected for small

sample sizes (AICc) to determine the relative impor-

tance of habitat amount and configuration on grassland

songbird relative abundance and species richness. The

model-averaged parameter estimates were used to

predict changes in relative abundance and species

richness relative to habitat amount and configuration,

and were used here as an index of biological impor-

tance. Although Cade (2015) points out that model-

averaged estimates can be inaccurate when collinear-

ity is present, we avoided that problem through our

study design, which minimized correlation among

independent variables. We used the summed AICc

weights (wi) associated with each variable (j) (e.g.,

w ? [j]; Burnham and Anderson 2002, p. 168) as an

index of statistical confidence in the measured effect

of each variable. Although summed Akaike weights

are often interpreted as a measure of relative variable

importance, where larger values indicate greater

variable importance (Burnham and Anderson 2002),

this inference is inappropriate (Cade 2015), particu-

larly when comparing variables that are measured on

different scales (Smith et al. 2009). Thus, in this study

the summed Akaike weights represent the strength of

statistical support for each variable, where larger

values indicated a greater strength of support, but not

necessarily a greater effect size, relative to other
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modeled variables. Furthermore, we note that the use

of summed weights is appropriate here because all

variables occurred in the model set an equal number of

times (Smith et al. 2009). For consistency with the

literature (e.g., Barbieri and Berger 2004; Schwenk

and Donovan 2011; Davis et al. 2015), we considered

the relative strength of support for the measured effect

of each variable to be important where w ? (j)[ 0.5.

While standardized regression coefficients are

sometimes used to infer relative variable importance

when predictors are expressed in different units

(Schielzeth 2010; Grueber et al. 2011), this approach

can be problematic for several reasons. Because

standardized parameter estimates are on a transformed

scale they can be difficult to interpret biologically

(Nakagawa and Cuthill 2007; Schielzeth 2010; Grue-

ber et al. 2011). Also, because standardized estimates

are sample dependent—meaning that parameters are

standardized relative to their standard deviation and

the range of measurements within the study system—

it is difficult to translate standardized estimates to

other study areas where the variance and range of

values might be different (Schielzeth 2010). To avoid

these challenges, we chose to evaluate the response of

grassland birds to habitat amount and configuration in

the original units.

However, the effect sizes of habitat amount and

configuration cannot be directly compared because of

the different units used. Instead, comparisons between

habitat amount and configuration were interpreted

relative to their units. For example, we used ‘‘percent

change in relative abundance and species richness per

point-count’’ relative to changes across the range of

observed values in habitat amount and configuration.

This allowed for useful comparisons in our study

because the range of values for both habitat amount

and configuration were similar (i.e., a 3.5-fold differ-

ence across the range of values for both habitat and

shape). These percent changes were obtained from our

predictive models, which are based on our model-

averaged parameter estimates from the above gener-

alized linear mixed-effects models (see Figs. 4 and 5).

If, for example, our model predicted that the number of

Savanah sparrow per point count is 6 when LSI is low

(i.e., 4.62) and 3 when LSI is high (i.e., 16.78), a shift

across the full range of possible LSI values from low to

high would result in a 50% reduction in the number of

Savannah sparrows per point count. We note that

changes in relative abundance among focal species

should be interpreted with awareness of the overall

abundance of each species, as small changes in

abundance result in a larger percent change for rare

compared with common species.

Results

Habitat amount effects

The effects of habitat amount on grassland songbird

relative abundance and richness were generally weak.

Evidence for an effect of habitat amount was apparent

for only 3 of the 7 species evaluated (w ? [j][ 0.5,

Tables 1 and 2). Although there was evidence for an

effect of habitat amount on obligate and facultative

species richness, and facultative species abundance

(w ? [j][ 0.5, Table 1), the observed effect sizes

were small (Table 2). For example, a change across

the full range of habitat amount, from low to high (i.e.,

20–60%), resulted in a decrease in facultative species

of 0.8 individuals (approximately 35%) per point-

count plot and a change in facultative and obligate

species richness of less than 0.5 species per point-

count plot (approximately 15 and 20% respectively,

Fig. 4).

Habitat amount did not have a large effect size,

defined here as a change of less than 1 individual per

point count, on any of the species for which there was

evidence of an effect of habitat amount, except for

grasshopper sparrow. However, as habitat amount

increased from low to high (i.e., 20–60%), grasshop-

per sparrow relative abundance increased by 2 indi-

viduals per point count (greater than 100% increase;

Fig. 4). Grasshopper sparrows have lower detectabil-

ity than other species, but as there is no reason to

expect their detectability to vary systematically with

habitat amount, we cautiously note that this result

provides evidence of the importance of landscape-

scale habitat amount for this species.

Habitat configuration

Overall, the effects of LSI were stronger than the

effects of habitat amount. Evidence for an effect of

LSI was apparent for obligate species abundance and

richness (w ? [j] = 0.99, Table 1), and for 4 of the 7

species evaluated (w ? [j][ 0.5, Tables 1 and 2).

Both obligate species richness and abundance
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responded strongly and negatively to LSI. An increase

in LSI from low to high (i.e., 5–17), for example,

resulted in a decrease in obligate species abundance of

4 individuals (approximately 77% decline) per point-

count plot and a decrease in obligate species richness

of 1.6 species per point-count plot (approximately

73% decline, Fig. 5). However, the influence (effect

size) of LSI on individual species, excluding Savannah

sparrow, was generally weak (i.e., a change of less

than 1 individual per point-count plot).

Discussion

Overall, we found that the effects of habitat amount

and configuration on grassland songbird abundance

and richness were variable and mostly weak, except

for the strong negative effect of configuration on

grassland obligates. These results are surprising, as

most previous studies, including those conducted on

forest-dwelling songbirds (e.g., McGarigal and

McComb 1995; Trzcinski et al. 1999), report strong

and consistently negative effects of habitat loss on

populations and communities (reviewed in Fahrig

2003) but weak and mostly positive effects of habitat

fragmentation independent of habitat amount (re-

viewed in Fahrig 2017). To our knowledge, ours is the

first study to select study sites that minimize correla-

tion between grassland amount and configuration,

allowing us to evaluate the relative impacts of habitat

amount and configuration per se on grassland birds at

the landscape scale. Because our results indicate that
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Fig. 4 Grassland songbird (a) relative abundance and

(b) species richness relative to amount of grassland habitat in

2.4 km-radii landscapes in southwestern Manitoba, 2013. Solid

line is based on model-averaged parameter estimates from

generalized linear mixed-effects models examining the response

of songbird relative abundance and species richness to changes

in grassland amount. Points represent the mean number of

individuals detected per point count within each landscape (i.e.,

number of individuals averaged across survey round and point

count plot). Only those species for which the relative

confidence, as assessed by multi-model selection, was[ 0.5

are presented
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habitat configuration was generally more influential

than grassland amount, it seems that mechanisms that

explain patterns of habitat use of songbirds in grass-

lands probably differ from those in less planar

ecosystems.

The measure of configuration that we used

increases with amount of habitat edge (Saura and

Carballal 2004), and it is likely that amount of edge

within landscapes explains many of the biological

effects that we observed. Although other studies have

documented avoidance of edges by grassland birds

(e.g., Winter et al. 2000; Davis and Brittingham 2004;

Renfrew et al. 2005; Koper et al. 2009), the mecha-

nisms underlying edge effects in northern mixed-grass

prairies are not well understood (Sliwinski and Koper

2012). Some evidence, however, suggests that

increased predation may be an important factor

contributing to negative edge effects for grassland

songbirds in fragmented agricultural landscapes (Win-

ter et al. 2000), as cropland may support higher

densities of generalist predators by providing supple-

mental resources (Heske et al. 1999). While we did not

investigate effects of grassland edges on predators,

other studies conducted within the same region have

reported increased predation of waterfowl nests by

raccoons (Procyon lotor; Stoudt 1982) in response to

land use changes such as agriculture (Sargeant et al.

1993; Larivière 2004). Moreover, on multiple occa-

sions we observed frequent nest mesopredators such as

striped skunk (Mephitis mephitis) and red fox (Vulpes

vulpes) travelling along cropland and road edges

adjacent to our survey pastures (J. Lockhart, personal
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Fig. 5 Grassland songbird (a) relative abundance and

(b) species richness relative to the landscape shape index

(LSI) of grasslands in 2.4 km-radii landscapes in southwestern

Manitoba, 2013. Solid line is based on model-averaged

parameter estimates from generalized linear mixed-effects

models examining the response of songbird relative abundance

and species richness to changes in LSI. Points represent the

mean number of individuals detected per point count within

each landscape (number of individuals averaged across survey

round and point count plot). Only those species for which the

relative confidence, as assessed by multi-model selection,

was[ 0.5 are presented
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Table 1 Relative confidence in the measured effect for each predictor variable—percent grassland and landscape shape index—in

explaining patterns of grassland songbird relative abundance and richness in southwest Manitoba, Canada, 2013

Response variable Relative statistical confidence (w ? [j])

Percent grassland Landscape shape index

Obligate species

Abundancea (n = 1420) 0.44 0.99

Richnessa 0.63 0.99

Sedge wrenb (n = 68) 0.31 0.45

Grasshopper sparrowb (n = 106) 0.85 0.73

Savannah sparrowc (n = 812) 0.27 0.91

Bobolinkb (n = 158) 0.28 0.29

Facultative species

Abundancec (n = 987) 0.71 0.31

Richnessa 0.53 0.29

Clay-colored sparrowc (n = 440) 0.60 0.27

Brown-headed cowbirdb (n = 123) 0.53 0.98

Red-winged blackbirdc (n = 274) 0.44 0.84

Relative statistical confidence was determined by summing Akaike weights across all models in which the predictor variable of

interest occurred. Total count (n) is shown in brackets
aGaussian distribution
bPoisson distribution
cNegative binomial distribution

Table 2 Model-averaged parameter estimates, unconditional standard error and 95% confidence intervals

Response variable Percent grassland Landscape shape index

�b SE 95% CI �b SE 95% CI

Upper Lower Upper Lower

Obligate species

Abundance 0.012 0.017 0.045 - 0.021 - 0.318 0.077 - 0.167 - 0.469

Richness 0.011 0.009 0.028 - 0.007 - 0.137 0.034 - 0.070 - 0.204

Grasshopper sparrow 0.061 0.029 0.118 0.004 - 0.173 0.116 0.054 - 0.400

Savannah sparrow – – – – - 0.064 0.023 - 0.019 - 0.109

Facultative species

Abundance - 0.011 0.008 0.012 - 0.008 0.006 0.018 0.010 - 0.006

Richness - 0.005 0.005 0.005 - 0.015 0.003 0.012 0.026 - 0.021

Clay-colored sparrow - 0.010 0.009 0.008 - 0.028 – – – –

Brown-headed cowbird - 0.012 0.013 0.013 - 0.037 - 0.055 0.017 - 0.022 - 0.088

Red-winged blackbird – – – – 0.118 0.058 0.232 0.004

Models described effects of percent grassland and landscape shape index (LSI) on grassland songbird relative abundance and species

richness in south-west Manitoba, Canada, 2013. Results are presented for only those species for which the relative confidence, as

assessed by multi-model inference, was[ 0.5
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observation). Taken together, we speculate that

increased predation risk may be one mechanism

explaining the negative edge effects observed in our

study; however, further research is required to test this

hypothesis. The explanation that nest predation may

contribute to the landscape-scale edge effects

observed in our study contradicts findings from

Renfrew et al. (2005), who found that edge avoidance

by grassland songbirds was not driven by predation

risk in their study system. However, as noted by the

authors, it is possible that they did not detect edge

effects on nest predation because fieldwork was

conducted in a highly fragmented region and, there-

fore, the entire study area may have been influenced by

edge.

Although some studies have reported increased risk

of nest parasitism by brown-headed cowbirds in

proximity to grassland edges (e.g., Johnson and

Temple 1990; Davis and Sealy 2000; Johnson and

Igl 2001), we found only a weak response of brown-

headed cowbird relative abundance to LSI. Much of

the anthropogenic fragmentation in this region occurs

through the creation of roads and croplands, which do

not provide tall perch sites from which cowbirds can

scan for host nests. Edges may therefore not be

attractive to brown-headed cowbirds in this grassland

system. However, we note that our sample size for

brown-headed cowbirds was low (n = 123) compared

to other studies, so results should be taken with

caution. This low number of brown-headed cowbird

detections during our surveys also suggests that

cowbird densities are lower in our study area than in

other regions, where their densities have negative

impacts on other species (Brittingham and Temple

1983; Johnson and Temple 1990), which may also

mean that cowbird abundances are relatively unlikely

to cause extensive edge effects across this study

region.

We observed some substantial differences in the

responses of obligate and facultative grassland birds to

grassland amount and configuration; for example, we

detected negative correlations between LSI and rela-

tive abundance of grassland obligates but not facul-

tative grassland species. This result may be due to

habitat preferences. Previous studies (e.g., Winter

et al. 2000) suggest that grassland specialists demon-

strate ‘‘distributional-edge sensitivity’’, which is a

change in density relative to edges explained by innate

preferences for intact grass-dominated habitats

(Sliwinski and Koper 2012). Conversely, habitat

generalists are more likely to display ‘‘demographic

edge-sensitivity,’’ or reduced nesting success in

response to edges (Winter et al. 2000). Further

research to assess effects of grassland amount and

configuration on nesting success are required to test

this hypothesis.

Our observation that grassland amount had few

impacts on songbirds is in contrast with prior theoret-

ical work that predicts significant negative effects of

declining habitat amount on wildlife (e.g., Venier and

Fahrig 1996; Fahrig 1997, 2001). We speculate that

one reason for this is that grasslands have been

replaced with other relatively planar land uses, such as

agriculture (Davis et al. 2006; Sliwinski and Koper

2012). Row crops and hay lands may not hinder

movement of grassland birds among habitat patches

(Winter et al. 2006; McDonald 2017), and may

provide few perches for avian predators (Keyel et al.

2012). Moreover, some species of grassland birds may

be able to subsist in agricultural landscapes because

cropland provides some substitutable resources (i.e.,

landscape supplementation; Dunning et al. 1992). For

example, some grassland birds forage and occasion-

ally breed in adjacent croplands (Brotons et al. 2005;

Winter et al. 2006), suggesting that the agricultural

matrix around grassland patches may be relatively

benign to some species. Our results are consistent with

findings from some other empirical studies in grass-

lands that found only small to moderate impacts of

habitat loss and fragmentation on grassland songbirds

(e.g., Davis et al. 2006; Koper and Schmiegelow 2006,

but see Renfrew and Ribic 2008). These results

suggest that characteristics of the vegetation within

the grasslands themselves might have a greater impact

on habitat suitability than does landscape-level habitat

structure. Occurrence of non-native grasses, such as

smooth brome and crested-wheatgrass, may reduce the

quality of breeding habitat for some species of

grassland birds (e.g., Lloyd and Martin 2005; Fisher

and Davis 2011), and grazing management alters

habitat suitability for some species (Sliwinski and

Koper 2015).

Alternatively, it is possible that we were unable to

detect strong effects of grassland amount on most

species because habitat amount in our study land-

scapes ranged from 17 to 59%, which may be below a

critical threshold at which effects of habitat amount

can be detected. Theoretical models predict that
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species responses to habitat loss are nonlinear,

whereby populations undergo sudden declines and

extinction risk increases below a critical amount of

habitat (Lande 1987; With and King 1999; Fahrig

2001). Furthermore, it is hypothesized that below a

critical amount of habitat, fragmentation effects

become more pronounced (Andren 1994; Fahrig

1998). To determine whether these habitat amount

thresholds exist for grassland songbirds, future empir-

ical studies could be conducted in other regions that

contain a wider range of possible values of grassland

amount in the landscape (e.g., 10–90% grassland

amount).

In contrast to most of our other observations,

habitat amount appeared to influence the abundance of

grasshopper sparrows. Our results for grasshopper

sparrow are consistent with other studies that have

found positive effects of grassland amount on

grasshopper sparrow abundance or occurrence (John-

son and Igl 2001; Davis and Brittingham 2004). The

grasshopper sparrow is known to be area-sensitive

(Herkert 1994), although the mechanisms for this are

not known. Grasshopper sparrows generally inhabit

large open grasslands dominated by relatively short

bunch grasses (Smith 1963; Whitmore 1981), and they

may be particularly sensitive to conspecific attraction

(Fletcher 2006; Andrews et al. 2015). However,

because grasshopper sparrows have lower detectabil-

ity than other species, we note that these results should

be taken with caution.

Conclusion

Few studies have analyzed the effects of habitat loss

and fragmentation per se on grassland songbirds even

though these landscape-level processes are often

attributed to widespread declines of grassland birds.

Although our study showed an absence of a strong

impact of grassland amount and configuration, con-

figuration was generally more important than grass-

land amount for prairie songbirds with the exception

of grasshopper sparrows. These results have important

management implications as they suggest that further

habitat fragmentation could lead to more declines of

grassland obligates. To minimize these negative

impacts, large, intact tracts of grasslands must be

conserved, and development of roads that bisect

grassland parcels should be limited.

We caution, however, that management efforts

focused on grassland fragmentation alone may have

limited success in reversing declines of grassland

songbird populations in this region given the fairly

small responses of our focal species to landscape

structure. Development of effective management

strategies requires more information on effects of

grassland structure on nesting success and survival

rates, as density is not always correlated with habitat

quality (Van Horne 1983; Vickery et al.1992; Winter

and Faaborg 1999; Winter et al. 2006). Efforts to

conserve grassland songbirds in southwestern Mani-

toba also may require more information on impacts of

local ecological factors, such as vegetation character-

istics and land management practices (e.g., grazing

regimes and pesticide application). While the reasons

for the continued declines of grassland songbird

populations are likely multifaceted, evaluating the

relative influence of local and landscape-level factors

will help to inform guidelines for the conservation and

management of habitat for grassland songbirds.
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