
Introduction

Lowland agricultural landscapes in Europe were mainly

created by deforestation during the last two millennia. This

resulted in fragmentation of forests, which became more or

less isolated by agricultural areas (Fahrig 2003, Lindenmayer

and Fischer 2006). Since this process was quite slow, and the

local management practices were relatively extensive before

the industrial revolution, farmland species dispersed and in-

creased their population size. However, recent agricultural

intensification at local and landscape scales caused a decline

in bird populations, not only among farmland birds (Donald

et al. 2001), but also among woodland and even common

bird species (Gregory et al. 2007, Gaston 2010).

The cultural landscape of Europe is a mosaic of different

agricultural and semi-natural habitats. In this mosaic, espe-

cially in the agriculture-dominated areas, fields are separated

or bordered by hedges and scattered woods of varying size

(Fuller et al. 2001). Hedges are important landscape ele-

ments, because they provide different ecosystem functions

(see Baudry et al. 2000) including important habitat for birds,

which find food resources, nesting site and shelter there

(Fuller et al. 2001). Forest edges, which can be characterised

by similar vegetation composition and structure as hedges

(Pollard et al. 1974, but see Herlin and Fry 2000), may be

preferred sites by several bird species for feeding (Puckett et

al. 2009) and also for nesting (McCollin 1998). However, it

has been long recognised that forest edges can also be eco-

logical traps, since the nest predation is higher compared to

the forest interiors (Gates and Gysel 1978, Batáry and Báldi

2004). Bird nests in hedges may face an even larger predation

pressure, because they are less sheltered by vegetation than

forest edges (Chamberlain et al. 1995). Hedges may act as

barriers for some species (Baudry et al. 2000), but for wood-

land birds they can be effective corridors, thereby creating

meta-populations among isolated forests and woodlots

(Davies and Pullin 2007, but see Gilbert-Norton et al. 2010).

For most farmland birds, however, hedges provide an ele-

mentary source for nesting and also for feeding (Batáry et al.

2010).

The characteristics of hedge and forest edge structure,

such as their width or height, have been shown to affect bird

diversity and community composition, since birds show spe-

cies-specific preferences (Berg et al. 1994, Sparks et al.

1996, Hinsley and Bellamy 2000, Fuller et al. 2001). Species

richness and abundance of birds in hedges were positively
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influenced by hedge size measures (width, height and vol-

ume) based on the review of Hinsley and Bellamy (2000).

Land-use of habitat adjacent to hedges and edges and the

amount of woody edge habitats, hedges and other boundaries

in the landscape can also influence bird species richness and

composition (Berg et al. 1994, Hinsley and Bellamy 2000,

Sanderson et al. 2009, Batáry et al. 2010).

Fuller et al. (2001) compared the breeding bird commu-

nities of hedges and woodlands in terms of species richness

and similarity of species composition. They found that wood-

lands were more diverse and the two habitats supported dis-

tinctive bird communities. Filippi-Codaccioni et al. (2010)

have recently shown that simple measures alone such as spe-

cies richness or abundance may give misleading messages

about biodiversity status of habitats under conservation

measures, and suggested detailed analyses based on species

specialisation. Farmland and woodland bird species based on

their habitat preferences show different population trends at

large regional scales (Gregory et al. 2007). These groups may

be influenced by hedge management and landscape structure

in different ways.

We studied farmland and woodland birds by comparing

forest edges with hedges of different connectivity to forests,

namely hedges directly connected to forest and hedges iso-

lated in the agricultural areas. Farmland species were ex-

pected to be mostly ecotonic forest birds depending on tracts

of woody vegetation for nesting and on open habitats for for-

aging (sensu Díaz et al. 1998). In contrast, woodland bird

species needed woody vegetation for both nesting and forag-

ing. We hypothesized that (1) isolation of hedges will benefit

farmland species by providing more foraging (open) habitat

close to the nesting habitat than hedges connected to forest or

forest edges; (2) hedge size will enhance woodland birds as

the larger (wider or higher) the hedge is, the more it resem-

bles a woodlot; (3) isolation from forests and local environ-

mental variables (width and height of hedges and forest

edges) will determine the community composition of birds.

Materials and methods

Study area and sampling design

The study sites were situated in the surroundings of the

city of Göttingen in southern Lower Saxony, Germany

(51.5° N, 9.9° E; for a map see Appendix 1 in Supplementary

material). The main land-use types of the study area are ar-

able lands, followed by forests and grasslands. Arable fields

and grasslands (generally 2-5 ha in size) occur in a mosaic,

and surround or intermix with forests (mainly beech), which

can have a size from few up to several hundreds of hectares.

These beech forests are managed in a nature-oriented way

often by selective logging and with a preference of native

precious hardwoods. There are still quite a lot of hedges in

the farmland area surrounding the forest fragments; however,

one can also find extremely simplified agricultural land-

scapes without hedges or trees (Batáry et al. 2010). In order

to study the effects of hedge isolation from forests on birds,

we selected study sites representing three degrees of habitat

isolation: forest edges, hedges connected to the forest and

isolated hedges. Isolated hedges were situated in the agricul-

tural landscape, and had a minimum distance of 300 m to the

nearest forest. None of the selected hedges was part of a

larger hedge network system (mean ± SEM of length of con-

nected and isolated hedges: 272 ± 31 m and 225 ± 11 m, re-

spectively). The most characteristic woody plants of hedges

and forest edges were blackthorn (Prunus spinosa), haw-

thorn (Crataegus spp.) and rose (Rosa spp.), while further

frequent woody plants include maple (Acer spp.), willow

(Salix spp.), common dogwood (Cornus sanguinea), ash

(Fraxinus excelsior), elder (Sambucus nigra) and hazel (Co-

rylus avellana).

All selected study sites had a continuous dense shrub

layer for at least 200 m, where the birds were surveyed. The

connected hedges directly adjoined perpendicular to forest.

We avoided selecting green lanes (parallel hedges on both

sides of a road or track) and sites along regular water-bearing

ditches, which may influence bird abundance and commu-

nity composition (Walker et al. 2005). We further excluded

sites bordering busy roads, but study sites along roads with

only agricultural traffic were included. The distance between

study sites was at least 500 m to avoid spatial autocorrelation.

All hedges and forest edges were bordered by cropland,

mainly winter cereal and oilseed rape fields.

Taking into account all above constrains (especially

minimum length of hedges and spatial independence), we

were able to select six forest edges, six hedges connected to

forest and six isolated hedges. In all sites, the surveyed 200

m transects of forest edges and hedges were divided by 50 m

sections, where birds were surveyed. In order to provide an

overview of the landscape structure of the study sites, Table

1 shows some landscape structural parameters (arable %, for-

est %, forest edge length and hedge length), which were calcu-

lated for buffer areas with a 500 m radius around the study sites.

All four landscape parameters were significantly different

among the three degrees of habitat isolation owning to their dif-

ferent configuration (one-way ANOVAs, F > 6.35, p > 0.05).

Bird survey and local variables

Birds were surveyed three times from April to June 2009

in the early morning (from sunrise within 4 hours) in wind-
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less and rainless weather. In case of a connected hedge the

200 m section always started at the forest. For bird survey we

followed the method of Green et al. (1994). All bird contacts,

visual and acoustic, were recorded whilst standing still at one

end of a 50 m section for one minute. Birds located in sec-

tions beyond the one immediately ahead were recorded for

the relevant section. In the end of the one-minute observation

period, the surveyor (PB) walked slowly along the section (in

two minutes), noting any new contacts. The procedure was

repeated for the next 50 m section. If birds were known to

move between sections, they were recorded only in the sec-

tion where first seen in order to reduce the rate of pseudo-rep-

licated data. The order in which sites were sampled was

changed in the consecutive censuses. At the forest edges

birds were also recorded on the trees above the shrub layer.

We separated bird species characteristic for farmland or

woodland based on the literature (Table 2; Tucker and Heath

1997, Gregory et al. 2005, 2007).

Vegetation features potentially important for birds were

surveyed during June. We measured the width at ground

level and height of hedges and edges (only the shrub layer)

with 0.5 m precision (hereafter referred as width and height)

at two points per section (at 12.5 and 37.5 m), which then

were averaged for hedges and edges. Width and height were

independent of isolation (linear regression models; width:

F���� = 0.65, p = 0.534; height: F���� = 1.37, p = 0.283; Table

1).

Statistics

In order to calculate the maximum abundance out of the

three visits, we always took the highest abundance value for

each bird species in each site (Bibby et al. 1992), i.e., section

data were pooled per hedge or edge (n = 18). For analysing

the species richness and abundance of all birds, farmland and

woodland birds, we applied linear models. Isolation, width

and height were used as explanatory variables. We also tested

all possible two-way interactions. However, non-significant

interactions (p > 0.05) were discarded using a manual step-

wise backward selection procedure. The normality of model

residuals was checked with normal quantile-quantile plots,

and dependent variables were log-transformed to achieve

normal residuals, if necessary. Differences between degrees

of isolation, whenever significant in the model, were further

investigated using multiple pair-wise comparisons of means

by Tukey contrasts in order to be able to present all three pos-

sible comparisons (forest edge vs. connected hedge; forest
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edge vs. isolated hedge; connected hedge vs. isolated hedge).

Calculations were made using the nlme (version 3.1, Pinheiro

et al. 2011) and the multcomp (version 1.2, Hothorn et al.

2008) packages for R 2.11.1 software (R Development Core

Team 2011).

To measure the influence of the above described ex-

planatory variables on bird species composition, we applied

partial redundancy analyses (RDA). The species matrix was

constrained by isolation, width or height. Prior the analyses

the species matrix was modified with the Hellinger transfor-

mation (Legendre and Gallagher 2001). This transformation

allows the use of ordination methods such as PCA and RDA,

which are Euclidean-based, with community composition

data containing many zeros, i.e., characterised by long gradi-

ents. Pseudo-F values with the corresponding p values were

calculated by permutation tests based on 999 permutations.

Calculations were performed using the vegan package (ver-

sion 2.0, Oksanen et al. 2011) for R.

Results

We recorded 32 bird species including 13 farmland and

19 forest species (Table 2). The two most abundant species

were Yellowhammer (Emberiza citrinella) and Common

Whitethroat (Sylvia communis).

Analysing the species richness and abundance of all bird

species, we did not find a significant difference among forest

edges, connected and isolated hedges (Table 3). Performing

linear models separately for farmland and woodland birds,

both species richness and abundance in hedges were different

from forest edges (Table 3). The groups showed contrasting

results: farmland birds were more abundant in hedges, while

woodland birds were more abundant in forest edges (Fig.

1a,b). We did not find any significant difference between iso-

lated and connected hedges (Fig. 1a,b). Neither width, nor

height of hedges and edges influenced the species richness
and abundance of farmland or woodland birds (Table 3). No

interactions proved to be significant at all.
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In the ordination analysis, isolation explained a signifi-

cant part of the variation in the bird species matrix (20.18%,

pseudo-F���� = 2.00, p = 0.006; Fig. 2). The first axis sepa-

rated forest edges from hedges with characteristic woodland

species attributed to forest edges and farmland birds attrib-

uted to hedges. The second axis separated the two hedge

types, i.e., the connected and isolated hedges. For example,

Yellowhammer was more abundant in the latter. Width and

height of hedges and edges did not have a significant effect

on bird community composition (5.31%, pseudo-F���� =

1.05, p = 0.411; 4.25%, pseudo-F���� = 0.84, p = 0.611 re-

spectively).

Discussion

We found higher species richness and abundance of

farmland birds and lower species richness and abundance of

woodland birds in hedges than in the forest edges. None of

these variables differed significantly between connected and

isolated hedges. Width and height of hedges and edges did

not affect the species richness and abundance of either farm-

land or woodland birds. Finally, we showed that bird com-

munity composition was highly determined by the habitat

type (forest edge or hedge) and the degree of isolation (con-

nected or isolated hedge).

While woodland species were more abundant in the for-

est edges, farmland birds were more abundant in hedges.

Only few woodland birds used hedges; this means that they

may perceive hedges only as secondary or alternative habitat

and/or as corridor (Krebs 1971). Farmland birds appeared to

be present in both hedge types, including those that are iso-

lated in the agricultural landscape. Several studies showed

that the presence, density or length of hedges are critical for

many farmland birds (Fuller et al. 2001, Whittingham et al.

2009), or even they may be more important than the direct

limiting effects of agricultural production intensification

(Bas et al. 2009, Batáry et al. 2010), such as depletion and/or

decreased availability of food supply (Siriwardena et al.

2008). We did not find any effect of isolation (i.e., no differ-

ence between connected and isolated hedges) on species

richness and abundance of both farmland and woodland

birds. For the farmland birds, this suggests that both types of

hedges are important. Even hedges closer than 300 m to the

nearest forest provided a nesting resource for several farm-

land birds (e.g., for Yellowhammer and Common

Whitethroat).

The partial redundancy analyses also showed an effect of

habitat type on the birds’ community composition. As ex-

pected, forest edges and hedges supported different commu-

nities and showed segregation along the first axis (Fig. 2).

While some species showed a stronger response to habitat

type (mainly those signed by name in Fig. 2), others did not.

Fuller et al. (2001) also found that farmland and woodland

plots supported distinctive bird communities, but there was

considerable overlap between them in species composition.

Community dissimilarity is a consequence of species-spe-

cific preferences for hedge vs. forest edge characteristics

(Berg et al. 1994, Sparks et al. 1996), as some bird species

are specialist, while others are generalist for these charac-

teristics (Villard et al. 1999). Furthermore, some species re-

sponded differently to hedge type, i.e., they were influenced

by isolation from forest. While Yellowhammer occurred

mainly in isolated hedges (Bradbury et al. 2000), other spe-

cies, such as Blackbird (Turdus merula) or Garden Warbler

(Sylvia borin), were often recorded in connected hedges.

Batáry et al. (2010) showed a concentration effect on Yel-

lowhammer in hedges in those landscapes, where relatively

low amount of alternative semi-natural areas, such as forests,

were available. Fuller et al. (2001) found that Blackbirds

rather prefer hedges than woodlands, but not so extremely as

Yellowhammers. Probably, this is why we registered most

Blackbirds in the connected hedges, where forest habitats are

nearby. Elle (2003) investigating the habitat choice of Sylvia

species showed that Blackcap (Sylvia atricapilla) and Com-

mon Whitethroat do not occur syntopically in most habitats.

He found Common Whitethroats mostly in shrub areas,

whereas Blackcaps seemed to be more a woodland species

(Cramp 1992). Our results support this finding, since Black-

caps were more abundant in forest edges than in hedges and

Common Whitethroats occurred mainly in hedges regardless

of hedge type. Finally, our results also suggest that the habitat

requirements of Garden Warbler can be intermediate be-

tween the two former Sylvia species.

Investigating the local parameters of habitats, i.e., width

and height, we did not find any significant effect, however,

hedge width tended to affect slightly the woodland bird abun-

dance. Woodland species might probably perceive wider
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hedges as similar to forests because of the better develop-

ment of a dense understorey/herb layer there. A previous

study showed that from 12 local environmental variables, the

width of hedges was the most important for enhancing the

abundance of bird species, especially that of woodland spe-

cies (Barkow 2002). The height of the shrub layer did not

have a high variability in our study, which was probably the

reason why it did not affect the bird responses in this case

(but see the review of Hinsley and Bellamy 2000).

Based on our results we emphasize the importance of

hedges in conserving farmland birds in western and central

Europe (Batáry et al. 2010, but see Bas et al. 2009), but

maybe not in those areas of southern or eastern Europe,

where most farmland birds still depend on open habitats both

for nesting and foraging (Frank and Battisti 2005, Concep-

ción and Díaz 2010, Báldi and Batáry 2011, Batáry et al.

2011). Therefore, we encourage German policy makers to

support hedge creation and maintenance with landscape-

wide management strategies supporting a diverse hedge

structure, which could be part of agri-environment schemes,

like in the UK (Fuller et al. 2001). Though we did not find an

isolation effect of hedges on bird species richness and abun-

dance, we showed that both connected and isolated hedges

are important and beneficial for different species. However,

we also have to emphasize that it is not enough to provide

nesting sites for these birds in agricultural landscapes, but it

is also necessary to consider their food diversity, amount and

availability (Siriwardena et al. 2008), e.g., by grass margins

next to the hedges (Perkins et al. 2002). According to Bennett

et al. (2004), higher hedge density around woodlots and for-

ests may enhance the abundance of woodland species also

within the forests.
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Appendix 1

Location of the sample sites around the city of Göttingen

based on the ESRI World Imigary. The file may be down-

loaded from the web site of the publisher at

www.akademiai.com.
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