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We studied the distribution of bfeeding passerine birds across reedbed edges in Hungary.
Our aim was to investigate the effects of edge. Therefore, we studied the birds' distribution
at two spatial scales, across four different feed edges (a feed - water edge, a feed - boat path
edge, a feed wi th bushes - dike edge and a gradually changing edge), where the vegetation
structure and the landscape position (depending on the extent of open water) were different.
Reed-nesting birds were censused by the line transect method in three wetlands (Lake
Velence: 1992-1994; Kis-Balaton: 1991; Macska-sziget (island), Szigetköz: 1994-1995).
We found different edge effects at different spatial scales. At the landscape scale there were
no differences at the community level between edge and interior community structure para-
meters (species number, total and species density), but at the species level, the density of
Bluethroat Luscinio svecica was 3.5 times higher in the interior than in the edge habitat,
whereas the density of Great Reed Warbler Acroceplwlus arundinaceus was 12 times higher
in the edge than in the interior habitat. At the local scale, when only the first 40 m from the
edge was considered, the Reed Warbler A. scirpaceus, Savi's Warbler Locustella luscinioi-
des, Bearded Tit Panurus biormicus and partly the Sedge Warbler A. schoenobaenus showed
strong significant edge (0-5 m) preference for both reed - water and feed - boat path - feed

edges. Eight out of 14 species showed different patterns of edge avoidance/preference at the
three edges of similar landscape position, which reflects the crucial role of vegetation struc-
ture at the edge. Reed-nesting passerine species responded individualistically to edges. The
general pattern of edge preference on the local spatial scale may be a result of lower nest
predation in the edges mediated by the vegetation structure.

~
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The distribution of animals across the junctions of different landscape ele-
ments is a key issue of ecology. In addition, the description of edge effects and
fragmentation has emerged recently as a critical research area in conservation bi-
ology (SOULÉ & KOHM 1989), And ornithology (NEwmN 1995). However, our
knowledge is still in its infancy (LIDICKER & KOENIG 1996). It has been sug-
gested that greater wildlife diversity is due to the greater structural complexity of
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edge vegetation (Y AHNER 1988), via better food availability and concealment.
Most of the edge studies on which this is based were conducted at forest edges,
and the effects of other edges on hird distributions general ly have been lacking
from the literature (ROSENBERG & RAPHAEL 1986, MURCIA 1995). Although
TSCHARNTKE (1992) reviewed the effects of fragmentation of reedbeds, he cited
only one study dealing with birds. We found only one other paper published re-
centlyon fragmentation of reedbeds and the occurrence of birds (CELADA & Bo-
GLIANII993).

We define edge effect as the distribution of population and community
structure parameters across the edge. The edge is the outer boundary of the re-
edbed. In our study we used three approaches to detect edge effect: first, the
overall patterns were investigated at two spatial scales: the local and the land-
scape scales (see details in methods). We carried out our study at the two scales
that were emphasised by YAHNER (1988) and MOSKÁT era/. (1992). Second, re-
edbed edges in different landscape positions were compared. Third, we compared
three reedbed edges with different vegetation structures.

Our main goal was to analyse the distribution of breeding passerine hird
species across reedbed edges. We investigated the following questions: (1) are
there any differences between edge and interior reed-nesting passerine hird com-
munities? (2) Are there any differences between the distribution of these birds at
two levels of spatial scaJes (Iandscape and edge levels)? (3) How can the type
and landscape position of feed edges influence the distribution of birds across the
edge? Finally, as a synthesis of the previous questions, we describe the distribu-
tion of individual hird species across a heterogeneous reedbed.

Breeding passerine birds were censused at three study sites ín Western
Hungary. Lake Velence (47°10'N ISO32'E) has a reedbed of 1000 ha. The vege-
tation at this study site was al most entíreJy feed Phragmites australis. We
counted bírds from a boat wíthin the reedbed along narrow (2-3 m) boat paths
(hereafter called interi or sharp edges), using a line transect method. The routes
for the ínteríor habitats were at least 200-300 m from the edge of the reedbed.
Reedbed - water edges (sharp edges) were also surveyed by boat (Fig. la). Con-

sidering the standard 25+25 m wide reJts on both sides of the transect in interior
and 25 m wide belt on one side in edge habitats, J 5 ha in the former and J 2.25 ha
ín the latter were censused in the breeding seasons of 1992 and 1994. Some parts
of the routes (11.5 ha in interior and 4.5 ha in edge habitats) were censused both
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in April and May in the same year. For density estimation, we considered only
the greater density va)ue of a particular route. The other routes were censused
only in May.

INTERIOR,

REED-BED
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GRADUAL EDGE
Fig. 1. Ditferent kind of reedbed edges studied: sharp edge, and interior sharp edge at L'lke
Velence (la), bushy sharp edge (Ib) at Kis-Balaton marshland study areas, and gradual edge at
Macska-sziget (Ic)
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The marsh Kis-Balaton (46.42'N, 17.21 'E) is a reconstructed marshland of
15,000 ha in Western Hungary. The area was more heterogeneous than at Lake
Velence, consisting of managed (burned or mowed) parts and some bushes with-
in the reedbed, and a planted bush line of wilIow (Salix spp.) and alder (Alnus
sp.) at the very end of the reedbed, bordering the grassy dike side (hereafter
calIed bushy sharp edge, Fig. lb). There were small forest patches on the other
side of the dike, about 60-100 m away. We conducted bírd censuses by the line
transect method along the surrounding dikes of the area. The census route was
8.5 km long (21.25 ha, considering a 25m belt from the reedbed edge) but for this
comparison we included only the unmanaged reedbeds, covering 7.6 ha. Bird
censuses were repeated eight times in April and May, 1991 (see BALDI & Mos-
KAT (1995) and MOS KAT & BALDI (1999) for details). The data were pooled.

The third study site was situated in the U tum of a dead-branch of the Da-
nube River in the Szigetköz Region, Western Hungary (47.51'N, 17.27'E). The
area of the reedbed was ca. 70 ha. We censused 5.5 ha of reedbed edge by the
line transect method. The inner part of the U tum forrned an island (Macska-
sziget (island», which was regularly mowed. The census route was on the edge
of unmowed reedbed on the island. The edge was clearly different from the for-
mer ones, where there were sharp edges at the end of the reedbeds. At this third
site, the ground rose gradually to form a low, sparse feed stand with sedge at the
edge, which gradually changed to denser and taller, "healthier" reed stands (here-
after called gradual edge, Fig. Ic). The ex act edge of the reedbed was at the end
of the mowed pBrts. There were altogether four censuses: in April and May in
1994 and 1995. The data were pooled.

At alI three sites, alI birds detected either visual ly or acoustically were re-
corded (main ly acoustical records). The lateral distance of each observed hird
from the edge was estimated. For the density estimations, which were calculated
only for data from Lake Velence, we used only the observations within the stan-
dard 25 m wide belts. The data analysis Was carried out in three steps. First, the
hird communities of interior and edge habitats were compared (the landscape
scale), only for data from Lake Velence. Second, we analysed the data on a much
finer (local) spatial scale to detect possible differences between different scales.
For this purpose, the abundance of birds in relation to the distance from the edge
was examined in 5 m zones within the first 4Om from the edge at ali study sites.
This analysis was performed for the interior (interior sharp edges at the boat
paths) censuses, as weil. Third, the distribution of birds across the sharp and inte-
rior sharp edges at Lake Velence were compared with similar data obtained from
marshiand Kis-Balaton (bushy sharp edge) and Szigetköz (gradual edge), to de-
tect the effects of different edge types.

We used only data from the main belt «25 m) for comparing hird com-
munities in the edge and interior habitats, where densities of birds (number of in-
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dividuals/lO ha) were calculated. Chi-square tests, t-tests and G-tests of homo-
geneity were applied to evaJuate the differences in the distribution of birds at the
edges of the three study sites.

We observed the same eight passerine biro species in the interi or and edge
habitats at Lake Velence (Table 1). The total density values of edge and interior
habitats were similar: 113.6 individuals/l0 ha aJong the edge, and 102.0 individ-
uals/l0 ha in the interior habitats. (Density was simply calculated as the number
of observed birds within the main-belt (25 m) and then standardised to number
per 10 ha.) The distribution of density values arnong species, however, signifi-
cantly differ in the edge and interior habitats (likelihood ratio r = 16.159, df = 7,
p < 0.05). This is main ly the result of the unequal densities of two species in the
edge and interior habitats: the Bluethroat Lusc;n;a svecica avoided the edges (ca.
3.5 times larger density in interior habitats), and the Great Reed Warbler Acroce-
phalus arundinaceus preferred the edges (ca. 12 times greater density in the
edge). There were no large differences in the other species. The contribution of
these two species to the total X2 vaJue is ca 75%.

The distribution of the number of individuals in relation to the distance
from the edge (0-40 m) showed significant deviation from the homogeneous dis-
tribution in the Bearded Tit Panurus biarmicus, Great Reed Warbler, Savi's War-
bler Locw'telLa luscinioides, Reed Warbler A. scirpaceus and the Sedge Warbler
A. schoenobaenus (Fig. 2) at the sharp edge. The Bearded Tit, Great Reed, Savi's
and Reed Warble~ showed clear preference for the first 5 m of the reedbed. The
pattern of Sedge Warbler's distribution fluctuated in relation to the distance from
the edge, without clear edge preference. The only species with homogeneous dis-

Table 1. Density of passerine bird species (number of individuals/1 O ha) in interior (0-25 mfíf the
interior sharp edge) and edge (0-25 m of tbc sharp edge) reed-bed habitatl at Lake Velence

Species edae (12.25 ha) interior (1' ha)

Acrocephalus arundilldCe81 8.2 0.7

AcrocephaJus nleionopo,Olt 2.5 2.0

Acrocephalus schoenobaenus 20.4 ".3

Acrocephalu.f scirpaceus 28.6 13.3

Elnberiw schoeniclus 5.7 4.0

Locustella luscinioides 24,s I . 30.0

Luscinia svecica 2.5 8.7

Panurus biamlicus 11.2 11.0- --
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PANURUS BIARNICUS

LATE RAL DISTANCE (m)

ACROCEPHALUS ARUNDINACEUS

ACROCEPHALUS SCIRPACEUS

LATERAL DISTANCE (m) LATERAL DISTANCE (m)

Fig. 2. Distribution of the number of individuals of the six most abundant passerine bird species at
Lake Velence across sharp edges. For analysis we used the 0-40 m zone (to which the N refers),
but on the figures we presented the number of birds beyond 40 m. because it can give important ad-
ditional information on the edge preference of species
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Fig. 3. Distribution of the number of individuals of the six most abundant passerine bird species at
Lake Velerace across interior sharp edges. For analysis we used the (}..40 m zone (to which the N
refers), but on the figures we presented the number of birds beyond 40 m, because it can give im-
portant additíonal information on the edge preference of species
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Fig.4. Distribution of the number of individuals of the six most abundant passerine bird species at
Kis-Balaton across bushy sharp edge. For analysis we used the 0--40 m zone (to which the N re-

fers), but on the figures we presented the number of birds beyond 40 m, because it C<1n give import-

ant additional information on the edge preference of species
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Table 2. Comparison of the distribution of passerine birds across edges in threc edge types. (The 5
m wide zones were used, see Figs 2-5) X2 values. degree of freedom and two-tailed significances
arc given. - : too few values at least at one of the sites t"or calculation

--
Species sharp edge - bushy sharp edge - gr.tuaJ bushy sharp

Iharp edge edge edge - gmdüaJ edge

AcrocephalusanlndinGCeus 17.137
7 - -

Acrocephalus schoenobaenus

Acrocephalus scjrpac~u.v

EmMriza sclwenic/us

Locustella luscinioides

P <0.001 P <0.02 p <0.01

PanurlU biarmicus 23.092

3 - -
,,~~i" , <O-.OJit ~ .!~C_~-~.o_.i;~'

tribution was the Reed Bunting Emberiza schoeniclus. Therefore, four from the
six abundant species occurred mostly in the first 5 m of the reedbed, showing a
weIl defined overall edge preference at the local scale. Very similar patterns were
observed for the five common species in the interior sharp edge habitats, where
the censuses were made along narrow boat paths, no wider than 2-3 m (Fig. 3).
The Bluethroat Luscinia svecica, which wa very raTe at the sharp edge did not
showed significant relation to the edge.

The distribution of the common species across the bushy sharp edges at the
marshiand at Ki Balaton showed differentpattems (Fig. 4). The Sed ge Warbler
...howed strong edge pre ference and the Reed Bunting weak edge preference. The
Reed and Savi's Warblers also showed edge preference, as in the case of sharp
and interior sharp edges, but they tend to avoid the 0-5 m edge of the reedbed,
where the bushes were present. The Great Reed Warbler and the Bearded Tit
pre sen ted a more pronounced avoi dance of the bushy zone, although the sampIe
sizes were small.
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There were six common species at the sharp and interior sharp edges at
Lake Velence and the grndual edges at Macska-sziget, the Moustached Warbler
A. melanopogon and the Bluethroat were absent from Macska-sziget. The Reed
Warbler, Reed Bunting and the Yellow Wagtail MotaciUa flava showed edge
preference at this site (Fig. 5, the Yellow Wagtail, MotaciUaflava, was included,
as the sixth most abundant species at Macska-sziget). The latter two species
preferred the reed - meadow edge, while the few Reed Warblers were observed
on some sites where the reed was tali, e.g. near channels. The Savi's and the
Great Reed Warblers avoided the gradual edge, they were observed further inside
the reedbed, beyond the 40 m limit of this analysis (Fig. 5).

Five of the six abundant common species showed significantly different
distribution across edges comparing the sharp and bushy sharp edges (Table 2),
even after sequential Bonferroni corrections. The Savi's Warbler showed differ-
ent distributions at the sharp and gradual edges (Table 2). Nine common reed-liv-
ing hird species were observed at the bushy sharp and gradual edges (Table 3).
Three wetland species occurred at Kis-Balaton, which were absent from Macska-
sziget (Moustached W arbler, River Warbler L fluviatilis and Penduline Tit Remíz
pendulinus), and one species was censused only at Macska-sziget (Yellow Wag-
tail). The differences among the distributions of the abundant common species
across the reed edge were significant in four cases, except the Reed Bunting
(Table 2).

We observed only reed-nesting bírd species at the Lake Velence study site,
which is a homogeneous reedbed. However, at the two other sites, several pass-
enne species were censused that do not depend upon the feed stands (Table 3).
Their presence may be attributed to the landscape structure. At Kis-Balaton and
Macska-sziget, not only feed stands and open water occurred in the censused
areas, but several other habitat types, too, such as meadows, bushes and trees. In
addition to the reed-nesting passerines, there were bush-preferring species (e.g.
Robin Erithacus rubecula, Red-backed Shrike Lanius coUurio), meadow species
(e.g. Goldfinch Carduelis carduelis), and visitors from the nearby forest patches
(e.g. Chaffinch Fringilla coeleb.\", Tree Sparrow Passer montanus) in these two
study sites. However, the great majority of overall bird abundance (number of in-
dividuals) consisted of feed-living birds: 90.7% at Kis-Balaton and 91.5% at
Macska-sziget. Although the forest- and meadow-living species were rare visi-
tors in the reedbed edge, some characteristic bush and meadow species belonged
to the bírd community of the census aTea. They were thought to breed in the line
of bushes at the feed edge.
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Table 3. The presence-absence data of the obIerved passerine bird species at the three study sites.
We omitted the interior sharp edge data from this table. because at the Kis-Balaton and Macska-
sziget study sites no interior parts were censused

Species. sharp edge bushy sh8fp ~e gradual edge
Acrocephaius anmdinaceus + + +

Acrocephalu.r palustris; + +

Acrocephalus melanopogon + +

Acrocephalus schoenobaenus + + +

Acrocep/lalus scirpaceus + + +

Aegithalos caudatus +

Carduelis carduelis +

Emberiza schoeniclus + + +

Erithacus rubecula + +

Fringilla coeleb", +

Lanius collurio + +

Locustel/ajluviatilis +
Locustella naevia + +

Locustella luscinioides + + +

Luscinia I1legarhynchos +

Lu.vcinia svl~ciL'a +

Motacil/a alba + +

Motaciltaflava +
Muscicapa striata +

Panuru.\' biarmicu.v + + +

Par/IS major +

Pas.ver montanu.v + +

PhylloscOpl1S collyhita +

Phyllo.vcopu.v troc/úJu.\' +

Refniz pendu/inus +

SclXico/a torquma +

Saxico/a rubetra +

Sylvia atrica/1illa + +

Sy/vin communis +

Sy/via nisoria +
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DISCUSSION

Opinions on how animai communities respond to forest edges are widely
divergent (REESE & RATrI 1988, MURCIA 1995, BÁLDI1996). Indeed, there are
many studies OD the effects of forest edges on biro communities, but the re..,ults
are diverse. For example, HELLE &. HELLE (1982), HANSSON (1.983) and FuLLER
& WHmlNGTON (1987) found a much greater density in the edge. In contrast,
LoVEJOY et al. (1986) found 60 percent fewer birds in the edge th an in interior
forests. Similarly, MARTIN (1983) found a lower density on small islands than on
large islands, perhaps a consequence of impoverished edges. The confusion is not
surprising: pattern may vary even in individual species. For example, the Robin
has been shown to avoid deciduous forest edges (Mos KÁT & FulSZ 1994), to
prefer edges (BÁLDl & KISBENEDEK 1994, BÁLDI & Mos KÁT 1994), and to
occur irrespective of edges (FuLLER & WHITnNGTON 1. 987). However, this is
not surprising, because the edge effect depends on many factors. The three main
factors are the (1) spatial scale (as in many aspects of ecology, WIENS (1 989a»,
(2) edge type (i.e. vegetation structure and landscape position of the edge), and
(3) census methodology. We demonstrated in the present study that differences in
edge effect do exist between different spatial scales and edge types in reed habi-
tats. It is easy to accept that methodology may also have serious effects, since
different biro census techniques usually give different results even in the same
habitat and study area (Mos KÁT 1987). However, we used the same census tech-
nique in ali the three habitats, and the censuses were made by the sarne person
(AB); therefore methodologicai problems should be excluded here. In addition,
one main point of our results, namely the edge-preference patterns of Acrocepha-
tus warblers, which were observed by the line transect method, was confirrned by
a mist-netting study (CSÖRGÓ 1 995a). CSÖRGÓ found that, at the feed belt along
the bank of Lake Balaton (ca. 5 km from the Kis-Balaton study area), the dis-
tribution of birds was similar to our observations: 43% of the Great Reed War-
blers. 22% of the Reed Warblers and II % of the Sedge Warblers were captured
in the first 12 m from the water along a 144 m long mist-net line in July. The net-
ting effort did not differ arnong mist-nets. Although more detailed investigations
are needed to clarify the influence of methods on edge studies, it seems that for
reed habitats the patterns are robust enough to be clearly detectable by different
census techniques.

The similar results of the line transect and mi st-nett ing studies have import-
ant methodologicaI considerations. The detectability is supposed to decline with
the distance from the observer, which may be a factor accentuating any edge ef-
fect in the local scale analysis. However, detectability had no significant effect on
the results of this study, because, (1) the mist-netting study, where detectability
has no influence, showed similar distribution pattern, and (2) within a few ten
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Table 4. Patterns of relative abundance of seven reed-nesting passerine bint species in reedbed
edges of different laIxIscape position and vegetation structure. Interior: density estimation in a
25+25 m wide main belt, 200-300 m from the edge; $CC study area section for the description of
the edge types

Species interior interior sharp edge ooshy sharp gmdual edge
sharp edge edge

AcrocephalllS anIntJinocellS very few very few rnany few absent

Acrocephalus schoenobaenllS many medium medium rnany medium

Acrocephalus sc;rpaceus many many many medium few

Ember;w schoeniclus few few few medium maRY

Locustelú:llu.fc;n;oides many many many medium few

Lu.fcinia svecica many many few very few absent

PtNlanIS bialWricllS Mw absent

meters, the detectability of bird song is not declining (SCHIBCK 1997). This as-
sumption is based on two arguments: (1) most of the observations belong to
acoustical records, and (2) visual detections are almost negligible due to the very
dense structure of reed-stands.

The scale-dependent response to fragmentation of forest birds was shown
by JOKIMAKI & HUHTA (1996). Here we found differences in the response of the
same species at different scaJes. The Great Reed Warbler showed similar edge
preference at both the landscape and local ~cales at the Lake Velence study area.
This pattern suggests astrong preference for feed edges and avoidance of interior
reedbeds (Table 4). The Bluethroat preferred the interior of reedbeds, with no re-
spect to small scale heterogeneities, like boat paths at the interior sharp edges.
Thus, the Great Reed Warbler selected edges at both spatial scales, wherea", the
habitat selection of the Bluethroat avoided edges only at the larger scale. The
Reed Warbler, Savi's Warbler and Bearded Tit showed edge preference at the
local scale, both in sharp and interior sharp edges, but no obvious preference at
the landscape scale. Therefore their observed distribution patterns may be a result
of the occupation of the who le reedbed, but a local abundance in alI edge typcs
(Table 4).

The pattern of the dispersion of feed-living passerine birds across reedbeds
is in accordance with the ecomorphology of these species. For example, the
Reed, Savi's and Great Reed Warblers are weIl adapted to homogenous reeds
(LEISLER 1975, LEISLER et al. 1989), therefore they avoided bushy and gradual
edges. The Sedge Warbler is adapted to a more heterogenous habitat, therefore
the edge preference at the bushy sharp edge, show the normal habitat selection of
the species. A more detailed investigation is needed to understand edge effect in
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the light of habitat selection and ecomorphology for ali the feed living passerine
birds. i

What are the key factors which generated the edge preference of reedbed
passerines at the local spatial scale? It should be noted that, although most rnarsh-
land-nesting passerines have a relatively small territory (HUT 1986), the pref-
erence for the first 5 m of the edge reflects not to territory selection, but to within
territory preferences. for example for nesting or foraging sites. CSORGÓ (1 995b)
found that> 70% of the Great Reed Warbler nests were within 2 m of the edge. In
general. there are two main candidate mechanisms determining bird reproductive
success: food availability and suitable nest sites (MARTIN 1992. WIENS 1 989b).
In fact, the importance of both factors were demonstrated for Acrocephalus
species: HOl et al. (1995) showed that prey abundance had a key role in deter-
min ing mating system and male parental investment both at the intra- and at the
jnterspecific leve)s, and SCHULZE-HAGEN et al. (1996) found that nest predation.
which mainly depends on nest site. had significant effect on breeding success.
However. the quality of both foraging and nesting sites depend on the vegetation
and landscape structure. Dense vegetation. which occurs along edges, provides
better nesting possibilities than scarce vegetation. and the expected increased nest
predation rate in the edge (e.g. PA TON 1994) was not supported for reedbeds. We
conducted a nest predation experiment with a total of 50 artificial passerine nests,
and daily depredation rate was slightly lower in the edge (4.7%) than in the inte-
rior (5.33%) of reedbed (BÁLDI. unpubl. data).

Although the re is an inverse relation between vegetation density and prey
abundance in homogenous reedbeds (ILLE & Hol 1995). edges harbour more in-
sects than interior parts, in spite of the denser vegetatjon (HERBERT Hol. pers.
comm.). Thus. both predation avoidance and food availability is better in edges
of reedbeds. which may explain the general result of edge preference in our

study.
An important point of our study is the delTK>nstration of the individualistic

response of bird species to the spatial structure of reedbeds. The feed-living pass-
erine bird community is relatively species-poor and the species are more similar
to each other than in a forest bird community. e.g. their body size is almost the
same, except the Great Reed Warbler. In spite of their similarity. their distribu-
tion is different across the reedbed (Table 4). The individualistic responses of'
bird species to variations in environment was described on a continental scale
(TAPER et al. 1995) and on a finer scale for forest birds (JOKIMAKI & HUHT A
1996). Here we demonstmted it on a local scale for reedbed birds. Other studies also
showed species-specific response of birds in edge habitats (PARISH et al. 1995).

.
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