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Abstract

The purpose of this study was to characterize avian community structure and to determine responses of

the birds to the management regime of an orchard system in central Poland. The avian assemblages in the

apple orchards were shaped by the diversity of the surrounding habitats and the age of trees. The results doc-

ument the decrease in bird numbers during the breeding season in relation to pesticide use.
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Introduction

Agriculture intensification over the last several years is
considered to be a primary cause of the severe population
decline in farmland birds [1, 2]. Intensification encom-
passes a wide range of components, including increased
mechanization, increased use of fertilizers and pesticides,
changes in crop types, the simplification of landscape
structure and the loss of small, non-farmed habitats suit-
able for birds [3-5]. Understanding the link between
increasing agriculture intensity and decreasing farmland
biodiversity is of considerable importance [6]. Production
intensification and modified land use are expected to affect
farmland biodiversity adversely, especially due to Poland
joining the EU. Poland’s accession to the EU at the subse-
quent introduction of intensive farming methods carries
the threat of irreversible changes in landscape structure [7].

Apple orchards provide semi-natural habitat for animals
within a fragmented agricultural landscape. However, con-
ventional modern apple production depends on frequent
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use of pesticides. Birds nesting during the most intensive
period of application may be exposed to a wide variety of
chemical compounds [8-13]. Interest in biological control
of pests in apple orchards is increasing but the potential
contribution of vertebrate predators such as birds to this
control is mostly overlooked, because sufficient quantita-
tive data on their performance in this kind of habitat is lack-
ing [14].

Our objective was to characterize avian community
structure within orchards during the breeding season and to
examine the influences of different habitat characteristics
on bird communities. We also wished to test the hypothesis
that the abundance and species diversity of birds would be
positively correlated to the age of trees in the study
orchards. We expected that older trees create more diverse
habitat for more species of birds. We looked at the tempo-
ral coincidence of bird use of orchards and pesticide appli-
cations to evaluate the risk to the birds from pesticides.
Finally we tried to identify the effects of management
regimes on the species assemblages, comparing the number
of birds recorded in orchards over three consecutive counts
during the breeding season.
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Materials and Methods

We recorded bird species on transects in 12 orchards
distributed across two study areas in the Middle Wista
River valley in central Poland (Fig. 1). The first group of
transects was located near Jozeféw and the second near
Sandomierz (specific sites are listed in Table 1). The over-
all landscape is characterized by agriculture plains, scat-
tered forest islets and human settlements. Around the
Jozefow area arable fields accounts for approximately 34%
of the land cover, orchards for 25%, forests for 23%, mead-
ows for 5% and other habitats 13%. The area around
Sandomierz consists of 51% arable fields, 20% orchards,
10% meadows, 8% forests and 11% built-up areas and
other. The Sandomierz area is a plateau, higher in elevation
than the Jozefow area. The age of the apple plantations
ranged from 21-40 years old, with only occasional small
fragments containing older or younger trees. Characteristics
of study transects are presented in Table 1.

We obtained information on pesticide use in the
orchards from interviews with farmers. Orchards were
sprayed with various pesticides up to 15 times per season
(March-October). Pesticides used included insecticides
(e.g. “Owadofos™), fungicides (“Miedzian”, “Unix 75
WG”, “Kaptan 50 WP”, “Systemik 125 SL”, “Alert 375
SC”, “Penncozeb 80 WP”) and herbicides.
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Fig. 1. A map of the study area.

Censuses were carried out during the 2005 breeding
season in the first hours after dawn on days without heavy
rainfall or strong winds. Each transect was censused three
times, each morning between 20-22 April, 4-6 May and 14-
24 June. The June census was a control, made after the
breeding season had ended. Line transects were ideal for
this habitat, because the study orchards were long and nar-
row. Transect lines were located with a hand-held Global
Positioning System (GPS). They were always 60 m wide
(30 m on each side of the transect). The observer walked at
a slow pace (ca. 1 km h' with occasional pauses) along
transects. During each field-visit all individuals detected
(seen or heard) were noted. Birds flying high over transects
were not recorded because their association with orchards
could not be established with certainty. We considered the
total number of individuals detected on all of the censuses
conducted at each transect when calculating the abundance
of each species in the avian community. Bird guilds were
distinguished according to Wuczynski [15] and Tomiatojé
et al. [16]. Transects were classified according to the age of
the trees: old orchards (31-40 years old) and young
orchards (21-30 years old). Data were tested for statistical
normality using a Kolmogorov-Smirnov test, and then ana-
lyzed with parametric tests (ANOVA, STATISTICA 6.0
pack), [17]. All tests were two-tailed. Data are presented as
mean + SD.
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Fig. 2. Distribution of the number of individuals (A) and
species (B) per count.
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Table 1. The characteristics of the studied orchards.

Transect code Coordinates Length (m) Age of trees (years old) | Elevation (m a. s. 1.)
Kleczanéw 1 50°4371.3”N 21°34'43.7°E 547 31-40 232
Kleczanow 2 50°42°38.5"N 21°34'29.4”E 735 21-30 246
Kleczanow 3 50°42°59.8”N 21°34'52”E 648 21-30 251
Kleczanow 4 50°42°54.6"N 21°35'13.1"E 523 21-30 250
Wierzbiny 1 50°42°10.4”°N 21°39°16.6"E 490 21-30 219
Wierzbiny 2 50°41°45.2”N 21°38'59.3”E 872 31-40 203
Braciejowice 51°10°38.7°N 21°49'16.8”E 1080 31-40 121
Sptawy 1 51°02°44.6”N 21°54’45.1’E 1060 31-40 212
Splawy 2 51°01°51.7°N 21°53'59.8”E 880 31-40 183
Sptawy 3 51°12°14.6”N 21°48'57.0"E 708 31-40 127
Zakrzow 1 51°12°14.6”N 21°48'48.7°E 677 31-40 123
Zakrzow 2 51°12°14.6"N 21°48'57.0"E 708 31-40 127
Results
A total of 1200 individuals from 30 species of birds
was detected in this study (Table 2). Nine species were 100
recorded in more than 50% of the censuses. The most _ % A
abundant species on all transects was Fringilla coelbes. g o
Species noted in a single census ranges from 5 to 14 2 70
(mean=8.3, SD=2.5, N=36, Fig. 2B). The average number % 60
of individuals on a particular count was 33.7, SD=15.1, 2 5o
range 13—75, N=36 (Fig. 2A). The number of species pre- s o
sent on a single transect over all censuses ranged from 9 to b
21 (mean=12.9, SD=4.2, N=12). The mean number of g 0
individuals on a transect was 100.0, SD=35.9 (range 46- g 20
168, N=12). 10
Five species each represented more than 5% of all indi- ]
. .. . . April May June
viduals recorded: Fringilla coelebs, Turdus pilaris,
Carduelis cannabina, Serinus serinus, Alauda arvensis 20
together they constituted 78% of the community (Table 2). 18
Birds nesting in trees represented 85% of the birds record- £ 16 B
ed, ground nesting species 10% and hole nesters 5%. g 14
During the study we observed 5 hole-nesting species: 2
) . . 12
Sturnus vulgaris, Jynx torquilla, Cyanistes caeruleus, g
Parus major, Passer montanus. Birds feeding on inverte- 5 10
brates were the most numerous in the area (33% species E 8
with pure insectivorous diet and 31% species with mixed 2 6
. . . . . =
granivorous-insectivorous diet) followed by plant-eating § 4
species (36%), and predatory species (i.e. Buteo buteo). 5
Birds of the peripheral forest zone (up to 500 m deep into 0
the forest [16]) dominated (50%) the avifauna in the study April May June

orchards, followed by species of human settlements (32%),
forest edge (8%), open habitat (6%) and the forest interior
(4%).

No correlations were found between transect length and
the overall number of individual birds (Spearman correla-
tion, rs—=0.23; P=0.48; N=12), or the number of species

Fig. 3. Average number (+ standard deviation) of individuals
(A) and species (B) per count during the first (20-22 April
2005), second (4-6 May 2005) and third (14-24 June 2005) con-
trol.
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Table 2. Bird community of apple orchards during the breeding

season in central Poland.

Frequency of

Species Numper of cosr?lfrrlfnilrilty oceurrence in

individuals %) all 36 counts
(o)
Fringilla coelebs 279 233 97.2
Turdus pilaris 230 19.2 88.9
cii; d;‘;l,’zfl 192 16.0 86.1
Serinus serinus 179 14.9 80.6
Alauda arvensis 60 5.0 58.3
Turdus merula 48 4.0 61.1
Emberiza citrinella 35 29 50.0
Sturnus vulgaris 35 29 30.6
Turdus philomelos 30 2.5 55.6
Carduelis carduelis 21 1.8 222
Carduelis chloris 19 1.6 333
Sylvia communis 9 0.8 8.3
Jynx torquilla 7 0.6 194
Columba palumbus 6 0.5 13.9
fifr'iffetfﬁ 6 05 83
A“;Zi;f ZZ’S[“S 5 04 1.1
ot s e |
Parus major 5 04 11.1
Hirundo rustica 4 0.3 5.6
Motacilla alba 4 0.3 11.1
Passer montanus 4 0.3 5.6
Buteo buteo 3 0.3 83
oo |5 [ o
i 03 28
Lullula arborea 2 0.2 5.6
Sylvia atricapilla 2 0.2 5.6
Saxicola rubetra 1 0.1 2.8
i 1 01 28
Pica pica 1 0.1 2.8
Oenanthe oenanthe 1 0.1 2.8

TOTAL 1200 100.0 -

(rg=0.35; P=0.26; N=12) recorded along it. However, both
the number of individuals (rg=- 0.69; P < 0.02; N=12, Fig.
4A) and the number of species (rs=- 0.68; P < 0.02; N=12,
Fig. 4B) along a transect were negatively correlated with
elevation. More species (median=14 species, N=8)
occurred in older orchards than in younger ones (median=9
species, N=4) and the difference was statistically significant
(Mann-Whitney test, U=0.5; Z=- 2.63; P <0.01). The over-
all number of individuals in older orchards was higher
(median=120.0 individuals, N=8 transects) than in younger
orchards (median=70.5 individuals, N=4 transects), how-
ever this difference was not significant (Mann-Whitney
test, U=6.0; Z=- 1.70; P=0.09). The number of individuals
in a single count decreased as the season progressed
(ANOVA, F, 3,=3.31; P < 0.05, Fig. 3A). Further post-hoc
analysis indicated the significant difference between April
and June counts (Tuckey test, P < 0.05). Despite this, we
noted the stable number of species during the whole study
period (ANOVA, F, ;;,=0.96; P=0.39, Fig. 3B).

Discussion
Thirty species were observed in all orchards in the study
area. A similar number of species (26) was recorded in

orchards in Italy [18]. None of the species that we recorded
is considered to be a high-priority species for conservation
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Fig. 4. Relationship between elevation and number of individ-
uals (A) and species (B) per transect.
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action [19] and only one species — Lullula arborea is listed
in Annex I of Directive 79/409 of the European Union for
Bird Conservation. The point of management, however,
should be to prevent species from reaching threatened or
endangered status rather than to rescue them once they have
arrived [20]. Compared to other farmland habitats, the
orchards we studied have a low species richness and con-
servation value. For example, a total of 50 species were
found in two archipelagos of forest islands located in the
agricultural landscape of eastern Poland [21] and 38 species
were recorded in farmland woodlands of western Poland
[22]. In this study the dominant bird species was Fringilla
coelebs (23% of all birds recorded). This species is a gen-
eralist that also occurs in a wide spectrum of woodland
habitat types. Nevertheless, orchards provide important
breeding habitat for some bird species, particularly Turdus
pilaris, Carduelis cannabina and Serinus serinus. The con-
tribution of these species to the bird community in our
study area was high compared assemblages in other habi-
tats in Poland [23].

Tree nesters constituted the most numerous nesting
guild, whereas hole-nesters avoided nesting in orchards,
probably because of a shortage of holes. Hole nesting
species can be largely absent from early stages of growth in
managed forests and wood plantations [24, 25]. The
absence or infrequent presence of hole-nesters in orchards
agrees with findings of studies carried out in Italy,
Switzerland and England [18]. In contrast to Italy [18] and
Switzerland [25], where granivorous birds were the most
common and abundant in orchards, in this study insectivo-
rous species were the most numerous. The bird assem-
blages in the orchards we studied were characterized by a
considerable percentage of species associated with forest
edge habitats. Species inhabiting open fields (e.g. Alauda
arvensis) were also fairly numerous.

Most studies indicate that numbers of species and indi-
viduals increase with plot size [21, 26]. The lack of a rela-
tionship between orchard size and the number of birds
recorded in our study area suggests that abundance may
depend more on habitat conditions within particular
orchards than on plot size. In our study bird abundance was
affected negatively by elevation, probably because of the
reduced diversity of the surrounding habitats. The upper
elevation areas near Sandomierz are relatively homoge-
neous compared with the more mosaic-like agricultural
landscape along the Wisla Valley near Jozeféw that
includes meadows, old river beds and farmland woodlands.
Many studies have highlighted the idea that heterogenity
within broad agricultural landscapes is associated with
higher species richness [27].

Species richness was correleted with the age of apple
trees in our study. The number of bird species breeding in
young orchards was markedly lower than that in old
orchards. These results were expected because the structure
of vegetation in young orchards is innapropriate for species
that build their nests high in tree-crowns [13, 22]. Bird
abundance (number of individuals) also decreased system-
atically and significantly through time as the breeding sea-
son progressed, although the vegetation was increasingly

developed and late migrants continued to arrive. It is likely
that the bird communities in the orchards surveyed are most
influenced by the supply of insects. Inscticides sprayed in
the apple plantations may deplete or eliminate the arthro-
pod food which is exploited by adults and their dependent
young during the breeding season [9]. While most herbi-
cides are not acutely toxic to birds, several indirect impacts
have been demonstrated [3]. By decreasing plant diversity,
herbicides can reduce arthropode populations for birds.
Herbicides also eliminate plants whose seeds comprise an
important food for Fringilidae and reduce cover in an
already depauperate agricultural landscape. The heavy
human impacts on agricultural landscapes and more gener-
ally all types of disturbance due to intensive agricultural
mangement are likely to lead to decreased levels of biodi-
versity.

Conclusions

Even within more intensively managed areas of farm-
land such as orchards, agricultural management could be
adapted to meet conservation objectives, either by restoring
traditional extensive management, or by introducing novel
management practices that are designed specifically to
meet the ecological requirements of birds breeding in
orchards. The main factors in limiting the number of birds
in orchards were pesticides and herbicides, age of the apple
trees, and the variability of the surrounding landscape
(habitats available for birds).

References

1. BRADBURY R.B., KIRBY W.B. Farmland birds and
resource protection in the UK: Cross-cuting solutions for
multi-functional farming? Biol. Conserv. 129, 530, 2006.

2. MARSHALLE.J.P, WEST T.M., KLEIJN D. Impacts of an
agri-environment field margin prescription on the flora and
fauna of arable farmland in different landscapes. Agric.
Ecos. Environ. 113, 36, 2006.

3. BOUTIN C, FREEMARK K.E., KIRK D.A. Farmland birds
in southern Ontario: field use, activity patterns and vulnera-
bility to pesticide use. Agric. Ecos. Environ. 72, 239. 1999.

4.  KUJAWA K. Population density and species composition
changes for breeding bird species in farmland woodlots in
western Poland between 1964 and 1994. Agric. Ecos.
Environ. 91, 261, 2002.

5. STOATE C., ARAUJO, BORRALHO R. Conservation of
european farmland birds: abundance and species diversity.
Ornis Hungarica 12-13, 33, 2003.

6. DONALD PF., SANDERSON F.J., BURFIELD LJ., VAN
BOMMEL F.PJ. Further evidence of continent-wide
impacts of agricultural intensification on European farmland
birds, 1990-2000. Agric. Ecos. Environ. 116, 189, 2006.

7.  ORLOWSKI G. Edangered and declining bird species of
abandoned farmland in south-western Poland. Agric. Ecos.
Environ. 111, 231, 2005.

8. BISHOP CH.A,, VAN DER KRAAK G.J., NG P, SMITS
JE.G., HONTELA A. Health of tree swallows (Tachycineta
bicolor) nesting in pesticide-sprayed apple orchards in Ontario,
Canada. II. Sez and thyroid hormone concentrations and testes
development. J. Toxicol. Environ. Health, 55, 561, 1998.



956

Wiqcek J., Polak M.

10.

11.

12.

13.

14.

15.

16.

17.

18.

BOATMAN N.D., BRICKLE N.W., HART J.D., MILSOM
T.P., MORRIS A.J., MURRAY A.W.A., MURRAY K.A,,
ROBERTSON P.A. Evidence for the indirect effects of pes-
ticides on farmland birds. Ibis 146, 131, 2004.

GILL H., WILSON LK., CHENG K.M., TRUDEAU 8.,
ELLIOTT J.E. Effects of Azinphos-Methyl on American
Robins breeding in fruit orchards. Bull. Environ. Contam.
Toxicol. 65, 756, 2000.

GILL H., WILSON LK., CHENG K.M., ELLIOTT J.E. An
assessment of DDT and other chlorinated compounds and
the reproductive success of American Robins (Turdus
migratorius) breeding in fruit orchards. Ecotoxicology 12,
113, 2003.

MAYNE G.J., BISHOP CH.A., MARTIN P.A., BOER-
MANS H.J., HUNTER B. Thyroid function in nestling tree
swallows and eastern bluebirds exposed to non-persistent
pesticides and p, p’ -DDE in apple orchards of southern
Ontario, Canada. Ecotoxicology 14, 181, 2005.
SULLIVAN T.P., SULLIVAN D.S. Plant and small mammal
diversity in orchard versus non-crop habitats. Agric. Ecos.
Environ. 116, 235, 2006

MOLS CH.M.M., VISSER M. Great tits can reduce cater-
pillar damage in apple orchards. J. Appl. Ecol. 39, 888,
2002.

WUCZYNSKI A. An analysis of the breeding avifauna of
the small mid-field woodlots in the Réwnina Wroctawska
Plain. Not. Orn. 36, 99, 1995 [In Polish].

TOMIALOJC L., WESOLOWSKI T., WALANKIEWICZ
W. Breeding bird community of a primaeval temperate for-
est (Bialowieza National Park, Poland). Act. orn. 20, 241,
1984.

STATSOFT Inc: Statistica for Windows (data analysis sys-
tem), version 6. www.statsoft.com. 2001.

GENGINI M., GELLINI S., GUSTIN M. Organic and inte-

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

grated agriculture: the effects on bird communities in
orchard farms in northern Italy. Biodiversity and
Conservation 15, 3077, 2006.

GELOWACINSKI Z. (ed.).: Polish Red Data Book of
Animals. PWRIL, Warsaw. 2001.

FOSTER M.S. The potential of fruit trees to enhance con-
verted habitats for migrating birds in southern Mexico. Bird
Conserv. Inter. 17, 45, 2007.

CIESLAK M., DOMBROWSKI A. The effect of forest size
on breeding bird communities. Act. Orn. 27, 97, 1993.
KUJAWA K. Importance of young shelterbelts for breeding
avifauna in agricultural landscape (Turew area, west
Poland). Pol. J. Ecol. 52, 433, 2004.

TOMIALOJC L., STAWARCZYK T. The Avifauna of
Poland. Distribution, Numbers and Trends. PTTP "pro
Natura". pp. 870, 2003.

FULLER R. J. Influence of treefall gaps on distributions of
breeding birds within interior old-growth stands in
Biatowieza forest, Poland. Condor 102, 267, 2000.
MULLER W., HESS R., NIEVERGELT B. Die Obstgarten
und ihre Vogelwelt im Kanton Zurich. Der Ornitologische
Beobachter 85, 123, 1988.

SANTOS T., TELLERIA J.L., CARBONELL R. Bird con-
servation in fragmented Mediterranean forests of Spain:
effects of geographical location, habitat and landscape
degradation. Biol. Conserv. 105, 113, 2002.

DEVICTOR V., JIGUET F. Community richness and stabil-
ity in agricultural landscapes: The importance of surround-
ing habitats. Agric. Ecos. Environ. 120, 179, 2007.

BIBBY C.J., BURGESS N.D., HILL D.A. Bird census tech-
niques. Academic Press, London, UK. pp. 257, 1992.
HERZON 1., AUNINS A., ELTS J., PREIKSA Z. Habitat
associations of farmland birds across the East Baltic region.
Acta Zoologica Lituanica 16, 249, 2006.





