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THE IMPACT OF LANDSCAPE STRUCTURE
ON OCCURRENCE OF WHITE STORK’S NESTS

C. Latus, K. Kujawa

BimMsiHue cTPYKTYpbI JJaHAIAa(Ta HA BCTPeyaeMocTh rHe3 /1 0estoro ancra. - K. Jlarye, K. KysBa. - Bep-
KYT. 8 (2). 1999. - Llenbro paboThl ObLIO0 Opee/ICHHE TOKa3aTeseil CTPyKTYpbI TaHmadTa, BIHSIONME Ha BCTpe-
4aeMoCTh rHe31 Oesnoro ancra. VccieoBanus iposesieHsl Ha yuactke B 660 km? B BoctouHoii ['epmanuu (onmna
p- Ozep), e WIOTHOCTH rHe3a0Banus gocturaet 4 nap Ha 100 km?. [Ipeanourenne MectoobuTaHmii GebiM anc-
TOM OIPEAEIIANOCH IyTEM UCCIIeI0BaHHs CTPYKTYpbI JIaHmadTa B pajuyce 1 KM oT rHe3zia. B HacelieHHbIX Iy HK-
Tax ObUIO CilydaifHbIM 00pa3oM BBIOpaHO 56 “THE3I0BBIX y4acTKOB” U 34 “KOHTPOJBHBIX yyacTka” (0e3 rHe3x).
Crpykrypa nanamadTa (COOTHOLICHHE MECTOOOUTaH I, HH/IeKC pa3HooOpasus Lllennona H', IiioTHOCTH rpaHuil 1
T. 1I.) U3MepsUInCh 1o aspodorocaumkam (1:10000). “I'ne3noBbIe yuacTKH” XapaKTepU30BaIUCh O0JIee BHICOKOM
J0JICH TPaBSIHUCTBIX OHOTOIIOB M BO0EMOB 1 OoutbiimM 3HauenneM H': 1,37 o cpaBHeHuto ¢ 0,95 Ha “KOHTPOIBHBIX
yuactkax” (P <0,01). Auctel siBHO npenoduTany 6osee pasHooOpasHbie MecTrooOuTanus — 80 % “THE310BbIX
Y4YacTKOB’’ HMEJIM BBICOKYIO cTerneHb pasHoobpasust (0,81-1,70), B To Bpems kak 80 % “KOHTPOJIBHBIX yH4acTKOB” B
HaMHOTO 0oJiee HU3KOM Kiacce pasHoobpasus (0,21-0,80). TpaBsHUCTbIE OHOTOIbBI TAKKE UMEITH 3HAYUTEIEHOE
BIIMSHUE. AUCTBI IPEATIOYHTAIIH [T THE3/I0BAaHUs IIPUJICTAIOINE U yMEPEHHO ()parMEeHTUPOBAHHBIC YUACTKH.

Abstract. The objective of the study was to determine the landscape structure indices influencing the occurrence
of White Stork’s (Ciconia ciconia) nests. The analyses were performed for the MOL-district (660 km?) in East Ger-
many (Oder valley) where the density of breeding pairs as high as to 4 per 100 km? White Stork habitat preferences
were determined by investigating landscape structure within a 1 km radius of nesting locations, ‘breeding sites’ (N =
56), within and for ‘control sites” (N = 34), randomly selected points in the villages without stork’s nests. The land-
scape structure (habitat proportions, Shannon’s diversity index H’, density of edges, etc.) was measured by evaluating
aerial photographs (1:10000). Breeding sites were characterised by a higher proportion of grasslands and inshore
waters as well as by a significantly higher (P <0,01) value of H* 1,37 compared to 0,95 for ‘control sites’. Storks
clearly preferred more differentiated landscapes — 80 % of ‘breeding sites” were localised in very high diversity
classes (0,81-1,70), while 80 % of ‘control sites” were in much lower diversity classes (0,21-0,80). Also grasslands
were found to have a strong influence. Storks preferred contiguous and moderately fragmented grasslands as nesting
habitats.
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Introduction land. The objective of our study was to deter-

mine the landscape parameters strongly as-

Intensive land-use management affects
the structural arrangement of agricultural
landscapes and influences the occurrence of
species leading to change or serious loss of
biodiversity (Mc Laughlin, Mineau 1995).
Additional information is needed concerning
abiotic (physical and chemical) landscape fea-
tures and connections between landscape and
the biota to help forecast ecological threats
and support efforts to protect biodiversity. The
White Stork (Ciconia ciconia) was selected
for an investigation of the integration of a spe-
cies into a landscape due to its large area-habi-
tat preferences and ability to adapt to farm-
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sociated with the occurrence of White Stork’s
nests and, therefore those which should be
considered as essential for effective protec-
tion of the species.

Study area

The study was carried out on a 660 km?
area in the district MOL (Brandenburg), lo-
cated in the Oder river valley. In the 1990s,
the density of White Stork reached as high as
4 pairs/100 km? (Mitteilungsblatt..., 1995).
The district MOL has a typical land use com-
position for agricultural regions: agricultural
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use (62 % ) (92 % crop %
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fields and 7 % grasslands), 80
woodlands (24 %), inshore 70
waters (3 %), settlements
(9 %) and other land uses
(2 %) (LDS Brandenburg, 50 T
1995). Fifty-one percent of 40 |
the crop fields is used for
grain. The land is inten-
sively cultivated: the an- 20
nual applications of NPK ;4
reach 200 kg per ha, the
wheat yield is 45-55 dt/ha~ ©
and pesticides are sprayed
from 2-6 times/year (Amt
fiir Landwirtschaft, 1995).
The district MOL has 82
inhabitants/km?. The den-
sity of human settlement is
6/100 km?. The annual
mean precipitation is approx. 500 mm; the
mean temperature is +18 °C in July and -1
°C in January (LDS Brandenburg, 1995).
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Methods

The landscape structure in the proximity
of nests occupied by breeding pairs within last
five years (“breeding sites”: BS, N =56) was
compared to the landscape structure of areas
without White Stork’s nests (“control sites™:
CS, N = 34). Because nearly all of the nests
are localised in the settlements (Ranner, Tie-
fenbach 1994), CS were taken as randomly
selected points in settlements without White
Stork’s nests, close to the border of the settle-
ments. The landscape structure was investi-
gated within a 1 km radius around BS and
CS, based on a finding by Creutz (1988) who
noticed that during the earliest stage of fledg-
ling development their parents need view-con-
tact with the nests. The landscape structure
was measured with the aid of black and white
aerial photographs at a 1:10 000 sale. The
measurements were focused on the patches
and boundaries between patches. A “patch”
was defined as a homogeneous area of land
(according to photograph sensitivity) and

grasslands

mbBS
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bushes settlements waters woodlands

Land-use types

Fig. 1. Land-use of the area around breeding sites (BS) and
control sites (CS).

Puc. 1. cnionp3oBanue 3eMelb BOKPYT rHe310BbIX (BS) 1 koH-
TposbHBIX (CS) y4acTKoB.

classified according to six land-use classes:
woodlands, crop fields, grasslands, inshore
waters (seas, ponds etc.), bushes (cemeteries,
gardens etc.), settlements.

The chosen variables can be split into three
groups:

1. Variables based on the main land-use
classes proportions: a) the percentages of crop
fields, woodlands, grasslands, inshore waters,
bushes, settlements, b) landscape diversity in-
dex defined as Shannon’s diversity index

H'= _2 P ln(pi ) , in which pyis the
i=1

proportion of i-th habitat and c) the openness
of a landscape. The openness of landscape is
a good indicator for birds to determine a free
view of the nest surroundings to recognise
possible feeding areas as well as dangers. We
defined an open land as covered by crop fields
and/or grasslands (Andries, 1984), thus the
openness of landscape is the percentage of
open land.

2. Variables based on the linear structures:
the densities of different types of boundaries
(between crops and grasslands, woodlands
and grasslands, etc.) as well as their total.

3. Variables based on the distances: a) the
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Fig. 2. Frequency distribution of breeding sites
and control sites.

Puc. 2. YacToTHOE pactpeiesieHne THe30BhIX
Y KOHTPOJIBHBIX YYaCTKOB:

a) — B 3aBHCHMOCTH OT IIJIOIIA ! TTOJIEH;

b) — B 3aBHCHIMOCTH OT IUIOIIA/IN JIyTOB;

C) — B 3aBHCHMOCTH OT ITJIOIIA M JIECOB.

distance from BS (CS) to the nearest patch
determined separately for all land-use
classes, b) the distance between the same
type of land-use patches.

Results

Impact of land-use types

composition

The land-use of the area at BS and CS
differed markedly. BS’s area was charac-
terised by a smaller percentage of crop
fields (52 % and 71 %, respectively), and
much higher percentage of grasslands (11
% and 4 %) as well as inshore waters (6
% and 1 %). According to Chi-square test
the differences are statistically significant
at P<0,001 (Fig. 1). The difference in
landscape diversity between BS and CS
(1,37 and 0,95, respectively) is statisti-
cally significant at P<0,01 (Poole, 1979).
In addition, the difference in the frequency
distribution between BS and CS in rela-
tion to the H’ index is statistically signi-
ficant (cc? test, P<0,001). Eighty percent
of BS were localised in high diversity clas-
ses 0of 0,8-1,7 while 80 % of CS were found
in lower diversity classes of 0,2-0,8.

Special consideration was given to
some types of land-uses important for
White Storks for nesting and feeding pur-
poses. Crop fields and grasslands may be
regarded as potential feeding areas but
woodlands as a possible indicator for dis-
turbance. The frequency distributions of
BS and CS varied (cc? test, P<0,001) in
relation to crop field coverage (Fig. 2a)
as well as to grassland percentage (Fig.
2b). Sixty percent of BS were localised in
places characterised by crop fields cover-
ing areas in a range of 20-60 %, while up
to 80 % of CS were surrounded by areas
covered by 60-100 % of crop fields. Sev-
enty-five percent of BS were found in the
places where grasslands cover from 5 %
to more than 30 % of the land surface,
while about 85 % of CS were found in
areas with a very low percentage (0-10 %)
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Fig. 3. Frequency distribution of BS (thick line) and CS (thin line) in relation to density of

boundaries (in km/circle).

Puc. 3. YacToTHOE pacmpeesieHue THE3IOBBIX (TOJCTAs IMHUS) K KOHTPOJIBHBIX (TOHKAS JIH-
HUST) YYAaCTKOB B 3aBUCHMOCTH OT TUIOTHOCTH TPAHMII (B KM Ha KPyT).

of grasslands. These results correspond with
the grassland/open land rate analyses which
showed a significantly higher value of the rate
(U-test, P<0,001) for BS. Regarding wood-
lands, 80 % of BS were found in the areas
with 0-20 % woodland coverage, while 60 %
of CS were surrounded by 10 % to more than
30 % woodland coverage (Fig. 2c). The dif-
ferences are statistically significant (cc? test,
P <0,001).

Impact of boundaries

BS were more frequently localised in the
range of 12,1-24 km of all boundaries per
circle while CS were found to be markedly
most frequent in the range of 12,1-16 km per
circle (Fig. 3). The difference reported here
is statistically significant (cc? test, P < 0,01).
Special attention was focused on the fragmen-
tation of grasslands the main feeding areas
for White Stork. Nests were found more fre-
quently in the areas characterised by signifi-
cantly higher density of grassland boundaries
(cc? test, P < 0,001) (Fig. 3).

Discussion

Most studies on the distribution of White
Stork’s nest were based on singular habitat
analyses, for example on the influence of grass-
land percentage on the density of breeding
pairs (Thomsen, 1995, Schneider, 1988). The
results reported here show much more compli-
cated relationships between the species and pre-
ferred habitat and support previous findings that
investigations of the species must be carried
out in landscape contexts as other authors
have already noticed (Flather, Sauer 1996).

The main factors responsible for survival
of a given species are the possibility for nest
building and sufficient food supply for its
brood. The importance of food supply for
White Stork in his breeding region was
showed e. g. by Pinowska et al. (1989) and
the influence of food supply on breeding suc-
cess has been analysed by Lohmer et al.
(1980), Profus (1986), Struwe and Thomsen
(1991). Although results are based on the ana-
lysis of landscape structure characteristics,
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clear preferences for special landscape fea-
tures outside of the one km radius can be easily
recognised. The landscape structure around
BS and CS differed depending on the percent-
ages of crop fields, grasslands and woodlands
as well as on the diversity of landscape. Indeed
variables based on distances are of less impor-
tance within 1 km around nest, but variables
based on linear structures are significant dif-
ferent and provide more comprehensive infor-
mation about the degree of landscape frag-
mentation determined by the density of bound-
aries. These preferences are surely linked with
the feeding biology of White Stork. The spe-
cies is a generalist in food intake. As Lakeberg
(1995) described, this species changes its food
during the breeding season from earthworms
and amphibians in the first phase to small mam-
mals preferred later during breeding older
fledglings, probably because of a higher en-
ergy content (Profus, 1986). But decisive role
for White Stork is played not by the potential
food supply by itself, but food availability
(Alonso et al.,1991). The species as a stepper
bird with quick sight reacts on small moving
animals (Creutz, 1988). White Stork looks for
mice and other animals in open land, especi-
ally with low vegetation, harvested crop fields
and grasslands, which can be found much mo-
re easily (and on the average closer to the nest)
in diversified landscape compared to unified
one. So, it seems that diversified, mosaic-like
landscapes consisting of many patches of dif-
ferent land-use types (incl. small woods, small
water bodies etc.) but with some minimum
area of grasslands (10-20 %) as main feeding
area and moderate density of all boundaries
as well as boundaries of grassland patches are
an optimal breeding habitat for White Stork
in intensively used farmland in Europe.
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