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Enhancing the breeding success of whinchats - fi rst results with small-scale 

measures on organic farms in north-eastern Germany 

Leibniz Centre for Agricultural Landscape Research (ZALF)

F���� G���!�"#, A�#�$�% M���&$!%, A#$"$ M���&$!% ' K��*� S�$*�-B�+&*�.$� 

(Müncheberg, Germany)

1 Introduc! on

The intensifi ca0 on of agricultural prac0 ces has 

caused a drama0 c decline in whinchat popula-

0 ons in Germany and other European countries 

(B�%�*�� ' F$1"�$� 2015, H��+& et al 2008). Two 

main factors have been generally iden0 fi ed as re-

asons for this development: a) farming ac0 vi0 es 

(mowing, grazing) during the breeding period 

(F*%+&$� et al 2013, G�9$;"$� et al 2012, 2015, 

H��+& et al 2008, M9""$� et al 2005) and b) a 

reduc0 on in food resources in context with the 

change from extensive grassland into high pro-

duc0 ve grassland (B�%�*�� et al 1994, B�*�%+&.* 

et al 2006, O??$�@��� 1999, O??$�@��� ' S9%-

%$� 2015). 

Due to their strong rela0 onship with agricultu-

rally used habitats, whinchats are an important 
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Whinchats belong to the main target species in the project ‚Agriculture for Biodiversity‘. On the organic farms coope-

ra0 ng in the project, the birds preferred linear structures such as fi eld margins and ditches with fences for establishing 

territories and to use as nest sites. Breeding success could be signifi cantly increased by leaving small areas adjacent to 

these structures unused un0 l the middle of July.

Erhöhung des Bruterfolgs von Braunkehlchen - erste Ergebnisse von kleinfl ächigen Maßnahmen auf ökologisch 

bewirtscha# eten Betrieben in Nordostdeutschland

Als typische Art von extensiv genutztem Grünland ist das Braunkehlchen von der Intensivierung der landwirtschaP li-

chen Produk0 on besonders betroff en und deshalb Zielart im Projekt „LandwirtschaP  für Artenvielfalt“. Um Braunkehl-

chen wirksam zu fördern, wurden im Projekt eine Revierkar0 erung und eine Analyse der Habitatansprüche auf sechs 

Betrieben in Mecklenburg-Vorpommern durchgeführt. Es zeigte sich, dass im Grünland lineare Randstrukturen wie 

Säume, Grabenböschungen und Weidezäune eine zentrale Funk0 on haben. Nester wurden zu 45% innerhalb der Rand-

strukturen angelegt, wo sie vor den landwirtschaP lichen Arbeiten weitgehend geschützt waren. Nester auf betriebsüb-

lich genutzten Wiesen und Weiden ha\ en nur geringen Bruterfolg.

Als Konsequenz aus der Habitatanalyse wurden kleinfl ächige Maßnahmen entwickelt und auf mehreren Betrieben um-

gesetzt. Wesentlich sind: a) Anlage und Erhalt von „überjährig“ ungemähten Saumstrukturen und b) Spätnutzung von 

unmi\ elbar angrenzenden Teilfl ächen auf Wiesen und Weiden. Auf Rinderweiden wurden Teilfl ächen am Schlagrand 

mit fl exiblen Weidezäunen von Mai bis Juli ausgezäunt, auf Wiesen ließen die Landwirte Streifen am Schlagrand bei der 

ersten Mahd stehen. Ein Schlüsselfaktor für den Erfolg derar0 ger kleinfl ächiger Maßnahmen ist die A\ rak0 vität der 

Flächen als Habitat im Vergleich zur betriebsüblich genutzten landwirtschaP lichen Fläche.

Der Bruterfolg wurde durch die Maßnahmen auf nahezu das Doppelte erhöht: 2014 bis 2016 wurden in 38 - 55% der 

Reviere mit Nestern ohne zusätzliche Maßnahmen fl ügge Jungvögel beobachtet. In Nestrevieren mit Umsetzung von 

Maßnahmen (2015 und 2016) waren es 83%.

Die Projektmaßnahmen haben somit zu einer wesentlichen Förderung des Braunkehlchens geführt. Eine wich0 ge Vor-

aussetzung für den Erfolg der Maßnahmen sind die Rahmenbedingungen auf den ökologisch bewirtschaP eten Betrie-

ben: aufgrund der extensiven Weide0 erhaltung mit geringer Düngungsintensität ist vermutlich ein gutes Nahrungsan-

gebot vorhanden. Dies sollte Gegenstand weiterer Untersuchungen sein.

target species in the ‘Agriculture for Biodiversity‘ 

project. This project was ini0 ated by WWF Ger-

many, the organic farmers associa0 on Biopark, 

and the Ministry of Agriculture in Mecklenburg-

Western Pomerania, and is supported scien0 -

fi cally and implemented by ZALF (G���!�"# ' 

S�$*�-B�+&*�.$� 2016, S�$*�-B�+&*�.$� ' G���-

!�"# 2016, www.landwirtschaP -artenvielfalt.

de). The project is addi0 onally supported by the 

food retailer EDEKA. Par0 cipa0 ng organic farms 

can choose from more than 100 nature conser-

va0 on measures in order to qualify for a nature 

conserva0 on cer0 fi cate. The various measures 

and nature conserva0 on achievements are as-

sessed by means of a credit point system (see 

G���!�"# ' S�$*�-B�+&*�.$� 2016 for details). 

The cer0 fi ed organic farms receive a special price 

for certain products from the retailer.



Fig. 1: Study sites for whinchats in north-eastern 

Germany. - Lage der Betriebe für die Braunkehl-
chen-Untersuchungen.

In the course of the project we analysed the ha-

bitats of whinchats and developed special mea-

sures for enhancing habitat quality and breeding 

success on the coopera! ng farms. This report 

presents the fi rst results, in par! cular with res-

pect to the measures established on the farms.

2 Study area

We studied whinchats at 12 separate grassland 

loca! ons on six organic farms in north-eastern 

Germany between 2013 and 2016 (Fig. 1). The 

area comprised a total of 700 ha, but only 485 ha 

were inspected regularly in the years from 2014 

to 2016, including the recording of nest sites.

The climate is characterized by low annual preci-

pita! on (520 - 580 mm). The landscape is fl at or 

rolling. The grasslands are situated on moderate-

ly drained, organic fen soils, some! mes with mi-

neral eleva! ons. The classifi ca! on of plant com-

muni! es ranges from fresh pastures to moderate 

wet meadows with various stages of sedge reeds 

in lower areas. Farmyard manure was spread 

very sparsely on the grassland in mul! -year in-

tervals or there was no fer! lisa! on at all. 

Grassland was used as pasture or meadow, so-

me! mes mown in spring and grazed a$ erwards. 
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The propor! on diff ered between farms, as a 

whole approximately half of the area was grazed 

during the breeding period with suckler cows. 

Pastures were managed mostly using a „rota-

! onal grazing“ system (parts of the whole pas-

ture are grazed consecu! vely in intervals of 4-6 

weeks), one area was used as „permanent pastu-

re“. This la& er was grazed con! nuously with low 

stocking rates except in winter. On rota! onal gra-

zing pastures, the start of grazing varied between 

the beginning of May and the beginning of June. 

June was the main month for grass cu'  ng, with 

a few areas mown already at the end of May and 

some small areas not mown un! l the beginning 

of July. Usually, meadows were either mown two 

or three ! mes or mown twice and grazed in au-

tumn.

Single lots of the grassland are 5 to 40 ha in size 

and separated with solid fences or fl exible elec-

tric fences. Likewise, most of the numerous dit-

ches are segregated with fences on top of the 

banks (Fig. 3). The main ditch slopes were mown 

regularly once a year in summer or autumn, but 

some slopes remained untended for several ye-

ars. Unused fi eld margins and margins of dit-

ches are generally small, ranging from 1 to 5m in 

width. Details from some of the study sites are 

given in W*+/*9; (2014) and B<;=/* (2014).

3 Methods

Data collec! on

The study sites were visited fi ve ! mes during 

the main breeding period between mid-May and 

mid-July at intervals of 10 - 14 days. During each 

visit, the exact loca! on of whinchats, their beha-

viour, located nest sites and land use parameters 

were registered on fi eld maps. Furthermore, in 

June the components of whinchat habitats (habi-

tat type and structures) were recorded on a sim-

ple checklist, without taking note of the ra! os of 

habitat elements. We classifi ed habitat types as 

pasture, meadow or fallow land, and recorded 

structures such as fences, ditches, fi eld margins 

with diff erent widths, strips of reed, bushes, 

trees and electric wires. This was done within a 

radius of 50m of the located or supposed nest 

sites, thus represen! ng a major part of whinchat 

territories (F+>?=*@ et al 2013). For the specifi c 

nest habitat, we recorded certain special para-

meters such as the distance to border lines of ad-

jacent habitats and the distance to fences. 



For assessing breeding success, the current sta-

tus of the breeding cycle in whinchat territories 

was classifi ed according to Tab.1. We ranked a 

nest as successful if fl edglings were observed or 

if their presence was highly probable (alarming 

adults with fl edglings hiding on the ground, see 

T��� � D�!"# 2012). Nests with young birds 

which had not yet fl edged on the last visit in July 

were excluded from the nest success analysis.

Overall, data on breeding success and nest habi-

tats were sampled from 143 breeding pairs (2014 

- 2016). Sta$ s$ cal signifi cance was checked with 

chi-square crosstabs using SPSS Sta$ s$ cs 17.0.

Development and implementa$ on of measures

Measures should enhance the breeding success 

of whinchats. At the same $ me, the eff orts and 

constraints for the farmers should be as small as 

possible. A& er two years of collec$ ng data the 

following strategy was adopted:

• The fi rst step is to iden$ fy the preferred habi-

tats of whinchats on the farms and to enhan-

ce the a' rac$ veness of certain sites for the 

se' lement of whinchats. These sites usually 

consist of small patches or strips of fallow 

land (fi eld margins) with fences as perching 

places (see results).

• The farmers leave patches of meadows and 

pastures adjacent to the preferred se' le-

ment sites unused un$ l mid-July. Borders of 

ditches within preferred se' lement areas are 

not mown before the beginning of August.

The measures are documented by profi les as part 

of a wider catalogue of measures off ered to the 

farmers in the context of the ‚Agriculture for Bio-

diversity‘ project (G�**+"/5 � S*�8!-B"#98!;�< 

2016).

4 Results

Abundance, habitats and loca$ on of nest sites 

Between 2014 and 2016, we recorded a mean 

number of 53 territories on 485 ha. The abun-

dance on the diff erent plots varied between 0.1 

and 2.2 territories/10ha. Overall the abundance 

was 1.1 territories/10ha (mean of separate plots: 

1.3 territories/10ha).

Most territories were located along linear struc-

tures like ditches, fences and fi eld margins (Fig. 3 

category key

0 singing male

1 pair of whinchats residing in a spe-

cifi c loca$ on

2 nest-building or empty nest

3a nest with eggs or breeding female 

es$ mated from behaviour of the 

birds

3b nest with young or feeding adults

4 fl edglings

Fig. 2: Whinchats using fences as perching places. - Braunkehlchen nutzen Zäune als Ansitzwarte
(Photos: © Andreas M"**9�+@).

Tab. 1: Classifi ca$ on of breeding status. - Klassifi zie-
rung des Brutstatus.
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and Fig. 4), which are important for nest site se-

lec� on: 45% of the nests (n = 143) were located 

in margins along linear structures. 6% were built 

on fallow land and 41% on grassland (pastures 

and meadows) (G������! et al 2017). Grassland 

currently being grazed is avoided for nest buil-

ding. W"#$"�� (2014) noted that 22 of 23 nests 

in one of the study areas were on sites unused 

during the period of nest building. Fences are 

o& en used as perching places before birds ap-

proach the nest. 70% of the territories with nests 

contain fences (n = 148) and 30% of the nests in 

these territories were built within a distance of 

1m from the fence. 

Fig. 3: Typical habitats of whinchats alongside ditches, fi eld margins and fences. - Typische Habitate von 
Braunkehlchen entlang von Gräben, Säumen und Zäunen (Photos: © Frank G������!).

Fig. 4: Example of territory map (nest sites) and posi� on 

of small-scale measures. No measures were established in 

2014. In 2016, the whinchats built nests predominantly in-

side the protected sites.- 

Revierkarte (Neststandorte) und Lage der Maßnahmenfl ä-

chen. 2014 wurden keine Maßnahmen umgesetzt. 2016 bau-

ten die Braunkehlchen ihre Nester vorwiegend innerhalb der 

Maßnahmenfl ächen.
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Regarding the distance of the nests from border 

lines (e.g. fi eld margin/grassland), 67% of the  

nests  were  built  within  a  distance  of  10m      

(n = 126, including the nests within fi eld mar-

gins). 40% of nests within pastures and meadows 

were built within a distance of 10m from the fi eld 

edges (n = 57).

Establishment of measures

The majority of measures aff ected small parts of 

the grasslands, where the fi rst cut or the grazing 

period was delayed un" l mid-July. These segre-

gated areas were located near to the preferred 

nes" ng sites of the whinchats, e.g. adjacent to 

ditches and fi eld margins (Fig. 4). The farmers se-

Fig. 6: Late mown plots along the fi eld edge. - Spät gemähte Teilfl ächen am Schlagrand (Photos: © Frank 

G#$$&'*+).

Fig. 5: Segregated areas on pastures adjacent to ditches, fi eld margins and fences. - Abgezäunte Maßnahmen-
fl ächen auf Rinderweiden angrenzend an Gräben, Säume und Zäune (Photos: © Andreas M'$$38&9).

Fig. 7: Nests situated at the edge of ditches have good chance to survive, if the slopes are not mown during 

the breeding season. - Nester an Grabenrändern haben gute Überlebenschancen, wenn die Böschungen in 
der Brutzeit nicht gemäht werden (Photos: © Frank G#$$&'*+ / Andreas M'$$38&9).
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parated the plots on grazed grasslands by means 

of fl exible electric fences (Fig. 5), on meadows 

the plots were omi� ed during the fi rst cut (Fig. 

6). At all sites which were located near ditches, 

the slopes were not mown un� l the beginning of 

August or were not mown at all for several years 

(see Go� wald & Stein-Bachinger 2016 for details 

of measures). On average the separated areas 

were 0.5 ha in size (0.02 - 2.2 ha).

A total of 40 sites with measures was established 

(2015: n = 13, 2016: n = 27)  and  23  nests  were 

iden� fi ed. 63% of the sites employing measures 

were occupied by whinchats in 2016.

Breeding success 

The breeding success, classifi ed as the percenta-

ge of nests with fl edglings, diff ered between nest 

habitats: nests on grassland (meadows and pas-

tures) without special protec� ve measures had 

the lowest success (37% with fl edglings, n = 52). 

The success of nests in fi eld margins (including 

the margins of ditches) reached 55% (n = 49, p 

= 0.074 compared to grassland) and 63% on fal-

low land (n = 8). The best performance, with 89% 

of nests successful (n = 9), was shown by those 

which were placed in protected sites in grassland 

(p = 0.005 compared to grassland without mea-

sures). 

For all nests in a year, breeding success varied 

from 38% to 55% between 2014 and 2016 (mean 

46%, Fig. 8). For nests in sites with protec� ve 

measures, the success was nearly twice as high 

(2015: 86% ; 2016: 81%, p = 0.003 compared to 

nest sites without measures, years combined).

5 Discussion

Abundance and habitats

The abundance of 1.1 territories/10ha lies within 

the range of grassland habitats in Mecklenburg-

Western Pomerania (K"#$'*+ 2006: 0.45 - 3.3 

territories/10ha in the 1990s, H<>*+?@@ 2016: 

0.5 territories/10ha), but these are dis� nct-

ly lower than abundances in supreme habitats 

(e.g. extensive meadows in Switzerland up to >5 

territories/10ha, H?DEI J SL<<D 2016, nutrient-

poor sedge reeds in southern Germany 4 - 6 terri-

tories/10 ha, E"#>$*"# 2006). The main reason for 

the rather medium to low densi� es of whinchats 

in the study area is the prevailing restric� on of 

their territories to fi eld edges. Because of the 

large size of the fi elds in north-eastern Germa-

ny, greater parts of the grassland are not used by 

whinchats at all.

The general habitat demands of whinchats have 

already been studied in depth in other regions 

(e.g. B<>$"<# J B<>$"<# 1996, F">EI*D et al 2013, 

H?@@Q<## 2015, OLL*DQ<## 1999, R"EI$*D 

2015). Primarily, the birds require a good sup-

ply of perching places and food resources. These 

demands are met especially in species-rich and 

highly structured grasslands (E"#>$*"# 2006, OL-

L*DQ<## 1999, OLL*DQ<## J SU>>*D 2015). In 

our study area, important requisites for whin-

chats are found predominantly along fi eld edges. 

This explains the high percentage of nests placed 

within fi eld margins, in the uncut borders of dit-

ches and near fences. 

Small-scale measures to protect the breeding si-

tes

The concentra� on of adequate whinchat habitats 

along fi eld edges and ditches facilitates the pro-

tec� on of nest sites using small-scale measures. 
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Fig. 8: Breeding success (ra� o of nests with at least 

one fl edgling) for nest sites with and without mea-

sures. - 
Bruterfolg (Anteil von Nestern mit mindestens ei-
nem fl üggen Jungvogel) für Neststandorte mit und 
ohne Maßnahmen. 
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Leaving strips or patches of grassland adjacent to 

highly structured fi eld edges uncut or ungrazed 

un� l mid-July turned out to be eff ec� ve in pro-

tec� ng the nest sites of a large part of the whin-

chat popula� on. The cri� cal point for the success 

of small-scale measures, which are implemented 

or planned before the se� lement of whinchats, 

is the a� rac� veness of specifi c loca� ons which 

serve as an „a� rac� on pole“. This could be im-

proved s� ll further by leaving fi eld margins and 

ditch banks uncut for many years, but in many 

cases this was objected to by the farmers be-

cause of subsidies regula� ons. If the sites belong 

to farmland areas which receive subsidies, they 

must be managed at least once a year. Ditches 

are not usually managed by farmers, but special 

organiza� ons (e.g. „water boards“) which have to 

be contacted. In some farmland areas it already 

has become normal prac� ce that only one side 

of the slopes of ditches are mown for economic 

reasons, switching sides from one year to the 

next. This could create op� mal perching habitats 

for whinchats providing reeds do not dominate. 

Reed stems are frequently used by whinchats for 

perching, but dense stands of reed are avoided. 

In the end, in most study areas we could iden� fy 

a number of sites with exceedingly good condi-

� ons for the se� lement of whinchats. Neverthe-

less, it was helpful for the confi gura� on of undis-

turbed areas to know the territories and nes� ng 

sites from previous years.

Some� mes the undisturbed sites could be imple-

mented at short no� ce during the season by the 

farmers a� er the biologist had located the cur-

rent territories. But in general this is not a prac� -

cal op� on. Territory mapping and nest loca� ng 

is too expensive to be carried out every year, 

and the farmers like to have clear prese�  ngs at 

the beginning of the season. The management 

of the large farms in north-eastern Germany is 

complex, and addi� onal management eff orts for 

nature conserva� on purposes must be small and 

easy to handle if the farmers are to carry them 

out on their own. This is possible if the farmers 

receive detailed advice and knowledge about the 

requirements of whinchats from the beginning, 

and they are able to replicate the measures and 

get used to them in the long run.

At the beginning of the study, we assumed that 

pastures are rather diffi  cult to manage for whin-

chats because regular grazing already starts at the 

beginning of May. But this turned out to be use-

ful in the context of the establishment of small-

Fig. 9: Male perching on a marking stake (le�  side) and singing on a fence post (right side). - Braunkehlchen 
Männchen auf Markierungsstange (l.) und singend auf Zaunpfahl (r.) 
(Photos: © Frank G"##$%&' / Andreas M%##*+$0).
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scale measures: if some parts of the pasture are 

not grazed and the vegeta� on of the main grass-

land area is low at the beginning of the breeding 

season, the whinchats are not inclined to build 

their nests on regularly used farmland. Instead, 

the probability is high that they will choose the 

protected sites. So, early grazing or cu�  ng could 

be advantageous if accompanied by unused pat-

ches which are suitable habitats for whinchats. 

Furthermore, if the fi eld edges are separated by 

extra fl exible fences, these can serve as addi� o-

nal perching places.

Breeding success and the eff ect of measures

The diff erent results of breeding success in our 

study areas with respect to the diff erent types 

of nest sites are consistent with data from other 

studies. In general, breeding success varies es-

pecially with the intensity and � ming of agricul-

tural prac� ces in breeding habitats. The date of 

the fi rst cut or grazing is cri� cal. Normally, less 

than 50% of the nests in agricultural areas are 

successful (F"#$&') et al 2013, G*+/4 678 B*7/4-

&'"9 ; B<+') 1988, L<?&<)@/ 1988). F"#$&') et 

al (2013) calculated breeding success between 

10% und 89% dependent on the � ming of the 

fi rst agricultural use. In early cut meadows in 

Switzerland, less than 10% of the nests survived, 

in meadows with a late cut the rate was 70%, 

and on protected sites within early cut meadows, 

success reached 81% (G)D'?*') et al. 2012).

A restric� on with respect to the validity of our 

data comes from our method of determining 

breeding success. Due to the � me intervals bet-

ween consecu� ve controls of nest sites, the nest-

lings could have fl edged and leJ  the territory 

between two visits. Therefore breeding success 

might be higher in reality. However, for most 

nests we could retrace the des� ny with high 

probability based on the condi� on of the empty 

nests and the history of agricultural processes. 

6 Conclusions

To ensure a high breeding success for whinchats, 

late cu�  ng or grazing aJ er mid-July is recom-

mended. On the studied farms in north-eastern 

Germany, which mainly keep suckler cows, this 

cannot be realized on a large scale, because fod-

der quality decreases too much (MQ&*)'"8 1993, 

S/'"8-B<$&"8R') ; F+$&# 2012). Furthermore, 

Fig. 10: Female perching on sorrel (Rumex spec.). - Weibchen auf Ampfer (Rumex spec.) 
(Photo: © Frank G7//V<*@).
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under the regional climate with low precipita� on 

and soil quality, the greatest part of the fodder 

for winter � me has to be harvested in spring du-

ring the fi rst cut of meadows and legume-grass 

leys. Otherwise there might a shortage of fodder 

resources for ca� le.

Exis� ng agro-environmental schemes to encou-

rage the late use of grassland are not a� rac� -

ve enough to compensate for these losses. As 

a consequence, we have developed measures 

for whinchats which are more easily acceptable 

for farmers, and at the same � me ensure a high 

breeding success for a large part of the popula� -

on. The basic points are:

• Choosing sites with high probability of whin-

chat se� lement. In the study area we selec-

ted „a� rac� on poles“ at the edge of fi elds 

and tried to improve their a� rac� veness, e.g. 

by means of uncut margins and ditch slopes 

and addi� onal fl exible fences. 

• Leaving small-scale parts of the fi eld uncut 

or ungrazed adjacent to these structures un-

� l the middle or even be� er the end of July. 

A prolonged period where areas are undis-

turbed is necessary to provide shelter for 

the fl edglings (T��! " D!#$% 2012) and to 

ensure the breeding success of late broods, 

which se� le in protected areas a& er having 

lost their nests on other sites. 

• The measures should be repeated every year 

at sites with successful nests. In this way the 

se� lement rate of protected sites should in-

crease a& er several years of adapta� on.

Our results showed the breeding success of 

whinchats can be increased signifi cantly using 

this method. Moreover, it is eff ec� ve from the 

farmers’ point of view. These measures were 

accepted by most farmers in the context of the 

‚Agriculture for Biodiversity‘ project. The a� rac-

� veness of the selected sites compared to the 

remaining area is crucial for the effi  ciency of the 

measures. Otherwise, much larger conserva� on 

areas are required for sustaining viable popula-

� ons (G+/!34!+ et al 2015, H�+%6 et al 2008, 

H�+%6 " S7$$+ 2015).

A precondi� on for the long-term success of these 

measures is a good food supply in whinchat habi-

tats (O77!+�$## 1999). Several studies showed 

that the abundance of invertebrate species de-

crease with increasing intensifi ca� on in grassland 

(B+;<=%6>; et al 2006, V;%@!+F et al 2001). This 

applies also to organic farming systems (B+;<=%6-

>; et al 2006, K+N=! et al 2016, W�4P+N� 2015). 

S�+> et al (2013) reported a drama� c decline of 

fl ying insects in recent decades, probably due to 

intensifi ca� on in agriculturally used areas (S�+>  

2016). On the other hand, organic farming gene-

rally promotes higher level of species biodiversity 
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Fig. 11: Female Whinchat using a fence as perching place. - Weibliches Braunkehlchen nutzt einen Weidezaun 
als Ansitzwarte (Photo: © Frank G�<<X$4Y).
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(e.g. R������ 2011, T��! et al 2014) and espe-
cially extensive grazing of grasslands with suck-
ler cows and low input of manure is considered 
sustainable agricultural prac" ce, promo" ng high 
levels of biodiversity (V#�!$%& et al 2001). There-
fore we assume that the food supply in our study 
areas is good, but this remains to be inves" gated.
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