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1. Background and state of research

1.1 The Eurasian steppes —a unique grassland
ecosystem

The Eurasian (Pontian) steppes stretch from
Ukraine to the Altai Mountains in Southern Si-
beria. They are characterised by a distinct latitu-
dinal zonation: from north to south, belts of for-
est steppe, tall-grass steppe, short-grass steppe
and desert steppe can be distinguished along a
gradient of increasing aridity.

Once a vast ocean of grass, the ‘Great Steppe’
has gradually been cultivated for rain-fed cereal
farming, and the traditional lifestyle of the Tur-
kic nomad tribes travelling the grasslands with
their horses, sheep and cattle has given way to
more intensive livestock breeding systems. This
process started early in Ukraine and the steppes
of European Russia, where as early as the end of
the 19*" century hardly any steppe grassland re-
mained in pristine condition. In contrast, arable
farming started later in the area of today's state
of Kazakhstan, and remained restricted to small
pockets of fertile steppe near Cossack settle-
ments until the collectivisation of the nomadic
tribes under Josef Stalin in the 1930s. A major
campaign to cultivate the steppes of Kazakhstan
and Russian Western Siberia was launched in
1953 under Nikita Khrushchev (McCauley 1976),
leading to cultivation of more than 35 million ha
steppe (25 million ha in Kazakhstan alone) by
1960 and turning the eastern (Asian) steppes
into the breadbasket of the Soviet Union. This
‘Virgin Lands Campaign’ transformed the face
of the Eurasian steppes and led to large-scale
changes in society and ecology.

Naturally, grasslands are particularly vulnerable
to conversion into croplands, but large and con-
tiguous expanses of near-natural grasslands have
hitherto been preserved in the Eurasian steppes,
with more than 10% of the world's remaining
grasslands situated in Kazakhstan (Loveland
et al. 2000). The sheer scale of contiguous,
near-natural grassland makes the steppes of

Kalmykia, the Russian Lower Volga, Western Si-
beria and especially Kazakhstan a unique grass-
land ecosystem, which is home to a number of
endemic species, many of them threatened. The
carpets of flowering tulips that dot the steppe in
late April are spectacular, and the plains of silver-
shining feather grass setting seeds in May are
probably the largest in the world. The remaining
grasslands and some agricultural habitat har-
boura number of biome-restricted and endemic
animals, including the enigmatic Saiga antelope
Saiga tatarica, Steppe Marmots Marmota bobac
and the Critically Endangered Sociable Lapwing
Vanellus gregarius, but their future seems uncer-
tain in a world of growing food and energy de-
mand.

1.2 The dissolution of the Soviet Union and
agricultural change on the Eurasian steppes
after 1991

When Mikhail Gorbachev introduced more gov-
ernmental transparency and freedom of speech
(‘glasnost’) and fundamentally restructured
the political and economical system of the So-
viet Union (‘perestroika’) in the mid-1980s, few
would have predicted the magnitude and scale
of change and turmoil that followed in soci-
ety and economy of the former socialist states,
reaching from Eastern Germany to the Pacific,
with impacts on a global scale. During the past
20 years, everywhere in the former ‘eastern bloc
countries’, the transition from state-controlled,
planned to neoliberal, super-capitalist econo-
mies has led to pronounced changesin attitudes,
production and consumption patterns.

In the states of the crumbling Soviet Union,
the decade 1990 — 2000 was characterised by a
breakdown of industry, infrastructure and social
systems. Times of economic hardship caused
massive waves of internal human migration and
emigration mostly in the homeland of socialism,
the former Soviet Union: people fled rural areas
as state farms collapsed, and many, such as the
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ethnic German population of Siberia and Ka-
zakhstan, moved back to their home countries.

Unsurprisingly, these changes had a profound
impact on landscapes and biodiversity: rural ar-
eas now devoid of people reverted to wilderness,
as widespread abandonment in the agricultural
sector occurred across northern Eurasia. Sys-
tems of intensive livestock breeding collapsed as
the animals were used as currency when wages
were no longer paid out, or simply consumed as
the shelves of food stores emptied.

The year 2000 marked a changing point — since
then, in many (but not all) parts of the former
Soviet Union, the economy has recovered
strongly, the rural human population has started
to increase again and industry and agriculture
have recovered to a certain degree.

Nearly everywhere in the former Soviet Un-
ion, changes in land-use in the 1990s followed
a trend that was subsequently reversed after
2000 alongside a recovery of the economy due
to political stabilisation and growing exploita-
tion of oil, gas and other resources. Although
not restricted to it, land-use change was espe-
cially pronounced in the vast Eurasian steppes,
stretching from Ukraine to the Altai Mountains
in Russia.

Post-Soviet land-use change in the steppe zone
was first described and quantified from satellite
image analyses: De Beurs & Henebry (2004) and
De Beurs et al. (2009) used a rather coarse, but
large-scale analysis of NDVI trends in Kazakh-
stan and Russia to conclude that the changes
in the observed land cover phenology between
1986 and 1999 were caused by large increases
in abandoned land dominated by weedy plant
species and reduced grazing pressure on pas-
tureland. Finer-scaled satellite analyses com-
bined with ground truthing conducted in the
Kalmykian steppes in SW Russia suggested a
pronounced decrease in the area of irrigated ar-
able cultivation between 1989 and 1998, as well
asacrash in livestock numbers and a recovery in
vegetation communities formerly degraded due
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to high livestock densities (Holzel et al. 2002).

These trends of abandonment and crashing ani-
mal numbers were supported by various publi-
cations at the end of the 1990s based on govern-
mental statistics and land-use maps that became
more freely available after the cold war ceased.

Evidence for large-scale declines in the area
planted for crops (mainly wheat in the steppe
zone) were first described by Meng et al. (2000),
who evaluated an area of over five million ha
abandoned wheat cultivation in Kazakhstan in
1998 (which later proved a more than twofold
underestimate).

Suleimenov & Oram (2000) and Robinson &
Milner-Gulland (2003) quantified the crash in
domestic livestock numbersin Central Asia, with
a more than 50 % decrease in Kazakhstan aver-
aged for horses, cattle and sheep, and an over-
all decrease of 80 % in sheep. Spatial patterns in
livestock reduction have been described (e.g.
Lenk 2001, Kerven 2003), with some regions be-
ing less affected and others loosing virtually their
entire domestic animal stocks. Seasonal live-
stock migration that had been restricted during
the 20" century but still persisted, ceased in the
1990s, and the animals were concentrated year-
round at pastures in the immediate vicinity of
villages, leading to very imbalanced grazing pat-
terns: vast areas of the steppes were completely
ungrazed, while in the late 1990s overgrazing
was evident around many villages (Robinson &
Milner-Gulland 20033, b, Kerven et al. 2006).

Although most evidence for these changes came
from a few regions in Russia and Kazakhstan,
recently published studies suggest that trends
in arable farming and livestock breeding were
similar across the Eurasian steppes (e.g. Charles
2010), probably with the exception of Ukraine,
where livestock numbers crashed but agricul-
ture was mainly abandoned in the mountainous
areas in the west of the country rather than on
the fertile steppe soils (Baumann et al. 2010).
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CHAPTER 1— Introduction

Human-induced changes caused carry-over ef-
fects on an ecosystem scale over huge areas
(Figure1). An interesting example is the increase
of both number of and area burnt by wildfires
in the steppe zone of the former Soviet Union.
Dubinin et al. (2010) traced fires using satellite
data and found a massive increase in steppe fire
area in Kalmykia, SW Russia from almost none
in 1985 to more than 20 % of their large study
area burnt in 2006 and 2007. An increased fire
frequency was related to land-use changes, as
an increase became obvious 5 - 6 years after the
collapse of livestock (mainly sheep) populations
in Kalmykia, suggesting cessation of grazing dur-
ing this period allowed biomass to accumulate
and provide fuel for hot wildfires in many areas
(Dubinin et al. 2010, 20m), a conclusion also sup-
ported by Holzel et al. (2002). In Kazakhstan, the
frequency and area of wildfires increased greatly
in the same period as in Kalmykia (Khaidarov &
Archipov 2001) and the reasons are likely to be
similar. Fire is an important process in grassland
ecosystems, as it results in changes in vegeta-
tion patterns and invertebrate numbers and thus
shapes habitats and influences food availability
for vertebrate species (e.g. Bendell 1974, Bock
1992, Rahmig et al. 2009).

1.3 Responses of animal biodiversity to
land-use changes in the steppe zone

The impact of agricultural change on the biodi-
versity of the steppes of the former Soviet Union
remains poorly studied and is mostly restricted
to single-species assessments or anecdote ob-
servations.

Birds are among the best studied organisms in
this regard. First evidence for effects of changing
land-use was compiled for a number of birds of
prey: Sanchez-Zapata et al. (2003) used road sur-
veys in various habitats in eastern Kazakhstan to
conclude that agricultural abandonment might
have benefitted raptors that are sensitive to
human disturbance. They speculated that a de-
crease in grazing pressure and subsequent veg-
etation succession might have rendered large
steppe areas unsuitable for birds that need to

14

detect their mammalian prey in open areas, such
as the Vulnerable Lesser Kestrel Falco naumanni
(Tella et al. 2004). Decreasing grazing pressure
was also suggested to have led to declines in
Caspian Plover Charadrius asiaticus populations
in the Southwestern Russian steppes and in
Kalmykia (Fedosov & Belik 2010). Agricultural
abandonment on the Eurasian steppes has been
linked to an increase in steppe bird populations
utilising arable farmland: the complete recovery
to pre-1950 levels of the much decimated eastern
Little Bustard Tetrax tetrax population was at-
tributed to agricultural change (Gauger2007),as
30 % were found breeding on abandoned wheat
fields in Russia in the late 1990s (Shlyakhtin et
al. 2004), and Koshkin (2011) found a similar
preference for abandoned fodder grass fields
in a recent study in Kazakhstan. Oparin (2008)
found evidence in a multi-species survey on the
steppes of the Saratov region (Southern Russia)
that abandonment of cereal cultivation boosted
the numbers of larks, Siberian Stonechat Saxico-
la maura and Booted Warbler Hippolais caligata,
and intensive grazing benefitted wheatears and
the White-winged Lark Melanocorypha leucop-
tera. Recently, Fedosov (2010) suggested a mas-
sive increase in Calandra Lark Melanocorypha
calandra populations in Kalmykia to be caused
by decreased grazing pressure. Frequent breed-
ing and high nesting success of Pallid Harrier
Circus macrourus in abandoned wheat fields was
described by Terraube et al. (2008). Impacts on
other species groups, such as the steppe-typical
small mammal communities, are likely to have
been equally pronounced, although quantitative
data are largely lacking and most publications
are rather anecdotal.

A recovery in Russian Steppe Marmot Marmota
bobac populations was linked soon after the col-
lapse of the Soviet Union to abandonment of
arable fields and human depopulation of rural
areas resulting in decreasing hunting pressure
(Bibikov 1991). Numbers have been increasing
in Kazakhstan ever since, probably due to de-
creased hunting pressure and a recolonisation
of abandoned fields (Nerger 2007). It seems
likely that this had a positive effect of survival



and productivity of large raptors such as Impe-
rial or Steppe Eagles Aquila heliaca and nipalen-
sis, which feed to a large extent on marmots and
other small mammals.

Anecdotal evidence suggests that the increased
grazing pressure around settlements and the re-
sulting decrease in vegetation height and cover
led to an explosion in the populations of certain
souslik species, mostly Spermophilus major and
Citellus pygmaeus. Especially around settlements
in the short-grass steppe, several hundred to
over a thousand sousliks can be observed syn-
chronously from a single vantage point in July
and August (own data 2006 — 2010), providing a
rich food source for birds of prey. Concentrations
of raptors at these overgrazed steppe swards
can comprise up to 130 steppe eagles preying
on Spermophilus major in August (J. Kamp own
data, Torghay region 2009). Also, more complex
interactions in grazed areas are likely, as sous-
liks create breeding habitat for burrow-nesting
birds (such as Northern Wheatear Oenanthe
oenanthe and Isabelline Wheatear Oenanthe isa-
bellinus in the steppe zone) —indeed very similar
to the three-way interaction between livestock,
Plateau Pikas Ochotona curzoniae and burrow-
nesting snowfinches described by Arthur et al.
(2008) for the Tibetan Plateau.

Responses of insects to agricultural abandon-
ment and changing grazing patterns are likely
to have been equally pronounced, but published
evidence is restricted to species considered as
crop pests. In July 1999, billions of Italian Locusts
Calliptamus italicus invaded Astana, the recent-
ly established new capital of Kazakhstan, and
caused panic among the population and traffic
accidents — a situation that had never occurred
in Soviet times (Toleubaev et al. 2007). Several
‘infestations’ of this ‘plague’ were observed dur-
ing the following two years and stimulated in-
tensive research into the drivers of these mass
breeding events (Wilps et al. 2002, IPP Consult-
ants 2003, Toleubaev et al. 2007). It became clear
very soon that populations were boosted by a
greater availability of suitable soil conditions and
palatable, nutrient-rich biomass found on aban-
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doned fields compared to virgin steppe, and lo-
cal overgrazing contributed to this: estimates
by the Soviet pest control system suggest an
absence of Italian Locusts on used arable fields,
a mean August density of 3.5 Ind. /m? in virgin,
moderately grazed steppes, but a staggering
20 —26 Ind. /m? on fallow and abandoned fields
of various age and similarly high numbers of 20
Ind. /m? on overgrazed steppe swards in the vi-
cinity of settlements (Toleubaev et al. 2007).

It seems likely that the increased availability of
locusts, and thus the unlimited provision of food
especially late in the breeding period increased
survival, breeding success and population size in
many insectivorous birds, although quantitative
studies are lacking.

The collapse of the Soviet economy resulted
in widespread poverty, especially in rural areas
where the human population was dependent on
large state farms. The strongest drivers behind
trends in wild animal populations were probably
the changes in habitat described above; howev-
er, direct implications resulting from deteriorat-
ing living standards became obvious soon after
the dissolution of the state farms in 1994. A par-
ticularly well-researched example is the fate of
the Saiga antelope Saiga tatarica, a large grazer
that once roamed the steppes and semi-deserts
of Eurasia in million-strong herds. With Kulan
Equus hemionus and Goitered Gazelle Gazella
subgutturosa hunted to near extinction early,
Saigas were the only wild ungulates left in signif-
icant numbers grazing in Russia and Kazakhstan
in the second half of the 20*" century. Valued as a
source of meat, they were managed more or less
sustainably in Soviet times, with hunting bans
introduced when numbers were significantly
reduced to allow population recovery (Bekenov
1998). Just as in domestic livestock, Saiga ante-
lope numbers crashed in 1994 and subsequent
years, when unemployment resulted in wide-
spread poverty in rural areas after the closure of
the state farms, as Saiga were poached heavily as
an easy source of meat mostly by impoverished
villagers (Kiihl et al. 2009). Numbers were re-
duced from more than a million head in 1993 to
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a mere 30 000 by the year 2003 (Milner-Gulland
et al. 2001, Robinson & Milner-Gulland 2003b)
—a population decline of 97 % over a 10 year pe-
riod. Additional pressure was put on the Saiga
population by the fact that males were selec-
tively hunted for their horns (which were, and
still are, smuggled to China for traditional medi-
cine), resulting in skewed sex ratios and reduced
female fecundity which in turn accelerated the
decline (Milner-Gulland et al. 2006). Saiga num-
bers have stayed low until recently, but are now
showing signs of recovery, which has been at-
tributed to more rigorous enforcement of anti-
poaching legislation and the designation of new
protected areas in Kalmykia and Kazakhstan
(Singh & Milner-Gulland 2011).

Saiga and other large grazers are regarded as
keystone species in the steppe and semi-desert
ecosystems, and a landscape-scale impact of
their grazing behaviour on vegetation, birds and
other biodiversity seems likely, but studies quan-
tifying this effect are sparse or anecdotal. For ex-
ample, Bibikov (1991) still assumed that steppes
not grazed by domestic livestock or wild ungu-
lates are not colonisable by steppe marmots, but
marmot numbers have been increasing strongly
since the collapse of the Soviet Union even in
areas without any livestock or grazers (Nerger
2007).

16
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2. Study areas

The research presented here was conducted
in three study areas in northern and central
Kazakhstan (Figure 2). The largest part of the
data analysed in chapters 2 — 5 was collected in
an extensive area of pristine steppe and (partly
abandoned) farmland in the Tengiz-Korgalzhyn
region, Akmola district. Transferability of habi-
tat models for Sociable Lapwing developed in
Korgalzhyn region was tested on the cultivated
and pristine steppes surrounding the vast Lower
Irtysh river valley, Western Siberia (Pavlodar dis-
trict). The data for the analysis of bird responses
to grazing intensity (chapter 3) was gathered on
the dry steppes and semi-deserts of the Torghay
region, southern Kostanai district (Central Ka-
zakhstan).

The study area in the Tengiz-Korgalzhyn region
covers an area of approximately 13 500 km? and
stretches between 49°48' — 51°00' N and 69°
32'—70°54"E. It is situated in the south of the
dry steppe-ecoregion, also termed short-grass
steppe (WWF ecoregion ‘Kazakh steppe’, Olson
et al. 2001). The area is dominated by the large
saline, undrained Lake Tengiz (ca. 1300 km?) fed
by three steppe rivers and surrounded by nu-
merous salt and freshwater lakes of various size
(Schielzeth et al. 2008, 2010).

e A T
0 125 250 500 750 1,000

Landcover classes:

:] 11 - Irrigated croplands - 90 - Open needleleaved deciduous or evergreen forest

:] 14 - Rainfed croplands - 100 - Closed to open mixed broadleaved and needleleaved forest
:] 20 - Mosaic Croplands/Vegetation I:l 110 - Mosaic Forest-Shrubland/Grassland

|:| 30 - Mosaic Vegetation/Croplands I:l 140 - Closed to open grassland and sparse vegetation

I 50 - Ciosed broadleaved deciduous forest [ ] 200-Bare areas

Il 70 - Closed needleleaved evergreen forest I 210 - Water bodies

Figure 2. Location of the three study areas within Kazakhstan. (1 — Tengiz—Korgalzhyn, 2 — Lower Irtysh,
3 — Torghay.) Land cover classes are slightly modified after GlobCover 2009 (European Space Agency 2010).
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The climate is extremely continental with an an-
nual temperature amplitude of 8o K and with
an annual mean temperature of 2.8 °C, a mean
precipitation year total of 267 mm and a pro-
nounced precipitation peak in summer (Ko-
rgalzhyn weather station, means 1975 — 1998,
after Dieterich 2000)(Figure 3). In the north of
the study area, soils are dominated by humus-
rich Dark Kastanozems (Prasolova & Gerasimov
1955) that were cultivated nearly entirely where
solonisation or high carbonate contents did not
prohibit it. The southern part is characterized
by shallower Light Kastanozems with thinner
humus layers, used traditionally for grazing and
often solonised (Prasolova & Gerasimov 1955).
Solonchaks and solonets soils are distributed
patchily throughout the area, and Meadow Soils
are found in the river valleys (Prasolova & Ger-
asimov 1955).

The zonal vegetation of the short-grass steppe is
dominated by Fescue Festuca sulcata and Feather
grasses (mostly Stipa lessingiana and S. capillata),
with stony areas, solonets soils and solonchaks
hosting communities with a high diversity in
Chenopodiaceae and numerous Artemisia spe-
cies (Karamysheva & Rachkovskaya 1973). River
valleys are fringed by extensive Willow Salix spp.
thickets. Blossoming carpets of geophytes such
as tulips (mainly Tulipa schrenkii and T. patens)
are found after snow melt in spring in pristine
steppe that had never been ploughed (Karamy-
sheva & Rachkovskaya 1973, Sidorova 1988)

Plant communities of secondary succession on
abandoned farmland vary with age, young aban-
doned fields and fallows often appear like rape
Brassica napus fields due to a dominance of Cru-
ciferaceae. After a few years weedy Artemisia
species (e.g. A. abrotanum, A. dracunculus) cover
vast expanses and create a more ‘shrubby’ ap-
pearance, whereas the oldest abandoned fields
(at ca. 16 years age) show significantly higher
cover of the native steppe grasses. Abandoned
fields on saline soils with high carbonate content
can be covered by species-poor communities of
Stipa spp. and Leymus ramosus a few years after
abandonment (Marinych et al. 2002). Many fields
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were planted with Crested Ryegrass Agropyron
pectinatum to provide winter fodder for cattle in
Soviet times, but most have not been resown for
10 —15 years and gradually restore to steppe com-
munities.

Overgrazed areas show low grass cover or lack
grasses altogether, except Fescue that profits
from non-intensive grazing. In the steppe zone,
bitter and unpalatable Artemisia species and
ruderals (many Chenopodiacae) remain instead
as they are avoided by grazing livestock (Yunus-
baev et al. 2003).

The Lower Irtysh study area in NE Kazakhstan
stretches along the lower Irtysh river between
the settlement Akku (= Lebyazhe, ca. 51°28'N /
77°46'E) and the Russian border at ca. 53°47'N /
75°03'E. Surveys covered an area of approximate-
ly 12 000 km2. Away from the wide river flood-
plain (up to 16 km of inundated hay meadows,
sedge mires and old-growth Willow / Poplar gal-
lery forests), the south of the area is character-
ised by dry feathergrass (Stipa spp.) steppes, but
the north situated in the forest steppe dominat-
ed by tall grasses, herb-rich steppe communities
and insular birch (Betula pendula) forests (WWF
ecoregions ‘Kazakh steppe’ and ‘Kazakh forest
steppe’, Olson et al. 2001).

The climate is similar to the Korgalzhyn study
area, but even more continental with colder win-
ters (minimum January temperatures of — 52 °C)
that last longer. Annual mean temperature at
the weather station Pavlodar is 3.1 °C, the annual
mean precipitation total amounts to 318 mm
(Hayashi et al. 2006) (Figure 3).

Soil geography varies in the study area with
Southern Chernozems, Meadow Chernozems
and Solonets soils in the north, and Dark Kasta-
nozems in the south, interspersed by solon-
chaks. Land-use patterns are similar to the Kor-
galzhyn study area, but a much larger propor-
tion of the area was farmed during Soviet times.
Climax states of steppe communities, rather
tall and herb rich, are dominated by Stipa capil-
lata and Kochia siversiana (Cheng & Nakamura



2007), whereas abandoned farmland shows
similar associations as in the Korgalzhyn study
area, with early stages dominated by Artemisia
absinthium, and late stages restoring to steppe-
like communities with Stipa capillata, Artemisia
austriaca, Medicago falcata, Kochia prostrata and
Leymus ramosus (Hayashi 2006, Cheng & Naka-
mura 2007).

The study area in the Torghay region covers an
area of approximately 13 0oo km? and stretches
between 48°30'— 50°21'N and 63°08'- 65°30'E.
It is situated in the desertified steppe and semi-
desert belts (WWF ecoregion ‘Kazakh semi-de-
sert’, Olson et al. 2007).

The climate is continental, but drier and slightly
warmer than in the other two study areas: the
mean annual temperature at Torghay meteoro-
logical station is 4.8 °C, the mean annual pre-
cipitation total 221 mm with no obvious peaks
in precipitation (Walther et al. (1975), updated
with data from http://rps.kz, cf. Figure 3). Soils
are similar to those in the Korgalzhyn study area,
but overall, Light Kastanozems with shallow hu-
mus layers prevail, and nearly all soils are rather
saline. This renders them unsuitable for agricul-
ture, leading to a near-exclusive use as pastures
in Soviet times.

In the north of the region, dry steppe plant
communities are widespread, similar to those
in the Korgalzhyn region dominated by Feather
Grasses and Fescue. Towards the south, they are
gradually replaced by semi-desert communities
with fewer grasses and a dominance of Artemisia
species even in ungrazed areas and many Che-
nopodiaceae, whereas Stipa is restricted to the
hillslopes.

Introduction — CHAPTER 1

Korgalzhyn

mm caoassg>cso2apze °C
T e
SP22833785238
Pavlodar

mm ca s 5 >c 3592270 2Q °C
T S 3 o ©
S2=<=3°2H02Aa

Torghay

mm C-QE’5_>‘C5070-*5>0 °C
T S =} o @
S=<=32240z24

[ mean monthly temperature (°C)
[ mean monthly precipitation (mm)

Figure 3. Monthly means of precipitation (bars) and
temperature (lines) for the three study areas (weather
stations Korgalzhyn, Pavlodar, Torghay) over an ob-
servation period of at least 25 years.
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3. Background and aims of the study

Although land-use change on the steppes of the
former Soviet Union between 1991 and 2000 is
well documented in the literature and its impact
on biodiversity has been studied locally, trends
in land-use since the year 2000 have not yet
been analysed. The impact on biodiversity of ag-
ricultural changes is poorly understood for the
entire period since 1991.

Grassland birds have been declining more than
other species in North and South America,
South America and Europe, and have been iden-
tified as a group of high conservation concern by
BirdLife International.

The overall goal of this PhD-study was thus to
improve knowledge on population ecology, hab-
itat use, population status and threats of a suite
of characteristic grassland birds of the Eurasian
steppes, ultimately aiming at a utilisation of this
information to inform decisions of conservation
managers and influence future land-use policy.

In detail, the main aims of the research present-
ed here were:

20

vi)

To provide a synthesis of agricultural land-
use change on the Eurasian steppes for the
past 20 years since the dissolution of the So-
viet Union and predict future change.

To evaluate the impacts of the described
changes on a number of endemic and often
threatened grassland bird species, known as
good indicators for change in overall biodi-
versity.

To use these data to predict possible future
responses of steppe birds to land-use change
and identify vulnerable species.

To provide previously unavailable baseline
population density estimates for steppe

birds.

To make information on population sizes
and likely threats available for future reas-
sessments of the Red List status of data defi-
cient steppe birds.

To examine population status and habitat re-
quirements of two threatened steppe birds
in order to more effectively plan conserva-
tion measures on the ground.
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4. Structure of the thesis

This thesis consists of four scientific articles
examining the impact of agricultural land-use
change following the break-up of the Soviet
Union in 1991 on a characteristic suite of steppe
birds in Eurasia. Three papers have been pub-
lished in peer-reviewed, ISI-ranked journals; one
has been submitted but not yet accepted.

The first paper (chapter 2) contains an evalua-
tion of general post-Soviet agricultural land-use
change in the steppe zone of Kazakhstan and
presents modelled densities (using a Distance
Sampling approach) for a suite of steppe birds
across different habitat and land-use types. Ul-
timately, future population changes in these
species are predicted by relating bird population
densities to forecasted change, as evaluated by
socio-economic interviews with land managers.
This allows vulnerable species to be identified
and prioritised for conservation measures where
appropriate.

The remaining chapters evaluate fine-scale
mechanisms behind responses of key species
and species groups to varying intensity in ag-
ricultural use of their habitats using statistical
habitat modelling approaches:

In chapter 3, responses of five lark species, the
most abundant steppe birds in Eurasia, towards
the intensity of domestic livestock grazing and
arable abandonment are identified, and realised
niches of this important steppe bird community
modelled using flexible regression approaches
and a machine learning technique. Population

changes since the break-up of the Soviet Un-
ion are reconstructed based on known habitat
changes.

In chapter 4, the habitat selection of a critically
endangered wader (shorebird) endemic to the
steppes of Kazakhstan and fringing regions of
Russia, the Sociable Lapwing Vanellus gregarius,
is modelled on two different scales in order to
develop hypotheses for a massive population de-
cline during the Soviet and post-Soviet era and
suggest conservation measures. Nest site selec-
tion is related to grazing pressure of domestic
ungulates in order to determine possible re-
sponses to changing grazing patterns post-1991.

In chapter 5, an assessment of the population
status of the red-listed Black-winged Pratin-
cole Glareola nordmanni is presented, combin-
ing a new world population estimate based on
surveys across the breeding range, fine-scale
habitat modelling and a breeding ecology study.
Conservation needs are identified and a reas-
sessment of the current IUCN red list status of
the species is suggested.

Chapter 6 gives a general synthesis of the study
results, puts the most important conclusions
into context and suggests possible future re-
search options.
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Summary

The socioeconomic impacts of the break-up
of the Soviet Union after 1991 have resulted in
massive changes in agriculture on the Eurasian
(Pontian) steppe, most of which is now confined
to Kazakhstan. Recent trends in agriculture are
well documented but their impacts on the char-
acteristic bird community of this vast region,
which contains over 10 % of the world's remain-
ing grasslands, are poorly understood. We mod-
elled bird population density in a representative
region in central Kazakhstan along a land-use
gradient ranging from pristine steppe to ar-
able fields and heavily grazed pastures. Long-
abandoned arable fields and ungrazed pristine
steppe were the most important habitats for
most species, and post-1991 abandonment of

arable agriculture suggests that many species
have enjoyed a period of significant population
growth. Livestock concentration effects, leading
to high grazing pressure in small areas, are also
likely to have benefitted several species of high
conservation concern. However, analysis of land-
use statistics and socioeconomic surveys among
land managers suggest that recent and pre-
dicted future trends in agriculture in the steppe
zone, particularly the reclamation of abandoned
cereal fields and reduced grazing pressure, may
cause populations of most species, including a
number of biome-restricted species, to decline
in the near future. We discuss possible conser-
vation solutions, including improvements in the
protected area system and land-sparing options.

25



CHAPTER 2 — Post-Soviet agricultural change and steppe birds

26



Post-Soviet agricultural change and steppe birds — CHAPTER 2

1. Introduction

The expansion and intensification of agriculture
have been major causes of global biodiversity
loss and species endangerment in recent dec-
ades (Green et al. 2005, Tilman 1999). World
food demand is predicted to double by 2050 (Til-
man et al. 2002), and the increasing cultivation
of bioenergy crops will place additional pressure
on natural habitats (Field et al. 2008). Grasslands
are especially vulnerable to conversion into
croplands, and with only 5% of their total area
covered by protected areas (Brooks et al. 2004)
they are the least protected habitat worldwide.

Grassland birds have been declining more than
other species in North and South America (Bird-
life International 2010a, With et al. 2008) and
Europe (Chamberlain & Fuller 1999), and have
been identified as a group of high conservation
concern by BirdLife International.

The Eurasian (Pontian) steppes (Figure 1) have
largely been neglected by conservation re-
search so far despite comprising 1% of the
world's remaining natural grasslands (Loveland
et al. 2000). The ‘Great Steppe’, situated entirely
within the borders of the former Soviet Union,
harbours a number of biome-restricted species,
several of which have declined over the last dec-
ades and are included in the International IUCN
Red List (BirdLife International 2010b). Equally
important, the Eurasian steppes are home to
large and healthy populations of ‘farmland birds’
(such as Skylark Alauda arvensis and Yellow
Wagtail Motacilla flava) which are declining sig-
nificantly as a group across Western and Central
Europe (Donald et al. 2006, Vorisek et al. 2010).
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Figure 1. Steppe ecoregions in Eastern Europe and Central Asia: 1 — Pontic steppe, 2 — Kazakh steppe, 3 — Cas-
pian and Kazakh desert steppes and semi-deserts (modified after Olson et al. 2001). Pontic and Kazakh steppe
are often lumped and treated as ‘Eurasian’ or ‘Pontian’ steppe. Shaded grey areas are dominated by (partly
abandoned) arable agriculture (landcover classes ‘rainfed croplands’ and ‘mosaic croplands/vegetation’,
GlobCover 2009 (European Space Agency 2010)). The hatched box gives the location of our study area, the
dashed line delineates the territory of the ‘Altyn Dala Conservation Initiative’.
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Within the Eurasian steppe belt, huge areas of
steppe have been cultivated during the last 250
years, especially in Ukraine and Russia. In Ka-
zakhstan, large-scale cultivation started com-
paratively late, when about 25 million ha were
ploughed between 1954 and 1960 during the
‘Virgin Lands Campaign’ (McCauley 1976). The
massive changes in economy and society follow-
ing the dissolution of the Soviet Union in 1991
and the subsequent transition from a planned
to a market economy had a severe impact on
the state-controlled agricultural system. During
the 1990s, this led to massive declines in live-
stock and wild ungulate numbers (Robinson &
Milner-Gulland 2003), changes in grazing pat-
terns (Kerven et al. 2006, Robinson et al. 2003)
and the abandonment of vast areas of arable land
(De Beurs & Henebry 2004, Holzel et al. 2002)
in the steppe zone. Itis likely that these process-
es affected biodiversity at a large scale. However,
there have been surprisingly few attempts to
quantify the responses of biodiversity to these
changes, or the potential for restoration of aban-
doned land to steppe.

Since around 2000, many of the post-Soviet
trends in agriculture were reversed, with ex-
pansion and intensification of agriculture in the
steppe zone of Kazakhstan and new increases in
livestock numbers. Habitat alteration and loss
due to expanding and intensifying agriculture
and to overgrazing have been considered caus-
es of recent declines in a number of threatened
steppe bird species (e.g. Antonchikov 2005), but
quantitative assessments are lacking.

We quantified large-scale densities of steppe
bird species in relation to land-use for the first
time and relate these to post-Soviet and pre-
dicted future trends in agriculture. This allowed
us to explain current distribution patterns in the
steppe bird community, to predict population
responses to likely future land-use changes over
vast areas of central Eurasia, and to suggest pos-
sible conservation intervention options.
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2. Methods

2.1 Study region

The study area covered the Korgalzhyn region
(9300 km?) of Akmola district in Central Ka-
zakhstan (Figure 1). It is situated in the southern
wheat belt of Kazakhstan, south of approximate-
ly 51°30"'N (McCauley 1976), which was the area
most affected by agricultural change after 1991
(Dieterich 2000). Korgalzhyn, the administra-
tive centre is situated at 50°35'N, 70°00'E. The
main vegetation communities are dominated
by the feather grasses Stipa lessingiana and Sti-
pa capillata, the native fescue Festuca sulcata
and wormwoods Artemisia. Precipitation varies
strongly between years. With 254 mm, the an-
nual total for 2009 was slightly below the 1970
— 2010 average of 267 mm (Korgalzhyn weather
station in litt.). Approximately 42% of the re-
gion's terrestrial area was cultivated for arable
farming in Soviet times (1959 —1991), but 68 % of
farmland were abandoned by 2002, since when
reclamation started. The southern parts of the
region were traditionally used as pastures by no-
madic tribes, but seasonal migration routes were
shortened in Soviet times. Since independence,
livestock has been concentrated around human
settlements, leading to local overgrazing (sensu
Wilson & MaclLeod 1991), with huge areas of
steppe remaining ungrazed.

2.2 Study design

We surveyed birds in the six dominant land-use
and habitat categories in the region, namely
i) arable fields in cultivation,

ii) recently (1—4years)abandoned arable fields,
iii) long (5—18 years) abandoned arable fields,

iv) fodder grass fields (cut for hay in July / Au-
gust, with crested wheatgrass Agropyron
cristatum)

v) heavily grazed to overgrazed steppe (mean
vegetation height 9.6 cm + 1.7 standard error
(SE), n =90 plots) and

vi) ungrazed (‘pristine’) steppe (mean vegeta-
tion height 27.4 cm + 1.5 SE, n = 252 plots).

Fallows were included in the category ‘recently
abandoned fields’ as it was often difficult to de-
cide if they were deliberately left fallow or re-
cently abandoned. These six land cover catego-
ries between them covered almost the entire
terrestrial area of the study region and are rep-
resentative of such habitats across much of the
Eurasian steppes.

Arable habitats were surveyed on the territory
of four former Soviet state farms with different
levels of abandonment: high on ‘Druzhba’ farm
(916 km?, 88.1% of former cereal cultivation
abandoned and 100 % of fodder grass fields not
re-sown since 1995), intermediate on ‘Arykty’
(589 km?,50.7% / 89.1%) and ‘Kurgald'zhinskii’
farms (650 km?, 62.2% / 79.7%) and very low on
‘Lenin’ farm (554 km?,12.5% / 571%).

Since the mid-1990s, domestic livestock graz-
ing has been concentrated within a10-km radius
around settlements (Kamp et al. 2009b). The
cattle and sheep of every household are col-
lected by shepherds in the early morning, driven
radially out of the villages in herds and brought
back every evening. For surveys, the two larg-
est areas of contiguous grazed steppe (7000
and 2 200 ha) were selected around the town of
Korgalzhyn and the village of Aktubek. Steppe
areas that had never been ploughed and where
pastoralism ceased in the mid-1990s were clas-
sified as ‘ungrazed’. Since no such habitats were
available within the state farms, we selected an
area of steppe about 60 km SW of Korgalzhyn
(and at 639 km? of similar size to the state farms),
where no grazing had occurred since 1996. This
area was situated at the same latitude of the
southernmost former state farm covered and

29



CHAPTER 2 — Post-Soviet agricultural change and steppe birds

comprises the same vegetation communities
formerly found in the arable areas (Burlibaev et
al. 2007).

2.3 Bird surveys

We counted all birds present along 171 line tran-
sects of 5oo m length, distributed across all six
land-use categories (Table 1), using a regular
sampling design.

On each of the state farms, a block of 30 — 35
fields was selected around a random start point,
except on Kurgald'zhinskii farm, where only 16
fields were included in the block. In the ungrazed
steppe area, three blocks of 10 x 5 km were se-
lected at random. Within these blocks, transects
were walked every 2 km, the starting point being
always situated 1 km away from the field corner at
the centre of the field edge. Mean field size was
410 ha + 126.8 SD (range 130 — 766 ha), with no
delineating structures such as fences or hedge
rows. In the heavily grazed areas around villages,
transects were walked every o.5 km, along three
routes, each commencing at the village edge and
extending radially for 5 km.

Transects were walked between 5 May and 23
May 2009. In order to adequately record long-
distance migrants, some of which arrive as late
as mid-May (Table 1), we repeated each count
between 25 May and 13 June 2009. Surveys were
conducted from dawn until 10 am, after which
bird activity declined markedly. Distance sam-
pling was used to account for varying detectabil-
ity between habitats and species (Buckland et al.
2001). We estimated the perpendicular distance
to each bird sighted (excluding flyovers) along
the transect within distance bands of o =g m, 5
—10M,10—25mM,25—50 M,50—-100 M,100—200 M
and 200 — 500 m. Laser range finders (Bushnell
Scout 1000) were used to calibrate distance es-
timation.

Species that occurred in low densities such as
raptors and cranes were counted along 41 car
transects with a total length of 840 km (mean
21.6 km + 3.3 SE), placed opportunistically along
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roads and driveable tracks in all study sites and
land-use categories. The position of the tran-
sects was predetermined by the routes used
to travel both within and between the sam-
ple blocks. While driving at low speed (20 — 40
km /h), we recorded the approximate distance
and angle to all individuals observed. Apart from
the driver, there was always one further observer
in the car focusing on detection of birds. All data
used for density estimation were collected on
dirt tracks that had little effect on surrounding
habitat, no parallel-running electricity poles and
traffic rates <10 cars / day, between o5 May and
30 June 2009.

Densities of colonial species cannot be esti-
mated reliably using Distance Sampling. Thus,
in May and June 2009 we conducted additional,
targeted surveys for two key steppe species,
Black-winged Pratincole Glareola nordmanni
and Sociable Lapwing Vanellus gregarius. The
distribution of both species has been studied in
the area since 2004 (Kamp et al. 20093, b). All
colony sites occupied at least once since 2006
were visited between 1 May and 15 June and the
number of birds counted recorded. Where colo-
nies were visited more than once, the maximum
number of birds present was used for further
analysis.

Additionally, we regularly stopped at vantage
points while travelling within and between our
sample blocks and surveyed the area using a
telescope, but also watched out for pratincoles
and lapwings during the walked and driven tran-
sects. Finally, non-random car transects with a
total length of approximately 600 km were con-
ducted in search of pratincole colonies.

By combining the three count methods, we were
able to model densities forall land-use categories
for 15 grassland bird species. For another 15 spe-
cies recorded on the walked transects we were
unable to gather enough registrations to derive
robust estimates. These were mostly species not
dependent on grasslands or scarce breeders in
the study area (cf. Appendix1).
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2.4 Land-use statistics

Statistics on land-use were obtained from sta-
tistics agencies at three administrative levels.
For the Republic of Kazakhstan, all figures were
downloaded from the governmental statistics
agencies' homepage (http://www.stat.kz). At
district and regional levels, customised data
were requested. For Akmola district, some new-
er figures were downloadable from http://www.
akmola.stat.kz.

2.5 Socioeconomic surveys

We interviewed key stakeholders in agriculture
and livestock breeding in our study area in an at-
tempt to predict possible future trends in land-
use and confirm recent trends as suggested by
the land-use statistics.

A quantitative, structured questionnaire survey
was conducted among the directors of 32 cereal-
farming businesses spread evenly over the entire
region. We were able to reach 24 small-scale
farming enterprises (50 — 2000 ha farm size)
and eight large agricultural companies (2000
—18 000 ha farm size), representing 53 % of the
60 farming businesses registered in Korgalzhyn
region in 2010. All interviewees were approached
in person on their farmland during harvest to
maximise response rates.

Additionally, a quantitative telephone survey
was directed at private households involved in
subsistence or commercial livestock husbandry.
We used a random sample of all households con-
nected to the landline network in Korgalzhyn
region, equally stratified by settlement (n = 170
households in five settlements).

Semi-structured interviews (Bernard 2006)
were conducted with key decision makers in the
region's political administration and livestock
owners (n = 13). All interviews were conducted
by the first and second author, in Russian or Ka-
zakh respectively, between 24 August and 30
September 2010.

2.6 Data analysis

For each transect, species richness (S) and the
Shannon-Wiener Index of species diversity (H')
were calculated. We tested for differences in
species richness and diversity between land-use
categories using Kruskal-Wallis non-parametric
ANOVA, and compared the means between
land-use categories by pairwise Mann-Whitney-
U Tests with Bonferroni-corrected p-values
(function pairwise.wilcox.test in R
2.12.1). Population densities were modelled for
each bird species separately and numbers were
corrected for detection probability in program
DISTANCE 6.0 (Thomasetal.2010). We assessed
a number of detection models (uniform, half-
normal and hazard-rate shapes) and selected
the best-performing ones using Akaike's Infor-
mation Criterion (AIC). As bird detections were
assigned to a relatively small number of distance
categories, we did not employ series expan-
sions to avoid overfitting (Stanbury & Gregory
2009). Confidence intervals were bootstrapped
with 999 iterations. In Distance Sampling analy-
sis, only species with at least 60 detections and
a coefficient of variation (CV) higher than 25%
were considered (Buckland et al. 2001). For early-
breeding and resident species, detections gath-
ered during the first count were used, while for
late-arriving migrants, we used only detections
made during the second count.

Car transects were treated as strip transects
and observations were truncated at a distance
of 200 m on both sides of the road, as there was
evidence from walked transects that detection
probability did not decrease strongly within
this distance for larger species (e.g. still 80 % at
200 m for Pallid Harrier Circus macrourus). For
the two colonial species, we divided the maxi-
mum number of birds counted by the total area
of the relevant land-use type as derived from
GIS land-use maps, separately for sub-units of
grazed or ploughed land that were surveyed.
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As habitat patches were extremely large and uni-
form (cf.2.2) and most were flat or at most gently
undulating, we did not expect strong landscape
effects on density and distribution of most bird
species.

In an attempt to assess possible future bird
population trends in relation to habitat change,
we predicted population size in 2020 relative to
2009 population size in the Korgalzhyn region.
Differences in current and future population
size were calculated and expressed as per cent
change during the overall period.

The population size in 2009 was estimated for
each species separately by multiplying mean,
minimum and maximum (as given by boot-
strapped 95% confidence limits) bird density
per land-use type with the area of every land-
use type separately, and subsequently summed.
Population size in 2020 was estimated by multi-
plying bird density per land-use type by the pre-
dicted area of each land-use type in 2020. This
was predicted in a number of ways. First, farmers
were asked during questionnaire surveys whe-
ther they were planning to reclaim land for cere-
als and fodder grass within the next 10 years and
if so, how much. The area given by each farmer
was summed to a total area for cereal and seed
grass separately, and multiplied by 1.89 (as only
53% of all farmers could be reached), with the
assumption that our sample was representa-
tive. The area of cereals and fodder grass was
then subtracted from the total area of aban-
doned farmland, as our interview results sug-
gested that abandoned land would be reclaimed
completely before new areas of pristine steppe
would be ploughed. Interviews with decision
makers in the agricultural department revealed
a quantitative target for stock reduction on vil-
lage pastures of about one third by 2020 to re-
duce overgrazing, and support for stock transfer
to remoter pastures. As there is good evidence
foralinear relationship between animal load and
vegetation height in our study area (Kamp et al.
2009b), we projected overgrazed sward area
to decline by 33%. This area was then added to
the area of habitat type ‘ungrazed steppe’, as no
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ploughing is currently permitted within 10 km
of settlements (Korgal-zhyn Agricultural Dpt,,
pers. comm.). Redistribution of stock to areas
currently classified as ‘ungrazed” was assumed
not to influence bird communities strongly, as
no concentration effects are to be expected
(Kerven et al. 2006) and stock density would be
very low due to the vast areas available.
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3. Results

3.1 Past and current trends in agriculture

Arable farming in the Kazakh Soviet Socialist
Republic remained relatively unproductive until
1953, the start of the Soviet “Virgin Lands Cam-
paign’. A peak in the steppe area ploughed was
reached in the late 1980s, followed by a massive
decline since the collapse of the Soviet Union in
1991 (Figure 2A). In independent Kazakhstan, the
area of cereals and fodder crops halved between
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1991 and 1999, leaving approximately 12 million
ha of cereal fields abandoned by the year 2000
(Figure 2B). Since then, cereal fields have been
reclaimed and the area ploughed has increased
again (Figure 2A and B). The area of fodder crops
remains low compared to Soviet times (Figure
2B). Livestock numbers collapsed between 1993
and 1997, but then increased (Figure 2C). In our
study region, a sharp increase was apparent in
the period 2000 —2009 (Figure 2D).
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Figure 2. Trends in agriculture in Kazakhstan: (A) area ploughed for cereals and other crops (including fodder
grass) 1913 — 2010, Kazakh Soviet Socialist Republic and Republic of Kazakhstan; (B) area ploughed for cereals
and fodder crops (mainly fodder grass) since independence, Republic of Kazakhstan and Akmola district;
(C) livestock numbers since independence, Republic of Kazakhstan; (D) livestock numbers 1999 - 2010,

Korgalzhyn region.
3.2. Bird diversity and abundance

There was a significant difference in species
richness between habitats (Kruskal-Wallis
ANOVA, H = 43.00, df = 5, p < 0.001), with un-
grazed steppe and arable fields abandoned for
longer than 5 years holding the highest number

of species (Figure 3). Bird community diversity
as measured by the Shannon-Wiener index dif-
fered significantly between habitats, with the
communities of ungrazed steppe being on av-
erage significantly more diverse than those of
grazed steppe and arable land (Kruskal-Wallis
ANOVA, H =14.56,df =5, p = 0.01, Figure 3).
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Figure 3. Species richness and diversity (H') in the studied steppe bird communities (means + SE). Means
with the same letter are not significantly different (o = 0.05). Land-use categories: ARA, arable fields; ABY,
recently (1 — 4 years) abandoned cereal fields; ABO, old (5 — 18 years) abandoned cereal fields; FOD, fodder

grass; SSG, strongly grazed and overgrazed steppe; SUG, ungrazed steppe.

We had sufficient data to estimate densities for
all land-use categories for 15 grassland species,
including all biome-restricted species (Table 1).
Stubble and ploughed arable fields were used
by only a few individuals of most species except
Demoiselle Crane Anthropoides virgo and Black-
winged Pratincole. However, this might be an
artefact for the latter species, since arable fields
with pratincole colonies were situated signifi-
cantly closer to water than those without prat-
incoles (Wilcoxon rank sum test, W =526.5, p <
0.01, n =161), and the species is known preferen-
tially to breed close to water (Kamp et al. 2009a).

Seven species reached very high mean densities
on abandoned wheat fields, including the biome-
restricted Black Lark Melanocorypha yeltoniensis
and the Near-Threatened Pallid Harrier. Long
abandoned fields supported very high bird den-
sities, up to16 times more than the primary habi-
tat of pristine steppe for some species (Table 1).
A distinct group of grazing-dependent spe-
cies reached their highest densities on strongly
grazed to overgrazed swards around settle-
ments, including the critically endangered so-
ciable lapwing and the biome-restricted White-
winged Lark Melanocorypha leucoptera (Table 1).
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3.3. Future trends in agriculture

3.3.1. Interviews with farmers

Of the farming companies that were inter-
viewed, 65 % planned to reclaim around 24 210 ha
(mean 757 + 258 SE, range 40 — 8000 ha, n = 21
enterprises) of currently abandoned land by
2020 (Figure 4). Assuming that our sample was
representative, up to 52 959 ha could be returned
to cultivation in the study area (Table 2), leaving
22 % of the area used for cereal crops at the end
of the Soviet period (169 246 ha) still abandoned.
This confirms the trends apparent in agricultural
statistics for the period 2000 — 2010 (Figure 2).

Of the farmers interviewed, 69 % leave fields in
fallow rotation (mean 17.7% + 2.1 SE of the total
farm area, n = 32) and do not intend to abandon
this practice. At present, agriculture is heavily
dominated by wheat cultivation (96.3% of the
area sown). Interviewees planned to diversify
crop production (Figure 4) but this will involve
trials on 2 — 5% of the total farm area and com-
mercial success seems unlikely, thus the domi-
nance of wheat in the region seems certain to
continue. A significant increase in winter cereals
or biofuel crops appears unlikely (Figure 4).
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Table 1. Mean bird density (individuals per km? + SE) for each land-use type. Values on a dark grey background
indicate densities of 75 -100 % of the maximum density reached in this study, those on a pale grey background
of 50 —75% of the maximum density. The sample size given in brackets after each land-use type refers to the
number of transects covered, overall sample size N refers to the number of individuals available for density
estimates (* in 87 colonies, ** in 28 colonies).

Species ARA ABY ABO FOD SSG SUG N Status
(n=26) (n=18) (n=38) (n=25) (n=30) (n=34)
Booted Warbler 0 1200:8.19 51611222 6.10:422 [1.85:136 32:172 246 -
Hippolais caligata
Quail . 0 247:099  446:074  211:066  [0.33:0.19 053:025 93 -
Coturnix coturnix
Black Lark Melanoco- 4 5.3 99 7347879 57984639 4513:707 [19:102 1747:31 1553 S/R biome-
rypha yeltoniensis restricted
Skylark . 19.17:4.18 [110.89+17.92 190.74£22.70 144.07+12.75 [22.12+6.44 98.03:7.34 3334 °
Alauda arvensis
Yellow Wagtail L
. 0 19.02+12.52 20.54:5.10 21.01:8.38 [5.85:2.58 9.13:3.02 301
Motacilla flava
Siberian Stonechat L
> 0 22.27+14.66 23.16:0.58 24.60:9.82 [6.85:3.02 10.69:3.54 166
Saxicola maurus
Pallid Harrier 002:001 |022:007  015:003  010:004 [0.14:004 |0.21:004 [191 LDbiome
Circus macrourus restricted, NT
Demoiselle Crane L, biome-
Anthpopoides virgo 0212005 [0.26:003  0.17:007  0.12:005  [0.17:005 [0.22:009  [266 "
§ L
Short-toed Lark 4596:10.59 35.23:13.99 1.17:0.66  6.71:3.84  843:3.72 [149.87+17.86(737
Calandrella brachydactyla
DI L
Tawny Pipit 0.31:031 0 3.55:1.38  4.06:225  291:1.18 [9.20:2.14 |124
Anthus campestris
Steppe Eagle L, biome-
Al nipelonsis 0 0 0.01:002 0 007:001 [0.19:002  [102  iieq
Black-winged Pratincole , L, biome-
Glareola pratincola Josiesd W 0 0 9.45+2.77 10 3027 restricted, NT
Sociable Lapwing o b bi(?me-
Vanellus gregarius 0 0 0 0 PRIE Al 280™ restricted, CR
White-winged Lark Mela- S, biome-
novorypha bucoptora 5412242 0 0.96:096 0 34.37:598(1.61:073 235  ociricted
L
Northern Wheatear ) 3036 0464032 0 0 9.18:2.05 [0.49:026 85
QOenanthe oenanthe

Land use categories: ARA, arable fields; ABY, recently (1 - 4 years) abandoned cereal fields; ABO, old (5 - 18
years) abandoned cereal fields; FOD, fodder grass; SSG, strongly grazed and overgrazed steppe; SUG,

ungrazed steppe.

Migration strategy and conservation status: L — Long-distance migrant, S — Short-distance migrant, R —
resident; IUCN red list categories: CR — Critically Endangered, NT — Near Threatened.
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reclaim more land?
leave fields in fallow rotation?
diversify the crop portfolio?

Doyou planto..

introduce winter cereals?

introduce biofuel crops?

increase fertilizer use?
increase herbicide use?

replace Soviet machinery?

I yes
3 possibly
3 no

o —
N
o

o t—JJt 1t _J Jt It 1L |

% answers (n = 32)

Figure 4. Planned changes in agricultural management, based on interviews with the directors of 32 cereal
farming businesses in Korgalzhyn region in October 2010.

Table 2. Projected area change in main land-use ca-
tegories in Korgalzhyn region until the year 2020.
Area change for arable habitats was estimated from
quantitative interviews among farming companies,
the 33% reduction target for overgrazed swards was
adopted from the regional department of agriculture.

Land-use Area2010 Area2020 Projected
(ha) (ha) change (%)

Abandoned cereal 81,807 35,652 -57
Abandoned fodder grass 57,534 47,534 -17

Used cereal 87,445 133,600 +53
Fodder grass 15,000 25,000 +66
Overgrazed steppe 25,512 17,093 -33
Moderately to ungrazed steppe 301,993 310,412 +2.7

The use of mineral fertilizer and pesticides is
currently rare (applied by 12% and 37.5% of the
enterprises, respectively, on 17% and 26.5% of
the land sown in 2010), but might increase in the
future (Figure 4). Of the tractors and combine
harvesters used by the interviewed enterprises,
74 % and 46 %, respectively were Soviet machin-
ery built before 1991. Most of the respondents
are likely to substitute Soviet machinery within
the next 2 years for efficiency reasons (Figure 4):
grain spill was estimated at 20 — 25% of the to-
tal harvest for Soviet combines, but at less than
5% for ‘western” and newer Russian models.
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3.3.2 Interviews with private livestock owners

At present, small-scale subsistence animal hus-
bandry prevails in the study area: 84 % of all cat-
tle, 70 % of all sheep and goats and 72% of all
horses are owned by private households. Only
14 % of the private stock keepers will certainly
enlarge their stock numbers and 34 % may pos-
sibly do so, 17% are planning to keep numbers
stable and 7% reducing the number of stock.
Overgrazing of communal village pastures was
perceived as problematic by 36 % of the tele-
phone interview respondents, as milk and meat
quality suffered from the large walking distances
(up to 25 km for cattle) that need to be covered
daily to reach ungrazed, nutrient-rich vegetation.
Nevertheless, currently only 19 % of the villagers
transferred all or parts of their stock to remote
pastures, with 97 % utilising communal pastures
around the settlements.

3.3.3 Semi-structured interviews

The agricultural department considered the rec-
lamation of 50 ooo ha abandoned cereal by the
year 2020 to be realistic and stated that aban-
doned land would be reclaimed before new ar-
eas of pristine steppe would be ploughed. There
are plans by the local administration to promote
large cattle factories with up to 20 0oo cattle.
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Members of the agricultural department consid-
ered overgrazing around settlements a serious
problem with a large impact on local economy
and soil erosion. At present, plans are being de-
veloped to reactivate more remote pastures in
order to mitigate these negative impacts, with
the aim to decrease livestock load on village pas-
tures by one third within the next 10 years. Even
with projected increases in both private and
commercial livestock, suitable management will
ensure that heavy grazing loads are reduced.

3.4 Future changes in bird population size

Based on changes in habitat availability due to
changing land-use (Table 2), species currently
reaching high densities on abandoned farmland

are expected to decline strongly within the next
decade, particularly Booted Warbler Hippolais
caligata, Quail Coturnix coturnixand Yellow Wag-
tail (Figure 5). If destocking plans and better pas-
ture management are realised, this will result in
aloss of short-grazed habitat. As a consequence,
several species occurring nearly exclusively on
overgrazed swards, such as Sociable Lapwing
and Northern Wheatear Oenanthe oenanthe, are
expected to decline strongly as well. Increases
were predicted only for Short-toed Lark Caland-
rella brachydactyla and Black-winged Pratincole,
species able to breed on arable fields (Figure 5).

Booted Warbler
Sociable Lapwing
Quail

Northern Wheatear
Yellow Wagtail
Stonechat

Black Lark

Skylark

Pallid Harrier
White-winged Lark
Tawny Pipit
Demoiselle Crane
Steppe Eagle
Short-toed Lark

Black-winged Pratincole

=
=
—=
=
H
H

I I
-40 -20

I I
20 40

OIILl

Figure 5. Projected population trends 2010 — 2020 (% change) for 15 steppe bird species under a scenario of
maximum reclamation of abandoned land, no new cultivation of pristine steppe and reduction of grazing
pressure around settlements of 30 % by 2020. Dots refer to estimates using mean bird densities, confidence
intervals were calculated using bootstrapped upper and lower confidence limits of bird density estimates.
Note that predictions were based only on change in habitat availability and do not reflect other possibly
important changes such as intensification or mechanisation in agriculture.
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4. Discussion

Our results suggest that the large-scale aban-
donmentofarableareasand the concentration of
domestic livestock led to widespread population
increases in grassland birds after the collapse of
the Soviet Union in1991,a trend exactly opposite
to that observed across much of Europe (Donald
et al. 2006) during the same period. However,
the ongoing reclamation of abandoned land and
atrend towards reducing stock densities are pre-
dicted to cause pronounced new declines in a
number of steppe species within the nextdecade.

4.1 Uncertainty in future population
estimates

We modelled bird population numbers for 2020
solely as a function of habitat availability and
(because of the uniformity of the study system)
assumed no strong landscape effects. As we
based our predictions on simple extrapolations
of observed densities, there was no need to ac-
count for density-dependence.

At least 10 % of land reclaimed for arable pro-
duction is likely to be left in fallow rotation in
the near future, so species reaching high abun-
dances in the early stages of abandoned land
might decline less than predicted. With increas-
ing livestock numbers and the increasing use of
remote pastures, a proportion of the abandoned
fields might be used as pastureland leading to
an alteration of vegetation structure, but we
were unable to gather information on the scale
of this process. Potential effects on birds are
difficult to predict, but might be positive: there
is evidence that moderate grazing levels lead
to a faster restoration of steppe vegetation on
abandoned fields (Dieterich 2000) and increase
invertebrate abundance in grasslands (Kruess
& Tscharntke 2002). Black-winged Pratincoles
were found nesting in high numbers on recently
reclaimed wheat fields, but there is evidence that
these habitats act as a sink due to low breeding
success (Moseikin et al. 2004), thus the predict-
ed increase in numbers might be too optimistic.
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A projected increase in pesticide application will
directly affect birds breeding on arable fields:
weed control was identified as a key driver in
farmland bird declines in Europe, leading to re-
duced seed and invertebrate availability and ul-
timately to low chick survival (Newton 2004).
Impacts of increased pesticide use on adjacent
grassland habitat and wetlands are possible. An
increase in inorganic fertilizer use will lead to
denser swards and elimination of broad-leaved
plant species through competition, thus also
reducing seed availability (Newton 2004). Thus,
population declines on arable and adjacent aban-
doned land might be more severe than predict-
ed. Increasing mechanisation by replacing Soviet
machinery with more modern equipment will
lead to more efficient harvest and reduced avail-
ability of spilled grain. This might negatively af-
fect survival and reproductive success (Gillings
et al. 2005) — many species currently fatten up
nearly exclusively on the large amount of spilled
grain on stubble fields in autumn before migrat-
ing. For example, densities of four lark species
were four to eight times higher on stubble fields
compared to any other habitat in October 2010
(R. Urazaliev, unpublished data).

4.2 Transferability and generality of the
results

Comparable large-scale abandonment of arable
farming and changes in livestock numbers were
observed in Ukraine, Russia and Kazakhstan af-
ter the collapse of the Soviet Union, thus we con-
sider the situation described here representative
for a huge grassland belt across Eastern Europe
and Western Asia (Figure 1).

Results of bird censuses in Saratov district NE of
Volgograd, Russia match those presented here
very closely: arable fields were species-poor and
overall bird densities low, intensive grazing led
to similarly high densities of White-winged Lark
and wheatears as in our study, and densities of
Skylark, Stonechat and Booted Warbler were up
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to 2.5 times higher on long abandoned farmland
compared to pristine steppe (Oparin 2008). In
Kalmykia (Russia), at the southwestern border
of the Eurasian steppes, abandoned arable fields
hosted densities of Calandra Lark Melanocory-
pha calandra and Corn Bunting Miliaria calandra
up to twice those of pristine steppe, especially
in the first 2 years after abandonment (Fedosov
2010). The complete recovery to pre-1950 lev-
els of the depleted eastern Little Bustard Tet-
rax tetrax population was attributed to agricul-
tural change (Gauger 2007), as 30 % were found
breeding on abandoned wheat fields in the late
1990s (Shlyakhtin et al. 2004).

However, trends and patterns might have dif-
fered in the Pontic steppes west of the Volga
river (cf. Figure 1): In Ukraine, the area ploughed
decreased continuously by 21% after 1990 (State
Statistics Committee of Ukraine 2010), but
farmland was abandoned mainly outside the
steppe zone (Baumann et al. 2010 and Charles
2010) and the area sown for cereals, the main
crop on productive steppe soils, has increased
steadily since 1990 (State Statistics Committee
of Ukraine 2010). Livestock numbers collapsed
in the 1990s and have not recovered since, un-
like in Kazakhstan (State Statistics Committee
of Ukraine 2010). Hence, we consider it unlikely
that steppe birds in Ukraine enjoyed a period of
recovery as in Kazakhstan and Russia.

4.3 Implications for conservation

A significant future loss of grassland bird diver-
sity in Kazakhstan seems inevitable if no reme-
dial action is taken. Approaches to conserve
grassland birds have traditionally focused on the
retention of near-natural habitat in protected ar-
eas and policy interventions to preserve popula-
tions remaining in the agricultural matrix after
cultivation.

Only 3.9% of Kazakhstan's steppe area is cov-
ered by protected areas (IUCN categories | -1V,
UNEP-WCMC 20m). A large, new governmen-
tal steppe conservation project, the ‘Altyn Dala
Conservation Initiative” was recently launched,

with the main aim being in situ conservation of
grassland habitat by the means of a set of new,
interconnected protected areas (Klebelsberg
2008, Figure 1). However, so far the focus of the
project is very much on a restoration of threat-
ened ungulate populations, especially the Criti-
cally Endangered Saiga antelope Saiga tatarica
(Singh & Milner-Gulland, 20m). We suggest
protected area designation equally considers
biome-restricted and globally threatened bird
species such as Pallid Harrier, Sociable Lapwing
and Black Lark.

Furthermore, the Altyn Dala territory covers
only 14% steppe habitats, with the remainder
being semi-desert and desert (Figure 1). Thus,
northern steppe parts that are at a higher risk of
being claimed for intensifying agriculture due to
higher amounts of precipitation will hardly ben-
efit, and additional effort by NGOs and the gov-
ernment to maintain and enhance the set of pro-
tected areas in more productive steppe regions
across Kazakhstan and Russia is required.

Recent debates on biodiversity conservation on
farmland have focused on two competing solu-
tions: wildlife-friendly farming (which boosts
densities of wild populations on farmland but
may impact agricultural yields) and land sparing
(which minimises the demand for new farmland
by increasing yields in existing farmland, Green
et al. 2005). Our study suggests that even at the
current relatively low level of farming intensity,
with little use of chemicals or winter cropping,
the bird biodiversity retained in active arable
fields is very low in the steppe zone, whereas
abandoned farmland supported higher numbers
of some species than pristine steppe. This sug-
gests that a land-sparing approach, i.e. support
for the intensification of existing farmland rath-
er than reclaiming abandoned fields, might be
the more favourable option. However, rigorous
quantitative approaches are needed to evaluate
which solution might be more beneficial (Phalan
etal. 2010).

Finally, grazing management should be moni-
tored carefully in Kazakhstan. Loss of intensively
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grazed swards could be problematic for several
species that rely on heavily grazed areas. Current
efforts to reduce overstocking around human
settlements will lead to intermediate grazing lev-
els over larger areas, that might be beneficial for
other species (e.g. Black Lark). More research is
needed to determine grazing levels maximising
benefits for biodiversity in the Eurasian steppe
zone.
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Appendix

Table S1. Relative abundance of scarce and rare breeding birds observed during walked transect counts, given
as number of transects a species was recorded on, separately for each land-use type. The sample size given in
brackets after each land-use type refers to the number of transects covered, overall sample size N refers to the

total number of individuals counted.

Species ARA ABY ABO FOD SSG SUG N Status
(n=26) (n=18) (n=38) (n=25) (n=30) (n=234)

Montagu's Harrier Circus pygargus 0 1 0 0 0 2 L
Long-legged Buzzard Buteo rufinus 0 0 1 0 0 3 4 S
Merlin Falco columbarius 0 0 0 0 0 0 1 S
Common Kestrel Falco tinnunculus 0 1 1 2 1 5 10 S
Lesser Kestrel Falco naumanni 0 0 0 0 1 2 L
Short-eared Owl Asio flammeus 1 0 0 0 0 1 S
Little Bustard Tetrax tetrax 0 0 0 1 0 0 1 L, Near Threatened
Hoopoe Upupa epops 0 0 0 0 3 0 4 L
White Wagtail Motacilla alba 1 0 0 0 3 0 S
Bluethroat Luscinia svecica 0 1 6 1 2 2 27 L
Barred Warbler Sylvia nisoria 0 0 0 0 1 0 2 L
Common Grasshopper Warbler Locustella naevia 0 0 1 1 0 0 L
Red-backed Shrike Lanius collurio 0 0 0 0 2 0 5 L
Twite Carduelis flavirostris 0 0 5 1 0 8 37 S
Red-headed Bunting Emberiza bruniceps 0 0 0 0 3 0 8 L

Land use types: ARA, arable fields; ABY, recently (1 — 4 years) abandoned cereal fields; ABO, old (5 —18 years)
abandoned cereal fields; FOD, fodder grass; SSG, strongly grazed and overgrazed steppe; SUG, ungrazed
steppe. Migration strategy and conservation status: L — Long-distance migrant, S — Short-distance migrant.
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Summary

Larks (Alaudidae) are the dominant bird fam-
ily across the Eurasian steppe zone, which has
undergone extensive changes in agricultural
management since the dissolution of the Soviet
Union in 1991. We assessed the extent to which
the distributions of different species of lark vary
along the two main agricultural gradients in the
steppe and semi-desert zones of Kazakhstan:
the intensity of grazing and the time since aban-
donment of cereal fields.

Vegetation structure and composition varied
significantly and non-linearly with time since
abandonment, and with changing grazing pres-
sure. The lark species examined responded in
non-linear ways to both these gradients and

showed a high degree of niche separation, with
Black Lark, Calandra Lark and Skylark prefer-
ring denser and taller vegetation compared to
White-winged and Short-toed Lark.

Lark populations generallyare likely to have bene-
fitted from agricultural abandonment and a de-
cline in livestock numbers over large parts of
the steppes and semi-deserts of the former So-
viet Union. We suggest that an assessment of fu-
ture changes in steppe bird communities based
upon projections of changes in the area of gross
habitat types can be improved by a better under-
standing of the responses of different species to
more subtle environmental gradients.
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1. Introduction

Changes during the past century in agricultural
land-use on the steppes and semi-deserts of the
former Soviet Union have been extreme. Most of
the western Eurasian steppes (Ukraine and west-
ern Russia) were cultivated by the 19*" century,
but arable farming in the Kazakh Soviet Repub-
lic and the steppes of Russian Western Siberia
remained relatively restricted until the start of
the Soviet ‘Virgin Lands Campaign’ in 1953 (Mc-
Cauley, 1976), when within just seven years over
30 million ha of steppe were ploughed, predomi-
nantly for wheat cultivation. This area changed
little until the economic and social turmoil that
followed the dissolution of the Soviet Union in
1991 led to the abandonment of vast tracts of
farmland across the steppes of the former So-
viet Union (Holzel et al. 2002, De Beurs & Hen-
ebry 2004, Charles 2010), the area of abandoned
croplands reaching12 million hain the year 2000
in Kazakhstan alone (Kazakhstan State Statis-
tics Agency, 2011). Over the last ten years, aban-
doned farmland has increasingly been reclaimed
for cultivation on a large scale, but in 2010 there
were still nearly 10 million ha of abandoned cul-
tivation of varying age in Kazakhstan, mostly in
the southern steppe zone (Appendix S1).

Livestock management also changed during this
period, moving from highly nomadic systems in
the 19t century to semi-nomadic approaches in
Soviet times to local, year-round concentration
of livestock in high densities around human set-
tlements after 1991 (Kerven et al. 2006, Kamp et
al. 20m). Livestock numbers on the steppes of
Kazakhstan were high in pre-Soviet and Soviet
times, but collapsed after the dissolution of the
Soviet Union in 1991, since when they have in-
creased again (Appendix $1).

Wild ungulates once roaming in herds of mil-
lions over the steppes are now nearly extinct in
the region (e.g. Kulan Equus hemionus, Goitered
Gazelle Gazella subgutturosa) or reduced to tiny
populations (e.g. Saiga antelope Saiga tatarica)
due to overhunting and poaching (Milner-Gul-

land et al. 2001, Robinson & Milner-Gulland
2003, Singh et al. 2010; Appendix S1), greatly re-
ducing their previously profound impacts on the
steppe ecosystem.

These changes have had pronounced impacts
on a unique suite of steppe grassland species,
many of them threatened and endemic to the
extensive natural grasslands of central Eurasia
(Sanchez-Zapata et al. 2003, Tella et al. 2004,
Gauger 2007, Oparin 2008, Terraube et al. 2008,
Kamp et al. 2009, Fedosov 2010, Singh et al. 2010,
Singh & Milner-Gulland 20m).

In a previous analysis, we related steppe bird
numbers to broad habitat categories to make
predictions about the impacts of past and future
land use change, concluding that recent socio-
economic changes have affected bird popula-
tions over huge areas (Kamp et al. 2011). Here, we
assess the drivers of these broad-scale patterns
by assessing niche separation in the numerical-
ly dominant bird family in the region, the larks
(Alaudidae) along the main agricultural gradi-
ents. The Eurasian steppes and semi-deserts
are a region of high lark diversity with six genera
and 13 species, and constitute a worldwide distri-
butional hostpot for the genus Melanocorypha
(Suérez et al. 2009). Larks reach extraordinarily
high densities and biomass totals: for northern
Kazakhstan, Ryabov (1974) estimated that just
four lark species comprised 75% of total avian
bird biomass in tall- and short-grass-steppes
(89 % on arable land and 50 % in semi-deserts,
respectively). The steppes of Kazakhstan and
Southern Russia host two breeding endemic
larks, the Black Lark Melanocorypha yeltonien-
sis, which is mostly confined to more productive
grasslands, and the White-winged Lark M. leu-
coptera, which reaches highest densities in semi-
deserts and dry steppes (Dolgushin et al. 1970).
Larks therefore represent a key component of
steppe bird communities and can be considered
reliable indicators of fine-scale environmental
variation across these huge areas of natural and
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modified open habitats (Moreira 1999, Serrano
& Astrain 2005, McMahon et al. 2010, Reino et
al. 2010). We relate the distribution and abun-
dance of these key steppe species to fine-scale
habitat and land-use variables, allowing a more
precise assessment of the proximate determi-
nants of steppe bird communities than is pos-
sible by comparing only gross habitat types and
so permitting a better understanding of the im-
pacts of current and future land-use change in
the region. We focus on the responses of five
species (Calandra Lark Melanocorypha calandra,
White-winged Lark, Black Lark, Short-toed Lark
Calandrella brachydactyla and Skylark Alauda
arvensis) to the two main ecological gradients in
agricultural landscapes of Central Kazakhstan:
grazing intensity and time since abandonment
of arable fields. Our specific aims were to as-
sess the extent to which successional changes in
abandoned agricultural fields and grazing inten-
sity influenced vegetation structure, and how
thisin turn influenced the structure of bird com-
munities.
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2. Material and methods

2.1 Study areas

Productive and abandoned arable farmland was
surveyed in 2009 on four former state farms
in the Korgalzhyn region of Akmola district in
Central Kazakhstan (50°35' N, 70°00"' E). The
area is situated in the dry steppe ecozone, the
most southerly region farmed for cereals in So-
viet times (McCauley 1976; Figure 1). The region
lies at the southern edge of the Kazakh Steppe
ecoregion and encompasses large areas of pris-
tine short-grass steppe. Soils are humous-rich
Kastanozems, and the main vegetation commu-
nities are dominated by the feather grasses Sti-
pa lessingiana and S. capillata, the native fescue
Festuca sulcata and wormwoods Artemisia. The
study region is situated in a zone of ‘high-risk
agriculture’, where regular droughts adversely
affect yields (Dieterich 2000). Approximately
42% of the region's land area was cultivated for
arable farming in Soviet times (1959 —1991), but
large tracts of farmland were abandoned after
1991 (Kamp et al. 201). Cereals dominate agricul-
ture, with rain-fed wheat grown on about 95%

of utilised farmland. Information on the age of
abandoned fields was obtained from Dieter-
ich (2000), interviews with local land owners
and Landsat 7 ETM+ scenes. The year of the last
ploughing could often be established precisely,
but might be slightly inaccurate (+ 2 years) in a
few cases.

Grazed land was surveyed in two adjacent re-
gions in the Torghay area of Kostanai district
(Amangeldinskii and Dzhangeldinskii raions),
Central Kazakhstan in 2010, situated in the de-
sert steppe and semi-desert ecozones (Figure 2).
For surveys, we chose five larger settlements
hosting up to 4 000 cattle and sheep and two
small livestock stations herding flocks of around
300 sheep and 100 cattle. The region is charac-
terised by human depopulation of large areas af-
ter the collapse of the Soviet Union and dramatic
decreases in livestock numbers. The remaining
livestock are housed overnight within villages
and towns and driven out in flocks each day to
graze nearby. Soils are humous-poor Kasta-
nozems, often heavily saline. The main vegeta-
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Figure 1. Main ecozones of Kazakhstan and study areas: 1) Korgalzhyn region, Akmola district (mainly arable),
2) Amangeldinskii raion, Kostanai district (dry and desertified steppe pastures) and 3) Dzhangeldinskii raion,
Kostanai district (semi-desert pastures). Ecozone data provided by UNEP/GEF.
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tion communities are dominated by various
wormwood species and feathergrasses (mainly
Stipa sareptana and S. pennata).

2.2 Bird surveys

In the arable study area, a contiguous block of
fields was selected around a random start point
on each former state farm. Within these blocks,
106 line transects of 5oo m length were walked
every 2 km using a regular sampling design, with
the starting point being always situated 1 km
away from the field corner at the centre of the
field edge. Twenty-six transects fell on fields still
used for wheat cultivation. During the survey
they were either covered in stubble (first round
of counts in May), or the wheat plants were
just emerging (mean vegetation height 19.7 cm
+ 117 SE, second round of counts in late May/
beginning of June). Twenty-three transects fell
on fields with Crested Ryegrass Agropyron cris-
tatum sown for cattle fodder. Fodder grass fields
were used for winter hay production when live-
stock numbers were high in Soviet times. After
the collapse of the Soviet Union, they were in-
creasingly not resown (but still mown, cf. Ap-
pendix S1). This has led to changes in the sward
structure and plant community, with the sown
grass gradually being invaded by steppe plants.

The remaining 57 transects fell on abandoned
cereal fields of various age (maximum 16 years).
Mean field size was 410 ha +126.8 SD (range 130
— 766 ha), with no delineating structures such
as fences or hedgerows, thus creating vast ex-
penses of similarly structured landscapes. Used
fields were treated as ‘year zero’ in the gradient
of abandonment. Some of the abandoned and
fodder grass fields were grazed with rather low
stock densities.

In the area dominated by livestock grazing, 15
survey routes were placed around the seven sett-
lements, starting at the settlement edge and ex-
tending radially for 9 km. This end distance was
chosen because sheep move up to 4 and cattle
up to 9 km away from the settlement during the
day (Robinson etal. 2003, Kamp et al. 2009), sug-
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gesting the highest impact of grazing fell within
this distance.

Two to three routes were placed around each
settlement running parallel to the main routes
of livestock herding. At each of these routes,
we stopped every 1 km and walked a total of 136
transects of 1 km length perpendicular to and
centered on the route.

Bird counts in the arable study area were con-
ducted between o5 May and 23 May 2009 and
repeated between 25 May and 13 June 2009. In
the pasture areas, only one count was coducted
per route, between o7 and 26 May 2010. Surveys
started at dawn and finished before10a.m., when
bird activity declined markedly. Distance sam-
pling was used to account for varying detectabil-
ity between habitats and species (Buckland et al.
2001). We estimated the perpendicular distance
to each bird (excluding flyovers) within distance
bands of o —5m, 5—10 m,10 —25 m, 25— 50 m,
50—100 M, 100 —200 m, and 200 — 500 m. Laser
range finders (Bushnell Scout 1000) were used
to calibrate distance estimation.

2.3 Recording of habitat variables

We recorded a number of variables to char-
acterise vegetational gradients on arable and
grazed land that mirror vegetational succession
on abandoned arable land and grazing impact
by domestic livestock on uncropped land: total
vegetation cover (i.e. cover of bare soil), cover
of grasses, cover of feather grass (Stipa spec.),
cover of woody wormwood (mainly Artemisia
austriaca, A. schrenckii and A. pauciflora), maxi-
mum vegetation height and cover of livestock
dung. Grass and Artemisia cover are good indi-
cators of grazing intensity, as the latter is rather
unpalatable and bitter and remains whereas
grasses are selected by the animals (Bock et al,
1984, Yunusbaev et al. 2003). On abandoned
fields, the cover of weedy wormwood species
(mainly A. dracunculus and A. marschalliana)
was also recorded, as these are dominant in
most areas. Variables were selected on the basis
of our own experience of the area and literature
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references (Dolgushin et al,, 1970).

In the arable areas, recording plots of 2 x 2 m
were set up every 100 m along each transect
(total 636 plots) and the values for all habitat
variables were averaged for analysis over these
six plots. In the grazed areas, due to logistic con-
straints, only one, larger recording plot of 10 x 10
m was centered on each transect. Coverage was
estimated by eye to the nearest10 % (nearest1%
when below 10 % cover).

2.4 Estimating livestock densities

In our study, we focused on cattle and sheep as
these are concentrated in dense flocks in small
areas and are thus likely to alter vegetation
strongly, unlike the herds of semi-wild horses
that wander the steppe unshepherded (Yunus-
baev et al. 2003). The cattle and sheep of each
household in the settlements are collected by
shepherds in the early morning, driven radi-
ally out of the settlements in flocks for grazing
and herded back each evening. To quantify the
spatial extent of domestic livestock movements
and grazing patterns, and derive an index of live-
stock density, GPS data loggers (i-gotU tracking
devices, Mobile Action Technology Inc.) were
attached to at least one cow and one sheep (to-
tal 11 cattle and 7 sheep) at every settlement of
the Torghay study area using specially designed
neck collars. As the animals are kept in relatively
tight flocks, the position of the tagged animal
was considered representative of that of the
whole flock. The loggers were programmed to
fix the animals' position every five minutes from
6:00 until 18:00 h for five days within the same
period that habitat variables were recorded
on the ground. These point data were subse-
quently downloaded and processed in ArcGIS
9.3. To estimate grazing intensity, the settle-
ments were buffered with concentric bands of
1000 m width and the number of logger fixes
falling into these distance categories was cal-
culated, corrected for the area of each annulus.
The number of fixes per annulus was divided by
the total number of fixes and so scaled to 1 for
each logger seperately. We assumed that the

time spent in every distance band, and thus the
density of fixes logged to the GPS per annulus,
reflected grazing intensity. There was no evi-
dence for preferred resting sites of the animals,
so we assumed that time spent resting (and thus
creating a large number of points in one area de-
spite low grazing activity) was equal for all dis-
tance bands.

2.5 Data analysis

2.5.1 Bird density estimates

Population densities were modelled as a func-
tion of distance to observer for each species sep-
arately in program DISTANCE 6.0 (Thomas et
al. 2010) to account for varying detection prob-
ability across species and habitats. We assessed
detection models with half-normal and hazard-
rate shapes and identified those performing
best using Akaike's Information Criterion (AIC,
Buckland et al. 2001, cf. Appendix S2). In a few
cases where the data were slightly spiked (i.e.
more observations than expected in the first dis-
tance category), we preferred half-normal over
hazard-rate shapes although the latter had lower
AIC values associated — this resulted in more
conservative density estimates. As bird detec-
tions were assigned to a relatively small number
of distance bands, we did not employ series ex-
pansions to avoid overfitting. For the 2009 data,
detections from the higher count of each species
across the two surveys of each transect were in-

cluded.

2.5.2 Habitat modelling

As species — habitat relationships are often non-
linear, we used a Generalized Additive Model
(GAM) framework to relate bird densities to
habitat variables. All specified GAMs were con-
structed using a quasi-poisson approach with a
log-link to account for non-normality of the data
and varying degrees of overdispersion. The study
sites in the grazed study area were spread over
a large area and showed variation in vegetation
and substrate, thus site (defined as block of fields
in the arable area and village in the grazed areas)
was included as a fixed factor in all models.
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Univariate models were first built for all species
and predictor variables. We specified GAMs with
cubic spline smoother values of 3 and 4 (Wood
2004) and selected the value with the lower as-
sociated Quasi-AlC (corrected for small sample
size, QAIC,) for further modelling. Smoothing
parameters were estimated using the gener-
alized cross validation method (Wood 2004).
All univariate relationships were plotted with
standard errors and inspected visually. Variables
emerging as significant predictors of species
densities at a level of p < 0.05 were included in
multivariate GAMs. As we had little prior infor-
mation to produce meaningful sets of candidate
models, we built multivariate models contain-
ing all possible combinations with a maximum
of three variables at any time, using the one of a
pair of correlated (Spearman's r > 0.7) variables
that had a higher p-value in univariate models. To
select the most informative, models were then
ranked by their QAIC: and Akaike-weights (w;)
calculated. The models whose weights summed
up to a value of 0.95 were considered as an in-
formative set (Burnham & Anderson 2002).

To assess whether species overlapped in their
niches with respect to the recorded habitat
variables, we fitted generalized additive mixed
models (GAMMs) that included all explanatory
variables as covariates, species as a fixed factor
and transect as a random effect to a combined
dataset containing the densities of all species on
all transects.

In order to evaluate the relative importance of
each habitat variable, we additonally construct-
ed algorithmic models of variables influencing
lark density using Random Forests (RF). RF are
based on classification and regression tree analy-
sis (Breiman 2001). They are used increasingly in
ecological modelling (e.g. Oppel et al. 2009; Wei
etal.2010) asan alternative to frequentist meth-
ods due to a number of advantages over classi-
cal statistical methodes, namely their ability to
handle large numbers of intercorrelated pre-
dictor variables, to produce robust rankings of
variable importance, and their usually superior
model fit compared to traditional methods such
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as Generalized Linear Models (Elith et al. 2006;
Prasad et al. 2006; Peters et al., 2007). We speci-
fied full models containing all predictor variables
and site for each species separately and set the
number of regression trees to grow to 1500, with
three variables randomly sampled at each split.

All analyses were conducted in R 2.13.1 (R De-
velopment Core Team 20m) using the packages
mgcv (Wood 2011) and randomForest (Liaw &
Wiener 2002). QAIC. values were extracted us-
ing a function implemented in package MuMIn
(Barton 2011).
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3. Results

3.1 Vegetation characteristics of arable land
and pastures

At the arable site, total vegetation cover on cere-
al fields increased over time since abandonment
from 10% in the first year to around 60 % on
fields abandoned 8 years and longer, i.e. younger
fallow fields had on average much more bare
ground. The cover of grasses (mainly Festuca
sulcata and Stipa lessingiana) remained very low
until year 11 after abandonment but increased
to over 20 % afterwards (Appendix S3). A simi-
lar pattern emerged for woody Artemisia spe-
cies also covering large areas in natural steppe
(mainly A. austriaca, schrenckii and paucifiora),
whereas the cover of weedy Artemisia (mainly A.
dracunculus and marschalliana) increased to year
8, but then greatly decreased. Vegetation height
increased to around 60 cm in year 3, remained
rather stable until year 10, but then decreased,
so that very old fields had vegetation as short
as very young ones. This was probably mainly
caused by a gradual substitution of tall, weedy
Artemisia species by lower steppe bunchgrasses
(Stipa lessingiana and Festuca valesiaca, Appen-
dix S3). Fodder grass fields were similar in their
vegetation structure to older abandoned wheat
fields, with a mean vegetation cover of around
60 %, high grass cover (mainly Agropyron cris-
tatum) and low cover of Artemisia. Fodder grass
fields were grazed by horse and cattle in very low
densities (but higher than on abandoned wheat
fields) (Appendix S4).

At the sites grazed by sheep and cattle in the
Torghay study area, total vegetation cover in-
creased constantly along the grazing gradient
from around 10% at the settlement edge to
around 30 % at 9 km, indicating a very high pro-
portion of bare ground within 1km of the settle-
ment. Grass cover and cover of woody Artemi-
sia (A. austriaca, pauciflora and semiarida) also
increased along the gradient, but showed a less
pronounced pattern indicating patchiness of
grazing. Maximum vegetation height was low-

est within 2 km of the settlements and increased
significantly with distance (Appendix Ss).

3.2 Grazing intensity around settlements

Livestock density was highest within 2 km of
the settlement edge and decreased markedly
beyond 3 km. Areas more than 6 km away were
not grazed or stocked with extremely low cattle
densities (Figure 2D). The maximum distance
animals moved from settlements was 9.8 km for
cattle and 7.6 km for sheep.

3.3 Drivers of lark density on arable and
abandoned arable land

Species was a highly significant predictor (p <
0.001) in a GAMM relating lark densities to all
habitat variables, suggesting significant differ-
ences in realized niches.

Skylark and Black Lark densities increased with
increasing age of the abandoned wheat fields
up to a maximum around year nine, but then
decreased again (Figure 2A), suggesting an eco-
logical optimum in medium to old abandoned
fields. Short-toed Larks reached highest abun-
dances on stubble fields and recently (< 3 years)
abandoned fields, and avoided older fallow fields
(Figure 2A). White-winged Larks occurred on
stubble fields in very low densities (overall mean
D = 0.02 birds /ha + 0.01 SE, n = 86 transects),
and avoided abandoned fields after the first year
of abandonment. On fodder grass fields, Skylark
and Black Lark densities were similar to those
of old abandoned wheat fields (0.45 birds / ha +
0.07 SE and 1.44 + 0.2 SE), whereas Short-toed
Lark densities were very low (0.06 + 0.04 SE)
and no White-winged Larks were observed.

Variables retained in the multivariate GAMs
with highest weights suggested a similar pref-
erence of Skylark and Black Lark for taller and
denser vegetation (highest densities at around
60 % cover and 60 cm vegetation height), and an
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avoidance of grazed areas in Black Lark. Short-
toed Larks avoided grassy areas and areas with a
vegetation height over3o cmand preferred areas
with a high proportion of bare ground as found
on stubble fields and young stages of abandon-
ment (Table 1, Figure 3A). Skylarks seemed to
prefer areas with intermediate grass cover, while
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both weedy and woody Artemisia cover seemed
positively to influence Skylark and Black Lark,
but not Short-toed Lark numbers (Table 1, Fig-
ure 3A). All multivariate GAMs explained a high
amount of deviance (47.7 — 69.9 %) when com-
pared to the respective null models (Table 1).
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Figure 2. Visualisation of univariate Generalized Additive Models (GAM) of lark densities along a gradient
of time since abandonment of arable fields (A, Korgalzhyn area) and grazing intensity (C, Torghay area,
expressed as distance to settlement). Plots B and D show key drivers of lark density in the studied systems.
In plot A, densities of White-winged Lark are plotted on the right axis, those of the remaining species on the
left axis. In plot C, densities of Short-toed and Skylark are plotted on the left axis, and those of the remaining
species on the right axis. Year zero in the age of abandonment gradient refers to cultivated arable fields.
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Table 1. Models relating lark densities on abandoned fields to environmental variables. All models whose
weights sum up to 0.95 are given. No multivariate models were constructed for White-winged Lark due
to low sample size, Calandra Larks do not occur in the study area. The shape of the univariate responses is
indicated by + (positive response), — (negative response) and o (humped relationship). Site was included as
fixed factor in all models.

Model Intercept Total Cover Coverof Coverof Maximum Coverof % QAIC. AQAIC. w;
weedy woody vegetation animal Deviance
Artemisia Artemisia height dung  explained
Black Lark 1 -0.691 + 477 1140 0.000 0.334
2 -0.685 + - 484 1155 1.514 0.157
3  -0653 + 479 115.6 1.616 0.149
4  -0.680 + + 484 115.6 1.625 0.148
5 -0.669 + + - 492 1170 2992 0.075
6 -0.649 + 485 1171 3.095 0.071
7 -0.642 + + 493 117.2 3.203 0.067
Short-toed Lark 1 -2.131 - 61.5 1162 0.000 0.581
2 -2.266 - 610 1169 0.686 0412
Skylark 1 -0.224 0 + 699 1236 0.000 0.572
2 -0.139 + 68.9 125.1 1.454 0.276
3  -0.197 + + 68.3 1278 4.131 0.072
4  -0.250 + + 67.5 1289 5.249 0.041

Table 2. Models relating lark densities along a grazing intensity gradient to environmental variables. All
models whose weights sum up to 0.95 are shown. The shape of the univariate responses is indicated by
+ (positive response), — (negative response) and o (humped relationship). Site was included as fixed factor in

all models.
Model Intercept Dis- Cover Coverof Maximum Cover Live- QAIC. AQAIC. w;
tanceto plant of woody vegetation of stock  Deviance
village r grasses Artemisia height dung density explained
Calandra Lark 1 -1.989 + - 342 755 0000 0417
2 -2051 + + - 384 75.5 0.042 0.408
3 -2.185 + - 34.0 77.3 1.788 0.171
White-wingedLark 1 -3.677 + 49.3 1530 0.000 0.809
2 -3759 + 455 1572 4172 0.100
3 -3.358 445 1587 5716 0.046
Black Lark 1 -2.460 + 12.7 1457 0.000 0.507
2  -2514 + + 128 1470 1.333 0.260
3 -2.590 + 11.0 1478 2.086 0.179
4 2413 7.96 150.1 4458 0.055
Short-toed Lark 1 -1.696 350 1464 0.000 0.357
2 -1.615 - 358 146.8 0428 0.288
3 -1.675 35.1 1482 1.842 0.142
4  -1.604 - 35.8 148.7 2365 0.109
5 -1.551 - 320 1509 4498 0.038
6 -1.521 - 328 151.2 4870 0.031
Skylark 1 0.142 0 730 156.0 0.000 0.826
2 -0.532 723 160.6 4523 0.086
-0.176 0 71.7 160.7 4.647 0.081
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In agreement with the GAMs, vegetation height
and total vegetation cover were the most impor-
tant variables explaining density differences in
RF models (Figure 4). The proportion of variance
explained by RF models was 32.0% for Black
Lark, 20.0% for Short-toed Lark and 48.6%
for Skylark. Prediction accuracy of RF models
as measured by the relationship of predicted vs.
observed densities was excellent with high R?
values ranging from 0.91 (Black Lark and Short-
toed Lark) to 0.93 (Skylark) (Appendix S6).

3.4 Drivers of lark density on pastures

Species was a highly significant predictor (p <
0.001) in a GAMM relating lark densities to all
habitat variables, suggesting significant differ-
ences in realized niches. Densities of all species

initially increased with increasing distance from
settlement (Figure 2C) suggesting a strong in-
fluence of grazing, which was confirmed by the
selection of grazing-related variables in habitat
models for all species. White-winged Lark and
Skylark numbers reached a peak at different
intermediate distances and declined markedly
thereafter (Figure 2C). Distance to settlement
was a significant predictor for all species except
Black Lark (marginally significant), which oc-
curred only in low numbers in the study area
(Figure 2C). However, livestock density as es-
timated by data from GPS loggers was a sig-
nificant predictor in univariate GAMs only for
Calandra Lark and Skylark, probably reflecting
varying shapes of the grazing intensity function
across settlements.
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Figure 3. Lark responses to habitat features on used and abandoned arable fields and in the grazed areas. The
plots are visualizations of the multivariate models No. 1 (Skylark) and No. 2 (Black Lark and Short-toed Lark)
in Table 1 and models No. 1 (White-winged Lark and Skylark) and No. 2 (Calandra Lark) in Table 2. Values
on the z-axis are plotted on the scale of the linear predictor, not the response variables. All variables of the
models not included in the plots were held fixed.
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Variables retained in the multivariate GAMs
with highest weights suggested a strong influ-
ence of grazing on all species, with avoidance
of strongly grazed areas and a preference for
tall and dense vegetation in Calandra Larks, an
optimum at around 40 % vegetation cover and
a high proportion of woody Artemisia in White-
winged Larks, and a preference for very grassy
patches interspersed with Artemisia in Skylarks
(Table 2, Figure 3). Short-toed Lark numbers de-
creased with increasing plant cover. Black Larks
appeared to prefer grassy areas as Skylarks did,
but the explanatory power of the models was
very low throughout (Table 2).

RF models were largely in agreement with the
GAMs and suggested a high influence of total
vegetation cover, grass cover and vegetation
height on Skylark abundance, a very strong influ-
ence of livestock density on Calandra Lark densi-
ties and high importance of woody Artemisia for
White-winged Lark (Figure 4).

RF models explained a high proportion of vari-
ance for Skylark (73.7%), but rather little for
Short-toed Lark (24.51%), White-winged Lark
(24.09 %) and Calandra Lark (6.51%). Prediction
accuracy of RF models as measured by the rela-
tionship of predicted vs. observed densities was
excellent, with R? values ranging from 0.86 (Ca-
landra Lark) to 0.95 (Skylark) (Appendix S6).
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Figure 4. Relative importance of environmental variables in order of their relevance to increase accuracy of
a random forest model, scaled to 1 for the most important variable for each species. Site was included in all
models. Abbreviations: cov.tot = total vegetation cover, cov.grass = grass cover, cov.weed = cover of weedy
Artemisia, cov.art = cover of woody Artemisia,vegHmax = maximum vegetation height, dung = dung density
index, dist.sett = distance to nearest settlement, livestock = livestock density index.
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4. Discussion

4.1 Niche separation in larks in relation to
land-use

Our results suggest that separation of realised
niches in larks is pronounced in arable areas of
the steppe zone that are characterised by a high
degree of abandonment. In grazed areas of the
dry steppes and semi-deserts, niches overlapped
more.

While we are not aware of any previous studies
examining habitat preferences of White-winged
and Black Larks, research from transformed
open landscapes in Europe seems to suggest a
high transferability of our results for the remain-
ing species. Lark distribution and abundance in
agricultural and pastoral landscapes of Europe
(where the size of fields of equal crop type and
management regime is only a fraction of those
in our study area) is mainly governed by land-
scape context and fragmentation (Baldi et al.
2005, Morgado et al. 2010, Reino et al. 2010,
Vogeli et al. 2010), but differences in vegetation
have been used repeatedly to explain lark dis-
tribution and abundance on smaller scales. Ca-
landra Lark densities in the steppes of European
Russia were highest in ungrazed steppes with
tall bunchgrasses and a diverse flora (Fedosov
2010), whereas densities on the Iberian penin-
sula tended to increase with vegetation height
(Morgado et al. 2010). Short-toed Lark presence
in Spain was related to low grazing pressure and
a high cover of small xerophytic scrubs, whereas
there was no significant influence of vegetation
height (Sudrez et al. 2002). Overall, the species
seems to be a generalist compared to other larks
in their natural arid habitats (Serrano & Astrain,

2005), which might explain the lack of any veg-
etation variables in all but our poorest models
(Table 2).

Skylark territory density on British farmland
reached a maximum at a vegetation height of
55 cm (Donald et al. 2001), very similar to the 60
cm in the abandoned arable areas of our study.
Densities peaked at 27% bare ground on set-
aside in the UK (Henderson et al. 2001), again
remarkably close to the 30 % bare ground cover
estimated for our arable study area. A combina-
tion of open areas used for foraging and denser
vegetation conceiling nests, as found in both set-
aside in Europe and abandoned fields, seems to
be characteristic of landscapes harbouring the
highest Skylark densities in Europe.

Habitat niche separation in the studied lark
communities is probably driven by differences
in bill and foot structure: Bill length increases
from a mean of 1.2 mm in Short-toed Larks to
18.9 mm in Calandra Larks (Glutz v. Blotzheim
et al. 1987 —1999), and bill shape varies strongly
across the species considered here suggesting
different food niches. Larks living in densely
vegetated habitats (such as abandoned fields)
have significantly longer toes and claws and thus
larger footspans than those inhabiting bare sub-
strates such as stubble fields or strongly grazed
pastures (Table 3; Green et al. 2009), which has
been suggested to facilitate movement over un-
even or unstable vegetation (‘snowshoe effect’;
Green et al. 2009).

Table 3. Length (mm) of the hindclaw, hindtoe and total foot length (length of all toes summed) for four
steppe larks (data from Green et al. 2009). Measurements from museum specimens, no measurements were

available for White-winged Lark.

Hindclaw Hindtoe Total foot length
Calandra Lark 16.1 11.6 70.6
Black Lark 8.0 7.8 47.1
Short-toed Lark 14.9 12.0 79.0
Skylark 15.3 9.9 78.0
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4.2 Implications of land use change for lark
population sizes

Black Larks and Skylarks clearly profited from
post-Soviet agricultural abandonment, whereas
White-winged Larks and Short-toed Larks van-
ished immediately or shortly after cereal fields
were abandoned due to unsuitable vegetation
structure. This suggests that in arable areas,
Black Lark and Skylark populations increased
between 1991and 2000, but have been declining
since, as large-scale reclamation of abandoned
fields has started (Kamp et al. 2011) and fields be-
come older, whereas the trend was probably the
opposite in White-winged and Short-toed Larks.

Livestock numbers in the Soviet Union crashed
in the early 1990s (Robinson & Milner-Gulland,
2003; Appendix S1) and spatial grazing patterns
shifted: duringthe Soviet era, Kazakhstan (where
not farmed) was covered by a dense network of
livestock herding stations, on the steppes and
semi-deserts usually situated at small dams,
purpose-drilled wells or natural lakes and rivers.
Robinson et al. (2003) suggests that herds trav-
elled rarely further than 4 km from their base,
but given considerable seasonal movements and
the sheer number of flocks, large parts of the
country were grazed by domestic livestock, and
considerable numbers of Saiga antelope (Robin-
son & Milner-Gulland 2003; Appendix S1). Since
the break-up of the Soviet Union, livestock are
largely owned privately. During the 1990s the
water infrastructure across most of the country
collapsed due to a withdrawal of state subsidies,
and village communties were unable to main-
tain dams and wells. This, and a lack of fuel and
machinery for stock transport led to a cessation
of seasonal movements and an increase in plant
biomass, vegetation height and vegetation cover
across large parts of the steppes and semi-de-
serts (e.g. De Beurs & Henebry 2004, Dubinin
et al. 201m).

Our results suggest that this development was
largely beneficial for Calandra, Black and Short-
toed Lark, which seem to thrive best where graz-
ing intensity is very low or livestock are absent

completely. Skylarks would have benefitted in
sparsely-vegetated semi-desert areas where
grassy patches are actively selected by domes-
tic stock, but possibly not in the steppe zone
as they showed an association with certain low
stock densities. White-winged Larks might have
declined in the steppe zone, since on high-load
pastures Artemisia species become dominant
due to being relatively unpalatable, and they
showed a clear association with moderate stock
densities.

Overall, our data suggest that there have been
considerable population increases in the Eura-
sian steppes since the mid-19gosin all lark popu-
lations considered here, most pronounced for
Calandra Lark, Black Lark and Skylark. There are
few quantitative data to confirm this trend, but
Belik (2000) concludes from extensive line-tran-
sect counts in the SW Russia steppes and semi-
desert that declining lark populations reached a
low in the end1980s and recovered since. For the
Calandra Lark, Fedosov (2010) noted a massive
increase on the steppes of Russia between 2000
and 2010 and relates that to the collapse in live-
stock numbers.

However, reclamation of abandoned fields to
cereal agriculture is likely to continue in Kazakh-
stan (Kamp et al. 20m). This might be beneficial
for White-winged and Short-toed larks if the cur-
rent low-input cereal systems are maintained,
but forecasted agricultural intensification might
devalue this habitat by increased pesticide and
fertiliser use. Black Lark and Skylark populations
are likely to suffer from reclamation of aban-
doned land.

Livestock numbers are still very low in our study
region compared to the Soviet era (Appendix 1),
but strong increases have been observed since
2000 in other parts of the Russian and Kazakh
steppes and semi-deserts, and this trend is likely
to continue (Dubinin et al. 20m; Kamp et al. 2011;
Appendix 1). Milner-Gulland et al. (2006) mod-
elled pastoralist behaviour in Kazakhstan and
suggested a return to Soviet practices (i.e. de-
centralized stock-keeping with flocks outposted
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to natural and artificial water sources) when
stock numbers continue to increase, ultimately
leading to heavier grazing of more steppe areas.
This might be beneficial for White-winged Larks
and Skylarks, but will almost certainly lead to
lower densities of Calandra, Black and possibly
Short-toed Larks. Increasing livestock numbers
will also lead to a resowing of fodder grass (Kamp
et al.20m), with potential changes to sward struc-
ture and vegetation that might affect Black Lark
and Skylark, both abundant in this habitat.

Saiga antelope population levels are still very
low in Kazakhstan, but have started to recover
(Appendix 1). In Kazakhstan, large-scale conser-
vation action (mostly protected area develop-
ment and anti-poaching campaigns) is targeted
at the species within the framework of the multi-
stakeholder ‘Altyn Dala (‘Golden Steppe’) Initi-
tative’ (Singh & Milner-Gulland, 2011), so future
population recovery seems likely.
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5. Conclusions

The common approach of classifying steppe and
farmland birds into broad habitat categories for
management planning will not account for the
fact that densities vary strongly within habitats.
Instead more complex models are needed to
guide management decisions on the landscape
level. Even then, there will be no all-win situa-
tions, as each species requires a different set of
habitat components, a situation commonly en-
countered in both arable and pastural systems
(e.g. Sudrez-Seoane et al. 2002; Baldi et al. 2005;
Arthur et al. 2008; Johnson et al. 20m).

Two approaches seem advisable to maintain
suitable habitat and thus high densities of larks
in steppe ecosystems of Eurasia: Leaving single
fields fallow for a period of several years on a ro-
tational basis in the arable matrix (e.g. as an agri-
environmental measure) would provide habitat
of high value for a species of high conservation
concern, the Black Lark, and boost Skylark den-
sities. The large protected areas currently be-

ing designed in the framework of the Kazakh
government's Altyn Dala Conservation Initia-
tive should include areas with different levels of
grazing intensity by livestock, and a monitoring
of the impact of increasing Saiga antelope popu-
lations.

A reduction in the current heavy grazing levels
around settlements seems debatable — while
larks would certainly benefit, there might be
negative implications for other species prefer-
ring short-cropped swards such as the critically
endangered sociable lapwing Vanellus gregarius
(Kamp et al. 2009, 20m). The interactions be-
tween wild ungulates, domestic livestock and
steppe birds remain insufficiently studied for the
Eurasian steppes, but with an ongoing recovery
of Saiga antelope populations, vegetation and
bird numbers are likely to change again.
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Appendix S1. Trends in agriculture and numbers of wild and domestic grazers in Kazakhstan: A) area
ploughed for cereals and other crops (including fodder grass) 1913 — 2010, Kazakh Soviet Socialist Republic

and Republic of Kazakhstan; B) area ploughed for cereals and fodder crops since independence, Republic of

Kazakhstan and Akmola district; C) livestock numbers 1915 — 2010, Kazakh Soviet Socialist Republic and
Republic of Kazakhstan; D) livestock numbers since independence, Kostanai district; E) unsmoothed Saiga
antelope count data1960 —2010. Sources: A)-D): Kazakhstan state statistics agency (2011), E) and F): Institute
of Zoology, Almaty (in litt., 2011) and ACBK (S. Zuther in litt., 2011). All figures show unsmoothed trends and

contain missing values for a number of years.
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Appendix S2. Modelled detection probabilities for all species (half-normal models without series expan-
sions). Detection probability decreases similarly with distance to observer for the same species in the arable
and the grazed areas, but seems to decline steeper overall in abandoned arable habitats, probably due to taller
and denser vegetation and thus poorer visibility of birds on the ground.
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Appendix S3. Boxplots of main habitat variable values along a gradient of time since abandonment (means of
6 sample plots on 83 transects, Korgalzhyn study area.) Year o represents fields still used for wheat farming.
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Appendix S4. Boxplots of main habitat variable values on fodder grass fields (means of 6 sample plots on 23
transects, Korgalzhyn study area).
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Appendix Ss. Boxplots of main habitat variable values along a gradient of grazing intensity (n = 136 sample
plots), pooled over all settlements (Torghay study area).
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Summary

Habitat associations and distribution of breed-
ing Sociable Lapwings were examined in 2004
—2008 in central Kazakhstan to develop and as-
sess hypotheses relating to the species' decline
and high conservation threat status. At a land-
scape scale, breeding colonies were strongly
positively associated with villages and rivers.
Habitat suitability models had very high predic-
tive power and suggested that only 6.6 — 8.0 % of
the 30 00o-km? study area was potentially suit-
able for Sociable Lapwings. Models developed
to describe the spatial distribution of nests in
one region of Kazakhstan in one year predicted
well the distribution of nests in another region,
suggesting good generality. At a colony scale,
nests were most likely to be found in the most

heavily grazed areas, with a high cover of animal
dung and bare ground. Despite the low density
of human settlements in the study area, most
Sociable Lapwing nests were < 2 km from a vil-
lage. Patterns of grazing were assessed by fitting
GPS loggers to cattle. There was a strong posi-
tive correlation around villages between grazing
intensity and the density of Sociable Lapwing
nests, with clear evidence of a threshold of graz-
ing density that needs to be reached before birds
will breed. This high degree of synanthropy,
perhaps unique in a critically endangered bird,
is likely to result from post-Soviet changes in
steppe management and offers both threats and
opportunities to the species' conservation.
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1. Introduction

The Sociable Lapwing Vanellus gregarius is a
semi-colonial wader whose breeding distri-
bution is confined to the Pontian (Eurasian)
steppe belt. In common with other steppe spe-
cies (e.g. Pallid Harrier Circus macrourus and
Black-winged Pratincole Glareola nordmanni),
its numbers have undergone a severe decline
over the last 100 years. Sociable Lapwing num-
bers collapsed after the 1950s, and the decline
accelerated in the 1990s (Ryabov 1974, Gordi-
enko 1991, Eichhorn & Khrokov 2002). The spe-
cies vanished from nearly half its former range
during the 20™ century, becoming extinct in
Ukraine in the 1960s (Dolgushin 1962) and west
of the Ural River (including European Russia) in
the 1980s (Tomkovich & Lebedeva 2004). Few
quantitative data on the decline of the breed-
ing population are available, but post-breeding
maximum flock size on the breeding grounds
decreased from several thousand birds around
1900 to rarely more than a thousand in the 1950s,
and only tens of birds between 1969 and 2000
in Kazakhstan (Plotnikov 1898, Dolgushin 1962,
Gordienko 1991). As a result of these declines
and an assumed population size of 200 — 600
breeding pairs, the species' [IUCN threat status
was uplisted to Critically Endangered in 2004
(Birdlife International 2008). Within its current
stronghold in Kazakhstan, breeding colonies
are scattered across huge areas, making precise
estimation of population size difficult. Surveys
conducted in 2005 — 2008, however, suggest a
larger world population than previously feared,
with a current crude estimate of 5600 pairs
(Sheldon et al. 2006).

Reasons for the decline remain unclear, but have
been linked to low productivity on the breeding
grounds (Watson et al. 2006), perhaps arising
from changes in habitat suitability. The collapse
of collectivist farming after the break-up of the
Soviet Union has resulted in major changes in
steppe use and management. Also, the hunting
to near extinction of native grazers, especially
the Saiga antelope Saiga tartarica (Milner-Gul-
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land et al. 2001), may have led to a reduction
in the availability of grazed steppe favoured by
many species. However, not enough was known
about habitat use and distribution of Sociable
Lapwings to assess the possibility that these
changes have contributed to observed declines.
Recent reports from the Middle East suggest
that hunters kill significant numbers at stopover
sites (S. Jbour pers. comm.). This might have in-
fluenced population trends, and habitat changes
in the wintering areas might also be implicated
(Tomkovich & Lebedeva 2004).

We studied breeding habitat and nest-site se-
lection of the species using a two-level habitat
suitability modelling approach combined with
spatial analysis of nest-site distribution and graz-
ing patterns of domestic livestock. Our aim was
to develop predictive models and link these with
past and likely future changes in land use to as-
sess the reasons for past declines and to forecast
future population trends.
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2. Methods

2.1Study areas

Data on Sociable Lapwing abundance and distri-
bution were collected between 2004 and 2008
in a study area in the Lake Tengiz depression
centred on the settlement of Korgalzhyn, 120 km
southwest of Astana, Kazakhstan. The study area
covered approximately 30 ooo km2and stretched
between 49°40 — 50°55' N and 68°38'— 70°59 E.
Habitat suitability models were developed us-
ing nest-sites found and habitat data collected
on 9 000 km? of this study area in May and June
2006. The models were tested for spatial trans-
ferability in an area of approximately 12 0oo km?
in the Irtysh region of northeast Kazakhstan's
Pavlodar province, which was surveyed for So-
ciable Lapwing colonies in 2007. This area is situ-
ated between the lower Irtysh river at the settle-
ment Akku (= Lebyazhe, 51°28'N, 77°46' E) and
the Russian border (53°47'N, 75°03'E).

The Korgalzhyn study area is characterized by
flat short-grass steppe and cereal fields in the
north and hilly semi-desert in the south. Land-
use is restricted to livestock rearing and wheat
cultivation, with about 80 % of all arable fields
having been abandoned since Kazakhstan's in-
dependence in 1991. The area holds hundreds
of both fresh and saline lakes (Solonchaks), the
largest being the saline Lake Tengiz with an area
of 1380 km?. The Pavlodar study area is dominat-
ed by the Irtysh river. The adjacent landscape on
both sides of the river is characterised by herb-
rich tall-grass steppe and small birch forests
(transition to West Siberian Forest Steppe).

2.2 Habitat suitability modelling
2.2.1Sampling design

Surveys for Sociable Lapwing colonies and nests
were conducted throughout the Korgalzhyn
study areas between April and June in 2004
- 2008, and in the Pavlodar study area in 2007.
Habitat data were collected between 10 May and
16 June 2006 in the Korgalzhyn study area. In all

years, all previously known breeding sites of So-
ciable Lapwing were surveyed, information on
which was available from local databases and ex-
pert communication (Watson et al. 2006). Fur-
thermore, we cold-searched large areas of pris-
tine steppe and fallow fields. Observers regularly
stopped at vantage points and surveyed the sur-
rounding area using a telescope, and additionally
searched for Sociable Lapwings when driving
transects at low speed (c.10 — 20 km /h) across
all habitat types. In 2006, the total length of sur-
vey transects across the area was 1176 km. These
transects connected 109 points chosen random-
ly across all habitat types and were surveyed at
least once in the second half of May, when birds
are most active. Using telescopes, Sociable Lap-
wings can be detected over large distances in the
flat and uniform steppe landscape, up to some
kilometres for flying birds and group-displaying
males in good light conditions. After locating
territorial birds, observations from a distant van-
tage point or car facilitated location of incubat-
ing females and nests.

In 2006, breeding habitat selection was stud-
ied at both landscape and colony scales across
the Korgalzhyn study area. The sample unit at
the landscape scale was the breeding colony.
A colony was defined as a site with an aggrega-
tion (inter-nest spacing < 500 m) of at least two
breeding pairs at least 3 km away from the next
breeding site. The spatial extent of each colony
was determined by buffering each nest-site cu-
mulatively with r = soo m in ArcView 3.2a GIS.
This distance was chosen because adults during
the incubation period rarely moved more than
300 — 400 m away from the nest and thus this
distance should represent the area used around
a particular nest-site (see also Watson et al.
2006 for colony structure). Within 30 colonies,
variables were measured at a randomly chosen
nest-site representing ‘presence’. These data
were compared with habitat data collected at
109 points randomly selected (representing ‘ab-
sence’) across the whole study area for analysis
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at the landscape scale. Random points were au-
tomatically generated in the GIS usinga random
point generator and were constrained not to fall
within colony borders or on open water.

The sample unit at the colony scale was the sin-
gle nest. At 17 colonies across the Korgalzhyn
study area, habitat data collected at nest-sites
were compared with those at randomly chosen
points within the borders of the colony repre-
senting habitat availability. Random points were
constrained not to fall within 25 m of a nest. In
total, habitat data were collected at 78 nest-sites
and 262 randomly chosen absence points, result-
ing in a total sample size of 340 sample points
for analyses of habitat selection at the colony
scale. Nests found later than 25 May were ex-

Table 1. Overview of all recorded habitat parameters.

cluded to avoid the inclusion of second clutches
from breeders which failed during a first attempt
and which might have differed in selected habi-
tat and introduced pseudoreplication.

2.2.2 Recording of habitat variables

The choice of habitat variables was hypothesis-
based and informed by the literature and our
own experience with the species from 2004 and
2005 (Table 1). Plant composition and cover was
recorded at 2 x 2 m sample plots, centred on each
nest-site or random point. Cover was estimated
to the nearest 5%. Vegetation height was meas-
ured at every nest-site and every random point
on two scales. We distinguished between maxi-
mum vegetation height, defined as the height
of the tallest plant within each plot, and modal

Code Description

elev? Elevation above sea level (m)

slope? Slope (°)

asp® Aspect (arccos/arcsin-transformed)

dist.riv Distance to nearest river (m)

dist.lake Distance to nearest standing water feature (m)
dist.wat Distance to nearest water feature (m)

dist.col® Distance to nearest Sociable Lapwing colony (m)
dist.nest” Distance to nearest Sociable Lapwing nest (m)
dist.rook Distance to nearest rookery (m)

dist.sett Distance to nearest settlement (m)

dist.veg® Distance to the nearest vegetation patch of significantly different height (+ 20 cm difference) (m)
vegH.max Maximum vegetation height (mm)

vegH.mod Modal vegetation height (mm)

covart Cover of wormwood Artemisia spp. (%)

cov.stip Cover of feather grass Stipa spp. (%)

cov.fest Cover of fescue Festuca spp. (%)

cov.grass.tot  Total grass cover (%)

cov.herb Cover of herbaceous plants (other than grasses) (%)
cov.ML Cover of mosses and lichens (%)

cov.veg Total vegetation cover (= cover of bare ground) (%)
cov.dung Cover of dung (%)

dung.tot® Dung abundance (strip transect count)

soil.type Soil type

soil.surf Soil surface structure

2Landscape scale only.
bColony scale only.
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vegetation height, defined as the height of the
majority of plants. Soil type and soil surface
structure were recorded as one of seven sub-
strate classes. As dung is a very good correlate
of grazer density (Laing et al. 2003), each nest-
site and random point was characterized by the
cover of dung in the same way as the plant cover
estimates. This proved an ineffective method at
largerscales, as livestock is comparatively mobile
and dung density low, so at the landscape scale,
all livestock dung piles were counted over a strip
transect of 25 x 2 m both to the west and east
of each nest-site and random point. Altitude was
recorded at every point from a handheld GPS
unit, and slope and inclination were measured
with a clinometer and a compass, respectively.

For spatial analysis, Soviet topographic maps
(scaled 1:100 000) of the whole study area (last
updated 1989) were rectified and stored in the
GIS. A rectified Landsat 7 ETM+ satellite image
(issued g July 2002) was saved as an overlay to
identify landscape changes after the map issue.
Based on this data, a digital map was created
containing information on the main land-use
types, rivers, lakes and infrastructure. Values for
distance variables were calculated using the ex-
tensions ‘nearest features” and ‘distance matrix’
for ArcView 3.2a (Jenness 2004, 2005).

2.2.3 Data analysis

Habitat models were developed using binary lo-
gistic regression at both landscape and colony
levels. Univariate models for all variables were
built first using the ‘logistf’ package for S-Plus
6.1 by Heinze & Schemper (2002). To avoid the
inclusion of spurious variables in multivariate
models, each univariate model was internally
validated by boot-strapping with 300 iterations
(Verbyla & Litvaitis 1989). For each boot-strap
iteration (resampling of the dataset without re-
placement), deviance reduction compared to
the non-boot-strapped model was recorded and
a likelihood-ratio test (LRT) conducted. Vari-
ables were included in the further multivariate
modelling process (see below) only if the boot-
strap-LRT was significant (p < 0.05) for at least
95% of the boot-strap iterations. We included

second-order terms in all univariate models to
allow for unimodal relationships (Austin 2002).
Where both sigmoid and unimodal responses
were significant, we chose the one with the low-
er p-value for multivariate modelling, usually ac-
companied by better fit of the univariate model
(Strauss & Biedermann 2006).

For multivariate modelling, we built models
for all possible combinations of four, three and
two variables in an automated process using a
self-programmed script for S-Plus 6.1. Including
more than fourvariables in the same multivariate
model would have led to over-parametrisation
(Guisan & Zimmermann 2000). To reduce mul-
ticollinearity (Graham 2003), only combinations
of variables with r, < 0.5 were allowed to appear
in the same model. As we intended to achieve
parsimonious models, LRTs were conducted
for every model to assess whether they were
better than (or just as good as) any model with
one less variable (Ferrier et al. 2002). Addition-
ally, we assessed whether Nagelkerke's R? (R2)
of a boot-strapped model (mean of 300 itera-
tions) was > 0.3 (Strauss & Biedermann 2006).
R, describes model calibration and refinement
(Nagelkerke 1991). If both requirements were ful-
filled, the model was considered adequate.

Because many adequate models were obtained,
an information theoretic approach (Burnham &
Anderson 2002) was used to select those that
were most informative. For each candidate mod-
el, the Akaike information criterion (AIC) was
calculated to assess how well models performed
in the trade-off between model fit and model
complexity. We used the corrected value AIC,
as recommended when sample size is small. A;
was calculated as the difference between AIC.
for a given model and AIC. for the highest
ranked model (i.e. that with the lowest AIC.) for
all candidate models. Models with A, < 10 were
considered to have some support, and those
with A, < 2 were considered to have strong sup-
port, for being the ‘best models’, i.e. those hav-
ing the highest probability to be closest to real-
ity (Burnham & Anderson 2002). Finally, model
averaging was applied for all models qualifying
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as ‘adequate’ and relative variable importance
evaluated. Standard errors were calculated as
the square-root of the unconditional variance
estimator (Burnham & Anderson 2002, Greaves
etal . 2006).

To assess the predictive power of the achieved
models, a set of three criteria describing model
fit (calibration and refinement) and discriminant
power was calculated: Rz, AUC (area under the
receiver operating characteristic curve), which
evaluates discrimination (Hanley 1982),and CCR
(overall correct classification rate) for discrimi-
native power (Fielding & Bell 1997).

2.2.4 Model transferability and generality

Habitat preferences of a species can vary spatial-
ly and temporally (e.g. Whittingham et al. 2007).
Poor model generality can lead to reduced
spatial transferability of models and mislead-
ing management decisions (Gray et al. 2009).
To test the spatial transferability of our results,
we developed habitat suitability maps for both
study areas (Austin 2002). Of the models con-
taining only those variables with complete cov-
erage for the study area (i.e. excluding variables
such as vegetation height, which were collected
only at sampling points), that with the lowest
AIC. was selected. In the GIS, grid themes were
created describing the value of the considered
variables for every grid cell for both study areas.
The logistic regression equation for the refer-
ring model was then applied to each grid cell,
and via a classifying process, areas of the same
occurrence probability were ranked equally. Dif-
ferent thresholds distinguishing between suit-
able and unsuitable habitat were tested, a widely
used, but arbitrary level of p = 0.5 (e.g. Manel et
al. 2001), and a threshold of p = 0.22 based on
prevalence of the presences in the dataset (Liu
et al. 2005). To externally validate the model on
a spatial scale, we assessed the extent to which
nest-sites in the NE Kazakhstan study area were
situated within areas predicted as ‘suitable’ by
the model from the central Kazakhstan study
area used for prediction.
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2.3 Spatial analysis of grazing patterns

Because previous work suggested a consider-
able influence of livestock grazing in habitat
selection (Watson et al. 2006), we analysed
grazing patterns of domestic livestock with a
comparatively simple spatial approach to com-
plement the rather mechanistic habitat model-
ling approach. Whereas horses are very mobile
in the study areas and roam over distances of
more than 100 km, cattle and sheep herds are
now almost exclusively kept on steppe pastures
immediately surrounding human settlements.
The cattle and sheep of every household in the
settlements are collected by shepherds in the
early morning, driven radially out of the villages
in different herds for grazing and herded back
every evening. To quantify the spatial extent of
diurnal domestic livestock movements and graz-
ing patterns, GPS data loggers were attached to
four cattle in two different villages of the Kor-
galzhyn study area using specially designed neck
collars in May and June 2007. The loggers were
programmed to fix the animals' position every
2 min from 6:00 until 18:00 h. These point data
were downloaded and processed in the GIS.
To estimate grazing intensity, the villages were
buffered with concentric bands of 500 m width
and the number of logger fixes falling into these
distance categories was calculated, corrected for
the area of each band. We assumed that the time
spent in every distance band, and thus the num-
ber of fixes logged to the GPS per band, reflected
grazing intensity. As the animals are kept in rela-
tively tight herds all day long, the position of the
tagged animal was considered representative
of the whole herd. Maximum vegetation height
was measured around two villages in the Kor-
galzhyn study area along eight 5-km transects
radiating out at these villages in 45° sectors. Two
sets of measurements were made at points along
the transects (each 500 m apart), in May and in
June 2007.
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3. Results

3.1 Breeding habitat and nest-site selection

At the landscape scale (breeding habitat selec-
tion), 16 variables were significant predictors of
colony distribution in univariate binary logistic
regression models (p < 0.05). A total of 61 multi-
variate models qualifying as ‘adequate’ were ob-
tained. After the model selection process, five
models remained with A; < 10 (Table 2a). The
weights of the first three models summed
to 0.96.

There was asingle ‘best’ model (no other models
had A, < 2), which revealed increasing probability
of colony occurrence with decreasing distance
to settlements and rivers, and decreasing veg-
etation height (Figure 1). Occurrence probability
fell to < 0.1 just 5.4 km away from settlements
and 8.5 km away from rivers, and in areas with
vegetation taller than 8 cm. The model correctly
classified 98.6 % of data points; overall model
performance was excellent (R = 0.916, AUC

= 0.995). Model averaging identified three varia-
bles with very high weights (Table 2b). The selec-
tion of colony sites in proximity to rivers was not
an artefact of settlements being situated closer
to rivers, as the spatial distribution of villages in
the Korgalzhyn study area did not significantly
differ from random points with respect to their
distance to the nearest river (Wilcoxon rank sum

test, p = 0.176, n = 54).

At the colony scale, eight variables explained
significant variation in nest distribution in uni-
variate binary logistic regression models. Seven
adequate multivariate models were obtained.
After the model selection process, two models
remained with A <10, their weights summing up
to 0.99, although the second model had A, > 2,
suggesting only a single ‘best” model (Table 3a).
This model predicted maximum probability of
nest presence at around 10% cover of animal
dung and around 50 % cover of bare soil. Nest
occurrence probability decreased quickly with

Table 2. Modelling results at the landscape scale: (a) overview of all models with A; <10; (b) averaged
regression coefficients # with associated standard errors (SE) and relative variable importance w,(j) for all
models considered in model averaging. For variable abbreviations, see Table 1.

(a) Model AlCc A w;
vegH.mod + dist.riv + dist.sett 36.441 0.000 0.679
cov.art + covart (sqr) + cov.gras.tot + cov.gras.tot (sqr) + dist.wat + dung.tot 38.474 2.033 0.246
covart + cov.art (sqr) + vegH.mod + dist.riv + dist.wat 42.363 5.921 0.035
vegH.mod + dist.riv + dist.wat + dung.tot 43.013 6.572 0.025
cov.stip + dist.riv + dist.sett 46.281 9.840 0.005
(b) Variable Averaged f8 SE w,(j)
Intercept 4.5861 12.1077 1.000
dist.riv -0.0003 6.82E-08 0.749
vegH.mod -0.0977 0.0025 0.744
dist.sett -0.0009 2.19E-07 0.688
dist.wat -0.0018 5.98E-07 0.311
cov.art 0.2540 0.0099 0.285
covart (sqr) -0.0033 0.0211 0.285
dung.tot 0.4337 0.0601 0.277
cov.gras.tot -0.2402 0.0118 0.246
cov.gras.tot (sqr) 0.0004 2.51E-07 0.246
cov.stip -0.2413 0.0003 0.007
cov.veg 0.1690 0.0388 <0.001
cov.veg (sqr) -0.0023 1.94E-11 <0.001
cov.herb -0.1136 5.38E-08 <0.001
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Table 3. Modelling results at the colony scale: (a) overview of all models with A< 10; (b) averaged regression
coefficients with associated standard errors (SE) and relative variable importance w,(j) for all models consid-

ered in model averaging.
(a) Model AlCc Ai w;
cov.dung + cov.dung (sqr) + cov.veg + cov.veg (sqr) + dist.nest 215.811 0.000 0.899
cov.dung + cov.dung (sqr) + cov.veg + cov.veg (sqr) + vegH.max + dist.nest 220.227 4416 0.099
(b) Variable Averaged f SE w:(j)
Intercept -2.5592 3.3102 1.000
dist.nest -0.0076 8.57E-06 1.000
cov.dung 0.6825 0.1465 0.998
cov.dung(sqr) -0.0439 0.0010 0.998
cov.veg 0.1202 0.0058 0.998
cov.veg (sqr) -0.0013 5.81E-07 0.998
vegH.max -0.0118 5.72E-06 0.101
cov.grass -0.0328 4.27E-06 <0.001
(@) vegetation height
—
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Figure 1. Visualisation of the habitat models with lowest AIC. (‘best models’) at landscape (a, above) and
colony (b, below) scales. Occurrence probability p is plotted against two variables on the x- and y-axes; dia-
grams represent different stages of a third variable.
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increasing distance to neighbouring breed-
ing pairs, as expected for a colonial species
(Figure 1). The model correctly classified 89.5%
of the data points, and overall model perfor-
mance was good (R, = 0.596, AUC = 0.924). Re-
moving the variable ‘distance to nearest nest’ re-
duced model fit considerably (Rz, = 0.344, AUC =
0.820), but the model still explained a high pro-
portion of variation, suggesting a high influence
of the cover of bare soil and dung in nest-site se-
lection. Model averaging resulted in three vari-
ables (both linear and quadratic terms for each)
with very high weights, and one with consider-
ably less weight (Table 3b).

3.2 Spatial prediction and model generality

The model with the lowest A that included only
variablesavailable overthe entireareaof the study
regions contained distance to nearest settle-
ment and distance to nearest river as significant
predictors. With AIC: = 49.8 and A, = 13.4 it was
less good than the overall best model, but over-

69°00'E
|

all model performance was still very good (R,
0.812, AUC = 0.979, CCR = 0.964). Applying this
modelled to a prediction of apparently suitable
habitat distributed patchily across both study ar-
eas (Figure 2). Mean area of a predicted suitable
habitat patch in the Korgalzhyn region was 4 586
ha (+ 397.4 SE, range 458 — 9 639, n = 37). The
mean distance between neighbouring patches of
suitable habitat was 4.72 km (z 0.78 SE, range 0.1
—24.4 km). The proportion of habitat predicated
as suitable in the Korgalzhyn study region was
6.6 % applying a threshold of p = 0.5,and 8.0%
using the prevalence approach with p = 0.22.

Spatial generality was good with 74.0% of all
nest-sites found in the Pavlodar region in 2007
(n = 146) situated in areas predicted as suitable
by the model developed in the Korgalzhyn area
(threshold: p = o.5). Patch occupancy was, how-
ever, low, with only 26.7 % of all patches predict-
ed as suitable being occupied by breeding Socia-
ble Lapwings in 2007.
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Figure 2. Habitat suitability map for the Korgalzhyn

study area. The depth of blue shading indicates differ-

ences in occurrence probability. All nest-sites for the years 2004, 2005, 2007 and 2008 are plotted. Inset:
Geographical position of the Korgalzhyn (No. 1) and Pavlodar (No. 2) study areas in Kazakhstan.
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Figure 3 (1) Grazingintensity of cattle (n=4 976 GPS-
fixes), Sociable Lapwing nest density (n = 673 nests,
years 2004 — 2008) and vegetation height around
settlements. All density estimates are corrected
for distance band area. Vegetation height increased
with increasing distance from the nearest settlement
(Generalised Linear Model (GLM) including month
and site as fixed factors, X},5=93,22, p < 0.001).

Figure 4 (—). Relationship between cattle grazing in-
tensity and Sociable Lapwing nest-site location (n =
673 nests, years 2004 —2008). The line shows a spline
smoothing function (df=3). The outlier (open square)
is the result of a water hole approximately 4 km from
one village, where cattle spent much time drinking.
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3.3 Spatial grazing patterns and Sociable
Lapwing nest-site selection

The mean maximum daily distance covered by
four cattle tracked with GPS-loggers in the Ko-
rgalzhyn study area was 4330 m (z 419 SE, range
2100-8300 m,n =19 track-days with 4 076 GPS-
fixes). Cattle always moved radially away from the
villages during the day and returned along the
same route. Grazing pressure decreased with in-
creasing distance from the settlements with the
exception ofthe 3 000-3 500-m band, which had
a higher than expected density of GPS fixes be-
cause thisis where cattle went to drink (Figure 3).
Vegetation height increased linearly with increa-
sing distance to the settlements (Figure 3), al-
though variation was high. Mean vegetation
height per distance band was negatively corre-
lated with cattle density (Spearman's r = —0.72,
p < 0.05,n =1 bands).

Most nest-sites were very close to villages, with
a mean distance to the nearest village edge of
1164 m (+ 36.0 SE, range 10 — 6 830 m, n = 637
nests in 2004 — 2008). Of all nests, 89 % were
situated closer than 2000 m to the nearest set-
tlement, and thus in the areas with the highest
grazer intensity (Figure 3). The density of Socia-
ble Lapwing nests per distance band was strongly
positively associated with cattle density per dis-
tance band (Figure 4), the relationship suggest-
ing a threshold in grazing intensity needed to
create suitable habitat for the Sociable Lapwing.
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4. Discussion

4.1 Breeding habitat and nest-site selection

Breeding habitat selection of the Sociable Lap-
wing at a landscape scale appears to be driven
by two key factors: proximity to rivers and the
presence of grazing animals. The first of these
might result from the species' migration strate-
gy: birds often migrate along rivers, which serve
as orientation strips and water supply in the mo-
notonous steppe landscape (J. Kamp, R. D. Shel-
don pers. obs. from colour-ringed and satellite-
tagged birds 2006, 2007). Suitable habitat might
thus simply be selected more often closer to riv-
ers, because these areas are encountered first.
Alternatively, the preference of breeding sites
close to water might be driven by the fact that
both adults and chicks visit water bodies to drink
during hot days (Dolgushin 1962, J. Kamp, R. D.
Sheldon pers. obs.).

All other variables with high weights in models
pointed to the influence of grazing in habitat
selection. Vegetation height and the density of
dung piles were strongly correlated with the den-
sity of grazing livestock in the Central Kazakh-
stan study area, and the preference for habitat
close to human settlements is linked to the fact
that livestock grazing is currently concentrated
there. The remaining variables with consider-
able weight (preference for a high wormwood
Artemisia spp. cover and avoidance of a high
cover of grassy plants and feather grass Stipa
spp.) mirror vegetation characteristics of heavily
grazed steppe communities: Grasses, especially
feather grass, are positively selected by grazing
livestock, as they are palatable, leading to an in-
creased abundance and cover of the unpalatable
Artemisia and other woody plants with increas-
ing grazing pressure (Bock et al. 1984, Baker &
Guthery 1990, Yunusbaev et al. 2003).

The selection of colony sites near rivers was not
an artefact of settlements being situated closer
to rivers. However, cattle numbers might be
higher in settlements situated at river shores

(due to the unlimited availability of drinking wa-
ter). This might lead to higher grazing pressure
and thus more suitable habitat available closer to
rivers.

In the Korgalzhyn study area we covered many
areas previously known as breeding sites of So-
ciable Lapwings, which were often situated close
to human habitation. This represents a source of
possible bias when evaluating the influence of
settlements on Sociable Lapwing distribution.
However, we consider a systematic influence on
the modelling results as very unlikely, as more
than 1000 km of additional survey transects
were covered in randomly chosen habitats when
gathering distribution data for the models.

Within the colonies, the most influential vari-
able in nest-site selection was distance to near-
est nest, as to be expected for a colonial species.
Removing this variable again suggested selec-
tion of more heavily grazed areas for nest place-
ment, as both the cover of dung and the cover of
bare ground generally increase with increasing
grazing pressure by domestic livestock (Bock
et al. 1984, Yunusbaev et al. 2003). These results
from the modelling approach were supported
by the spatial analysis of grazing patterns, which
revealed a strong relationship between grazing
intensity and Sociable Lapwing nest density,
and confirmed the suggestions of Watson et al.
(2006) on nest-site selection.

The excellent transferability of a landscape
model containing only the distance to rivers and
settlements as covariates suggests that the avail-
ability of water and short swards around settle-
ments are key factors in habitat selection across
the whole breeding range. However, the number
of patches occupied in the test area was very low.
This indicates the absence of important covari-
ates in the model used for prediction (e.g. veg-
etation height), suggesting that not all habitat
predicted as ‘suitable’ is indeed suitable for So-
ciable Lapwing breeding. Low patch occupancy
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rates mightalso indicate that there is much more
habitat available than currently used, particularly
at this north-eastern limit of the species' range.

4.2 Reasons for synanthropy

Breeding Sociable Lapwings are now almost en-
tirely confined to short steppe swards close to
human settlements. This type of habitat has been
described previously in relation to this species,
but only since 1990 (Khrokov 1996, Berezovikov
et al. 1998, Eichhorn & Khrokov 2002, Bragin
2005, Watson et al. 2006). Sociable Lapwings
were previously described as breeding in other
habitats, such as pristine fescue-feather grass
steppe and semi-desert (Volchanetskii 1937, Rya-
bov 1974, Khrokov 1977, Shevchenko1999) as well
as the shores of saltpans vegetated with short
swards of halophytes (‘solonchaks’, Kuchin and
Chekcheev 1987, Gordienko 1991, Shevchenko
etal.1993), but these seem to be virtually unused
now. Arable fields have only ever been used rarely
for breeding (Solomatin 1997, Karyakin & Koslov
1999). This current synanthropic relationship
might be considered as a form of commensalism
with domestic livestock. High dung densities are

known to increase invertebrate abundance (At-
kinson et al. 2004), and the pronounced prefer-
ence for areas with a high density of dung might
indicate the use of an improved food base on
strongly grazed pastures. A high proportion of
Sociable Lapwing nests (68 % of 168 nests found
in 2006, Korgalzhyn study area) were actually
built in piles of cattle or horse dung. Sociable
Lapwings choosing dung piles for nesting might
profit from a camouflaging effect of dry dung, or
insulation from the ground, which is often still
frozen during the start of incubation in April.
Away from the immediate vicinity of villages, the
steppe is now largely ungrazed after the collapse
of wild ungulate populations, such as wild ass
Equus hemionus and Saiga antelope (the latter
declining by 95% in 1994 — 2002, Milner-Gulland
et al. 2001), and because of the reduced mobility
of livestock owners compared with Soviet times.
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Figure 5. Trends in livestock numbers for the districts (‘oblasts’) of Kazakhstan situated in the steppe belt
(n=28), between 1985 and 2008 (Kazakhstan State Statistics Agency 2008). The Soviet Union collapsed in

1989 and Kazakhstan gained independence in 1991.
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4.3 Land use change and population devel-
opment: implications for conservation

Although the reasons for a population decline
in Sociable Lapwing have not yet been clarified,
there are suggestions that the population trend
has matched land use changes on the breed-
ing grounds. During Soviet times (c. 1930 until
1991), most livestock were owned by large state
companies, and extremely low fuel prices and
the widespread availability of machinery ena-
bled farmers to distribute their livestock widely
across the steppe pastures (Robinson et al. 2003,
Milner-Gulland et al. 2006). After the collapse
of the Soviet Union in 1991, livestock numbers
crashed both in Russia and Kazakhstan due to a
withdrawal of state subsidies and the use of ani-
mals as currency in times of economic hardship
(Suleimanov & Oram 2000, Robinson & Milner-
Gulland 2003). Since 2000, this negative trend
has been reversed (Figure 5).

Large-scale wheat farming was introduced in
Kazakhstan during the ‘Virgin Lands Campaign’
1953 — 60, when 25.4 million ha were ploughed
in the steppe belt. After 1991, huge areas of ar-
able land fell fallow (De Beurs & Henebry 2004).
The area used for crop-growing was reduced by
nearly 40 % during the 1990s (Suleimanov and
Oram 2000). This trend has been reversed since
around 2000: in the eight districts of Kazakh-
stan situated in the steppe belt, the area sown
for cereal crops steadily increased by an average
0f31% (+ 6.3 SE, range — 8.5 to 45.4 %) during the
period 2000 —2008.

Population trends of the Sociable Lapwing seem
to be strongly correlated with the changing
availability of short-grazed habitat. The highest
breeding numbers were reached around 1900,
when post-breeding flocks of 8 coo — 10 000
birds were observed (Plotnikov 1898) and the
species was a ‘common breeder’ in Eastern Ka-
zakhstan and Russia (Finsch 1879). The range
contraction and severe decline observed in the
1930s and 1950s (Dolgushin 1962, Ryabov 1974)
coincide with agricultural intensification. Fur-
ther declines during the Soviet period might

have been linked to intensification in farm-
ing and an increased livestock mobility lead-
ing to lower grazing pressure in steppe habitat.
A strong decline of Sociable Lapwing numbers
after 1991 has been linked repeatedly to the ces-
sation of grazing in many areas following the col-
lapse of livestock numbers (Tomkovich & Leb-
edeva 2004).

After 2000, however, livestock concentration in-
creased the suitable breeding area for Sociable
Lapwing at least in Central and Northern Ka-
zakhstan and are mirrored by a positive popu-
lation trend. Numbers in our Korgalzhyn study
area increased by 48 % between 2005 and 2007
(R. D. Sheldon, ). Kamp, M. A. Koshkin unpubl.
data), in the Pavlodar study area by approximate-
ly 23 % between 1991 and 2007 (Solomatin 1997,
J. Kamp, M. A. Koshkin pers. obs.), and also in
other regions of Kazakhstan, e.g. the Naurzum
region, N Kazakhstan, between 2000 and 2008
(Eichhorn & Khrokov 2002, Bragin 2005).

However, two recent developments mean that
the current situation might change soon. First,
there is likely to be an increase in the reclama-
tion of fallow land and agricultural intensifica-
tion of steppe land. A doubling of grain prices
since 1999 (FAOSTAT 2008) and a record har-
vest in 2007 (Kazakhstan State Statistics Agency
2008) have enabled farmers to buy expertise
and equipment and return to large-scale farm-
ing in many parts of the northern steppes. Ce-
real yield has increased by 41.5% since 2000 (Ka-
zakhstan State Statistics Agency 2008). World
food demand has been predicted to double by
2050 (Tilman et al. 2002), and the production of
bioethanol is rapidly increasing (IAE 2007), so
increasing quantities of cereals will be demand-
ed on the world markets. Kazakhstan opened its
first bioethanol plant in 2008, with a capacity
of 350 000 tons of cereal products, and a rapid
increase of this business is expected (Biohim
2008).

Secondly, there are likely to be significant chang-
es in livestock management. A stable economic

growth in Kazakhstan since 2000 has led to
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a steady improvement of living standards, ac-
companied by a tendency for rural migration to
the cities. It thus seems likely that the current
livestock management system characterized by
village-based herding of self-sustaining com-
munities might soon give way to more intensive
systems with animals kept concentrated day and
night in large stables, and an increasing tenden-
cy to give up small-scale animal husbandry. Both
processes would result in a decrease of suit-
able habitat for the Sociable Lapwing and other
steppe species such as Black-winged Pratincole
Glareola nordmanni and White-winged Lark
Melanocorypha leucoptera.

Whereas habitat availability and low breeding
success seem currently not to be limiting factors
in Sociable Lapwing populations (R. D. Shel-
don, J. Kamp, M. A. Koshkin unpubl. data), fu-
ture developments in steppe land use, especially
changes in grazing patterns and expansion and
intensification of agriculture, should be moni-
tored closely. A continued monitoring of Socia-
ble Lapwing numbers and productivity across
the distribution range would be highly desir-
able. Important stopover sites have been discov-
ered recently, but distribution, habitat use and
threats at the migration routes as well as on the
wintering grounds are largely unknown. More
insight could lead to better conservation in the
whole life cycle of this charismatic, yet much
depleted, species.
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Summary

The population of the Black-winged Pratincole
Glareola nordmanni has declined significantly
during the course of the 20t century, resulting
in a classification as ‘Near Threatened’ and ‘En-
dangered’ in the Global and European Red Data
Books, respectively. Reasons for the decline are
largely unknown due to a lack of information on
the breeding ecology of the species. We studied
breeding performance and habitat use of the
Black-winged Pratincole in two areas in Kazakh-
stan and evaluated a new world population esti-
mate. Colony size ranged from two to 180 pairs
and differed significantly between the study are-
as. Mean breeding success was 1.30 + 0.16 (mean
+ SE) fledged chicks per breeding pair in Central
Kazakhstan, and 0.59 + 0.13 (mean = SE) fledged
chicks per breeding pairin NE Kazakhstan. Habi-
tat types preferred were intensively grazed natu-
ral steppe, abandoned and fallow fields, shores

of freshwater and brackish lakes and solonchaks
(salt pans). Factors influencing habitat selection
were quantified the first time for this species:
the probability of occurrence of breeding colo-
nies was highest near human settlements, with-
in 3 km of open water and where sward heights
were low or intermediate, indicating a reliance
on heavy grazing and water. Using data from
six surveys across the whole breeding range, we
calculated a new world population estimate of
76 000 — 95000 breeding pairs, which is sub-
stantially higher than previous estimates. We
discuss colony size, habitat use and population
trends in the light of changing landscape condi-
tions in the steppe zone and suggest an increase
in habitat available to Black-winged Pratincole
due to an increase in the area of fallow fields and
achange in grazing regimes since the collapse of
the Soviet Union in1991.
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1. Introduction

The Black-winged Pratincole Glareola nordman-
ni is a breeding endemic of the Eurasian steppe
zone. Its breeding distribution is largely restrict-
ed to Southern Russia and Kazakhstan, with sin-
gle pairs or small colonies in Ukraine, Belarus,
Armenia, Azerbaijan, Romania and Hungary
(Belik & Lebedeva 2004; Figure 1). The species
winters in southern Africa, mainly in Botswana
and the Republic of South Africa. Due to a his-
torical population decline lasting at least until
2000, the species has recently been globally up-
listed to ‘Near Threatened’ (Birdlife Internation-
al 2007), with an estimated population of 29 ooo
— 45000 mature individuals. In the European
Red Data Book, the Black-winged Pratincole
is listed as ‘Endangered” (Birdlife International
2004) due to dramatic declines in European Rus-
sia and the almost complete loss of the Ukraini-
an population (Belik et al. 2000, Belik 2004, Belik
& Lebedeva 2004).

Around 1850, Black-winged Pratincole popula-
tion size was significantly larger than today, and
post-breeding flocks even in the smaller Eu-
ropean part of the breeding range numbered
hundreds of thousands of birds (Kessler 1851).
Declines have been reported from all over the
breeding range since 1910, and the European
breeding population declined by 40 — 60 % af-
ter the collapse of the Soviet Union (Belik 2004,
Belik & Lebedeva 2004). A contraction at the
western part of the range was observed, lead-
ing to a possible extinction of Black-winged
Pratincole in Ukraine. In central southern Rus-
sia, the results of large scale surveys point to a
slight to pronounced increase in numbers since
the beginning of the 1990s (Karyakin & Koslov
1999, Korshikov 2002). Trends in Kazakhstan, the
stronghold of the species, have never been quan-
tified, but numbers appear to have increased
slightlybetween1gg8and2007(A.V.Koshkinpers.
comm.2007,A.O.Solomatin pers.comm.2007).

Factors behind population declines are poorly
studied. Belik & Lebedeva (2004) presented an
overview, including the following main factors in
the breeding areas:
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i) ploughing of steppe (more than 25 million ha
in Kazakhstan) resulting in habitat loss and
low breeding success in colonies on arable

fields,

i) trampling of clutches and chicks due to low-
er mobility and stronger concentration of
livestock compared to previous times,

higher predation rates by increasing num-
bers of corvids, and

climate change with increasing frequencies
of extreme weather (e.g. hailstorms) and
droughts.

Information on habitat use of the Black-winged
Pratincole is largely anecdotal or based on low
sample sizes. The availability of freshwater for
drinking, short vegetation, and the presence of
livestock were mentioned by a number of au-
thors (Koshelev 1983, Samorodov 1986, Karyakin
and Koslov 1999, Korshikov 2002, Belik 2004,
Belik & Lebedeva 2004). In European Russia,
where large areas of natural steppe are ploughed
up, Black-winged Pratincoles are known to nest
in significant numbers both on arable (Moseikin
et al. 2004) and on fallow and abandoned (here-
after referred to as fallow only) fields (Moseikin
et al. 2004, L. Malovichko pers. comm. 2007).
Livestock grazing seems to be important for the
species, because it creates short swards available
for nesting and might improve food supply, as
coprophagous insects are attracted by dung.

As published information on population num-
bers, habitat use and breeding success is lim-
ited, the Single Species Action Plan for the spe-
cies (Belik & Lebedeva 2004, see also BirdLife
International 2007) stresses an urgent need for
research on population ecology and dynamics.
Here we present quantitative data on Black-
winged Pratincole abundance, breeding perfor-
mance and habitat use from two study areas in
Kazakhstan. Our results might serve as a first
step to implement broader, conservation-orien-
tated research.



Black-winged Pratincole population size, breeding performance and habitat selection — CHAPTER 5

2. Methods

2.1 Study areas

Fieldwork was carried out during the breeding
season 2006 in proximity to Lake Tengiz, 120 km
SW of Astana, Kazakhstan (Figure 1; cf. also Schi-
elzeth etal. 2008). The village of Korgalzhyn con-
stitutes the largest settlement. The study area
covered approximately 200 km x150 km (30 000
km?) and stretched between 49°40' - 50°55' N
and 68°38' — 70°59' E. In 2007, approximately
12000 km? were surveyed in Pavlodar region
in NE Kazakhstan within a study area situated
along the lower Irtysh river between the settle-
ment Akku (= Lebyazhe, c. 51°28'N / 77°46'E)

and the Russian border at c. 53°47'N / 75°03'E
(Figure).

The Korgalzhyn study area (Central Kazakh-
stan) is dominated by flat short-grass steppe
and (mostly fallow) cereal fields in the north and
hilly semi desert in the south. The area is char-
acterised by many fresh and saline lakes (the lat-
ter known as solonchaks), the largest being the
saline Lake Tengiz with an area of approximately
1380 kmz. It is a highly important breeding and
stop-over site for waterbirds (Schielzeth et al.
2008).

1000 2000 Kilameters

MoC

A&.

c
51 A

AR T AT c T
KA L M N H b | .-'1. N

Figure 1. Location of the Korgalzhyn and Lower Irtysh study areas (nos. 1-2) and areas of further surveys con-
sidered for the population estimate (nos. 3 — 6) within Kazakhstan and Russia. Numbers correspond to those
in Table 2. Circle size is proportional to the area of the region surveyed. The dark grey area shows the current
breeding distribution of Black-winged Pratincole, across the light grey area, the species is considered extinct.
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The Lower Irtysh study area is dominated by the
Irtysh River. The river has never been straight-
ened, and the floodplain (16 km wide) is inun-
dated for 16 — 43 days per year (A. O. Soloma-
tin pers. comm. 2007), chiefly in May. Oxbow
lakes, extensive reeds and willow thickets are
interspersed with late-mown hay meadows. The
adjacent landscape on both sides of the river is
characterised by herb-rich tall-grass steppe and
small birch forests.

In both study areas, the character of steppe veg-
etation is strongly influenced by domestic graz-
ing with livestock concentrated around human
settlements. This leads to an unequal grazing
pressure resulting in dense, tall stands of fescue
Festuca sulcata and feather grass Stipa lessingi-
ana where grazing intensity is low, and worm-
wood Artemisia spp. dominated short swards
where livestock is concentrated.

2.2 Sampling design and data recording

The Korgalzhyn study area was surveyed for
Black-winged Pratincoles from the end of April
to the end of July 2006, the Lower Irtysh study
areafrom the end of April to the end of July 2007.
We surveyed all previously known breeding sites
of Black-winged Pratincole, on which informa-
tion was available from local databases and ex-
pert communication (Schielzeth et al. 2008,
V. V. Khrokov 2007, in litt.), as well as all wetland
sites similar to habitat used in previous years
(freshwater lakes with open shores, solonchaks).
Furthermore, we surveyed large areas of fallow
fields as well as pristine steppe. Due to the huge
size of the study area, this was done from a vehi-
cle. We partly stopped at vantage points and sur-
veyed the area using a telescope, partly watched
out for pratincoles driving transects with low
speed (c. 20 — 30 km hr™). The total length of
survey transects driven across the areas was
approximately 1200 km in 2006 and 700 km in
2007. Habitat obviously unsuitable for breeding
pratincoles (such as birch forest in the Lower
Irtysh area, reeds and open water) was not sur-
veyed. Black-winged Pratincoles often hunt in
flight near breeding colonies and are thus very
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obvious over large distances, hence car-based
surveys are regarded as a suitable method. Using
telescopes, flying pratincoles can be identified at
even larger distances, in good light conditions
up to several kilometres.

We estimate that combining the approaches
described above we were able to cover approxi-
mately 75% and 80 % of the area suitable for
breeding pratincoles. The remainder comprises
mainly complexes of contiguous wheat fields,
which often cover several thousand hectares,
and are inaccessible to normal vehicles. Due to
the rather cursory nature of the car-based sur-
veys, all numbers presented here should be con-
sidered as minimum figures.

When a colony was located, the number of adults
was recorded, combining repeated counts of fly-
ing and sitting /incubating birds. Most colonies
were subsequently visited every 3 —10 days until
chicks fledged. As the sex ratio within the colo-
nies was observed to be mostly even (sexes can
be separated by plumage differences and size
when seen together and birds remain paired
during incubation), the maximum number of
birds present in a colony during the nest initia-
tion period was divided by two and the resulting
number used as an approximation to the num-
ber of breeding pairs. A colony was defined when
either incubating birds or chicks were seen, or
nests were found.

To estimate breeding success, colonies were vis-
ited when the chicks had just fledged and still did
not fly well enough to cover large distances. Re-
cently fledged juveniles tend to gather in dense
post-breeding flocks at the colony site,accompa-
nied by alert adults flying around them in a loose
group. Overall breeding success per pair was cal-
culated by dividing the number of fledged chicks
by the number of estimated breeding pairs. This
could be done only for some colonies, because
in other colonies juveniles had already started to
disperse from the colony site.

To analyse differences in habitat selection be-
tween the study areas, main terrestrial habitat
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types were defined using our own classification.
Factors influencing breeding habitat selection
were studied on the landscape scale in the Kor-
galzhyn study area in 2006 using a presence-ab-
sence habitat modelling approach. The sample
unit was the single breeding colony. A colony
was defined as an aggregation of breeding pairs
at least 3 km apart from the next breeding inci-
dence to avoid strong autocorrelation. Habitat
parameters to be examined for an influence on
Black-winged Pratincole breeding habitat selec-
tion were chosen on the basis of published infor-
mation suggesting that especially the availability
of water and low vegetation influence habitat
selection (Belik 2004). Parameters recorded in-
cluded ‘maximum vegetation height’ and ‘dis-
tance to nearest permanent water feature’. As
our own observations in the study areas from
previous years suggested that the presence of
livestock is an important factor as well, the vari-
able ‘distance to nearest settlement’ was addi-
tionally included. This has been proved a strong
correlate of both dung densities and livestock
abundance in the Korgalzhyn region (Spear-
man's ¥ > 0.9; J. K. 2006 unpubl. data). Within
the colonies, all parameters were measured at
a nest site in the centre of the colony. This was
considered representative for the whole colony.
These colony points representing ‘presence’
were compared with points randomly selected
across one third of the study area (containing the
whole range of habitats and covering the whole
latitudinal gradient). Random points were auto-
matically defined on a map using a random point
generator in ArcView 3.2a (Jenness 2005). Effec-
tive sample size was limited by the scattered dis-
tribution of the colonies throughout the study
area. Thirty-five colonies were available for vari-
able sampling and 109 random points were gen-
erated to collect absence data, thus prevalence
was higher than the minimum of 20 % suggested
by Bonn & Schréder (2001).

Vegetation height (mm) was recorded in the
field using a simple folding rule, distance val-
ues were calculated in ArcView 3.2a. Vegeta-
tion height was recorded in the period 25 May
—16 June 2006. Since vegetation growth within

the recording period would limit comparability
of single presence /absence points and model
quality, vegetation height measurements were
repeated at 60 points chosen randomly out of
the predetermined presences and absences
once in Korgalzhyn region. Vegetation height did
not differ significantly between measurements
taken on 21 May and 5 June 2006 (Wilcoxon test:

Z=-13,p =0.75,n = 67).

2.3 Data analysis

The proportion of every habitat type within the
study area was estimated from Landsat 7 ETM+
scenes representing habitat availability, and
breeding habitat selectivity was assessed using
the Jacobs preference index (Jacobs 1974).

To analyse habitat selection, binary logistic re-
gression was used (Hosmer & Lemeshow 2000).
A univariate analysis was conducted first for all
variables separately to test for correlation with
presence or absence as suggested by Hosmer &
Lemeshow (2000) and in order to avoid spurious
inclusion of variables in a multivariate model.
We tested correlations between predictors to
avoid multicollinearity (Graham 2003), but since
correlations were generally weak (all 75 < 0.5) we
included all predictors in a full model. We used
a stepwise backward procedure (critical p-value
Pou = 0.10 for variable removal, likelihood-ratio
test) for model simplification. All models were
fitted in SPSS 15.0. Before processing variables in
multivariate models, the shape of the environ-
mental relationship was determined, i.e. the pat-
tern of each variable's response to environmen-
tal factors. This has often been neglected, but is
a crucial factor when using statistical models to
predictspeciesabundanceand distribution (Aus-
tin 2002). Relationships can be either sigmoid
(with positive or negative characteristic) or uni-
modal (‘bell-shaped’ or ‘bowl-shaped’). Whether
arelationship was sigmoid or unimodal was test-
ed by assessing which variant provided the best
fit to the data by the level of significance. If both
relationships were significant, the one with the
stronger response (according to Nagelkerke's
R, Strauss & Biedermann 2006) was chosen.
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To assess the predictive power of the final mod-
els, several measures of model quality were cal-
culated:

i) Nagelkerke's R?, which describes model cali-
bration and refinement (Nagelkerke 19971),

i) AUC (area under the receiver operating
characteristic, ROC), which describes dis-
crimination (Hanley 1982, McNeil & Hanley
1984), and

iii) Cohen's Kappa, which describes discrimina-

tive power prevalence-independent (Manel

etal. 2001).

All models were internally validated using boot-
strapping (Manly 2001) with 300 iterations.
Measures for model quality and bootstraps were
calculated using the SPlus 6.1 statistical package.

We calculated a new world population estimate
using the large-scale breeding densities derived
from our study and from other recent surveys
across the entire distribution range of the spe-
cies. A minimum and maximum density value
(D) for each survey (equation 1) was calculated
according to the minimum and maximum num-
ber of breeding pairs (11,,;s) foundinarea A. Mini-
mum numbers refer to counted pairs, maximum
numbers refer to estimated maximum numbers.

D=1,

y Q)

Subsequently, the mean minimum and maxi-
mum density per area were averaged for all sur-
veys (equation 2).
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To achieve a new estimate for the world popula-
tion (Npgiseor), We multiplied this density by the
range of the current distribution of the Black-
winged Pratincole (A,,), which was estimated
rather conservatively at 1922 311 km? (GIS data)
after reviewing the relevant literature (J. K. 2007
unpubl. data) and considering the species as ex-
tinct in Ukraine (BirdLife International 2004):
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We consider this way of extrapolation to be
sound, because

i) large scale population densities from six
studies were fairly similar (cf. Table 2),

ii) the area covered by all surveys combined
was large (200 000 km? or approximately
10 % of the species' distribution area) and

iii) the study areas were distributed across the

whole range of the species and included

marginal populations.
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3. Results

3.1 Local population numbers and densities

In total, 1207 breeding pairs in 35 colonies were
recorded throughout the Korgalzhyn study
area and a total of 627 breeding pairs in 41 col-
onies throughout the Lower Irtysh study area.
Since only about 75% and 80 % respectively of
the areas could be covered, the population size
was estimated to reach c. 1500 pairs in the Kor-
galzhyn area and c. 785 pairs in the Lower Irtysh
area. This equals a large scale population density
of 3.8 (survey count) to 4.7 (estimate) breeding
pairs /100 km? for the Korgalzhyn area and 5.2
to 6.4 breeding pairs per 100 km? for the Lower
Irtysh area.

3.2 Colony size

Colony size was significantly smaller in the Low-
er Irtysh area with 1—70 breeding pairs per colo-
ny (15.3 £ 19.1, mean + SD) compared to the Kor-
galzhyn study area with 2 —180 pairs per colony
(34.5 * 37.7, mean = SD) (Mann-Whitney U-Test:
Z, = -2.9, p = 0.004). Most colonies consisted
of 1—10 pairs in both areas, while colonies with
more than 100 pairs (n = 2) were found exclu-
sively in the Korgalzhyn area (Figure 2).
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Figure 2. Comparison of Black-winged Pratincole
colony size (number of breeding pairs per colony) in
both study areas.

3.3 Breeding phenology

First (already paired) birds were seen on 28 April
2006 in the Korgalzhyn area and on 7 May 2007
in the Lower Irtysh area. First nests were found
on 4 May and 14 May respectively. As they mostly
contained incomplete clutches of one or two
eggs, they were considered as fresh. Hence,
these dates are probably close to the overall
start of the egg-laying period. There was no first
hatching date recorded for Korgalzhyn region. In
the Lower Irtysh region, first chicks hatched on 6
June 2007 (n =12 nests). First fledged chicks were
observed on 1)uly 2006 in Korgalzhyn, and on 5
July 2007 in the Lower Irtysh study area. Clutch
size was 3.41 + 0.51 (mean = SD, n =12 nests) in
the Lower Irtysh region.

3.4 Breeding success

Breeding success was 1.30 + 0.16 (mean = SE,
range 0.82—1.78,n = 6 colonies) fledged juveniles
per pair in the Korgalzhyn study area and 0.59 +
0.13 fledged juveniles per pair (mean + SE, range
0.00 —2.33, 1 = 20 colonies) in the Lower Irtysh
region. Breeding success was significantly lower
in colonies of the Lower Irtysh study area com-
pared to that of the Korgalzhyn area (t = 3.8, df =
24, p = 0.005), but since the two sites were sam-
pled in different years, site and year effects can-
not be separated. Around several empty scrapes,
droppings of foxes and hedgehogs were found,
suggesting that predation by these species was
an important cause for clutch loss. Trampling
by livestock was observed only once, but there
was evidence from eggshell remains that sheep
flocks in the Lower Irtysh study area trampled
further nests in 2007.

3.5 Habitat use and selection

In the Korgalzhyn study area, the majority of
colonies were located at muddy shores of fresh-
water and slightly saline lakes (23 % of all colo-
nies) and dried-out solonchaks (salt pans) with a
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dense cover of Salicornia spp. (49 %). In the Low-
er Irtysh area, most colonies were found on in-
tensively grazed swards on natural steppe (39 %)
and fallow arable fields (24 %) dominated either
by Wormwood Artemisia sp. or Fescue Festuca
sp. Breeding on recently sown arable fields and
burnt steppe was recorded in the Lower Irtysh
region only. Intensively grazed steppe, shores of
freshwater and brackish lakes, and solonchaks
were the preferred habitat types in both areas

(Figure 3).

There was a stronger preference for wetland
habitats in the Korgalzhyn region, whereas in
the Lower Irtysh study area fallow and grassland
habitat were slightly preferred. Grazing livestock
was present at all colonies (usually throughout
the breeding season, butin some cases at the be-
ginning of the breeding season only).

Maximum vegetation height, distance to nearest
village and distance to nearest permanent water
feature all differed significantly between colo-
nies and random points (likelihood-ratio test,
p < 0.001, Table 1), suggesting that colonies in
the Korgalzhyn area in 2006 were not randomly

sited with respect to these three variables. In a
second step, we fitted a multivariate model in-
cluding all three predictors.

Diagnostic statistics showed that the model fit-
ted the data well and internal validation did not
significantly reduce model quality (Nagelkerke's
R* = 0.906, AUC = 0.988, Cohen's k = 0.926,
bootstrapped model). 97.2% of all presence-
and absence-points were classified correctly.
Occurrence probability decreased with increas-
ing distance to settlements (including cattle bri-
gades) and permanent water features. Maximum
vegetation height strongly influenced distribu-
tion patterns as well, with an occurrence prob-
ability peak (i.e. habitat optimum) reached at
h = 5o mm (Figure 4).

3.6 World population

Based on large-scale breeding density estimates
fromthisstudyandrecentliterature data (Table2,
Figure 1), we extrapolated a new world popula-
tion estimate of 76 416 — 95143 breeding pairs,
approximated to 76 000 — 95 000 breeding pairs.

Floodplain meadows and shrub \ B D (Korgalzhyn)
| [ 1 D (Lowerlrtysh)
Birch forest \
Recently burnt steppe —

Solonchaks

Shores of freshwater and
brackish lakes

Abandoned and fallow fields

Ploughed and sown fields \

Intensively grazed
natural steppe

Moderately grazed to ungrazed \

natural steppe
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Figure 3. Comparison of breeding habitat use of Black-winged Pratincole in both study areas described by
the Jacobs preference index D. Values < o indicate an avoidance of the habitat type referred to (-1: complete
avoidance), those > o indicate a preference for the habitat type referred to.
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Table 1. Variables examined with logistic regression for an influence in Black-winged Pratincole habitat
selection. p values, measures of model fit and response direction for all univariate logistic regression models

are given.

Variable p R% AUC Cohen'sx Response shape
maximum vegetation height <0.00001 0.653 0.960 0.770 unimodal
distance to nearest permanent water feature <0.00001 0.635 0.928 0.701 sigmoid negative
distance to nearest settlement <0.00001 0.452 0.872 0.632 sigmoid negative

Table 2. Overview of recent large scale surveys for Black-winged Pratincole. ‘pairs min.” refers to minimum
number of breeding pairs counted / estimated, ‘pairs max.’ means estimated maximum numbers.

Area Source Survey Areasize Pairs  Pairs Density min  Density max
year  (km?) min max  (BP/100km?) (BP/100km?)
1 Korgalzhyn, Central Kazakhstan Kamp et al. (this paper) 2006 31,800 1,207 1,500 3.80 4.72
2 Lower Irtysh, NE Kazakhstan Kamp et al. (this paper) 2007 12,000 627 785 523 6.54
3 Naurzum reserve, W Kazakhstan Bragin 2004 2004 12,000 429 586 3.58 4.88
4 Chelyabinskaya oblast', S Central Russia  Karyakin and Koslov 1999 1999 87,000 2,000 4,000 2.30 4.60
5 Orenburgskaya oblast', S Central Russia  Korshikov 2002 1999 40,000 2,500 2,500 6.25 6.25
6 Stavropolskii Krai, SW European Russia L. Malovichko in litt. 2007 2006 66,500 1,800 1,800 2.71 271
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Figure 4. Multivariate habitat model including all three recorded habitat variables. Occurrence probabili-
ty (p) is plotted against distance to nearest settlement and maximum vegetation height. Diagrams represent
different stages of the distance to water features.
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4. Discussion

4.1 Colony size and breeding performance

The colony sizes ascertained for the study areas
considered here are fairly similar to the range
cited in the literature. Across the southern Rus-
sian breeding grounds, most colonies hold 3—20
pairs, with larger ones up to 150 pairs (Koshelev
1983, Davygora et al. 1992, Karyakin & Koslov
1999, Korshikov 2002, Belik 2004, L. Malovichko
in litt.2007). The largest colonies found in recent
years held 500 pairs (Stavropol region 2006, L.
Malovichko in litt. 2007) and 1200 pairs (Oren-
burg province, Korshikov 2002). For Kazakhstan,
Dolgushin (1962) mentions colonies of ‘few,
dozens, hundreds and sometimes thousands of
pairs’. During the last 10 years no colonies larger
than 100 pairs have been reported, except one
colony of 600 pairs on the shore of the Caspian
Seanear Atyrau in 2003 (S. Erokhov in litt.2008).

There is no published information on the level of
productivity that is required to maintain popu-
lation stability in pratincoles. Lysenko (1980)
found 50 % nest loss and 30 % chick loss caused
by livestock trampling for breeding colonies in
Ukraine. For the Collared Pratincole Glareola
pratincola, Calvo (1994) found high hatching
rates in marshland colonies (88% of clutches
hatched), but lower rates on farmland (29 %
hatched). Belik & Lebedeva (2004) and Belik
(2004) suggest both nest failure and chick mor-
tality to reach 60 —100 % in Black-winged Prat-
incole annually, but this is based on a study of
‘colonial waders’ in Central Kazakhstan and does
not necessarily concern Black-winged Pratin-
cole (Elkin 1981). Productivity of 1.30 chicks per
pair in 2006 (Central Kazakhstan) exceeds that
required by well-studied species, such as North-
ern Lapwing Vanellus vanellus (where 0.72 — 0.84
chicks per female need to be produced annually
to maintain population stability, Catchpole et
al. 1999). Productivity of 0.59 chicks per pair as
observed in 2007 in NE Kazakhstan is probably
below this level. It is not clear why the level of
productivity differs between the two study ar-
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eas or years, but it may be linked to a difference
in predation rates due to a shortage of voles in
2007 leading to an increase in predation by small
carnivores (R. D. S. 2007 unpubl. data). Mosei-
kin et al. (2004) found 100% clutch loss after
agricultural operations on arable land with four
nesting colonies comprising a total of 610 pairs.
This seems not to be an exception, as in our
Lower Irtysh study area a colony of 30 pairs was
extirpated by harrowing just after colony initia-
tion. However, birds failing early in the breeding
period could move to other sites and initiate re-
placement clutches.

4.2 Habitat use and selection

As habitat selection is a hierarchical process of
behavioural responses, neither proximate nor
ultimate factors can be determined by simply
studying current bird distributions (Jones 2001).
The results presented can provide only hints to
this process. Our analysis quantified the high im-
portance of livestock grazing and the availability
of water in habitat selection, and suggests a pref-
erence for a distinct vegetation height, at least
for the Central Kazakhstan population.

Suitable habitats were selected more often
close to water, which might be due to the avail-
ability of drinking water for adults (Dolgushin
1962). Occurrence probability approached zero
already 3 km from permanent water features in
the Central Kazakhstan study area suggesting
Black-winged Pratincoles in steppe areas are de-
pendent on the proximity to wetlands.

Obviously, an important proximate factor in
habitat selection of Black-winged Pratincole is
the presence and density of grazing livestock,
suggested by the fact that short-grazed areas
close to human settlements were preferred.
However, solonchaks with Salicornia cover and
muddy (salt and freshwater) lake shores pro-
duce a suitable vegetation height for natural
reasons (hydrological conditions, salt dynam-
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ics). These areas are frequented by livestock
mainly for resting and drinking, which leads to
high dung densities. Dung might increase food
abundance (coprophagous insects around dung
piles and Diptera attracted to grazers), as birds
have been seen pecking dung beetles from fresh
and decaying dung piles (J. K. pers. obs., Atkin-
son et al.2004). As clutches are often embedded
in dung piles, other hypotheses include a possi-
ble heating effect of decaying dung, use of dung
piles as orientation marks to facilitate recovery
of own clutches in a colony environment, and,
most likely, a camouflage effect of dung piles on
embedded clutches.

4.3 Population numbers

We estimated the world population to approxi-
mately 76 00oo — 95000 breeding pairs, equal-
ling 152 000 — 190 000 mature individuals. This
estimate is significantly higher than the latest
estimate of 29 000 — 45 0oo mature individuals
(BirdLife International 2007), which was largely
based on ‘best guess’ for the Asian part of the
distribution area (V. V. Khrokov pers. comm.
2006). The new population estimate is support-
ed by a recent count from a single site on the
wintering grounds: 76 500 birds were present at
Vaal Dam, South Africa, in 2006 (University of
Cape Town 2006). In 1991, an even larger flock of
250 000 to 800 000 birds was observed in Or-
ange Free State, South Africa (du Plessis 1995).
A post-breeding flock of 20 0oo birds at Manych
wetlands, SW Russia in September 2006 (M. A.
K.2006 unpubl. data) indicates higher numbers
in European Russia.

Pratincoles are known to exhibit a sporadic dis-
tribution pattern, i.e. the distribution and size
of colonies vary noticeably between years (Belik
2004). As we used data from different areas and
different years, our population estimate might
be biased upwards, assuming that birds from
a study area surveyed early abandoned it and
then moved to another that was surveyed sub-
sequently. However, given the background of
the recent high counts on passage and in the
wintering areas, and because all surveyed areas

are quite distant from each other, we regard it as
unlikely that the new estimate is strongly biased
due to this reason.

4.4 Population trends in the light of
changing steppe land use and habitat
availability

Land use changed significantly across the Eura-
sian steppe belt within the last 100 years. The
steppes of Ukraine and European Russia had
been ploughed almost completely by 1900,
whereas in Asian Russia and Kazakhstan, the
proportion of arable land was negligible until
the 1950s and grazing by domestic animals was
the most widespread type of land use. After the
Second World War, the ‘Virgin Lands Campaign’
of the Soviet government heavily affected the
steppe ecosystem: Between 1953 and 1961, 417
million ha (25.4 million ha in Kazakhstan) of
steppe were ploughed, mainly for wheat cultiva-
tion (Wein 1983).

Livestock numbers were high in Kazakhstan un-
til the 1930s (an estimated 150 million livestock
units [LU] in 1930; Robinson & Milner-Gulland
2003), but crashed then due to the rigorous en-
forcement of the Soviet collectivisation policy
and the resulting emigration of over one million
nomads (around 14 % of the population) to Chi-
na and Mongolia (only 25 million LU left by 1935).
From 1950 to 1991, livestock numbers increased
steadily, reaching 100 million LU at the end of
the Virgin Lands Campaign, and were back to
the level of the 1930s by 1990 (Robinson & Mil-
ner-Gulland 2003).

After the collapse of the Soviet Union in 1991,
institutional changes led to the end of the state
crop subsidy system. This resulted in large-scale
abandonment of arable fields across Kazakhstan
(De Beurs & Henebry 2004). The area sown
for crops in Kazakhstan was reduced by 38%
through the mid-1990s (Suleimenov & Oram
2000). In the Korgalzhyn study area, even 60
—80 % of all formerly agriculturally used area fell
fallow between 1991and 1998 (own analysis from
Landsat 7 ETM+ imagery). Livestock numbers
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both in Russia and Kazakhstan crashed after the
collapse of the Soviet Union due to the with-
drawal of state support and the use of animals
as currency. In all Russian steppe regions com-
bined, total livestock numbers (cattle, horses,
sheep and goats) decreased by 49 % (GosKom-
Stat 2001). In Kazakhstan, the political and eco-
nomical changes affected livestock numbers as
well, resulting in a decline of 58 % in cattle and
75 % in sheep and goats from 1990 to 1999 (Sulei-
menov & Oram 2000, Robinson & Milner-Gul-
land 2003). These figures are fairly representative
for our study areas, as outlined by Lenk (2001).
Since about 2002, livestock numbers have been
increasing again by approximately 10% in our
study areas (J. K. 2008, unpubl. data).

Our study revealed that Black-winged Pratincole
is largely dependent on the presence of large
grazers. Although precise figures on population
trends are lacking, there is evidence that popula-
tion development (overview in Belik 2004, Belik
& Lebedeva 2004) is at least partly a function of
habitat availability: Declines occurring from the
end of the 19*" century in Ukraine and European
Russia have been associated with the increase
in ploughed area and a loss of grazed steppe. A
further rapid decrease recorded in the 1950s was
probably related to massive habitat loss during
steppe ploughing under the Virgin Lands Cam-
paign. A stable and locally positive trend in num-
bers during the Soviet period until the 1990s
might have been linked to then increasing live-
stock numbers, as well as the sudden decline by
40 — 60 % (Belik 2004) in the 1990s going along
with a crash in livestock numbers, the latter
causing former pastures to be overgrown with
dense, weedy vegetation.

There is evidence that the large decline of pra-
tincoles described for the second half of the 20th
century has halted now in larger parts of the
range east of the Ukraine. L. Malovichko (in litt.
2007, Table 2) counted 1800 breeding pairs in an
area in European Russia in 2006, where only 100
— 200 were estimated in 2002 (Belik 2004). Kar-
yakin and Koslov (1999) noticed an increase in
numbers in southern Russia after a pronounced
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decline during the Soviet era. Korshikov (2002)
revealed higher numbers compared to Soviet
times numbers in a south Russian stronghold,
and there is evidence that in central and north-
eastern Kazakhstan the number of pratincoles
has increased by 20 — 30 % between 1998 and
2007 (A. V. Koshkin pers. comm. 2007, A. O.
Solomatin pers. comm. 2007).

This increase coincides with the massive in-
crease of fallow and abandoned land described
above, and indeed, 25% of all breeding pairs
in NE Kazakhstan (this study), and 40 % of the
breeding pairs found by L. Malovichko (in litt.
2007; Table 2) in European Russia nested on fal-
low and abandoned land.

However, former arable areas are only suitable
habitats for Black-winged Pratincoles during the
first years after abandonment, as the vegetation
of mainly weedy species tends to get too tall and
dense if not grazed constantly, so pratincoles
might not benefit from these areas in the long
term.

Changing grazing patterns might have influ-
enced pratincole numbers as well. Whereas dur-
ing the Soviet era total livestock numbers were
an order of magnitude higher than today, overall
grazing pressure was probably less. The animals
were driven further away from settlements and
state farms, in order to avoid overgrazing and
simply because arable fields started mostly right
at the edges of villages (Robinson et al. 2003).

Since privatisation of the livestock sector in the
1990s, people tend to keep the herds in close vi-
cinity of settlements for logistical reasons. The
migration of stock to summer pastures across
the steppe belt has ceased due to a lack of trans-
port facilities. In localized areas, this leads to
much higher grazing pressure than in Soviet
times, turning former tall grassland, fallow hay
and wheat fields into short-grazed swards. These
areas are used by a large proportion of the prat-
incoles in our study areas (see Results).
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Apart from habitat availability, there might by
other threats to the species (see Introduction).
Farming intensity is still high in some areas of
Russia and across Ukraine, so arable fields might
function as ‘ecological traps’, i.e. attract pratin-
coles to breed, but weaken the population due
to low breeding success (Moseikin et al. 2004).
However, it is not clear to what extent arable
fields attract pratincoles for breeding as these
are difficult to survey. In both our study areas
they were used by a minor proportion of the
population.

Trampling of clutches at the strongly grazed
areas around settlements might be a problem,
and sheep flocks driven at speed through colo-
nies can cause significant clutch loss (J. K. 2007
unpubl. data; see also Watson et al. 2006 for
the ecologically close Sociable Lapwing Vanel-
lus gregarius). However, the comparatively high
fledging rates revealed in our study indicate
that trampling might be less of an issue than
expected.

4.5 Implications for conservation

As described above, the decline of Black-winged
Pratincole numbers was apparently not as dra-
matic as suggested by Belik & Lebedeva (2004),
and the world population seems to be substan-
tially larger than previously thought. Habitat
availability seems to have increased during re-
cent years. However, there is no doubt that es-
pecially in the European parts of the range the

species has decreased significantly in numbers.
A range contraction and increasing isolation of
breeding areas has occurred, and the species
might have recently become extinct in Ukraine.

As the Black-winged Pratincole remains under-
studied, we suggest a focus on research at the
breeding grounds on

i) the current distribution and numbers at
the edges of the species' range (SW Russia,
Ukraine, E Kazakhstan),

i) past and likely future land use and habitat
changes across both the breeding and win-
tering range and their effect on population
development

iii) the level of productivity and reasons for

clutch loss as well as chick mortality in dif-

ferent habitats (especially whether arable
fields function as ecological sinks).

To reduce the risk of trampling by livestock, an
approach that takes into consideration rural
communities is much needed. Talking to shep-
herds and suggesting they avoid the colony
areas might help to increase breeding success. If
trampling is an issue, fencing colonies might be
an option. In Russia, Sociable Lapwing clutches
on arable land hatched successfully, when con-
servationists informed farmers and solicited
the exclusion of the colony area from harrowing
(Morozov 2005).
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hanges in agricultural land-use on the Eura-

sian steppes, stretching from Ukraine to
the Western Siberian Altai Mountains, have
been extreme since the dissolution of the Soviet
Union in 1991. In this thesis, | quantify agricul-
tural change in Kazakhstan for the decades 1991
— 2000 and 2000 — 2010 and reveal a pattern of
agricultural abandonment and destocking in the
1990s, but a trend towards reclamation of aban-
doned land and a recovery in livestock numbers
in the past decade. Based on governmental sta-
tistics and interviews with land managers, | fore-
cast an ongoing reclamation and intensification
of arable land in the years to come, along with a
trend of increases in numbers, butalso a redistri-
bution of currently concentrated livestock.

| set out to examine the impact of these chang-
es on a key species group in the region, steppe
birds. Collecting large-scale bird density data
and distribution information previously unavail-
able, and relating these to habitat features influ-
enced by land-use, | could show that there is an
overall strong response in steppe bird popula-
tions on different spatial scales to both the in-
tensity of arable farming and grazing patterns of
domestic ungulates (chapter1).

Distribution and abundance of steppe birds
seems mainly to be governed by small-scale dif-
ferences in vegetation height, plant cover (i.e.
the availability of bare ground) and animal dung
abundance, suggesting a co-evolution with the
native grazers that shaped vegetation commu-
nities of the Eurasian steppes before they were
hunted to extinction or severely depleted by
man. Grazing of livestock replacing the original
vast herds of wild ungulates seems to be ben-
eficial to the persistence of steppe birds, for ex-
ample certain species of lark (chapter 3). In the
absence of native wild ungulates, domestic un-
gulates might even be indispensible as certain
steppe waders such as Sociable Lapwing (chap-
ter 4) and Black-winged Pratincole (chapter 5)
would not breed before a threshold of grazing
intensity (quantified by my research for the first
time) is reached. Apart from vegetation features
shaped by grazers, the availability of dung seems
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crucial for the latter species as clutches were
placed directly into piles of cattle dung, possibly
for camouflaging or insulating reasons. Grazing
patterns seem to impact on steppe bird distri-
butions at different scales, from the landscape-
scale (lark abundance along a gradient of graz-
ing intensity, chapter 3) to meso-scales (nest-
site selection in heavily grazed areas with high
dung densities by Sociable Lapwings and Black-
winged Pratincoles, chapters 4 and 5). Changes
in grazing management seem to have impacted
on a behavioural level as well, leading for exam-
ple to pronounced synanthropy in Sociable Lap-
wings not observed in Soviet times (chapter 4).
Also, grazing intensity seems to play an impor-
tant role in niche segregation of closely related
species, as demonstrated here for the lark family
(chapter3).

Abandonment of farmland led to secondary
steppe succession, and abandoned fields rep-
resent a habitat of major importance to some
steppe species reaching extremely high densi-
ties in these habitats (chapter 1). In contrast, ar-
able fields used for wheat cultivation have prov-
en overall poor habitats, hosting few species in
very low densities. Reclamation of arable land
for farming thus has and will have major impli-
cations for the status and persistence of steppe

birds.

The current situation for birds (and biodiversity
beyond birds) in the steppes of Kazakhstan, and
thus the largest and most important part of the
Eurasian steppes, might seem rather positive.
There is an overall low human population den-
sity, and various intensities and varying patterns
in agricultural land-use shape the landscape
such that there is ‘something for everyone’.
However, the future might not look that bright.
Pressure on the vast grasslands will undoubtedly
increase in future years, as the human popula-
tion of Kazakhstan is rising fast, mostly in rural
areas (Kazakhstan State Statistics Agency 201m),
and the government follows a strategy of un-
limited economic growth with annual rates of
5 — 8% (CIA 20m). Processes impacting eco-
system services and biodiversity negatively are
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likely to increase in the future: due to increasing
consumption levels (and to a lesser extent due to
increasing human population), world food and
energy demand are predicted to increase mas-
sively over the next decades (Tilman et al. 2002).
Kazakhstan is one of the world's leading export-
ers of oil, gas and mineral resources and food,
and substantial profits from these industries
are increasingly being reinvested in agriculture.
High grain prices make cereal agricultural a pro-
fitable business at the moment, and will probably
continue to do so. Kazakhstan, aided by develop-
ment agencies and banks from early-industrial-
ised countries, has recently launched a strategy
to reclaim more land, modernise the agricultural
sector, diversify the crop portfolio and move to-
wards industrialised agriculture as found over
much of Western Europe (Kazakh Ministry of
Agriculture 2008). Tendencies to abandon more
or less traditional livestock breeding methods,
resulting in the concentration of cattle in stables
year round and the provision of hay silage grown
on steppe soils instead of herding flocks on the
steppe are observed in parts of Kazakhstan (Kaz-
marketing 2009).

Ambitious, energy-consuming development
and infrastructure projects such as the translo-
cation of the country's capital city to the heart
of the steppes, transcontinental oil pipelines
and giant road schemes connecting production
facilities in China with consumer markets in Eu-
rope (Gizitdinov 2006) will potentially have big
impacts on steppe ecosystems.

Conservation monitoring and action will thus be
required in the future, probably more than cur-
rently. In my thesis, | provide the baseline data
to guide decisions in bird conservation, allow-
ing the development of strategies to maximise
benefits to biodiversity while not impairing liv-
ing standards of the human populations. These
would ideally comprise:
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i) A set-up of monitoring systems for land-use
change and biodiversity responses, e.g. via
remote sensing applications (Buchanan et al.
2008a, Buchanan et al. 2008b) and bird and
mammal monitoring schemes (e.g. Singh &
Milner-Gulland 201m)

ii) A more quantitative approach to protected
area selection using algorithms maximising
cost-effectiveness and benefits for biodiver-
sity (Rodrigues et al. 2004), i.e. improve-
ments to the current opportunistic strategy
of Protected Area Selection in Kazakhstan
(e.g. Zuther2009). The Eurasian steppes are
among the ecozones with the lowest pro-
portion covered by protected areas (Brooks
et al. 2004).

iii) Lobbying at the government institutions of

Kazakhstan for more wildlife-friendly farm-

ing, by measures such as agri-environmental

schemes and a biodiversity-friendly adjust-
ment of state subsidies in the arable and live-
stock sector.

The research presented in this PhD-thesis cov-
ers only a tiny proportion of the questions that
can be asked and might be answered to better
understand landscape-scale processes in the
steppes of Eurasia, which have been heavily af-
fected by post-Soviet change.

The mosaic of used and abandoned fields and ar-
eas of varying grazing pressure are likely to con-
tinue to provide a useful, pseudo-experimental
setup for both basic and applied ecological re-
searchers for a number of years. A few examples
of potentially rewarding research approaches
are:

i) A more detailed evaluation of steppe bird
responses to agricultural management
throughout the seasons. There is evidence
that wheat fields might be of greater impor-
tance to some steppe birds after harvest (R.
Urazaliev unpublished data, 2010), and this
might have implications for survival and
productivity of species breeding in adjacent
steppe.



i) An extension of the work described here to
other taxonomic groups, e.g. an evaluation
how insects, namely the numerically domi-
nant grasshoppers and locusts beyond the
‘pest’ species were affected by agricultural
abandonment and how this translated into
bird responses.

iii) Modelling of current and future multi-level
ecosystem processes, such as an evaluation
to which extent increased wildfire frequency
and availability of fresh burns impacted on
small mammals and birds, or which other
multi-species-group interactions (e.g. do-
mestic livestock grazing — small mammal
abundance — burrow-inhabiting bird abun-
dance) were affected by changing grazing
patterns.

iv) An assessment of whether Saiga antelope
still has an ecosystem-wide impact despite
its much depleted population, or whether it
is no longer a keystone species, and how this
might change along the projected recovery.

v) A rigorous evaluation of concurring conser-
vation strategies summed up in the ‘Land-
sparing vs. land-sharing” debate (Green et al.
2005, Phalan et al. 2010, Phalan et al. 2011).

Finally, an extension of the work beyond biodi-
versity seems rewarding, e.g. establishing how
other ecosystem services such as carbon seques-
tration, soil fertility and hydrological regimes are
affected by current and future land-use changes.
With predicted changes in weather and climatic
patterns, an incorporation of climate as well as
land-use change into any future research seems
imperative. Only integrated, landscape-scale
approaches incorporating ecological, but also
socio-economic perspectives will be suited to
preserve the unique steppe ecosystems of Eura-
sia for future generations.
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Executive summary

In this thesis, | quantify changes in agriculture
on the Eurasian steppes that were triggered by
the dissolution of the Soviet Union, and evaluate
their impact on populations and the ecology of
steppe birds in Kazakhstan. | use habitat model-
ling techniques and socio-economic research to
detect patterns in species responses to agricul-
tural change and predict future developments.
Data were collected in 2006 — 2010 in three
study areas in Kazakhstan.

Agriculture across the Eurasian steppes is char-
acterised by arable farming, mostly for cereal
crops, and livestock breeding. Cultivation for ar-
able crops started early in Ukraine and European
Russia, and at the end of the 19*" century, hardly
any steppe was left in pristine condition. In Ka-
zakhstan, significant areas of the steppe grass-
lands were cultivated as late as the 1950s during
the Soviet ‘Virgin Lands Campaign’. After the
break-up of the Soviet Union, roughly half of the
farmland in the steppe zone was abandoned dur-
ing privatisation of the state farm system. How-
ever, economic growth and increasing wheat
prices led to widespread reclamation of aban-
doned farmland from the year 2000 onwards,
and currently an increasing intensification and
mechanisation of farming practises is observed.

Livestock numbers were rather high in the be-
ginning of the 20" century, but crashed during
the collectivisation in the 1930s. They recovered
quickly and increased massively during Soviet
times, and collapsed during 1993 — 1995 as state
subsidies were withdrawn and animals used as
currency in times of economic hardship. In most
regions of Kazakhstan, livestock numbers recov-
er slowly, but there are areas with no recovery in
both Kazakhstan and Southern Russia. Grazing
patterns changed from nomadic systems in the
beginning of the 20t century, to semi-nomadic
approaches in Soviet times and a concentration
around settlements after 1991 leading to a very
imbalanced grazing pressure across the steppes.

Numbers of native wild ungulates grazing the
steppe crashed early due to overhunting, and
the only species surviving in significant numbers
during the 20 century was the Saiga antelope
Saiga tatarica. However, poaching for meat and
horn (for traditional Chinese medicine) bur-
geoned in the 1990s leading to a 98 % reduction
of the population in 2003, from around a million
animals to a mere 30 0oo.

Overall, population responses of steppe birds
to arable change were pronounced. Modelling
bird population density on large scales in a rep-
resentative region in central Kazakhstan along a
land-use gradient ranging from pristine steppe
to arable fields and heavily grazed pastures
(chapter 2), | was able to show that long-aban-
doned arable fields and ungrazed pristine steppe
were the most important habitats for most spe-
cies. This suggests that due to post-1991 aban-
donment of arable agriculture, many species
have enjoyed a period of significant population
growth during the years 1991 — 2000 and later.
Livestock concentration effects, leading to high
grazing pressure in small areas, are also likely
to have benefitted several species of high con-
servation concern, such as the endemic White-
winged Lark Melanocorypha leucoptera or the
Critically Endangered Sociable Lapwing Vanellus
gregarius. An analysis of land-use statistics and
dedicated socioeconomic surveys among land
managers suggest that recent and predicted
future trends in agriculture in the steppe zone,
particularly the reclamation of abandoned cereal
fields and reduced grazing pressure, may cause
populations of most species, including a num-
ber of biome-restricted species, to decline in the
near future. | discuss possible conservation solu-
tions, including improvements in the protected
area system and land-sparing options.

Changing grazing patterns, a decline in domestic
and wild ungulates, more frequent wildfires and
abandonment of arable agriculture led to mas-
sive changes in vegetation. To investigate, how
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these changes impacted on bird communities
on a mesoscale, | assessed niche separation in
larks (Alaudidae), which are the dominant bird
family across the Eurasian steppe zone (chapter
3). | examined the extent to which the distribu-
tions of different species of lark vary along the
two main agricultural gradients in the steppe
and semi-desert zones of Kazakhstan: the inten-
sity of grazing and the time since abandonment
of cereal fields. Vegetation structure and com-
position varied significantly and non-linearly
with time since abandonment, and with varying
livestock density. The lark species examined re-
sponded in non-linear ways to both these gradi-
ents and showed a high degree of niche separa-
tion, with Black Lark Melanocorypha yeltoniensis,
Calandra Lark Melanocorypha calandra and Sky-
lark Alauda arvensis preferring denser and taller
vegetation as found on abandoned arable fields
compared to White-winged Lark and Short-
toed Lark Calandrella brachydactyla, which were
found in areas with more open ground and more
xerophytic vegetation. Lark populations general-
ly are likely to have benefitted from agricultural
abandonmentandadeclinein livestock numbers
over large parts of the steppes and semi-deserts
of the former Soviet Union. My data suggest that
an assessment of future changes in steppe bird
communities based upon projections of chang-
es in the area of gross habitat types (as done in
chapter 2) can be improved by a better under-
standing of the responses of different species to
more subtle environmental gradients.

By modelling habitat associations and the dis-
tribution of breeding Sociable Lapwings, a
Critically Endangered steppe wader (chapter
4), | discovered even further reaching implica-
tions of land-use change, in this case leading to
a high degree of synanthropy due to changes in
livestock grazing patterns. At a landscape scale,
breeding colonies were strongly positively asso-
ciated with villages and rivers. Habitat suitability
models had very high predictive power and sug-
gested that only 6.6 — 8.0 % of the 30 000-km?
study area was potentially suitable for Sociable
Lapwings. Models developed to describe the
spatial distribution of nests in one region of Ka-
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zakhstan in one year predicted well the distribu-
tion of nests in another region, suggesting good
generality. At a colony scale, nests were most
likely to be found in the most heavily grazed ar-
eas, with a high cover of animal dung and bare
ground. Despite the low density of human set-
tlements in the study area, most Sociable Lap-
wing nests were < 2 km from a village. There
was a strong positive correlation around villages
between grazing intensity and the density of
Sociable Lapwing nests, with clear evidence of
a threshold of grazing density that needs to be
reached before birds will breed. These findings
are important for developing management solu-
tions to improve the conservation status of this
threatened steppe wader.

A very similar strong reliance on domestic graz-
ers was found in the Black-winged Pratincole
Glareola nordmanni, which has declined signifi-
cantly during the course of the 20t century, re-
sulting in a classification as ‘Near Threatened’
and ‘Endangered’inthe Globaland EuropeanRed
Data Books. Reasons for the decline are largely
unknown due to a lack of information on the
breeding ecology of the species. | studied breed-
ing performance and habitat use in two areas in
Kazakhstan and evaluated a new world popula-
tion estimate (chapter 5). Colony size ranged
from two to 180 pairs and differed significantly
between the study areas. Mean breeding success
was 1.30 + 0.16 (mean + SE) fledged chicks per
breeding pair in Central Kazakhstan, and o.59
+ 0.13 (mean = SE) fledged chicks per breeding
pair in NE Kazakhstan. The probability of oc-
currence of breeding colonies was highest
near human settlements, within 3 km of open
water and where sward heights were low or
intermediate, indicating a reliance on heavy
grazing and water. Using data from six surveys
across the whole breeding range, | calculated
a new world population estimate of 76 ooo
- 95000 breeding pairs, which is substantially
higher than previous estimates and has been
adopted by BirdLife International. | suggest an
increase in habitat available to Black-winged
Pratincole due to an increase in the area of fal-
low fields and a change in grazing regimes



since the collapse of the Soviet Union in 1991.
In my thesis, | provide the baseline data to guide
decisions in bird conservation, allowing the de-
velopment of strategies to maximise benefits to
biodiversity while not impairing living standards
of the human populations. | suggest improve-
ments to the monitoring of biodiversity and land-
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use change as well as reserve selection schemes,
and conclude that lobbying at the government
institutions of Kazakhstan for more wildlife-
friendly farming is necessary. Finally, | suggest
further research options and identify gaps.

Zusammenfassung

In der vorliegenden Arbeit quantifiziere ich tief-
greifende Nutzungsinderungen in der Land-
wirtschaft in den Steppen Eurasiens, die durch
den Zerfall der Sowjetunion im Jahre 1991 ausge-
|6st wurden. Ich untersuche den Einfluss dieser
Anderungen auf die charakteristischen Vogelge-
meinschaften der Steppen und beschreibe Aus-
wirkungen auf Populationsékologie und Verbrei-
tung. Dabei werte ich tierokologische Daten, die
zwischen 2006 und 2010 in drei Untersuchungs-
gebieten in Kasachstan gewonnen wurden, mit
Verfahren der statistischen Modellierung aus
und setze sie in Bezug zu soziobkonomischen
Forschungsergebnissen, um zukiinftige Ent-
wicklungen vorauszusagen.

Die landwirtschaftliche Nutzung der Steppen
Eurasiens wird dominiert von Weizenanbau und
Viehzucht. In den Steppen Russlands und der
Ukraine begann die Kultivierung frith, und schon
am Ende des 19. Jahrhunderts war kaum noch
naturnahes, ungepfliigtes Grasland vorhanden.
In Kasachstan wurde der iiberwiegende Teil der
Steppen erst in den 1950er Jahren im Rahmen
der sogenannten ,Neulandkampagne® umge-
brochen. Nach der Auflésung der Sowjetunion
wurde wihrend der Privatisierung der Staatsbe-
triebe etwa die Hilfte der Anbaufliche aus 6ko-
nomischen und sozialen Griinden aufgegeben.
Ab dem Jahr 2000 fiihrte starkes Wirtschafts-
wachstum und steigenden Weizenpreise auf
dem Weltmarkt zu einer erneuten Beackerung
vieler dieser aufgegebenen Flichen, und aktuell
lasst sich eine zunehmende Intensivierung und
Mechanisierung im Getreideanbau beobachten.

Die Viehbestinde waren zu Beginn des 20. Jahr-
hunderts dhnlich hoch wie heute, brachen aber
in den 1930er Jahren infolge der Zwangskollek-
tivierung der Nomaden zusammen. Sie erholten
sich jedoch schnell und wuchsen in der Sowjetz-
eitstarkan. Mitdem Zerfall der Sowjetunion bra-
chen sie Anfang der19g9oer Jahre zusammen, da
staatliche Subventionen wegfielen und die Tiere
in der 6konomischen Krise als Wihrung benutzt
wurden. In den meisten Gebieten Kasachstans
erholen sich die Viehbestinde seit dem Jahr
2000 langsam. Die Beweidungsmuster waren
zu Beginn des 20. Jahrhunderts noch von noma-
dischen Systemen geprigt, wihrend zu Sowjet-
zeiten halbnomadische Ansétze vorherrschten.
Seit Anfang der1ggoer Jahre ist das Vieh nahezu
ausschliefdlich um die Ortschaften konzentriert,
da Mittel fiir Transport und Brunnenbau in der
Steppe fehlen. Dies hat zu einer sehr ungleich-
maRigen Beweidung der Steppe gefiihrt.

Populationen wilder Huftiere wurden durch
Uberjagung friih dramatisch dezimiert, und die
einzige Art, die in groferer Anzahl in der Step-
penzone wihrend des 20. Jahrhunderts iiberleb-
te, ist die Saiga-Antilope Saiga tatarica. lllegale
Bejagung (zur Fleischgewinnung und zum Han-
del mit Hérnern, die als Aphrodisiakum in Chi-
na stark nachgefragt werden) hat die Art an den
Rand des Aussterbens gebracht: Ein Riickgang
von iiber einer Million Tiere in den1990er Jahren
auf héchstens 30 0oo im Jahre 2003 ist belegt.

Die Reaktionen von Steppenvégeln auf die be-
schriebenen tiefgreifenden Anderungen waren
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allgemein stark ausgeprigt. Im Rahmen einer
grofmafistibigen Modellierung von Vogeldich-
ten entlang eines Landnutzungsgradienten in
Zentralkasachstan (Kapitel 2) konnte ich zeigen,
dass aufgegebene landwirtschaftliche Flichen
und nicht oder schwach beweidete Steppen in
naturnahem Zustand aktuell die grofite Bedeu-
tung fiir die meisten Steppenarten haben. Die
schnelle Besiedlung und Bevorzugung aufgege-
bener Ackerflichen legt nahe, dass die Bestin-
de vieler Steppenarten sich wihrend der 19goer
Jahre deutlich erholt haben, ganz im Gegensatz
zur Situation in Mitteleuropa. Weitere Arten wie
etwa die endemische Weififliigellerche Mela-
nocorypha leucoptera oder der stark gefihrdete
Steppenkiebitz Vanellus gregarius scheinen stark
von den Konzentrationseffekten in der Viehhal-
tung profitiert zu haben, die zu starkem Bewei-
dungsdruck in kleinen Arealen gefiihrt haben.
Eine Analyse von Landnutzungsdaten der sta-
tistischen Amter und quantitative Umfragen
in landwirtschaftlichen Betrieben legen jedoch
nahe, dass viele Arten aufgrund einer Umkeh-
rung der beobachteten Landnutzungstrends in
naher Zukunft wieder im Bestand abnehmen
werden, vor allem infolge einer zunehmenden
Reaktivierung brachliegender Flichen, einer be-
reits beobachtbaren Intensivierung in der Land-
wirtschaft, und einer fortschreitenden Riickkehr
zu sowjetischen Beweidungssystemen.

Sich d@ndernde Beweidungsmuster, Abnahmen
der Vieh- und wilden Huftierbestinde, hiufige-
re Steppenfeuer aufgrund stirkerer Biomasse-
akkumulation durch fehlende Beweidung und
Nutzungsaufgabe fiihrten zu starken Verinde-
rungen der Steppenvegetation. Um zu verste-
hen, wie diese Prozesse Vogelgemeinschaften
auf Mesoskalenebene beeinflussen, untersuchte
ich die Einnischung von fiinf Lerchenarten (der
bei weitem dominierenden Steppenvogelgrup-
pe) entlang zweier kontinuierlicher 6kologischer
Gradienten in der Steppe und Halbwiiste Ka-
sachstans (Kapitel 3): Beweidungsintensitit und
Zeit seit Nutzungsaufgabe von Weizenfeldern.
Vegetationsstruktur und Pflanzenartenzusam-
mensetzung variierten signifikant und nichtli-
near entlang der Gradienten. Die untersuchten
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Lerchenarten reagierten ebenfalls nichtlinear
auf Anderungen entlang der Gradienten und
zeigten wenig Uberlappung in ihren &kologi-
schen Nischen: Mohrenlerche Melanocorypha
yeltoniensis, Kalanderlerche Melanocorypha ca-
landra und Feldlerche Alauda arvensis bevor-
zugten hdhere und dichtere Vegetation, wie sie
im Moment hauptsichlich auf aufgegebenen
Ackern zu finden ist, wihrend Weiffliigellerche
und Kurzzehenlerche Calandrella brachydactyla
hohere Bestandsdichten in Gebieten mit einem
hoheren Anteil offenen Bodens und mehr Xe-
rophyten erreichten. Die Lerchenbestinde der
Eurasischen Steppen und Halbwiisten haben ge-
nerell wohl iiberwiegend von Nutzungsaufgabe
und einer Abnahme der Beweidungsintensitit
profitiert. Die zu den Lerchen erhobenen Daten
zeigen, dass Projektionen zukiinftiger Bestands-
inderungen (wie in Kapitel 2 vorgenommen)
durch flexible Habitatmodellierungsansitze
auf feineren Skalen deutlich verbessert werden
konnen.

Noch weiter reichende Effekte von Landnut-
zungsinderungen liefden sich fiir den global als
vom Aussterben bedroht eingestuften Steppen-
kiebitz nachweisen (Kapitel 4). Eine Konzent-
ration von weidendem Vieh um die Siedlungen
scheint in Kasachstan zu einer engen Bindung
der Art an den Menschen (Synanthropie) ge-
fuhrt zu haben, die zur Sowjetzeit noch nicht
beobachtet wurde. Auf Landschaftsebene waren
Brutkolonien der Art stark an Siedlungen und
Wasser gebunden, Habitatmodelle hatten eine
hohe Vorhersagegiite und lieRen nur 6.6 — 8.0 %
des Untersuchungsgebietes als zur Brut geeig-
net erscheinen. Die hervorragende riumliche
Ubertragbarkeit der Modelle (getestet in einem
Untersuchungsgebiet in Nordost-Kasachstan)
deutet auf eine hohe Generalitit der Ergebnisse
fur das gesamte Verbreitungsgebiet hin. Auf der
Kolonieebene war die Antreffwahrscheinlich-
keit eines Nests in den am stérksten beweideten
Bereichen am héchsten, verbunden mit hohen
Deckungsgraden von Viehdung und offenem
Boden. Obwohl die menschliche Siedlungsdich-
te im Untersuchungsgebiet sehr niedrig ist, wur-
den die meisten Nester in Entfernungen von un-



ter 2 km zum Siedlungsrand angelegt. Es konnte
ein starker Zusammenhang zwischen der Bewei-
dungsintensitdt und der Nestdichte der Step-
penkiebitze nachgewiesen werden, und nur in
Gebieten mit einer ausreichenden Mindestwei-
detierdichte wurden Brutkolonien gegriindet.
Diese Ergebnisse sind im Hinblick auf den star-
ken Bestandriickgang der Art von hohem Wert
und kénnen fir die Entwicklung von Habitatma-
nagementstrategien genutzt werden.

Eine dhnlich starke Bindung an weidendes Vieh
lief sich fur die Schwarzfligel-Brachschwalbe
Glareola nordmanni nachweisen, die im Laufe
des 20. Jahrhunderts ebenfalls stark im Bestand
zuriickgegangen und daher auf der internationa-
len und europiischen Roten Liste zu finden ist.
Die Griinde fur diese Riickginge liegen weitge-
hend im Dunkeln, da die Okologie der Art bisher
wenig untersucht war. Im Rahmen meiner Ar-
beit untersuchte ich Bruterfolg und Habitatwahl
in zwei Untersuchungsgebieten in Kasachstan
(Kapitel 5). Aufderdem lege ich eine neue Schit-
zung des Weltbestandes vor, die unter Zuhilfe-
nahme meiner eigenen Kartierungsdaten und
russischsprachiger Literatur evaluiert wurde.
Die Grofie der Brutkolonien variierte von zweien
bis 180 Paaren und war in Zentralkasachstan sig-
nifikant hoherals in Nordostkasachstan. Die An-
treffwahrscheinlichkeit war fur Brutkolonien in
der Ndhe von menschlichen Siedlungen, bis 3 km
von stehenden Gewissern und in Bereichen
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mit niedriger Vegetation am hochsten. Dies
lasst auf eine Abhéngigkeit von starker Bewei-
dung und Wasser schliefden. Der neu ermittelte
Weltbestand von 76 0oo — 95000 Brutpaaren
liegt deutlich hoher als frihere Schatzungen
und wurde von BirdLife International entspre-
chend korrigiert. Meine Ergebnisse lassen auf
eine Bestandserholung der Art seit 1991 schlie-
Ren, deren Griinde in einer Zunahme der Fliche
aufgegebenen Ackerlandes und einer stirkeren
Konzentration von Haustieren (die zu stédrkerer
Beweidung fiihrt) liegen. Der Bestandriickgang
zur Sowjetzeit wurde daher wahrscheinlich von
einer gleichmifigen Verteilung des Weideviehs
tiber die Steppe ohne lokale Konzentrationsef-
fekte und durch Habitatverluste durch Steppen-
umbruch verursacht.

Mit meiner Arbeit lege ich grundlegende For-
schungsergebnisse zu Landnutzungswandel
und Steppenvégel in Eurasien vor, die als Ent-
scheidungshilfen in der Naturschutzplanung
genutzt werden kénnen. Konkrete Vorschlige
umfassen die Einrichtung und Verbesserung
von bestehenden Monitoringprogrammen, die
Erarbeitung verbesserter Strategien zur Schutz-
gebietsauswahl und umfassende Lobbyarbeit
auf politischer Ebene fir nachhaltigere und na-
turnihere Landwirtschaft. Schlussendlich schla-
ge ich Forschungsansitze vor, die die hier pra-
sentierten Ergebnisse vertiefen und erginzen
kénnten.

Kp aTKO€ COAEP>KaHUE

B paHHOM anccepTauum A gato KONnn4ecTBeH-
HYIO OLIEHKY N3MEHEHNAM B BEEHUN CenbCKo-
ro X03ANCTBa, NpoucweawnM Ha TeppuTopun
eBpas3nncknx ctenen nocne pacnaga Coset-
CKOro COK3a 1 OLeHMBato BAUAHNE 3TUX U3Me-
HEHU Ha coobLuecTBa 1 3KONOrNI0 NTUL, FTHe3-
AALUMXCA B CTENHON 30He KasaxcTaHa.

B npepenax eBpasvicKoOM CTenM OCHOBHOW
OTPacrnblo CenbCKOro Xo3AncTBa ABMAETCA
npexae BCcero 3epHoBOe XO03ANCTBO, C NPeob-
nagaHveMm noceBOB 3MaKOBbIX, U CKOTOBOA-
CTBO. Y>Xe paHO Havanacb pacnaiika LenmHbl
B YKpauHe n eBponenckon yactn Poccun, roe
y>K€ K KOHLY 19-0r0 CTOfIeTMA NOYTU He ocTa-
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NOCb HETPOHYTbLIX y4acTKoB cTenun. B Kaszax-
CTaHe, 3Ha4MTEeNbHble Y4acTKu cTenu Obinu
panaxaHbl TONbKO B 50-€ roAbl NPOLWoro cTo-
NneTuA, BO BpeMA KOMMaHun no ‘MOoAHATUIO Le-
nuHbl’. Mocne pacnaga Cosetckoro Coto3a,
OKOJ10 MOSIOBUHBLI CEMbX03 YroauMnh CTEenHou
30HbI 6b110 3a6pOoLIEHO BO BpeMA npuBaTmusa-
UMM rocynapCTBEHHON hepMepCcKon CUCTEMBI.
OpHaKo, 9KOHOMMYECKMIN POCT M POCT LEH Ha
3epHO, Ha4YMHaA € 2000 roga, NpuMBenu K LWn-
pokomaclTabHOMy BBeLEHUI0 B CEBOOOOPOT
3anexHbIX 3emefib, OAHOBPEMEHHO C Habso-
AaemMoi B HaCTOALME BPEMA UHTEHCUdUKaLn-
el 1 MexaHu3auuen 3epHOBOro X03ANCTBA.

YucneHHocTb ckoTa 6blna JOBOJSIbHO BbICOKOM
B Ha4yane 20-0ro CTONeTUA, HO Pe3Ko COoKpa-
Tunacb B Nepuoj Konnectnemsaumm B 1930 IT.
MoronoBbe ckKOTa ObLICTPO BOCCTAHOBWIOCH
N CUNbHO YyBEnuYMnacb B COBETCKME roabl U
CHOBA CUITbHO COKpPaTWOCh B NEpUoa Mexay
1993 M 1995 IT, TaK KaK rocyaapcTBeHHble cyb-
cvamn 6biNM NPUOCTAHOBMEHbI U AOMallHWe
>KMBOTHbIE WCMOJSIb30Ba/IUCb B Ka4yecTBe Ha-
NNYHBbIX B roJbl 3KOHOMMYeckoro 3acTtod. B
6onblMHCTBE permoHoB KasaxctaHa, norono-
Bbe CKOTa MeaNeHHO, BOCCTaHaBNMBaeTCcA, HO
B HEKOTpPbIX pernoHax KasaxctaHa un KOxxHon
Poccumn Takoro ysenuyeHma He HabnogaetcA.
B coBeTckuin nepuop xapakTep Bbinaca name-
HWICA OT KOYEBOrO K MOJy-KO4YeBOMY, a nocne
1991 roAa CKOT KOHLEHTpUpoBascA BOKPYr Ha-
CeNeHHbIX NYHKTOB, YTO NPUBENO K He cbanaH-
CMPOBaHHOMW Harpys3ke Ha cTenb.

YnCNEeHHOCTb MECTHbIX ANKUX KOMbITHBIX pe3-
KO coKpaTunacb nof npeccom OXOTbl y>Ke A0-
BO/IbHO AaBHO W €AWHCTBEHHbIM BMAOM, AO-
>KMBLUUM B 3HAYUTENBHOM KONINMYECTBE A0 20-
oro Beka 6blna cawvra Saiga tatarica. OpHako
B 1990-X rogax npouseTtana 6pakoHbepcKan
0XOTa Ha 3Ty aHTenony, Bbl3BaHHaA OrPOMHbIM
CMPOCOM Ha MACO 1 0COBEHHO pora (MCnonb3y-
eMble B TPaAVULUMOHHON KNTANCKOW MeanLmnHe),
4YTO NpPUBENO K 98 NPOLEHTHOMY COKpaLLEHWUIO
YNCNEHHOCTU K 2003 rogy, ¢ ogHoro 6onee
MUNAMOHA ocobern A0 NULWb 30 ThICAYN 0COBEN.
B uenom, peakuma nonynAuuin CTenHbIX BU-
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[OB NTUL Ha U3MEHEHMA B cnocobax BeaeHusA
3emneneHva, BepoATHee Bcero, bblna pesko
BblpaxxeHHoW. B cBoen paboTe A cmoaennpo-
Ban NAIOTHOCTb HaceneHua NTuy Ha 60MbLIon
TEPPUTOPUN TUMUYHOTO CTEMHOr0 pernoHa
LleHTpanbHoro KasaxcrtaHa, B npegenax pas-
NUYHBIX POPM 3emsenonb30BaHWA, OT HETPO-
HYTbIX CTEMHbIX y4acTKOB, OO MOCEBOB 3ep-
HOBbIX W Yy4aCTKOB C BbICOKOW NacTOMWLLHOM
Harpy3kon. A nokasan, 4To cTapble 3anexwu
N HEeTPOHyTaA CTenb C OTCYTCBMEM Bbinaca
6L camMbIMU  BaXXHbIMW  MEeCTOOOUTaHNAMU
AnA 60nbWNHCTBA BUAOB NTUL. JTO AaeT Oc-
HOBaHWA npegnonaraTtb, 4To 6narogapAa npe-
KpaleHWIo NoCceBHOro 3emnenenuA Ha 60nb-
LNX TePPUTOPUAX NOCAe 1991 ro roga, MHorue
BMAObl BOLWM B Nepuon 3Ha4YNTENbHOro pocTa
YUCNIEHHOCTU B 9O-€ roabl U No3xe. CKOHUEH-
TPUPOBAaHHbIN BbiNac CKOTa, NPUBEALWnin K 06-
pa3oBaHnNio HEBOMbLUMX Yy4aCTKOB C BbICOKOW
NacTOULLHON Harpy3Kon, TakXe BepOATHO
BCEro npuWHeC nonb3y pAay BWOOB C BbICO-
KM MPUPOAOOXPAHHBbIM MPUOPUTETOM, TaKMX
KaK 3HAEMWUYHbIA BENOKPbINbIA XKaBOPOHOK
Melanocorypha leucoptera wnv rnobansbHo yrpo-
xaeman kpedeTka Vanellus gregarius. AHanus
CTaTUCTUKN 3EeMMEenonb30BaHNA W LeneHa-
npaBneHHbIE COLMO-9KOHOMUYECKNE Uccneno-
BaHWA, NPOBOAUMbIE Cpeaun 3eMenenonb30Ba-
Tenen, AalT OCHOBaHWA npegnonaratb, 4TO
HefaBHWE N NpeAcKasblBaeMble HanpaBneHuA
B CE/IbCKOM XO3ANCTBE CTErNHOW 30Hbl, B YacCT-
HOCTW BO3BpalleHne B CeBOOOOPOT 3anexen
3E€PHOBbIX Y CHMXKEHME NaTCOULLHOWN Harpy3Ku,
B 61m3xanem 6yayuiem MoryT Bbi3BaTb CO-
KpalleHne YNCNEHHOCTM 6oNbLMHCTBA BUAOB,
BK/OYaA pAL BUAOB, OrpaHMYEHHbIX 6UOMOM.
A obcy>xpato BO3MOXHbIE peLleHuns, BKIIoYan
yNy4dleHne CUCTEMbl OXpaHAEMbIX TeppuTo-
pUA 1 BO3MOXHOCTb WHTEHCUMBHOIO 3emene-
AenuA TONMbKO Ha 4acTu TeppuTopun, ocTas-
NAA ocTasbHble y4acTkun HeTpoHyTbiMK (‘land-

sparing’).

MameHeHne cuctembl Bbinaca, COKpaLlleHune
norosioBbA CKoTa M AOAUKUX KOMbITHbIX, Yy4a-
LLieHne CTenHbIX No>XXKapoB U OTKa3 OT 3eMie-
nenva Ha 6onbLIKnX TepputTopmnAx — BCe 3TO



NPMBENO K paavkanbHblM U3MEHEeHWAM pac-
TUTENbHOCTU. YTOOLI BBIACHUTL, KakK 9TW U3-
MEeHeHVA MOBNMANM Ha cooblecTBa NTul, A
NPOBEN OLEHKY pasaeneHna no Huwam BuaoB
xaBopoHkoB (Alaudidae), ABnAtowmxca fo-
MUHUPYIOLLMM CEMENCTBOM B npenenax 30Hbl
eBpasnnckon ctenn (cm. rnasy 3). A usyunn
HACKONbKO pacnpocTpaHeHne pasfnyHbIX BU-
0B >XXaBOPOHKOB B CTEMHOM 1 MOSyNyCTbIHHOM
30Hax KasaxcTtaHa pasnuyaeTcA B OTHOLe-
HAN OBYX OCHOBHbIX CENTbCKOXO3ANCTBEHHbIX
(haKTOPOB: MHTEHCUBHOCTb BbiNaca n Bo3pacT
3anexeu 3nakosblx. CTPyKTypa pacTUTenbHO-
CTU 1 ee COCTaB 3HAYNTENbHO U HE NUHENHO
OT/MYanucb B 3aBMCMMOCTW OT BO3pacTa 3a-
nexken n pasnn4yHom NNoTHoCTM ckoTa. Uccne-
Ayemble BUAbl )XQBOPOHKOB HE NTMHENHO 3aBu-
cunuM oT 0boux (pakTopoB U Nokasann BbICO-
Kylo CTeneHb pasaeneHna no Hiuwam. Kak Bbl-
ACHWUINOCb, YepHbI XaBopoHOK Melanocorypha
yeltoniensis, ctenHon Melanocorypha calandra
N NOSIEBON >KABOPOHKM NpepnoyuTatoT bonee
ryCTYIO N BbICOKYIO PacTUTENbHOCTb BPOLLEH-
HbIX NoNnen, B OTAMYMe oT 6enoKpbINoro U mMa-
noro »aBopoHkoB Calandrella brachydactyla,
KOTOpble OblfiM OTMEYeHbl Ha y4acTkax C oro-
NEHHON MOYBOW U KCEepPOMUTHOWN pacTuUTesb-
HOCTbIO. B obLwem, noABneHne 3anexHbiX 3e-
Meflb U CHMXKEHME NOrofIoBbA CKOTA Ha OrpPoOM-
HbIX NowanAx ctenen M NonynycTbiHb CTPaH
obiBwero Cosetckoro Coto3a, ckopee BCEro,
nmeno 6naronpuATHOE BNMAHME HA YUCNEH-
HOCTb >XaBOPOHKOB. Mon aaHHble AatoT OCHO-
BaHWA npegnonaratb YTO aHanM3 BO3MOXXHbIX
N3MEHEHN B CTEeMnHbIX cooblecTBax NTuL,
OCHOBAaHHbIX Ha MPOrHo3ax M3MEHEeHUN oc-
HOBHbIX TUMOB MECTOOOUTaHMI (KakK 3TO 6bIno
caenaHo B rnase 2), MOXeT 6bITb YyCOBEPLUEH-
CTBOBaH NOCTPEACTBOM JlyyLIero noHUmaHua
3aBMCMMOCTW HEKOTOpbIX BMAOB OT 6onee
creumdunyeckmx akTopoB, OTHOCALUMXCA K
OKpy>KaroLlen cpeae.

MyTem mopenupoBaHuA CBA3EW MecToobuTa-
HWUIA N pacnpocTpaHeHnA KpeyeTkn — rnobarb-
HO yrpo>aemoro CTenHoro Buaa KyfuKoB B
nepvop riesfosaHuvA (rnasa 4), A 06HapPy>Xun
ewe 6onee BaXKHble NOCNEACTBUA USMEHEHMUN
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B 3eMNenosfib30BaHnN, KOTOpble B 9TOM CIy-
yae NPUBENN K BbICOKOW CTENEHN CUHAHTPOM-
HOCTM, BbI3BaHHbIX U3MEHEHEHNAMM B Xapak-
Tepe BbiNaca ckota. Ha ypoBHe naHawadTa,
rHe340Bble KOMTOHUN KPEYEKTU 3HAYNTENBHO U
NONOXMUTENbHO aCCOLMMPOBASIUCH C HANNYMEM
nocenkoe u pek. Mogenu npurogHocTn Mme-
CTOOOMTaHMA UMENN OYEHb CUNIbHYHO MPOrHO-
3UPYIOLLYHO CNOCOBHOCTb, Npeanaraa nuwb 6,6
— 8,0% obcnegyemon Tepputopun nnowaabo
30 000 KB KM Kak MOoTeHUManbHO NoAX0AALLYHO
AnA kpedeTkn. Mogenu paspaboTaHHble AnA
OnucaHunA pacnpeneneHna rHesa B 0gHOM pe-
rmoHe KasaxcTaHa, npaBunbHO Npeackasanu
pacnpefeneHve rHesa B pyroMm permoHe, 4To
npegnonaraeT UX XOPOLYI MPEMUHUMOCTb K
Apyrum TepputopuAm. Ha ypoBHE KONOHWMW,
Hambonee BEPOATHOE PaCMONIOXEHNE rHe3n
obycnaBnvMBaeTCA HaNIMYMEM YHaCTKOB C Hau-
605ee BbICOKOWN MacTOULWHOW Harpy3Kou, Ha-
nuynem 60MbWIOrO Konn4ecTBa HaBo3a U
Yy4acTKOB C OrofleHHON no4son. HecmoTpA Ha
HU3KYIO NNOTHOCTb YEN0BEYECKUX NOCESIEHUN
Ha obcnenyemon TeppuTopun, 60NbLUNMHCTBO
rHe3n KpeyeTKu pacnonaranucb He pganee 2
KM OT nocenkos. [poABnAnacb cunbHaA 3a-
BUCUMOCTb MeXAy WHTEHCUMBHOCTbK Bbinaca
N NNOTHOCTBIO rHE3 KPeYeTKU, C ABHbIM npe-
AenoM MNAOTHOCTU BbiNaca, KOTOPbIN HY>HO
OOCTUrHYTb, 4YTOObI KpeyeTka 3arHesgunace.
OTn BbIBOAbI BaXKHbl AnA pa3paboTKu ynpas-
NEHYECKUX MeTOA0B peLleHnA AnAa ynydweHna
NPMPOAOOXPAHHOrO cTaTyca 3TOro yrpoxae-
MOrO CTEMHOro Kynuka.

Kak BbIACHUIOCb, O4EHb NOX0XaA CUrbHaA 3a-
BUCUMOCTb OT AOMALLHEro CKoTa xapakTepHa
ana crenHon Tupkywku Glareola nordmanni,
YMCNEHHOCTb KOTOPOW 3HAYNTENbHO COKpaTu-
nacb B TEYEHUWN 20-TO CTONETUA, YTO NPUBENO
K Knacudgmkaumm 3Toro Buaa Kak «6nmskuim K
YrpoXXaemMoMy» U «yrpoxkaembli» B rnobanb-
HOM K eBponenckon KpacHbix KHurax. [lpu-
YMHbI COKpALLEHNA YUCNEHHOCTb B 6onblien
CTENeHn He ACHbI, NpeXxie Bcero us-3a Heno-
cTaTka nHdopmaumm no rHe3goBson uonorum
AaHHOro Bmaa. A n3y4mn ycnewHocTb rHe3no-
BaHWA M UCMONb30BaHME MeCTOOBUTaHMN 3TO-
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ro Buaa B AByx pernoHax KasaxcrtaHa v npovs-
BeN HOBYIO OLEHKY rnobanbHON YNCIEHHOCTU
Buga (rnaea 5). Pasamep KonoHui BapbupoBan
OT ABYX A0 180 nap 1 3Ha4nTENIbHO OTNNYancA
MeXxay uccrnenyembiMu yyacTkamu. Tak, Ha-
npumMep, CpeaHAA YCMNeWwHOCTb rHe3foBaHuA
B LeHTpanHom KasaxctaHe cocTtasuna 1,30
+ 0,16 (cpenHee * cTaHaapTHaA ownbka) net-
HbIX NTEHUOB Ha rHe3aosyto napy; B Cesepo-
BocTouHom KasaxctaHe — 0,59 + 0,13 JIeTHbIX
NTEeHUOB Ha napy. BepoATHOCTb MeCTOHaxoX-
JEeHUA rHe3,00BbIX KOMNoHWUM bbina HanbosnbLemn
no6nm3ocTun OT NOCENKOB, B Nnpegenax 3-X Ku-
NOMETPOB OT OTKPbITOM BOAbl M Ha y4YacTKax
C KOPOTKOW pacTUTENbHOCTLIO, YTO yKasblBa-
€T Ha 3aBMCUMOCTb OT BbiNaca U NCTOYHNKOB
BOAbl. Vicnonb3yA AaHHble WecTu uccneno-
BaHMe CO BCero rHe3foBoro apeana, A pac-
YyuTan HOBYIO MUPOBYIO OLIEHKY YMCIIEHHOCTH,
COCTaBuBLWYIO 76 000 — 95000 THE3[0BbIX
nap, YTo 3HAYUTENbHO Bble Yem npeablay-
lMe oueHku, npuHATble BirdLife International.
A npepnonaratd 4TO nnowanb NPUrOAHbIX
MEeCTOOBUTaHUN ANA TUPKYLIKN CyLEeCTBEHHO
yBenu4yunach 3a cHeT yBeNM4eHuAa nnowanemn
3anexHblX 3emMefb U U3MEHEHMA XxapakTepa
Bblnaca B rogbl nocne pacnaga CoBeTCKOro
Cotosa B 1991 roay.

B cBoer pucceptaumMm A nNpeacTtaBnAl MC-
XOOHble [aHHble ANA HanpasneHnAa pelleHni
B obnacTtn oxpaHbl NTUL, NPeaocTaBnAa BO3-
MOXHOCTb A/1A pa3paboTKn NpupoaoOXpaH-
HbIX CTpaTernn, MMeLWmMX MakCuMarsbHyH Bbl-
roay ana 6uopasHoobpasua, 6e3 HeraTMBHOIoO
BINAHMA HA XXU3HEHHbIE CTaHAAaPTbl MECTHOMO
Hacenenua. A npegnarato yCoBepLEHCTBOBA-
HMe MOHUTOpUHra 6uopasHoobpasnAa u n3ame-
HEHV B 3eMNenosfib30BaHNN, a TakXe CXeMbl
BblbOpa TEppUTOPUA AnA 3anoBEOHUKOB W
Aenalo BbIBOA, YTO YyXe cendac Heobxoau-
MO N066UpOBaHUE B rocygapCTBEHHbIX opra-
Hax KasaxcTtaHa B nonb3y 6onee ‘seneHoro’
depmepcTBa. B 3aknioveHue, A npegnaraito
BO3MOXXHOCTM AaNbHEeNWnX MccnenoBaHni m
onpepenAl cyuwecTeytowme npobenbl B 3Ha-
HUAX.
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